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ERRATA 


Essatom. In the article “Analysis of the Mineral En- 
trapped Fatty Acids isolated from the Green River 
Formation" by A. L. Burlmgame and B. R. Bimoneit 
(Nature, 218 252; 1968) the eleventh hne in the left 
hand column on page 254 should read: 428 (0,,H,,0,), 
442 (OneHy,01), 456 (O,H,,0,, 470 (O4H401) 484 
(C4 H&40,), 498 (C,H40,, 512 (04H40, and 458 
(C; H4404). 


ExRATUM. In the fifth paragraph of the communication 

"Measurement of Relative Thyroid Activity in Free- 

Rodents al an Altitudinal Transect" by C. A. 

on, W. R. Kodrich and H. N. i (Nature, 

218, 278; 1968) the doses of sodium iodide-181 should be 
expressed in micro and not mullicuries. 


EnmRATUM. In the communication ““Photoreceptor Orient- 
ation in the Prmate Eye" by Alan M. Laties, Paul A. 
Liebman and Charles E. M. Campbell (Nature, 218, 172; 
1968) the second sentence of the fourth paragraph should 
read: ‘The hnee D, Pa pess each axis 
at each point Ps. The magnitude of the deviataon angle 
0, included at the intersection of the axis line D, Pa and 
the radius line O, Pa 12 computed fram the sine law...”. 


Eaparum. In the communication '"Thiourea and Potas- 
sium Permeability of Phospholipid Bilayer Membranes as 
affected by Enniatin B" by Claudio Lippe M es 218, 
196; 1968) on the eighth line of the E 

196, “a 0-1 solution" should read “a 1 M x 

The eoad sentence of the seventh pea sim 
read: ''AÁooording to Vreeman’, however, lipid membranes 
have & sodium ion bility coefficient (Pia +) which 
list least. O3 SE diate: cedars of Rn ade lower ean 


Ersarom. In the communication ‘Spectral Conformity— 
a Widespread Effect of Light" by Herbert F. Launer 
(Nature, 218, 161; 1968) the sentences inning on the 
eleventh line of the second paragraph of 168 should 
read: “Absorber alice gana & problem, however, 
because photons of green blue light ordinarily lack 
the energy to break bonds. Heating cannpt be responsible 
because temperature control was reliable’ and the heat 
generated by red light, which formed no absorbers, was 
two to three times by 546 my, as may be calculated 
from the data given”. 


Erratum. In the communication “Pho reesion of 
Mitomycm-induced )-Phage Development?" by Toshiyo 

Takeno, Takeshi Nagata and Tamitaro Mimmoys (Nature, 
218, 205; 1968) the sentences beginning on the fourteenth 
Ime of the second paragraph on 286 should read: 

“There is no photosuppression hes the pre-irradiated 
cells are incubated with mitomycin C or the cells are 
mcubated with the pre-irradiated mitomyain C. These 
faote show that the photosuppreemion is caused by the 
cooperation of mitomycin C, hght and the lysogenic cell’. 


ComgiamNDUM. In the communication ‘Formation of 
Polymeric Oarbon Suboxide Gamma ,Radiolysis 
of Liquid Carbon Monoxide at 77° K” by J. P. Briggs 


INDEX 


and P. G. Clay (Nature, 218, 355; 
lines of Table 2 should read: 


1968) the last three 


4 1-48 0-97 
5 1-48 0-96 
Average 1-49+0-05 0-98 + 0-03 


Esratoum. In the communication “Structure of Chymo- 
trypsinogen B oom with Chymo ogen A and 
Trypanogen' by L. B. Smillie, A. Furka, N. Nagabhushan, 
K. J. Stevenson and O. O. Parkes (Nature, 218, 343; 
1968) the sentence i on the seventeenth Iino of 
the second paragraph should read: '""Fhgh-voltage electro- 
phoresis on paper has been the principal means of peptide 
purification m this work, giving low yields, and so oon- 
siderable importance has been attached to the wolation 
of the appropriate overlapping sequences”. The second 
sentence of the fifth paragraph should read: “It has been 
shown that the autolytio cleavage of the leucine-18 to 
alanine-14 peptide bond in chymotrypsin B does not 
oocur". In Table 1 the three amino-acid sequences are 
shown in the order Chymotrypsin A, Chymotrypsin B, 
Trypsinogen. Ref. 22 is a manuscript m preparation and 
not in the press. 


CogRiGENXDUM. In the communication "'Psyoho-aotive 
Drugs, Exploratory Activity and Fear” by R. Kumar 
(Nature, 218, 587; 1968), the sentence on the 
third line of the second column of page 587 should read: 
“Among the drugged animals, only the dexamphetamine 
group was significantly læs active than ita unshocked 
control (P « 0-01)". 


CogRIGENDUM. In the article "Upper Miocene Primates 
from Kenya” by L. 8. B. Leakey (Nature, 218, 527; 1988) 
reference 7 should read: “Hopwood, A. T., J. Linn. Soc. 
(Zool.), 38, 487 (1038)". 


EnzATUM. In the communication ‘Inducing a Preference 
for hine in Rate without Premedication” by R. 
Kumar, H. Steinberg and I. P. Stolermen (Namere, 218, 
564; 1968), the sentences beginning on the fifth line of 
the second column of page 565 should read: ‘Daily 
choice trials were continued for several weeks and both 
groupe regularly drank significantly more than 50 per cent 
of their liquid intake in the form of morphine solution 
(for SEDIS, for trals 10-28, £—— 8.77, P« 0-01). The 
average of morphine drunk on choice days amounted 
to approximately 30 mg/kg". 


Daman In the communication "Dark Reactivation of 
induced by Ultraviolet Light in Mammalian 
Cals Se in vitro” by Masakatsu Hornkawa, Osamu Nikaido 
and Tsutomu (Nabire, 218, 489; 1968) the 
footnote to Table 1 should reed ‘Ten minute counts; 
background was about 2-5 c.p.m." (not 25 c.p.m.). 
. 


s. *. 
ERATUM. In the communication ‘Uranium in Fallout 
Particles” by T. Mateunami and T. Mamuro (Nature, 218, 
555; 1968), the sentence inning on the twelfth line of 
the second paragraph should read: “Fig. 1 shows an a-ray 
spectrum of 230 hot particles from the ground from the 
e 
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fifth Chinese explosion (December 28, 1966). The baok- 
ground, taken to be the a-ray spectrum of & blank speci- 
men prepared by the same procedures, has been sub- 
tracted’. 


Errarom. In the cormmunioation “Elastase from 
Staphylococcus epi i" by David P. Varadi and 
Angelito C. S&queton (Nature, 218, 408; 1968) the sen- 
tence on the twenty-eighth line of the second 

ph should read: “AU of forty elastase-negative 
isolanta from skin were B-galactosidase-negative; oor- 
respondingly, of forty-five elastase- “positive isolants 02 per 
cent were B-galaotoemidase-poeitrve". In the legend to 
Fu. $ the word “with” should be replaced by the word 
"jn". In the penultimate h the seoond mention 
of Staph. epidermidis should read Staph. epidermidis 
(Staph. albus). 


EnngATUM. In the communication ex Protein- 
Prodigiosin m Serratia marcescens” by Crux- 
Oamarilo and Atilano A. Bénchor Zúñiga (Nature, 218, 
567; 1968) 10,000g in the ninth line of the second pars- 
graph should read 100,000. 


“Compl 


EnzaTUM. In the sixth ime of the fifth paragraph of 
the communication “Ordovician Conodonta from New 
Zealand” by A. J. Wright (Nature, 218, 664; 1968) 
b irigonsus, and in the eighteenth 
be spelt Llandeilian. Oytromodus 
c A creed Bore Goonies 


ExnRATUM. In the communication “80 MHz Photography 
of the Eruption of & Solar Prommenoe" by J. P. Wild, 
K. V. Sheridan and K. Kai (Nature, 218, 586; 1968) the 
times in the ninth hne of the fifth paragraph should read 
04h 18m and 04^ 30m, In the same paragraph Fig. 8 
(ii}{viti) should read Fig. 8 (iii)-(vui) The last sentence 
of the sixth h should read: ‘Assuming the 
shook wave to have originated from neer the photosphere 
when the Ha prominence we infer a’ radial 
shock velocity of 550 m s7, ich is typical for such 
phenomena”. The address of the authors of this 
article is Epping, New South Wales, and not Sydney. 


EnnmaTUM. In the article “New Directions m Education 
and Science’ (Nature, 218, 825; 1968) it was inadvert- 
ently implied that Dr Gerhard Stoltenberg was no longer 
the German Federal Minister for Scientific Research. In 
fact, Dr Btol remains responsible for soientiflo 
research in the Federal Republic. 


ADDENDUM. The authors of the article ‘Crystallographic 
Determination of Syrametry of Aspartate Transcarbamyl- 
ase" (Nature, 218, 1119; 1968) wish to add the following 
footnote: ‘The date presented in this paper are also com- 
patible with a molecular point group of C,— 6”. 


ERRATUM. ln the work rted in the communication 
"Interaction of Defect Domain Structures of Tri- 
glycine Sulphate Crystals in Ferroelectric and Paraelectric 
States” by G. I. Distler ei al. (Nature, 218, 762; 1968) 
TGS orystals were cooled for 12 h and not 1 h after they 
had been grown. e 
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EnRATUM. In the article “Submillisecond Radio Intensity 
Variations in Pulsars” by H. D. Craft, jun., Je M. Comella 
and F. D. Drake (Namur, 218, 1122; 1988) the last 
sentence of the first ph should read ‘Similar short 
tame structure for OP 0050 at a frequency of 2,205 MHz 
was also reported at the conference by R. D. Ekers and 
A. T. Moffet. J. H. Taylor has reported observations of 
occasional circularly polarized pulses made on a lower 
frequency and with a longer time constant.”. In the 
eighth line of the fifth ph the total power in the 
fine, strgotnre Should: reád: the total energy in the fine 
structure. 


EnnaTUX. In the article “Stepwise Reconstruction of a 

Ternary Complex in Protein Synthems" by Michael Jost, 

Nadja Shoemaker and Hans Noll (Natwre, 218, 1217; 

Pa. the formula m the first paragraph was incorrect; it 
d be 
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Engarom. The name of the author of the article 
“Development of Scientific Research” (Nature, 218, 846; 
1968), was misspelt. The author was not D. M. Malsi- 
movió but D. M. Maksimovič. 


EnaBATUM. Dr William I. Rosenblum has written to point 
out that the abbreviated title which appeared on the 
contente page (Nature, 218, 591; 1968) moorrectly 
described the content of his communication. The full 
tatle, which above the communication, was: 
“Effects of Dextran-40 on Blood Viscosity in Experimental 
Macroglobulmaemia’”’. 


Erratum. The Dunn Nutritional Laboratory was 
established at Milton Road, Cambridge, in 1929, and not 
at Shaftesbury Road, Cambridge, as stated earlier in 
Nature (218, 1097; 1968). 


CORRIGENDUM. *Ín the communication ‘Chemical Effects 
of Ion Implantation in Molecular Solids” by T. Anderson, 
T. Langvad and G. Berensen (Nature, 218, 1158; 1968) 
the figures in the third and fourth rows of columns four 
and five in Table 1 were reversed. They should read: 


Labelled Labelled 
trans ols 
(per oent) (per oent) 
"ot 20 keV 17410 18:8410 
"Oot 00 keV 1% 1410 1204+20 


NATURE : 


Volume 218 
APRIL 6, 1968 


Problems of Europe and 
Tru need for collaboration on science and technology 


within Europe seems well on the way to becoming a- 


continental preoccupation. So much is clear from 
several recent developments. The meeting in Paris on 
March 12, at which ministers of science and technology 
and their equivalents from OECD oountries were 
confronted with a number of perceptive studies of the 
condition of science and technology in Europe, was not 
merely a reminder of the growing competence of the 
OECD aa a catalyst of collaboration, but a tangible 
proof of how many useful things can be done with 
comparatively little trouble. But the picture is not 
everywhere as cheerful as this. In Brussels, for 
example, the Maréohal group, which is ostensibly 
concerned with technological collaboration within the 
EEO, is hamstrung—and rightly so—by the unwilling- 
need of the Benelux countries and Italy to consider 
proposals for technological collaboration which are 
necessarily restricted to the six nations of the oom- 
munity. Then at Brussels and elsewhere, as always, 
there ia continuing but false emphasis on what is called 
the technological gap, and persistent but probably 
misleading optimism about the benefits which may 
stem from collaboration in technology. What with the 
continustion of interest in schemes which oan be oon- 
sidered as alternatives to the EEC—the North Atlantio 
Free Trade Aree, for example—this may be an appro- 
priate time for a reconsideration of the prospecte for 
technological collaboration. 

The first thing to be said is that what is called the 
technology gap has comparatively little to do with 
technology a8 such. This hae been a tricky issue ever 
since Signor Fanfani raised the possibility of a deliber- 
ate programme to redress the balance between Europe 
and North America more than a year ago, and has been 
muddied considerably by statements such as that 
of the British Prime Minister about the formation of 
what is called a European Technological Community. 
In reality, it now seems to be agreed, European industry 
is technically capable of most things within the oom- 
petence of industry in North Amerios. The difference 
between the two regions is that technological enter- 

ises in the United States, advanced and traditional 
alike, tend to be pushed forward more vigorously, more 
quiokly, more successfully and more profitably than 
in Europe, and this has led to honest efforts to sub- 
stitute for the technology gap alternative oonoeptual 
ohasms—the educational gap, the managerial gap 
and the like. For this reason, European technologists 
should perhaps soberly reflect on the number of fields 
in which American industry seems already to have won 
& qualitative advantage for iteelf. Not merely does 
soale bring differenoeg which are almost qualitative in 
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character, but there is also a long and growing list of 
industrial activities in which American engineers have 
won for themselves enviable reputations for ingenuity, 
quality and reliability. In other words, in the years 
ahead it will probably -be even leas true than it is at 
present to insist that the differences between Europe 
and North America have nothing to do with technical 
performance. 

In any case, however, even as things are, the pros- 
pects for a rapid improvement of educational systema 
in Europe are limited by the limitations of resources, 
financial. and otherwise, themselves in some sense 
dependent on the success of modern technological 
industries. But, in the same way, the management gap 
is a8 much a symptom of the comparatively modest 
demands on European managers aa & cause of industrial 
backwardness. The truth is that the several so-called 
gaps which have been identified all hang together in 
one huge complex of economic parameters. Moreover, 
what really irks the Europeans, and now serves as 
something of a challenge as well, is the disparity 
between the prosperity, measured as the value of 
industrial production per head of population, of 
Europe and North America. This is the balance which 
everybody is trying to correct. 

Technological cleverness by itself may not be enough. 
Indeed, the chances are that it will usually be insuff- 
cient. Engineers and others can'make inventions until 
the cows come home, but economio prosperity depends 
on how well and how cheaply copies of them can be 
manufactured and marketed. European industrialista, 
in Britam and on the mainland, are by now often 
painfully aware of this plain truth. The success with 
which the Rolls-Royce company has been able to sell 
1,000 large aircraft engines to the Lockheed Company 
in the United States is regarded in Britain as a spectacu- 
lar achievement chiefly because it is for the first time 
possible to think of selling enough copies of the same 
piece of machinery so that initial costs can be reasonably 
spread over a long production run and that there will 
be some economies of scale to bring cheer to the cost 
accountants. Although the difficulties of attaining 
benefits like these are familiar enough in fields as 
different as shipbuilding and publishing, there is no 
doubt that the problems are most acute in the techno- 
logically advanced industries, where development coste 
are high and where closely integrated programmes of 
development on a wide front are increasingly important. 
This is why it is only natural that, in the past few 
years, Eurðpean nations should have embarked on & 
number of schemes for increasing the scale of the 
markets scoesaible to their industries. This, of course, 
is the immediate objective of the EEC. It remains, 
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therefore, both a mystery and a misfortune that most 
of the partners in these schemes have not yet properly 
accepted the consequences of their logic. 

The trouble, of course, is that the problems of 
thorough technological integration in Europe (or 
elsewhere) are not just economic but political as well. 
Nothing else can explain the way in which three mem- 
bers of the European Eoonomio Community—France, 
Italy and West Germany—are separately engaged on 
independent programmes leading to the development 
of fast nuclear reactors. The fact that there is still 
another programme of development, & little farther 
advanced, in the United Kingdom, is a further proof 
of the absurdity of present arrangemente for nuclear 
development on a European scale even though Britain 
does not formally shelter beneath what is supposed 
to be the umbrella of Euratom. As things are working 
out, however, it is obviously extremely hard to see 
how the market in fast reaators will ever be a European 
market even within the limite of the EEC. The laok 
of tariffs on nuclear equipment (decreed by the Euratom 
Treaty) will count for nothing when it comes to the 
point at which European utility companies place their 
first orders for fast reactors. The most likely outcome. 
when that time comes, is that governments which 
have spent money on reactor development programmes 
will take it as an affront if their utility companies 
think of buying elsewhere. The result will be not merely 
& duplication of development programmes but that 
too many designs, and probably too much manufactur- 
ing capacity as well, will be chasing too little business. 
In the circumstances, of course, nobody should be 
surprised that there is somethmg which can be called, 
however loosely, a technological gap or that the 
United States is on the enviable side of it. 

It should also now be clear at what objectives 
European ambitions should be aimed. The ideal is not 
so much collaboration between different governments 
or between companies in different countries as a tacit 
parcelling out of technological development between 
the several European nations which are able to make 
a good showing. This is what would happen naturally 
if the objectives of a thoroughly integrated European 
market could somehow be attained. Then, for example, 
it would be thinkable that what seems to be the 
splendid skill of - Rolls-Royce in building aircraft 
engines would be acknowledged elsewhere in Europe, 
and that the British aircraft industry would prefer to 
concentrate ite resources behind that single eAterprise 
than to support the manufacture of airframes in oom- 
petition with the formidable skills of Sud-Aviation. 

Those with a close view of industry can see seadily 
how Europe is ripe for these and other patterns of 
specialization to grow up in Europe so long as the 
pressures of eoonomio reality could properly assert 
themselves. So why has there been so little progress 
in the past few years, even within the EEC} Chaavin- 
ism is no doubt a part of the explanation, which is yet 
another reminder of the unhappy tendency there has 
been for success in advanced technology somehow to 
become wrapped pp in national pride. But there are 
more real impediments to tĦe natural extension of the 
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market for manufactured goods of advanced design. 
Understandably, governments are often particularly 
concerned that advanced fevelopment projecta should 
be pursued for reasons which are loosely described as 
strategic in some sense or another. (Doubts about 
this simple proposition will be speedily dispelled by & 
little thought about the howl there would be in the 
British House of Contmons if the Minister of Technology 
were to announoe his withdrawal of support for com- 
puter technology on the grounds that Frenoh oom- 
puters, or Italian oomputers, promise to be better 
commercial propositions.) 

It follows from this, however, that the only realistic 
future for a European Technological Community must 
be an agreement among European governments that 
m&rkete for advanced machinery will be freely a&ooee- 
sible to everybody. The abolition of tariffs is an 
important but not a sufficient condition for effective 
integration. And this, of course, is why, in the long 
run, effective free trade areas must be somewhat 
political in character or, conversely, why international 
agreements which involve tariffs and nothing else can 
only be regarded as interim arrangements. To be 
specific, if a European Technological Community is to 
mean anything at all, it must entail such a thorough 
industrial, economic and political interdependence that 
the growth of specialist industries will be natural. 
Short of that, there is probably some scope for agree- 
ments on oo-ordinated policies for government procure- 
ment, but these devices are necessarily second bests. 

This is the background against which the various 
proposals at the OECD, in the EEO and by independent 
ministers should be considered. It is perhaps natural 
that governmenta should think first of collaborative 
programmes of technical development—this certainly 
seems to have been the spirit in which the council of 
the EEC decided to establish the now moribund Maré- 
chal group on October 21 last year. And, of course, 
recent European history is littered with examples of 
collaborative projects, some abortive, some dubiously 
successful and some still showing promise. The ELDO 
organization remains as a kind of monument to the 
belief that collaboration is an end im itself, however 
empty ita objectives. Euratom seems to have reached 
the end of ita ugeful life, partly through inoompetenoe 
and partly through the unwillingness of member 
governments to surrender to it what might be described 
as their technological sovereignty. Whether the 
Concorde collaboration between Britain and France 
will be technically successful remains to be determined, 
but the aircraft is not very likely to make money. 
Thess examples should be a sufficient warning that 
there is not much scope for collaboration in the strict 
sense of the word on development intended to yield 
commercially exploitable machinery. Collaboration is 
likely to be most fruitful in basio research, although 
techniques have still to be worked out for making sure 
that the produots of research programmes are equitably 
distributed. There ia also plenty of scope for the 
better co-ordination of common servicee—information, 
standards and the like. But out-and-out collaborative 
projecte need to be examined with particular care by 
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those who have the interests of European collaboration 
at heart. 

There is more scope for efperiments in collaboration 
in fundamental science, though even here scepticiam 
is an asset. Thus Mr Patrick Gordon Walker's proposal 
at the OECD meeting that there should be a European 
Science Research Council is unlikely to serve & useful 
purpose. Bodies like this cut very little ice if they 
lack money and constitutional authority, and there is 
no sign that Mr Gordon Walker’s own department is 
at this stage prepared to surrender any of ite rights to 
determine how all its money should be spent. There 
is more virtue in the OECD proposal that there should 
be a system of matching funds to support scientific 
research projecte in Europe—even though this is 
beginning on & modest scale there is plainly mich 
that oan be done. But where European governments 
really need to take an energetic interest in European 
affairs is in the provision of funds for travel between 
European universities. The schemes already started 
should grow quickly. It is not too soon to aak what 
machinery there should be for encouraging the ex- 
change of undergraduates between European univer- 
sities, for a free exchange must obviously be a part of 
any integrated technological community. The fact 
that this is somewhat slow and undramatic work may 
mean that the politicians are leas enlivened than they 
should be, but is it not wrong of them to think that there 
are magio wands to make their grand designs come 
true? 


University Candidates 


_ Tum fifth report of the Universities Central Council 
on Admissions, published last week (05.), offers few words 
of encouragement for the ever-in ing number of 
university applicants. In October 1987, of the 101,600 
candidates (including 9,600 from overseas) who applied 
through UCCA for admission to universities in the 
United Kingdom, only 50,500 (49-7 per oent) were 
actually &ooepted. Candidates admitted under other 
arrangements made outaide the UCCA scheme boosted 
the number to 56,200. 

The report pointe out that—&s in previous years— 
there was a shortage of suitably quali candidates 
for places in pure science and technology, and examina- 
tion qualifications required for admission to these 
courses were considerably lower than the requirements 
for other subjects. Only in the biological sciences 
was the supply of qualified candidates nearly adequate 
to fill the number of places. ere was a surplus of 
applicants for the arte and social studies groupe, and 
competition was very keen in aocountancy, anthro- 
pology, geography, law, politics, psychology and 
sociology: even candidates with high grades at ad- 
vanced level found it impossible to find places. liah 
courses were under particular strain, but the burden 
was eased by &ooommodsating some applicants in a 
combined course. 

A surplus of candidates also tried for places in 
the medioal group of subjects, although there waa lese 
competition for dentistry and the medical sciences 
(physiology and biochemistry) than for the MB ChB 
course. 
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By June 1967, 13,700 candidates had been placed, 
and when the results of the General Certificate of 
Education, Scottish Certificate of Education and other 
examinations were published in July and A ,8 
further 32,000 candidates were accepted. the 
remainder, 20,480 candidates one for oonsidera- 
tion in the clearing operation which began on Septem- 
ber 1. As a result, a further 4,200 were placed. 

The UCCA admissions acheme has now been operat- 
ing for six years under the chairmanship of G. 
Templeman, vioe-chanoellor of the University of Kent. 
Except for a small number of Scottish candidates 
who apply directly to one of the three universities of 
Edinb Dundee and Aberdeen, all other candidates 
including those for Oxford and Cambridge apply 
through UCCA. UCCA’s co-ordinating role is there-. 
fore a very large one: between October 1966 and 
January 1967 it produced and distributed nearly 
600,000 copies of application forms to the universities.. 
Between the time these were received and final decisions 
were despatched to candidates, some two million 
individual transactions were conducted through UCCA. ; 

In 1967, for the first time, UCCA ren ita own' 
computer, and this has enabled a larger volume of work; 
to be handled with fewer delays. Looking to the future, 
the report hopes that education boards which use 
computers will be able to tranamit results of Advanoed 
level examinations directly to universities by computer 
tape or computer-printed lista, in & form that corre- 
sponds with the way universities keep their records of 
UCCA applications. This will mean that candidates 
will require reference numbers, and a network of com- 
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uterized communications will have to be developed 
tween UCCA, the examining boards and the universi- 
ties. 


selection procedure is the use of an aptitude teat. 
Together with the opinion of a head teacher and a 
university interview, this would provide & valuable 
assessment of a candidate's ability and suitability. A 
pilot scheme along these lines is now being carried 
out by the Committee of Vioe-Chanoellors and Prin- 
cipals of the United Kingdom, with the co-operation of 
the central council. 


Total candidates re 
UOCA, Ootober 1986, by 
order of first preference : 


Applied  Aocepted 
654 148 


8,255 
18,686 


2,434 
7,077 


1,975 
18,306 


24,883 


2,049 


18,181 
7,033 


90,952 


UNCTAD In Tatters 


Tr second United Nations Conference on Tariffs and 
Trade, just completed in New Delhi, was heralded with 
such gloomy predictions that little was expected of it. 
In the event, even less seems to have been achieved. 
The conference ended with the admission that little 
had been done to bridge the widening gap between 
rich and poor. Some last minute seasions did 
to salvage something from the ruins, m the form of 
several agreed statements, but these are so feebly 
expressed and hedged about with conditions as to 
make them nearly useless. There now seems to be 4 
real that the ere neha ie countries will 
decide to wash their hands of the West, and may even 
perhaps go as far as to canoel their debts and decide 
that they can do better on their own. e 

The fundamental problem seems to have been that 
the Western countries had nothing to offer. Under the 
pressure of unfavourable external balance of payments 
and a disenchantment with aid, the United States, 
Britain and France have all reduced their aid this year. 
(Aid from Britain, though constant in sterling terms, will 
fall because of devaluation.) In this situation, it was 
impossible that the demands of the DOE ae 
could be met, although the président of UNCTAD, 
Dinesh Singh, did have & good word to say for the 
socialist countries of Eastern Europe. 

Two things were decided at New Delhi. First, after 
a lengthy discussion, it was agreed in principle that 
the aid given by developed countries should represent 


Another scheme for assisting and quickening the 
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one per cent of their gross national products. The 
alternative, based on one per cent of the national income, 
is & lower target. So the fimal decision does set slightly 
higher a um although it seta no date for these to be 
reached. Franoe favoured the change to the new target, 
in part, it seems, because ita own aid is more generous 
than other countries, and it finds more ambitious 
standards lees embarrassing than other countries do. 

The conference also agreed in principle to give pre- 
ferences to manufactured products from developing 
countries. But the agreement excludes manufactured 
agricultural products, and the United States also wishes 
to exclude textiles from the agreement. The United 
States also made agreement conditional on French 
agreement to give up ite existing preferences with 
developing countries. The idea of supplementary 
fingncing, to help countries whose external balances 
are hit by the fluctuating prices for commodities, 
seems to have survived the conference, but not to have 
made much prone The scheme, originally put 
forward by the and Sweden at the first UNCTAD 
meeting, was opposed by France. The communiqué 
says little on the subject, but does agree to keep in 
being the inter-governmental group which is studying 
the problem. 

The secretary-general of UNCTAD, Dr Raul 
Prebisch, now hopes that a ministerial meeting on aid 
will be held in 1969. By that time, perhaps, the climate 
could be more favourable. But br Prebisch will be 
very lucky if he can recoup in 1969 the loas of goodwill 
which seems to have been suffered at New Delhi. The 
British position will at best be only on the mend, and 
the United States is unlikely by then to have repaired 
entirely its balance of payments deficit. 


Inadequate Training 


Somm rather startling oriticisms of teecher-training 
courses for chemistry graduates ap in a recent 
ublieation compiled by the Bri Committee on 
Chemes Education, sponsored jointly by the Royal 
Society and the Royal 1 Institute of Chemistry (price 
8s. 6d.). It brings out that there is not only a marked 
difference between the recognized priorities and needs 
of the teachers and the actual courses and facilities 
provided for them, but that topica relating to the teach- 
ing of chemistry are not adequately studied either in 
education institutions or during teaching practice. 
These criticisms are drawn from replies to quee- 
tionnaires sent Óut by the committee with the aim of 
obtaining from university departments of education 
and colleges of education in the United Kingdom 
information about their courses and training. A second 
aim was to obtain from practising graduate teachers 
of chemistry their opinion of the type of teacher-train- 
ing studies that would be most useful to them. 

e last time an inquiry of this sort was carried out 
was in 1959 when the Association for Science Education 
appointed a subcommittee of practising school teachers, 
lecturers in university d ents of education, and 
lecturers in colleges of education to investigate the 

ining of science teachers. At the time it was con- 
cluded that the facilities, both in time and in socom- 
modation for practical work, were quite inadequate. 
A number of the issues which em during the 
association's inquiry emerged again in the recent study. 
Out of 180 replies from experienced teachers in 
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schools, many were critical of the courses they had 
followed in university education departments in rela- 
tion to subsequent work ip schools. 28 per oent of 
them th t that the history of education was useless 
as part of their conventional course, and a further 
50 per cent maintained that it was of little value. 
94 per cent of the teachers considered that guid- 
ance relating to their own subject was of the utmost 
importance, but ized the importance of educe- 
tional psychology and the aims of edugation as well. 
More than 80 per oent of teachers thought that methods 
of teaching conceptually difficult topics, leason planning 
and the aims of chemistry teaching deeerved a lot of 
attention. 

Answers to & second questionnaire sent to teachers 
who had trained in 1965-66 were equally critical. Little 
attention was given during ing practice to several 
topics considered important, and there was rarely any 
opportunity during re ee for many to 

teachers before, after 
or during lessons. Furthermore, many studente were 
unable to try out class iments and demonstrations 
before lessons during ing practice. The committee 


- suggests that, in view of the short time allotted in 


many universities to chemistry teaching, coupled with 
the marked lack of laboratory space and equipment in 
many of the departments, students often do not have 
an opportunity to consider these matters. The nature 
and content of training courses seem to have been go 
unga = prd 1955 and 1965 a sub- 
stantial number o uates may have decided against 
undertaking training for this very reason. 

The committee considers that university depart- 
ments of education try to cover too wide & range of 


- subjects, leading to a superficial treatment which is 


neither useful nor satiafying to graduates. In view of 
the short time available for training, fewer subjecta 
should be studied and this Biss pea Bubjeota in 
an order of priority. It also emphasizes the need to 
establiah some means by which experienced teachers 
can make known to university departments of educe- 
tion and colleges of education those aspects of study, 
guidance and training which in their ienoe would 
be of greatest value to teachers in the realities of 
school work. Better provision of laboratories is another 
recognised need during training. 


Tax on Teaching 


Taa announcement by the Chancellor df the Exchequer 
in the British budget of increased purchase tax on 
projectors and tape recorders seems to be producing 
confusion as well as complaint. At first sight the 50 
per cent tex on projectors and 33-3 per cent on tape 
recorders looks simple enough, but what of teaching 
machines ? No direct mention of them was made in 
the budget speech; the Inland Revenue declare that 
no exemption has been stated for them, and that 
"viewers" are included in the new tex; but ESL, 
one of the largest manufacturers in Britain of teachin 
machines, has not yet been told by the Customs 
Excise to put up ite prices. In the meantime the 
manufacturers, thro their aseociation, BEAMA, 
have stated their case to the Ministry of Technology 
and the ministry i» in turn making representation 
to . * 

If prices do rise, local education authorities will 


be forced to cut down their orders, as allocations are 
usually for a set sum of money rather than & certain 


.number of machines. Thus a tax on teaching machines 


will result in money being transferred from one govern- 
ment purse to another, with schools and universities 
the suffering intermediates. The Association of Educa- 
tion Committees has therefore taken the matter up 
with the Department of Education and Science and the 


Mie eres is discuseing it with the edel 
ust what effect this purchase tax would have on 
education is difficult to estimate. Bodies like the 
National Centre for ed Learning in a 
ham are trying to swell to a flood the trickle of people 
using audio-visual aids. At present the centre estimates 
that only five per cent of schools use programmed 
learning. Equipment is already expensive, and & tax 
increase now might turn the tide in the other direction. 
Books are one alternative to electro-magnetic nec hines 
for programmed learning, and are likely to be more 
effective for amall budgeta. The manufacturers claim 
that machines are more versatile, take up lees e 
and last longer than books, but there haa not yet 
time for these claims to be verified. As yet there 
seems to be no evidence that machine programmes 
are more effective than books, but they do cover 
wider ground, in that 70 per cent of the 18,000 pro- 
grammes available are in machine form. s 

The National Centre for Programmed Learning is 
keen to encourage the use of tape recorders and pro- 
jeotors as they are more versatile than conventional 
“teaching machines”, even though work with them is 
still at an experimental level. -It has been shown, 
for example, that eight-year-olda who cannot read 
can understand basic selentiflo concepta whieh” are, 
resented on tape. Machines which are used solely. 
or education purposes could well be exempted from. 
the new purchase tax, but the case of tape recorders 
and projectors for use in achools is more complicated, 
as some form of exemption would have to be intro- 
duoed for educational establishmente. 


M J 


Thames Action 0 s 


THERE was an enthusiastic nse to a one-day 
conference on the River Thames held last Monday, 
April 1. The conference, sponsored by the Greater 
London Council in association with the London 
Boroughs Association, was attended by representatives 
of the riverside boroughs, the county authorities, 
voluntary and recreational organizations, professional 
bodies and oomméroial undertakings. The conflicting 
interests of all those concerned with the river were 
very ohwious—at least twenty different authorities 
have an interest in the 43 miles of the Thames passing 
through Greater Lendon—but the growing urgency 
for action may result in constructive co-ordinated 
planning for the river’s future. The very fact that the 
conference has been held is a step in the right direction. 
Now there is the machinery for action on a large scale. 
The Greater London Council has decided, in conjunction 
with the London Boróughs Association and the other 
Interpsta, te &ooept fesponsibility for the initiation, 
encouragement and support of action for the improve- 
ment of the Thames. A number of schemes are y 
in the planning stage and some of these were men- 
tioned and discussed at the conference. They included, 
for example, the redevelopment of the St Katherine 
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and Brentford Docks and Thameamead, the new town 
now being built between Woolwich and Erith. 

An important of any future planning is the 
assessment of the river's existing qualities and charac- 
teristics—mostly provided for the conference by the 
Thames-aide Enowronmental Assessment. (GLO, 255.). 
This assesament was made by a joint team from the 
Department of Architecture and Civic Design of the 
GLO and the riverside borough councils. This oommit- 
tee was set up by the GLC and the London Boroughs 
Association in 1966 and includes officers of the Port of 
London Authority and various commercial and amenity 
interests. Other working parties have been established 
by the GLC and the riverside borough councils, and the 
GLC has also recently set up a special subcommittee, 
the Thames Action Subcommittee, which will have the 
responsibility of encouraging increased use of the river 
within Greater.London for leisure. Things do seem to 
be moving towards & more co-ordinated policy for the 
Thames—the test will be if all the interested bodies 
can pull together. : . 

The fundamental problems of the river's tidal flow, 
flooding and pollution will have to be solved for the 
success of the elaborate schemes outlined at the con- 
ference, however well-intentioned they may be. The 





The river Tharnes at Greenwich (Falrey Surveys). 


river seems to be getting oleaner, which is cheering 
news, and the leader of the GLC, Mr Deamond Plummer, 
spoke of £20 million being spent on the extensión to the 
sewage works at Beckton. The GLC also appears to be 
taking very seriously the question of a barrier or barrage 
across the river. This would not only solye the 
flood problem but it would also x enormously 
the amenities of the river (Bee Nature, 217, 800; 
1968). The speakers at the oonferenoe E od the 
impreesion that they were in favour of a fixed barrage 
across the lower reaches of the river rather than a 
retractable barrier—Sir Alan Herbert wgs one*who 
argued on behalf of this cause. The GLC has now 
taken over msibility for carrying out a full-scale 
investigation of tidal flooding and its prevention, and 
models sre being built at the Hydraulice Research 
Station at Wallingford. The support for & barrage was 
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really the most enlightened aspect of the conference. 
There was of course plenty of enthusiasm in other ways, 
but any new developments ean hardly be attractive to 
Londoners and touriste alike until the tidal flow is 
controlled and the Thames returns to its former status 
as a river instead of ite present one a8 a rubbish dump. 


Intellectuals’ Holiday Camp 


Tun Universit} of Loughborough is already receiving 
enoouraging response to its announcement last week of 
a new type of vacation course. Three weeks of courses 
are being arranged in July for technologists, scientists, 
managers, teachers and—here lies the novelty—for 
their spouses. Provision is being made for children so 
that families can be together while parente oateh up 
on ¢ome mid-career training. The idea for family 
courses came from Dr Elfyn Richards, vice-chancellor 
of the university, and work started on the arrangement 
of the courses last autumn. 

Twenty-four technical courses during the three weeks 
will cover such subjects as optics, ultrasonics, ergo- 
nomics, computers, statistica and management. Two 
educational courses are being organized, with co-opera- 
tion from the Association for Science Education and 
the Schools Council Project in Technolo The first, 
on applications of knowledge, is deeigned for teachers 
of mathematics and physical sciences, and the second, 
on teaching materials acience in schools, is being run 
with the blessing of the Northern Universities Joint 
Matriculation Board co-ordinating committee. Both 
will relate technology in industry to school work. 

Cultural courses for spouses, which make up the 
third seriee, will oover industrial archaeology, music, 
drama and new techniques of food production. The 
idea is that they should be stimulating rather than 
requiring previous knowledge. 

Accommodation is provided on the campus for 
families at reasonable rates. For example, a man will 
be charged £10 for acoommodation and a course fee 
varying with subject from £9 upwards. His wife will 
be charged £13 inclusive of cultural courses and 
children will cost from £4 upwards. FYms, bars and 
sporte facilities will be available to parente, with baby- 
sitters, play groups and other forms of recreation on 
hand for the children. While hoping to provide all the 
facilities of a holiday camp, the university believes that 
ita vacation courses will be more valuable than the 
description “intellectual Butlins” implies. The state 
of modern industry is such that acientista and techno- 
logists are continually being called on to travel and 
attend courses away from home. Bo it is not therefore 
surprising that these people are reluctant to give up 
their holidays for further study away from their 
families. 

The courses at Loughborongh this year are something 
of a pilot scheme, and if suocesaful the idea will be 
extended to cover the major part of the summer 
vacation 


Hydrofoils at Leeds 


A LARGE water tank which may solve some of the 
problems connected with high speed hydrofoils has 
been built. at Leeds University. The tank is in the 
form of & channel through which up to 50 tons of water 
per minute can be circulated. some respects it 
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resembles & wind tunnel in that the hydrofoil under 
ee aquia eee 
15 miles hour. Because scaled-down hydrofoils 
are used, the information gained will refer to hydrofoil 
boata travelling at up to 100 miles per hour. The 
behaviour of the hydrofoils is Shaved b7 high speed 
ciné photography through ‘Perspex’ windows in the 
side of the channel. 

The research group at Leeds which is studying 
hydrofoils is led jointly by Profeesor Boris Cole, who 
is head of the Department of Mechanical Engineering, 
and Mr P. D. Swales. They are financed by contracta 
worth £27,000 from the Soience Research Council 
and the Ministry of Technology. 

In particular, the channel will be used to study the 
behaviour of hydrofoils when air is sucked down 
behind the strut supporting the foil to form aneair 
cavity around the foil itself. This phenomenon, known 
as “ventilation”, has profound effecta on the per- 
formance of the foil. Professor Cole’s group has been 
awarded a Ministry of Technology contract to study 
the so-called surface-piercing hydrofoila under such 
ventilated conditions. Surface-piercing hydrofoils have 
V-shaped foils which rise or sink through the surface 
of the water according to the speed of the craft. Another 
class of hydrofoils has fully submerged horizontal foils, 
but there seems to be a wide diversity of variants. 

The new facility at Leeds will also study another 
phenomenon affecting the performanoe of hydrofoils— 
cavitation. This is the formation of vapour-filled 
bubbles around the foil, and occurs under oertain 
presure and temperature conditions. The pressure in 
the new water channel can be altered to influence the 
extent to which cavitation and ventilation oocur. 

Tests on models have the drawback that it is some- 
times uncertain to what extent the results apply to 
full-size boats. The large size of the equipment at 
Leeds means that the extrapolation to real conditions 
is fairly simple. 


Welders Welded 


Last week the members of the British Welding Re- 
search Association and the Institute of Welding agreed 
to combine forces to set up a new organization, to be 
called the Welding Institute. The hope is to combine 
the technological strength of the research association 
with the professional functions of the institute. Both 
the research association and the instityte see the move 
as a logical development, in which the welding tech- 
nologist can be backed by the full resources of the 
scientific work of the research association. 

For those with long memories, the merger will seem 
like old times. The research association began life in 
1946 on the basis of work done by the research council 
of the Institute of Welding. Now the two organizations 
have come together again. The new organization will 


have a total mem ip of 1,500 industrial 
tions and government departments, a prain mem- 


bership of 5,500, and an annual income of £1 million. 
The institute is hoping to make a real contribution in 
education, through its school of welding technology, 
to the training of welding engmeers at all levels. 
Ultimately the aim is to achieve recognition of the 
professional qualification of welding engineer. In addi- 
tion, the institute hopes to provide better Ifbrary and 
information services, and a continuing interest in weld- 
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ing standards and specifications. The first director of 
the institute will be Dr Richard Weck, who until the 
merger was director of the BWRA. The institute 
will be governed by & council under the chairmanship 
of Mr A. Robert Jenkins. 


Animal Diseases 1967 


Tue statutory return of the Ministry of Agriculture 
for animal diseases in Great Britam during 1967 was 

ublished last week (HMSO, 1s.). The foot and mouth 
Nissan epidemic, although the worst ever in Britain, 
was not a8 wi as the severe outbreaks in 1923 
and 1924. Only eighteen counties were affected. Of the 
other three diseases covered by the report, outbreaks of 
fow] pest rose from 194 in 1966 to 198 in 1967, and out- 
breaks of anthrax rose from 222 m 1966 to 438 in 1967, 
but the incidence of bovine tuberculosis remained low. 
The oost in compensation for fowl pest and tuberculosis 
was £287,625. Apart from farm animals and a regi- 
mental t, 52 oloven-hoofed animals for zoos were 


impo 


The Taste of Meat 


Proressor M. INGRAM, the director of the new ARC 
Meat Research Institute at Langford, near Bristol, 
said last week that meat probably doesn’t taste as 
good aa it did in grandmother’s day, but that his new 
institute is going to try to put that right. High quality 
and mass production are usually incompatible and 
meat is no exception, but so very little is known about 
meat as such that research should make it possible to 
improve quality without sacrificing quantity. 

The new Meat Research Institute has been built on 
the campus of Bristol University’s Veterinary School at 
a total cost of about £1 million, and it now houses under 
one roof one hundred people, ai of whom were 
doing research on meat at BRO Temperature 
Research Station at Cambridge, the School of Agri- 
culture at Cambridge and a Ministry of Food Labora- 
tory in London. To some extent the organization of 
the institute reflects this. There are three divisions, 
the carcass and meat department, the biochemistry, 
histology and physiology department and the bio- 
engineering and microbiology departments. 

The carcass and meat department is basically trying 
to find new criteria for evaluating carcasses commer- 
cially. How much meat and how much bone is there 
and what is the quality of the meat? One group is 
explormg the anatomy of carcasses to see if any 
anatomical features, preferably in a commercially 
valueless part of the carcass, such as the shin bone, 
oan be used as a oriterion for the quality of the whole 
carcass. A second group is making measurements of 
the specific gravity of jointa of meat, and another is 
using What is in effect a modification of echo-sounding 
to measure the fat and meat in pigs. Sound is reflected 
from fat muscle boundaries. Research is also going on 
into how best to slaughter animals, because a hi 
blood content in meat might make it tougher; how to 
judge animals at agticultural shows—important in 
determining grading systema; and to decide whether 
carcasses can be butchered while still warm rather 
than waiting until rigor mortis seta in. (Hot 
butchering would save time and is used in salami 
factories in Hungary.) By far the most difficult job 
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of this department, however, is assessing the commer- 
cial value of quality. What is most important, colour, 
taste or texture ? 

The biochemistry, histology and physiology depart- 
ment is investigating the biochemical changes im- 
mediately before and after slaughtering. Meat becomes 
more acid after slaughtering, because proteolytic 
cathepsins are liberated from lysosomes and the acidi 
affects the juiciness and tenderness of the meat. The 
institute would like to devise some method for acoelerat- 
ing the natural autolysis—hanging meat for two to 
three weeks is far too expensive, although it ia done in 
the United States for the best steaks, and adding papain 
or ficin, which only begin to work in the oven, is un- 
satisfactory. Depending on the speed of cooking, the 
meat ends up either far too tender or no more tender 
than untreated meat. The institute is also studying 
the effect of tranquilizing animals before slaughter. It 
seems clear that if an animal gets excited before 
slaughter, the post mortem rise in acidity is either 
reduced or greatly increased and the quality of the 
meat suffers. 


Defence Research 


At its fourth publio session on March 28, the Select 
Committee on Science and Technology spent two hours 
trying to find out what the Operation Analysis Commit- 
tee of the Ministry of Defence does and what goes on 
at the Ministry’s Defence Operation Analysis Establish- 
ment at Byfleet. It may not have succeeded, but at 
least it now has an invitation to a day out at Byfleet 
to see the war game facilities. 

The committee was told by five teciturn representa- 
tives from the ministry that the Operation Analysis 
Committee investigates and supervises major long- 
term studies on broad strategic assumptions. 
And the Byfleet establishment does for all three arms 
of the British forces what the Rand Corporation 
does under contract for the United States Air Force. 
But in the United States there are three independent 
organizations employed in strategic studies as well as 
the Rand Corporation and the Department of Defense, 
and Sir Ian Orr-Ewing expressed concern that in 
Britain all such work was kept within the ministry. 
The witnesses admitted that independent assessment 
was desirable and said that links with the Institute of 
Strategic Studies and the Institute of International 
Affairs have been increased in the past two to three 
years. By the initiative of the ministry, flvo university 
lectureships have also been established recently to 
support independent strategio studies, Dr David 

-Owen, a Labour member of the Select Committee, 
agreed, however, that it will never really be possible 
to challenge defence and strategic decisions until 
expertise is developed outside the ministry, apd that 
wil not happen until the ministry contracts out work 
and also does away with the undue secrecy that shrouds 
ita work. 

The almost Byzantine struoture of the Ministry of 
Defence prompted Mr Arthur Palmer, the chairman of 
the Select Committee, to sak why the mirfistry fthds it 
necessary to have so many separate committees. He 
was told that defence is such & complex subject, with 
endless ramifications, that proliferation of committees 
is inevitable and even useful when it comes to making 
interdepartmental or inter-service decisions. Sir 
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Harry Legge-Bourke oould not have been eonvinoed, 
for he advocated an independent business management 
study of the structure of*the whole ministry. As he 
said, there is a universal tendency for "old boy net- 
works" to develop behind the facades of oommitteeae. 
and the secrecy that surrounds so much defence 
research can only exacerbate it. 

The Navy, which keepe things to itself moro 
and weloomes outsiders even less than the Army and 
Air Force, odme in for particular scrutiny. Why did 
the Navy need to have its own research and develop- 
ment establishments rather than rely on industry ? 
Were companies approved by the Navy still running 
& Buggin’s turn system? And did establishmente 
such as Portland take contracts from private oom- 

ies? Answering these questions, Mr Stuart 
ateon, who at the last meeting admitted to being 
pestered with ideas from the hovercraft industry, 
reminded the committee of the complexity of warships 
and maintamed that the Navy is besi at integrating 
all their components. 

Mr Eric Lubbock, dissatisfied, called for a compara- 
tive survey of the age structure in naval research 
establishments and the Navy’s civilian contractors 
And as a parting shot, the chairman asked if the Navy 
had ever considered asking a contractor to build a com- 
plete warship. 


French Nuclear Energy Policy 
from our Parls Correspondent 


Tux long awaited report of the PEON Commission 
(Production of Energy of Nuclear Origin) over which 
M. Jean Couture, Secretary of State for Power, is 
presiding, will be published at last towards the end of 
April. Even now, certain of ita main outlines are 
becoming known in Paris, and one can thus get a 
eneral idea of the policy which will very probably 

e drawn up for the coming years. A new report 
will, however, be issued in 1969, and this will constitute 
the definitive basis for the Sixth Plan (1970-1975). 

Two aspects immediately come to one’s attention. 
Firstly, the French effort will be more modest than 
was expected. Between the “high” theory which 
foresaw the building of generators capable of the 
production of 10,000 megawatts of nuclear electricity 
and the "low" theory which limite ite horizon to 
4,000 megawatts, it was the second which was chosen. 
This restrictive policy is based on, the conviction that 
a much bigger programme would lead to premature 
investment, ing in mind the fairly optimistic 
hopes of the breeder plants to which the Atomic 
Energy Commission is devoting two thirds of ite official 
research budget. On the other hand, a much smaller 
programme would not be & sufficient incentive for the 
manufacturers of thermal generators: the competition 
for nuclear generators effectively forces the fuel 
producers to lower their prices to such an extent that 
it is to be hoped that we will soon reach a record low 
oost. 

It seems that this fairly ciroumspect nuclear gamble 
meets the wishes of Electricité de France, which con- 
siders that in the present market conditions and for 
several years to come ''olassical" electricity will hold 
ite own. ,EDF is not therefore intending to intensify 
its efforta, the more so because the series of inoi- 
dents during the last few months in the French nuclear 


Y 


NATURE, VOL. 218, APRIL. 6, 1968 


generatorg—although they affect the conventional 
parta of the installations (as is the case in other coun- 
tries) and in no way call into question the whole idea 
of the reactors—are creating at the present time an 
unfavourable psychological climate. But would a 
restriction on the programmes which are imminent 
be the means to solve the difficulties which have 
arisen ? This is doubtfnl The recent failures can be 
ascribed to manufacturers who in France have not 
had enough cag um and who anyway became 
i evelopment of nuclear power with & 
certain reticence. : . 

If the specialista in: the EDF have reasons for 
a ing satisfied with the amount of investment 
envi it is no secret to anyone that they were in 
favour of building American style reactors (PWR or 
BWR) under licence. They will certamly be dje- 
ce by the wish expressed by the writers 
of the report that they should confine themselves 
essentially to natural uranium. After the decision 
already taken on December 7, 1967 (to construct 
two graphite gas generators.at Feeeenheim on the 
Bhine), the recommendations of the Couture Com- 
mission show once more the oe, or rather 
the stubbornness, of the French policy. The defenders 
of natural uranium had, however, seen their ranks 
scattering in recent years, particularly at the Atomic 
Energy mmission, and it was believed a few months 
ago that there would be a sharp trend towards enriohed 
uranium through the continuing adaptation of Ameri- 
oan techniques to French conditions. Several members 
of Parliament, some of whom belong to the majority 
party, had obviously taken a stand in this direction. 
Although several experiments are envisaged, however 
(for example, the Tihange generator of the PWR type 
in collaboration with ium), enriched uranium 
has not won the day. The writers of the report, in 
order to justify their su of natural uranium, use 
an eoonomio argument, the details of which are not 
elase but which no doubt draws on the well- 

wn difficulty of making exact financial comparisons 
between the different systems. It would be quite 
surprising if political preoocupations do not, however, 
play a determining part. The plan for a civil French 
isotope separation factory making use of the military 
factory at Pierrelatte also appears to have been 
abandoned. French participation in 4 
factory is not, however, hy ORT but this be 
in & theoretical future which is still some time off 
(about 1978). * 

The first phase of the Sixth Plan would be devoted 
above all else to effecting and reproducing the Feesen- 
heim technique. However, the Couture Commision 
(the chairman of which has submitted a personal 
report under his own name on the thorny problem 
of relations between the CEA and the EDF) is credited 
with intending, should a detailed study confirm the 
current assumptions, to pose that work should 
begin on a heavy water station of the Canadian variety. 
It 18 said that a group of French experte, among whom 
figure representatives of industrial firms (among them 
Babcock and Wilcox) came back very interested 
from a study tour of Canada. AT these official rumours 
will probably be confirmed and defined in the near 
future and they will probably be the subject of state- 
a and discussions in Parliament towards the end of 

pril. 


Parliament in Britain 


CERN Accelerator 

Ox Maroh 20, Sir Harry Legge-Bourke o a short 
debate on the Les ges 300 GeV accelerator to be 
built by CERN. said that he fully supported the 
proposal, and hoped that the Government would put 
all the pressure it could on CERN to come to an 
early decision to go ahead. He hoped that the machine 
would be built in Britain. Mr Erio Lubbock disagreed. 
It was splendid, he said, that the Government had 
been prepared to publish the advice of the Council for 
Scientific Policy and added that the Ministry of Teoh- 
nology might well learn a leeson from it. But he did 
not accept the arguments in favour of the machine. 
It would be too ive—the British share of the 
costs would be £37 million by 1977, without taking 
into account the effects of devaluation or the cost of 
any additional ipment which might prove neces- 
E The ouai ine. Seientifio Policy had asked for 
an assurance that the science vote would increase by 
9 per cent until 1973, and by 8 per oent thereafter. 
If this was done, the costa could be covered. 
But could these rates of growth be maintained in- 
definitely ? Mr Lubbock said that if they were, the 
whole of the nation would be on scientific 
research by the end of the century, half the popula- 
tion wol be nuclear physiciste. 

Mr Lubbock said that Britain could either opt out 
altogether, pursue the idea of a world machine as the 
next step after the v 70 GeV and US 200-400 
GeV machines, build lees ambitious and lees costly 
machines, or simply wait to see how technology 
developed. It might one day be possible to achieve 
these high energies at much lower cost. Mr Tam 
Dalyell di ; why should the cost of the machine 
not be compared with defence diture, rather than 
scientific expenditure in other fields ? 

Mrs Shirley Williams, Minister of State at the Depart- 
ment of Education and Science, replied. She ssid that 
the construction cost of the project would be £175 
million, with recurrent costs of £30 million a year. 
The British contribution over the construction period 
of eight or nine years would be £44 million. There was 
a fing in the scientiflo community, she said, that the 
share of the budget that had gone to high energy physics 
was rather high; Britain waa also eminent in molecular 
biology and in plasma physics. How was one to 
determine where money was best t? It would be 
easier, she implied, if the return in mdustrial contracts 
from British investment in CERN had been higher. 
But all she could say was that no decision yet 
been reached. She hoped one would be reached soon. 
(Debate, March 26.) 


Airbus Engines 

Mg Awrguosv Wuapawoop Bany, Minister of Tech- 
nology#announoced that the Government would be giv- 
ing launching aid to Rolls-Royce for the development 
of the RB 211 engines which are to power the Lockheed 
airbus. The aid will take the form of & loan by the 
Government to the costa of launahing the engine and 
getting it injo production. The loan will cover 70 per 
cent of the cost of launching the engine and will be 
recoverable from sales, and was therefore reflected in 
the prices quoted. It was not possible, Mr Benn said, 
to say what the exact sum of maney involved would be. 
(Oral answer, April 1.) Y . 
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NEWS AND VIEWS 
Nomenclature Madness 


Tua way the Commission on Biochemical Nomen- 
dlature of the International Union of Pure and Applied 
.Ohemistry—International Union of Biochemistry would 
like biochemists to denote the peptide BSer-Ile-Leu- 
Leu-Tyr is by the word SILLY. The oommis- 
sion decided that the familiar and sensible three- 
letter symbols which are used to denote amino-acids 
oocupy too much space, especially when they are used 
for comparing long sequences in tables, lista or figures. 
The commission was apparently also worried that, in 
printing, alignment of amino-acid sequences which are 
being óompared is not always perfectly maintained 
because of variations in the size of letters and amount 
of production, And, on top of all this, three-letter 
symbols are not as suitable as single-letter symbols 
for computer storage of large amino-acid. sequences. 

This is why the commission set up a suboommission 
to devise a one-letter notation system for the twenty 
amino-acids. By some oversight, when the amino- 
acids were originally named they were not given twenty 
different initial letters. As a result, apart from cysteine, 
histidine, isoleucine, methionine, serine and valine, 
where there is no ambiguity, the suboommiseion has 
had arbitrarily to decide which amino-acids to represent 
by initial letters and which by some other. The 
acoompanying table shows the result. 


A Ale N Am 
B Asr* P Pro 
O Oys Q Gh 
D Asp R Arg 
E Gh 8 Ser 
F Phe T Thr 
4 Gly V Va 
His WwW 
I De x known or other” 
K Lys Y a 
L Leu Z * 
M Met 


B= Asx* for aspertio acid or ine when undetormmed. 

Z& Gix* for glutamio acid or glutamine when undetermined., 

Perhaps realizing that there is no hope of this 
nomenclature being widely adopted, the suboommis- 
sion seys its nomenclature should be used in compari- 
sons of long sequences. It should not be used to 
designate details of short peptides, in reporting experi- 
ments on protein synthesis or in papers where the single 
letter system is used for nucleoside sequences or codons. 
But with all these exceptions is the new system useful 
enough to warrant adoption? The subcommission 
seems to have forgotten that the only justification for 
abbreviations, like any shorthand, is speed and oon- 
venience. Its single-letter notations are hardly likely 
to have either. Is everyone supposed to learn the abbre- 
viations or carry about little lists to translate” what 
otherwise will be meaningless sequences? What will 
happen when in the same report it is essential to give 
complete sequences and details about protein syn- 
thesis ? The confusion if both systems are used simul- 
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taneously will be oomplete. But an even more telling 
objection to a single-letter system will come in the 
future when. it is possible to compare amino-acid 
sequences of proteins with the base sequences of the 
mRNA and DNA that specifies the protein. How will 
it be possible to maintain perfect alignment between a 
sequence of triplet codons and single-letter abbrevia- 
tions for the amino-acids they specify ! If the present 
three-letter system can be troublesome, the new system 
wäl be hopelesaly so. It is an unnecessary and in- 
convenient complication which will no doubt be ignored. 


Australla’s Poisonous Plants 


Tea toxic principle ricin in castor oil is removed from 

the seeds of the castor oil plant (Ricinus communis L.) 

during the reparation of medicinal oil, but remains 

in industrial castor oil. It is extremely toxic. Because 

the plant is a common weed in many of Australia, 

it is included in Planis Harmful to Man in Australia, 
ublished by the Botanic Garden in Adelaido (Miscel- 
eous Publications No. 1, $1 Australian). 

Tho booklet is an extended form of a brochure 
produced in 1966 for the third convention of the Aus- 
tralian College of General Practitioners. The plants 
dealt with in the booklet are those which cause injury 
as a result of ingestion or skin contact. The list 
includes fangi, although there seem to be few records 
of specific poisoning by fungi in Australia, possibly 
because of Angie Bacon eating habits. 

Identiflcation of fungi is & problem. Apparently 
colour, odour, taste, discoloration after 
cap, blackening of silver articles, tion of ae 
and cating by animals are us criteria originating 
in folklore. For positive identification a specialist 
mycologist is required. The booklet does, however, 
discuss the clinical symptoms of poisoning by fungi, 
chiefly with reference to the genus Amanda, of which 
a generalized drawing is provided. A. phalloides, the. 
death cap fungus, which probably &coounte for 90 per 
oent of "all deaths from mushroom poisoning, is believed 
to have come,to the Cenberre area with imported 


The flowering planta are all described briefly m the 
booklet, together with a statement of the symptoms of 

isoning and available treatment and antidotes. 
Most toxic substances in plante are alkaloids or glyco- 
sides, and, as this booklet says, the principal hazard 
is not so much in the plante themselves as in our 
ignoranoe of them. 


Chromosome Structure 


from our Cell Blology Correspondent 
Ir is reasonable to believe that chromosomes contain 
an ordered and reproducible structure. At the level of 
resolution, of the light microscope they have & charac- 
teristic form which allows the recognition of individual 
chromosomes, and it is diffioult to im how DNA 
molecules, some of them metres in can be 
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poses iito structures only a few microns long which 
ve & reproducible form, unless there is some order 
in the ing. Yet"eleotron microscopy has sim- 
to reveal any ordered structure in 


Two recent papers, however, by Davies (J. Cell Scs., 
3, 129; 1968) and Davies and Small (Nature, 217, 1122; 
1968) , ab last, that there is a stractural unit 
in in and mitotic chromosomes of many 
species of vertebrate with dimensions intermediate 
between those of the nucleo-histone molecule and the 
whole chromosome. They have discovered that 
heterochroniatin, at least, contains a hollow thread or 
tube 170 A in diameter which is arranged in an orderly 
way into sheets and layers in the neighbourhood of the 
nuclear membrane. 

How does this structure compare with previous 
descriptions of the fine structure of chromosomes ? 
Electron microscopists who have examined thin sections 
of chromosomes have described apparently randomly 
arranged ules and threads with diameters ranging 
from 20 A (that of the DNA molecule) to 500 A, but 
most threads seem to be 100-250 A wide. Thin sections 
necessarily reveal only a fraction of the chromosomes 
and an alternative technical approach has been to 
study chromosomes spread on an air-water interface. 
This technique reveals threads between 200 and 300 A 
wide and many microns long, but it oannot show how 
the threads are arranged in intact chromoeomes. 

The esential differences between these structures 
and the tubular thread Davies has discovered in thin 
sections are, first, the constant diameter of the latter 
and, secondly, that in favourably oriented sections 
these threads form strikingly ordered layers at the 
inner surface of the nuclear envelope. The orientation 
of the sections is, of course, critical for resolving these 
threads, and Davies has exploited a tilting stage which 
allows the section to be tilted with respect to the 
electron beam. 

In favourably oriented sections, the threads are seen 
in cross section as rows of granules or annuli lined up 
aide by side to form a layer immediately within the 
nuclear envelope. In some cells there are up to six 
of these layers ing from the envelope mto the 
nucleus with all the threads in consecutive layers in 
register with one another. When the layers are seen 
sectioned longitudinally, they appear as more or less 
parallel rows of short threads (short because of section- 

) rather like a palisade. : 

vies and Small speculate that the 170 A tubular 
thread is a fundamental structural unit of chromosome 
structure. They suggest that in the interior of the 
chromatin the threads are randomly arranged and are 
therefore not resolved, but in the region of the nuclear 
envelope they become locally “crystallized” into layers. 
Bo far they have seen this structure in various red and 
white blood cells of lampreys, amphibia and the chick. 
Other workers, however, have described a layered 
structure just within the nuclear envelope in many 
cell types, al in their published mi phs 
individual 170 A threads are not resolved, probably 
because of the orientation of the sections. Davies and 
Bmall believe these layers are homologous to those 
they see. Perhaps the most intriguing speculation is 
that the 170 A threads are the supercoiled nucleo- 
histone molecules which Pardon, Wilkins and Richards 
(eee oo 508; 1967).descoribed from X-ray diffrac- 


Antiblotics in Action 


from our Medica! Blochemistry Correspondent 


SmvmRaL antibiotios have been found which affect 
DNA lication, transcription and translation. 
Mizuno, Yanazaki, Nitta and Umezawa (Biochem. 
Biophys. Res. Comm., 80, 379; 1968) have now shown 
that the antibiotic B44P (a streptovaricin derived from 
streptomyoes) is unique in inhibiting the initiation 
of DNA-dependent RNA synthesis by the RNA poly- 
merase from Escherichia cols. 

E. coli RNA polymerase first combines with DNA to 
form an enzyme-DNA complex, and the initiation of 
RNA synthesis then involves a reaction with nucleoside 
triphosphates and the polymerisation of nucleoside 
monophosphates. According to Mizuno ei al., B44P 
does not affect the initial formation of & complex 
between the e and DNA; the incorporation of 
*13p-labelled DNA into a DNA-enzyme complex is the 
same in the œ or absence of B44P. But B44P 

inhibits the initiation of incorporation of 
both By-*1P-guanosine MANDA (GTP) and tritium 
labelled cytidme monophosphate (CMP) into RNA. 
If the initiation of RNA synthesis occurs before the 
antibiotio is added, however, there is very little inhibi- 
tion of the polymerisation reaction. Pre-moubating 
the enzyme with DNA and ATP, ATP plus UTP, or 
GTP markedly reduces the inhibitory of B44P, 
but pre-incubation with UTP alone does not. As B44P 
has ben shown to have no inhibitory effect on DNA- 
dependent RNA polymerase isolated from Ehrlich 
ascites tumour cells, it seems that the initiation of RNA 
synthesis by the mammalian enzyme must proceed 
in a different way from the bacterial enzyme. 

The antibiotic mechanism of polyene fungicides is 
very different. As well as killi these anti- 
biotios can lyse red blood oells, and both effects seam 
to be due to disruption of cell membranes by an inter- 
action between the antibiotic and the lipids of cell 
membranes. Demel, Crombag, van Deenen and 
Kinsky (Biochem. Biophys. Acta, 150, 1; 1968) have 
now shown that all the polyene antibiotica interact 
penes with cholesterol monolayers but not with 
ecithin monolayers at low ratios of antibiotic to lipid. 

Demel et al. measured the surface imorease 
in lipid monolayers that resulta from the addition of 
the antibiotic. With mixed monolayers of cholesterol 
and lecithin, the antibiotic effect decreases as the 
proponen of lecithin in the monolayer is increased. 

at very high molar ratios of antibiotio to lipid, 
however, the antibiotics also increase the 
pressure of lecithin monolayers and monolayers of 
oleic acid. Fatty acids antagonize the inhibi- 
tory and lytic properties of polyene antibiotics, 80 
bly fatty acids and phospholipids such ae 
ithin interfere with the &ntibiotio-cholesterol inter- 
action. The interaction must involve the free hydro 
of cholesterol because the antibiotios have very li 
effect on the surface preésure of cholesterol acetate 
monolayers. Urea inhibits the surface pressure increase 
with cholesterol monolayers; this suggests that h 
gen bond formation may be involved in the inter- 
action. It seems, therefore, that the action of this 
of antibiotios depends solely on their reaction ath 
cholesterol. This is supported by the observation that 
derivatives of the most active antibiotic, filipin, which 
have little or no biological activity, prbduoe very much 
weaker interactions with the cholesterol monolayers 
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than any of the active antibiotics. The susceptibility 
of cells to these substances will, therefore, depend on 
the lipid composition of the oell membrane. 


DNases Old and New 
from our Molecular Blology Correspondent 


AxoNG the most important analytical weapons avail- 
able for the study P both primary anil eon 
structure in nuoleio acids is the increasingly wide range 
of nucleases. Nucleases are now known with ifici- 
ties for different nucleotides, for singiesteandod: and 
double-stranded polymers, for long and short molecules 
and for the middles and the ends of chains. A consider- 
able debt is therefore owed to the several groupe of 
workers who have patiently searched for new nucleases 
and studied their function and specificity. 

The latest of a series of studies by Bernardi and his 
associates concerns spleen exonuclease, which has now 
for the first time been obtained in uncontaminated 
form (Bernardi and Bernardi, Biochim. Biophys. Acta, 
155, 360; 1968). It is free from endonuclease, phospho- 
monoesterase and deaminase activity, and has good 
stability. It will degrade native ag well as denatured 
DNA, but the latter, as usual, is much less susceptible 
(by a factor of 25). It also attacks RNA and synthetic 
polyribonucleotides (but not poly 0). The enzyme 
should fill an important need, particularly in primary 
structure work. ‘ 

The action of the endonuclease, pancreatic deoxy- 
ribonuclease (also called DNase I) has been studied b 
Hoard and Guild (J. Mol. Biol., 81, 595; 1968), wi 
single-stranded polydeoxyribonucleotides as substrates. 
By introducing labelled segments into the substrates 
at the ends of the chain, it was shown that if the chain 
length is relatively short (some 40 nucleotides or lees), 
the residues near the ends of the chain are less suscept- 
ible to ie ds by &n order of magnitude than those 
near the middle. With chains, however, this 
disorimination disap . e results the 
involvement of “subsites” in the activity, which 
interact with substrate residues not bound at the active 


' oentre. The factors which annul this effect when the 


substrate is long can at this stage only be gueesed at. 
A nioo example of the use of a nuclease for the study 
of conformational phenomena comes from Wi 
and Von Hippel (Biochim. Biophys. Acta, 157, 114; 
1968), who have extended earlier studies on hydrolysis 
of DNA by micrococcal nuclease. This enzyme shows 
the common strong preference for denatured over 
native DNA. With the latter, there is strong prefer- 
ential attack on (A-T).rich regions, the effect being 
tly accentuated at reduced temperature. The 
igestion of denatured DNA, on the other hand, is 
associated with no such ificity, and the base- 
composition of acid-soluble product is that of the whole 
DNA. The authors use this as an argument to support 
the conoept of a d io structure for two-stranded 
DNA, sharectetived bye “breathing” effect, or local 
opening and refolding of the structure. This is also 
supported by earlier evidence fram hyd -exo ; 
and is of obvious importance in relation to the reactivity 
of the molecule towards agente which can interact only 
with accessible bases in a single strand. It is, of course, 
hard to prove that the erence of the enzyme for 
(A-T)-rich segrngnte is in due to the lower stability 
of such regions, rather than to a direct recognition 
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mechanism (such as has been demonstrated in the 
attachment of polylysine gnd some histones to DNA). 
The large increase in PS temperatures, 
however, and ite complete elimination in the other 
direction, do suggest that the stability of different 
ions is important. 

waki and M. Laskowski, sen. (idid., 207), have 
shown that the attachment of actinomycin D to DNA 
gives some protection against the same nuclease, and 
in ioular that the ( -rich parte, to which the 
antibiotic most strongly binds, sre preferentially 
protected. Since actinomycin is known to stabilize 
the native DNA conformation, this observation is also 
consistent with Wingert and Von Hippel’s conclusions. 


Gas Chromatography 
from a Correspondent 


Ta annual meeting of the Gas Chromatography 
Discussion Group was held on Friday, March 20, 
at the Royal Institution, London. Of the activities 
of the group, the most important new departure was 
the formation of a liquid chromatography section 
which had held ite first meeting the day before. It was 
hoped this will be repeated at irregular intervals of 
about a r. 

The He hs symposium which followed the meeting 
dealt with a cross-section of the whole gas chro- 
matographic process. Professor Keulemans spoke of 
injecting samples into capillary columns. A well 
designed splitter was a satisfactory device but used a 
comparatively large sample. He described a method 
of dissolving a very sample in silicone oil, and 
injecting, say, 1 ul. of the solution on to a small pre- 


column ed with dry support. The sample could 
then be flashed on to the cap column and a perfect 
chroma obtained. 


Dr D. R. Deans dealt with flow switching techniques 
for use in routine analyses. His cirouits made possible 
back-flushing of unwanted high boilers, combmations 
of columna for oertain difficult Be tions, and heart- 
cutting for peaks on tails. All these operations were 
performed by external gas switching. A punched oard 
programmer could perform all the timed switahings 
automatically. The whole technique is most elegan 
and saves considerable analysis time. : 

Mr C. Narain described a simple d.o. discharge 
detector for de ini nM 
carbon dioxideand the lower hydrocarbons in oxygen, 
air and other gases. The detector is robust, eeail 
replaced when necessary and uses no amplifier. Sensi- 
ae ak ak ec carrier is about 5 ppm full scale. 
Mr R. Yeend described “interval programmed inte- 
gration”. This divides the chromatogram into a series 
of accurately timed periods with an integral printed 
out for each period. this way drifting base lines or 
the tail of a large peak œan be eliminated from the 
integral of a peak superimposed on them without the 
use of an expensive integrator with drift correction, 
which would not, in any case, deal with tails. By taking 
the in in the period immediately before & peak 
and in the one immediately after it, the baseline con- 
tribution to the total integral can be calculated. from 
the mean. of the two and the number of periods in the 
peak. Thijs is an ingenious way of getting the advantage 
of both digital and analogue integratore. 

Mr E. 8. Goodwin described the use of a quadrupole 
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mage spectrometer for identifying gas chromatographio 
peaks. This type of mass spectrometer provides reason- 
able resolution, good sensitivity and high speed scan- 
ning (down to 5 ms per decade). A simple 1:200 T- 

litter on the outlet of the mioro-cross-section detector 
of the chromatograph gave excellent resulta on peaks 
of a few micrograms. In one year’s operation no 
trouble had arisen from contamination of the quadru- 
pole system, memory effects or analyser tube distortion. 


Oceanic Trench Sediments 
from a Correspondent In Geophysics 

TH» generalized ocean-floor i hypothesis 
envisages the upwelling of mantle material along the 
medial &xee of major ridges and rises, resulting in & 
voloanic orustal layer on, or close to, the ocean floor. 
This voloanic layer then moves laterally, away from 
the ridges and toward the continents. If a particular 
continent is resistant to motion in the direction of 
spreading, the simatio crust will descend below the 
continental masa, and so form & trench slong the 
continental margin. 

It has been generally assumed that, under theese 
‘circumstances, the pelagic sediments carried along with 
the volcanic layer are also forced beneath the continent. 
Scholl, von Huene and Ridlon (Science, 159, 869; 1968), 
however, have pointed out that there is no known 
mechanism which explains how pelagic sediments of 
low strength can be steadily forced under a continental 
mass. They argue that if ocean-floor spreading occurs, 
continental inal trenches should contain pelagio 
"sorapings" whioh have failed to follow the descending 
voleanio layer. 

To teat this, Scholl ei al. made 28 continuous seismic- 
reflexion profiles acrogs the Peru-Chile Trench between 
latitudes 23° S and 44° B. On the seaward side of the 
trench the volcanio layer is overlam by 180 m to 150 m 
of pelagic sediment, but north of Valparaiso (33° S) the 
trench iteelf contains no pelagio fill apart from isolated 
atii of undisturbed, flat-lying sediment a few 

undred metres thick. South of 83? S8 the trench 
contains up to 700 m of horizontal turbidite beds 
overlying several hundred metres of pelagic sediments 
which dip landward, to the volcanic layer on 
the seaward side of the trench. The significant point 
is that the pelagic sediments are undeformed, whereas 
deformation would be expected if the sediments had 
been forced against the steep continental slope of the 
trench. The absence of deformation is particularly 
noticeable where the pelagio-turbidite contact adjoins 
the slope. Nor do the turbidites themselves exhibit 
any deformation, which would certainly be present 
if spreading basement features had moved eastward 
through the beds. One particular seismic profile, 
for example, indicates the presence of an abyssal 
hill i&lly buried by turbidite but with no associated 
deformation. 

Thus there has a ntly been no continental 
underthrusting for at least the period ted by 
the pelagio sediments and the turbidite beds. The 


oe oda io layer, which is continuous with 
the io layer to the west of the trench, probably 
represents much of the Tertiary—an age estimated 
from sedimentation rates. Thus the ocean floor in this 
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region has probably not been ing for at least 
several million years and probably for a few tens of 
millions of years. 

Since the magnetic and seismological evidence 
for ocean-floor spreading appears to irrefutable, 
Scholl 'ef al. suggest other possible explanations for 
the absence of spreading features in the Peru-Chile 
Trench. These are: (a) aprosding may be “absorbed” 
as crustal deformation re reaching the trench, (b) 
underthrusting may oocur farther to the west of the 
trench, (c) the South American continent may be 
drifting eastwards (but this is inconsistent with palaeo- 
magnetic evidence), or (d) spreading may have been 
taken up by an expansion of the Earth. Alternatively 
the assumption that the pelagic sediment cannot be 
forced beneath the continent may be incorrect. 


Predicting Tides and Weather 
from a Correspondent In Meteorology 


A SYMPOSIUM on the use of mathematical models in 
oceanography and meteorology was held at the Univer- 
sity of Liverpool on Maroh 28. It was principally 

with the construction and application of 
mathematical models to provide an ssseasment of 
tidal in river estuaries and oceanic regions. 
The availability of high speed automatic computing 
facilities has resulted in an m ing awareness of the 
potential of finite-difference methods of solution of 
the tidal equations. Many of the resulting numerical 
problems are similar to those encountered in numerical 
weather prediot'on schemes, so the programme of the 
symposium also included a meteorological contribu- 
tion, in order to provide a basis for crose-fertilization. 

The subject of estuaries was surveyed by Professor 
J. N. Hunt (University of Reading) who then proceeded 
to a critical evaluation of the extent to which the 
frequently used mathematical equations properly 
represent tidal processes in river estuaries. It was 
emphasized that an increasingly detailed specification 
of the topographical features will ultimately be incom- 
patible with some of the frequently used but inexact 
representations of the basic physical processes. Refer- 
ence was also made to the important problem of oom- 
putational instability which reeulte from an unguarded 
use of finite-difference schemes. Mr N. Odd (Hydraulics 
Research Station) spoke of the use of finite-difference 
schemes in the context of problems considered by the 
hydraulic engineer. His contribution was specifically 
concerned, with tidal flows in rivers for which the 
shallow water oonstituente are known to lead to a 
considerable distortion of the tide curves. Particular 
emphagis was laid on the application of the method in 
an eppraisal of the consequences of closure schemes 
in & tidal system. 

The danger of computational instability is always 
preeent in a direct application of finite-difference 
schemes. An indirect approach, based on the use of 
characteristics, was presented by Mr J. A. Webster 
(University of Aberdeen). Details were given of ‘the 
application of the method to the Tay . In 

ity, this is chafacterized by a variation of the 
tidal amplitude across the estuary mouth. The 
method of characteristics has therefore to be applied 
to a two-dimensional situation. An advantage UT the 
technique is a freedom from some of the difficulties 
associated with computational instability. 
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Some of the application of analytical methods 
of integration were developed by Dr B. Johns (Univer- 
sity of Reading). Particular attention waa paid to the 


representation of bacalao processes in a tidal 
Examples were given of the use of the model in an 
ae into the overall siltation processes in an 
estuary. These included an estuary terminated by & 
barrage and containing an eered acheme. 


engin training 
Mr A. Gilchrist (Meteorological Office) spoke of the 


necessity of selecting appropriate differencing schemes 
in order to avoid a spurious smplification of energy m 
weather prediction models. "Ho showed the nature 
of the energy preserving schemes which have proved 


The World in 2020 


by 
NIGEL HAWKES 


Parts, Maroh 

Formoastine the future 1s an activity much eamer to 
jusufy than to carry out. For one thing, & prediction of 
the future ıs most valuable in the areas of activity which 
are likely to change most radically and these, of course, 
are the hardest to predict. Nevertheless, technological 
forecasting has some enthusiastic supporters and is gaining 
academic respectability. One t may be said with 
abeolute oertamnty—predictions of the future which are 
not based on the firmest possible knowledge of the present 
are unlikely to stand up for long. If teahnological fore- 
casting is based on & narrow statistical foundation, it runs 
a very great risk of collapsing in ruins. 

By this criterion, a meeting arranged last week near 
Paris by & group hopeful of predicting the future was a 
mixed success. The meeting set out to Bhow how the 
advancing technologies would influence the way land is 
used; the need of power stations and other heavy indus- 
try for water may, for instance, make it necessary for 
all heavy industry in the future to be sited on coastlines. 
The development of date processing, in ite turn, may work 

this tendenoy by further centralizing the storage 

of information and its use in decision making. Where 

people choose to live will be mfluenced by the develop- 

ment of new ways of getting from place to place, and by 

the attractivenees of tho cities. All these things are 
important and well worth 

The meeting last week was held at the National Centre 
for Scientific Research at Gif-sur-Yvette, a French national 
laboratory devoted to biological research. The prime 
mover seems to have been Mr Jacques Bloch-Mor the 
secrotary-general of the conference, who gath around 
him an organizing committee and who commissioned 
introductory reports on five subjecta: energy and natural 
resources, data processing and transmission, communica- 
tions and telecommunications, agriculture and rural% space, 
and urbanization. The target was to predict the pattern 
of land use in the year 2020 and how 1t would be affected 
by the different techniques. A day was devoted to each 
of the subjects with a different group of specialistas. A 
hard core "OF “generalists” sat jah the entire oon- 
ference. Moat of those at the conference were French, But a 
small contingent of British and Americans was there to put 
what is known in France as the Anglo-Saxon point of view. 

The best seasion was probably the first, on power and 
natural resources. The report, written by Jaoques 
Laigroz of Électri&itó de Fragoe, argued that the over- 
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successful. Related problems are often encountered in 
two-dimensional sea models. "These were discussed 
generally by Mr N. 8. H (Tidal Institute, Univer- 
sity of Liverpool. He reviewed the work by sta 
with early ideas SE Tenen and Defautand vood 
to recent work on the determination of stcrm surge 
characteristics in the North Sea. The formal contribu- 
tions were concluded by Dr 8. Ishiguro (National 
Institute of Oceanography), who spoke of the use of 
electrical analogue methods to investigate storm surges 
in the North Ses. His resulte are in’general agreement 
with the linear numerical investigation discussed by 
Mr Heaps. 


whelming unportance of water to modern industry, 
particularly as cooling for power stations, would mean that 
industry would be driven inexorably towards the coast- 
line. Only the see, suitably desalted, would be able to 
supply enough water to oool the very large power stations 
and refineries which are . Thé present trend 
towards larger and larger unite is likely to oontinue, and 
nobody at the meeting could see much hope of producing 
& miniaturized power source which could supply power 
for individual fista, houses or cars. The rt was 
equally pessimistic about the possibilities of using diffuse 
sources of energy, like solar , wind, rain, the thermal 
energy of the seas, geoth energy and the kinetic 
energy of the Earth. Mr Laigrox thought that the capital 
costa of making use of these sources of energy would rule 
them out. Fusion, too, found few supporters as a source 
of power, although it was thought that it might be 
feasible by the end of the period under discussion. By 
2020, then, electrical power would be produced in France 
by 50-60 very large power stations, half of them nuclear 
stations, the rest fuelled by hydrocarbons. Although 
much of the power generated would be locally consumed 
by industry, there would still be the need to distribute 
electrical power, and this, it was agreed, would be & great 
problem. The mam axes of distribution would be simpli- - 
fled by the adoption of much higher transmision voltages 
—-780,000 volts instead of the present 220,000—but local 
distribution might prove to be a further atumbling block. 

The problem of pollution also enlivened the debates. 
Although ıt was agreed that the pollution caused by 
motor vehiclea will be quite rapidly contamed, there was 
some concern &bout nuclear power stations—and one 
delegate suggested that waste should mmply be landed on 
RP far side of the Moon. The “pollution” of environment 
by the building of large electric pylons was another prob- 
lem. The best solution, ıt was agreed, was to site pylons 
along the routes of motorways into cities, creating, a8 one 
person put it, a kind of “linear hell”, surrounded by 
undisturbed countryside. Dr L. Rotherham, Member for 
Research of the British Central Electricity Generating 
Board, said that this was sometimes done m Britain but 
was not always possible. Transmission of direct current, 
he thought, might have advantages, and superoonduo- 
tivity was also worth investigating. 

All this was worthwhile stuff, although perhaps rather 
unadventurbus. The next day, however, when date 
processing and computers were discussed, was much 
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further from reality. The issue was whether the develop- 
ment of date processing—pgrticularly time-sharing sys- 
tems—would affect the centralization of decision-making. 
Some feared that the great power of information gathering 
and storage offered by computers would accentuate the 
tendency towards central authonty, leaving mdividuals 
and far-flung regions in subjugation. The report, by Mr 
Yves Leoerf and Mr Georges Leroy, was optimistic on this 
point, saying that data processing might bring about a 
certain democratization of institutaons—in part, it seems, 
by the constant holding of referenda on the issues of the 
day. But Professor Henri Pequignot, Profeasor of Clinical 
Medicine at Paris, saw it as a threat to the mdrvidual, 
with the opportunity for controlling the masses in the 
hands of a few. In medicine, he thought the limiting 
factor would not be the machine’s power of bandling 
information, but the dootors' ability to collect it. Mr 
M. Tubiana, of the Radiation Department at the Gustave 
Roussy Institute, said that the application of data pro- 
cessing to medicine would mean that all French cancer 
patients would be in the care of about four doctors. This 
would limit in a drastic way the number of centres of 

Mr Robert Galley, chairman for the session, did his best 
to draw conclusions. The initial tendency, he thought, 
would be to develop data processing in a limited number 
of places, and in a limited number of directions. This 
would lead to a disequilibrium between the large centres 
and the rest of the countryside. In the long run, the 
development of more powerful peripheral equipment would 
bring about a decentralization, but it was important that 
the cost of date transmission should not inarease with 
distance from the centre. If anything, the costs should 
decline with increasing distance, to encourage the most 
far-flung regions to oo-operate and make use of the central 
facilities, 

The sessions on communications and teleoommunioe- 
tions provided & nice contrast with one another. As far 
as rtation systems are concerned, the needs still 
outrun means avaiable; in other words, there is no 
obvious and easy way in which transport problems can 
be solved. In telecommunications the means are at hand 
—the videophone, the individual telephone, and the like— 
but they are not yet needed. For communications, then, 
the discussion hinged on the ways that traffic and trans- 
port problems can be solved, and most systema got at least 
& mention. Dr W. Seifert, Assistant Dean of Engineering 
and Director of “Project Transport" at MIT, gave details 
of the system he and his colleagues have devised. This 
makes use of individual cars, electrically driven and 
automatically controlled, in which the driver could select 

- his destination and be driven to it without further 
intervention. The possibility of hovercraft was also dis- 
cussed, but it was agreed that there is gtill a future for 
conventional railways running up to of 800 km 
per hour. The two systems, it was t, could co-exist 
quite comfortably. The report prepared for this disous- 
sion also mentions a large number of other systems, 
meluding amphibious vehicles, which it says are unlikely 
to be of much value, except perhaps in developing coun- 
tries. As for air travel, the report sees aeroplanes flying 
at speeds of up to Mach 8, controlled by computer driven 
air traffic oontrol. The means of propulsion may be 
devel: to include electrical and atomio propulsion, if 
the di ties of the heavy shielding can be overcome. 

techniques of telecommunications, it was 

t, might have the effect of dispersmg populations. 
Professor Philip Raup, of the Department of Agricultural 
Economics at the University of Minnesota, said that this 
had been the American i . When people could 
readily get in touch with distributors of spares and service 
organizations, either by radio or telephone, there would 
no longer be a need for them to live near centres of distri- 
bution. The effect was to make available highly developed 
and complex equipment in remote areas. Briefly, then, 
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better communications, for which the techniques were 

already to hand, would tend to aid the dispersal of people. 

This waa a conclusion with which people expressed general 
infaotion. 

The next day the discussion turned to the subject of 
agriculture and rural space. This was a good example of 
some of the snares set by a very general philosophical 
discussion of this sort. Several hours, it seamed, were 
devoted to defining what rural space is. The suggestion 
that anything that is not urban space is necessarily rural 
space was dismissed immediately. The measurement of 
population density was a better indication, and one 
delegate went as far as saying that rural space was best 
defined by cultural differences, in song, dance and 
architecture. This, perhape, was only half serious, but ıt 
was hard to tell. Mr Georges Severas said that one of the 
problems was that the areas best suited to industry were 
always the best agriculturally as well (a | gage incidentally 
supported by the choice of the site for the 
aluminium smelter at Invergordon in Scotland) that 
there was & that as agriculture retreated, there 
would be nobody left to look after the countryside. He 
visualized the wolves returning from Central ao to 
take over the deserted countryside. Nobody, perhaps, 
thought this was really a serious danger. For one thing, 
às Professor Reup pointed out, in the United States tbe 
countryside is now a more desirable place to live than the 
towns. The American city has become the place for the 
poor to live, and in the country, the land use is domin- 
ated by non-agricultural pursuits. In some areas of the 
United States, two thirds of the population in the country 
are not agricultural, and two thirds of the land is not used 
for agricultural uses. The implication clearly is that the 
movement of agricultural workers away from the land 
does not leave the country desolate, but mdeed enhances 
ite value as a place to live. 

The problems of food were put across amusmgly, and 
provocatively, by Professor Jean Tremoliers. The feeding 
of man, he said, was an irrational process, dictated not by 
real need but by psychological and sociological pressures. 
This made it difficult to feed the starving because, despite 
their plight, they were unwilling to accept anything which 
fell outside their cultural taboos. In any case, he doubted 
whether the problem of world hunger was really as serious 
as some claimed; the FAO claim that three quarters of 
the world's population was undernourished was nonsense, 
he Western man had been taken aa the norm, 
and truth was, he said, that three quarters of the 
world do not eat like western man. Pill feeding, too, was 
hopeless, although it could m theory supply all the 
necessary i lente. “Except for well paid volunteers 
—like NASA astronsute—pill feedmg does not work”, 
he said. This meant, presumably, that there would still 
be room for traditional forms of food, even though 
unconventional methods of producing protein were now 
possible. 

It was agreed that the proportion of the French popula- 
tion enggged in agriculture would continus to decline 
although the actual numbers would increase. The aree 
farmed would decline as efficiency increased, until, 
perhaps, it would be possible to feed the entire French 
po jon from only 15-20 per cent of tbe land surface. 
Then might be difficulties in the depopulated land; 
Professor Raup suggested that the greatest difficulties 
might paradoxically be experienced in the areas now 


considered most . The poorer areas, he sugges- 
ted, have already to make the necessary adjustments. 
final day, devoted to urbanization, with a 


long di ion of new building materials. ‘Nothing had 
yet emerged, it seamed, which could easily replace tra- 
ditional materials such as concrete, or even bricks and 
mortar. There was a reluctance, however, to define why 
new materials were necessary in any caso, exoept m 
industrialised building where lightnees"is an impartant 
characteristic. More conservative voices were raised m 
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support of conventional materials—they were cheap, 
effective, and had many centuries of development behind 
them. Plastios, however, would probably find increasmg 
use, once examples with suitable p ies had been 
made. Profesor J. W. Dyckman, Charman of the 
nre of City and Regional P. ing at Berkeley, 

id that industrialized building bad not failed because of 
faulty materials. Good materials were available. The 
problems were not technical but social—one had first to 
ask what le wanted, then set about giving 1t to them. 
But how could this be done? There was general agree- 
ment that more should be spent on research, and it was 
noticeable that Mr Georges Rottuer, one of the “twelve 
wise men" who control French research expenditure, 
agreed with this point of view. 

The conference covered an enormous range of issues, 
and many thousands of words were spoken. But one is left 
with a feeling of disappomtment that so little was 
achieved. Even rf the predictions for 2020 are acourate— 
ånd there was msufficient evidence to be sure of this— 


Ultrashort Laser Pulses 


by 
G. MAGYAR 


Royal Holloway College, 
Untversity of London 


Tue maximum power generated in the eleotrio grid of 
Great Britain is 57,000 mega wattea. The latest commercial 
prototype giant pulse laser (CGE, France) produces 
50,000 megawatts. The only difference is that the laser 
isle eng poer one every few mmutes in & short 

, lasting for 6 nanoseconds, while the electric power 
is produced continuously, so the actual energy contained 
is vastly different. Nevertheless, we have come a long 
way from the first ruby laser of Maiman! in 1960, which 
gave only a few lulowatte of t power. 

The quest for more po lasers began almost 
immediately. The usual prestige reasons played their 
part. In military terms the laser might have had the 
promise of a “death ray’? machine. When so much 
research is financed by military contracts, this is not a 
negligible aspect. 

The more substantial reason for the interest in high 
power waa in its numerous goienbiflo and technical applice- 
tions. In the begmning, the prmoipal driving force in 
developing & &mgle-pulse laser was ita more controllable 
nature: to overcame the completely random and inde- 
pendent pulsations of the ordmary ruby laser and to 
enable experiments to be synchronized with*the well 
defined single pulse. There was also hope for a leas 
complicated, stable frequency spectrum, coherence, and 
eo on. The higher power was almost a welcome side- 
product, so to speak. . * 

The first step in this direction came in 1962, when 
~H@lwarth and MoClung* announced the successful 
operation of a “giant pulse laser". The general idea 
behind this device concerned the two mirrors necessary 
for the feedback-amplification gf the laser avalanche 
process, one of which was kept out of the redbnant éavity 
until sufficient energy accumulated mside. At the instant 
of maximum storage the mirror was suddenly switched on 
so that ing came out in a single pulse. This method 
shortened the pulse length to 20-30 ns and pushed the 
power up to the«negawatb region. . 

Onde the power was ther’, some unusual experiments 
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there 1s a real danger that policies determined in this 
amiable academic way may be unable to stand up to the 
preasures of real decision- ing. There 1s coming & time 
when the only reel decimons will be between two courses 
which cost much the same. Because capital for new 
investment is always in short supply, it goes where ıt will 
produce the greatest return. considerations and 
the problems of regional development get little attention 
unless they are put across in a profeamonal way. It was 
astonishing, for example, that the entire meeting could 
take place without any consideration of whether the 
French machmery for regional development was adequate 
for the task. Was French industry in a position to produce 
the computers necessary for the ambitious schemes? 
Would the supply of caprtal meet the need for new roads, 
and new transport systems ? There was no need, of course, 
for considerations like these to dommate the meeting. But 
whgt was striking waa they were hardly mentioned at all. 
France’s enviable sir of self-confidence, now almost aa 
famous as the French cuisine, emerged unscathed. 


and their Uses 


Dr Magyar traces the development of the ultrashort pulse laser 
from the giant pulse laser. 


were carried out with 1t, in the hope of finding applications. 
The first occurrence of an “air spark’’—the breakdown of 
atomic forces in arr under the action of the strong electric 
fleld of a focused giant laser—was reported in 
1963 as an amusing incident. The real quantitative 
examination of this phenomenon started only 2 years 
later, amultaneously in many laboratories. 

The creation of new frequencies due to the “induced” 
scattering of laser light in various media was discovered 
accidentally: it appeared in nitrobenzene which was used 
as an element of a giant pulse switchmg device and it was 
& nuisance as far as the working of the laser was concerned. 

Other effecta were, of course, produced with good 
scientific foresight, often in analogy with microwave 

i te—for example, the conversion of two quanta 
of light energy, hy, info a mngle one of energy 2 hv, with 
the aid of a suitable mixing medium; similarly, the sum 
and difference frequency of two unequal quanta, hy and 
Ay’; and so on.* These normally unlikely “higher-order” 
or “non-linear’’ processes a finite probability 
because of the high rate of production of identaoal light 
quante in lasers. The number of these non-linear effecta 
is ever increasing, especially when a new generation of 
high-power lasers appears. : 

The many photons within a short pulse made poesible 
several other experiments, which cannot be called “non- 
linear", but with normal light sources they produce a 
non-detectable signal only. Examples include high-speed 
photography of very fast processes, diagnostics of various 
parameters of a hot plasma and photolysis of a chemical 


process. 

In the meantime, the methods of laser Q-switching 
(switehing of the quality-faotor of the resonant cavity) 
were gradually mmproved. First various opto-mechanical, 
opto-electrical and opto-magnetio devices were developed 
for this, but the fastest electronic switches take a few 
nanoseconds to reach maximum effloiency. On the other 
hand, atomic or molecular lifetimes can be much shorter. 
So why not utilize the "mwitches" that nature has pro- 
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vided? Thus an elegant, fast and simple method was 
discovered, which was destined to play an important part 
in the later chapters of the igh power laser story. This 
was the use of bleachable dyes: the molecules of the 
suitably chosen ones usually absorb light of & certain 
colour. They quickly re-emut this light and are ready to 
absorb more. When the light intensity reaches & certain 
level, however, the absorption reaches saturation level 
and the dye becomes transparent, thereby transmitting 


the accumulated laser light 
Q-switeh produced aeea. hats pulses which were 


Biol tei but the search for even more 
drastic ortening methods. This was the-obvious 
way of increasing laser without i increasing the size 
of the system (that 18, without nienie P eit the Or of 
atoms available for laser 
sum E wee Sl ae 
which the electric fleld caused by the laser pulse was so 
high that the material iteelf got damaged. ° 
The most successful method for pulse-shortening was & 
double-switching technique: after switching on the mirror 
in the usual way to build up a giant pulse it is not necessary 
to wait until the energy flows out of the cavity through a 
“half-mlvered’’ mirror in gradual steps; it oan be switched 
out in one trensit by a second, special "switch". The 
time taken to traverse a ical laser cavity, say 100 om 
long, is only 3—4 na, so this is the pulse width for such a 
doubly switched giant pulse. 


Because of the shorter time, such & pulse represente 
higher power for the same number of joules. To avoid 
, this pulse is develo in & moderate size system 


(output power, 100-500 Then the beam is magni- 
fied, thus reducing the power per unit area, and amplified 
in a larger size laser material. This is a single pass process 
(travellmg waves instead of standing ones) and so damage 
is lees likely. The risk ie also spread by using several 

of amplification. This is the way in which the 
50,000 MW peak power was achieved. 

Concurrently, a completely differant approach was 
attempted. This line o in communication 
(modulation) experiments with lasers. The pulse-shorten- 
ing was achieved through the interference of the various 
hermonic components in the beam. In & manner 
analogous to acoustic instruments, an optical resonator 
will sustain -wave oscillations if their half- 
wavelengths “fit” an integral number of times into the 
total length —that is, 12/25 DL. In the optical case the 
wavelength of light is so muoh shorter than the dimensions 
of the laser cavity that there could be very many alightly 
different half-wavelengths for which this condition would 
be satisfied. The only restriction is that they must all 
fall within the spectral line utalized for the particular 
laser oscillation. Even so, many spectral components or 
“cavity modes” are possible within this narrow laser line. 
If phases of these modes oan be eynchronired by 
some means then they will interfere with each other and 
produce beeta or pulsations of intensity. The more 
harmonic components take part, the “sharper” the beats; 
in other words, their amplitude increases and their width 
decreases. Another way of looking at this is to remember 
the well known method of Fourier analysis, in which a 


pulee of any sh oan be reproduced by the addition of 
sinusoidal ai of various (related) amplitudes and 
frequencies. 


The only limitation on the narrowness of the pulse is 
the uncertainty relation between the pulsewidth, At and 
the spectral width, Av, namely At~1/Av. This says m 
effect that the shorter the pulse, the larger the frequency 
bend required, or vice verse; a narrow means 
that it takes longer to define it withm those limite. This 
is a limit and a challenge, because a broad spectram— 
an; above 1 A, say—implies the possibility of a 
much shorter pulse than the usual few nanoseconds, 
provided one knows how to achieve it. 

An external modulation was thought to be necessary 
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to brmg about the synchronisation or “locking” of the 
phases. Several parameters, mternal to the working of 
be ea ee 
length or cavity losses, could be the agencies for such 
frequency modulation. The modulation (or switching on 
and off) of any of these parameters at the fundamental 
frequency basically couples the modes m phase, because 
it creates side-bands which coincide with the UP 
modes of the cavity. Their "locking" leads to besta, 
which create new side-bands, which in turn coincide with 
other modes and so on. 

The effect was first demonstrated by Hargrove, Fork 
and Polack! in 1964 with lasers. The continuous 
working of these lasers e the experiment and the 
observation relatively eamer. The narrow laser lme 
limited the pulsewidths to greater than 0-1 ns. These 
pulses were emitted periodically, the period corresponding 
to the fundamental frequency of the cavity, dv—e/AL. 
Or, One it another way, pulses were fed out d 

aerob] through the resonant cavity, di= 24L/o. 
number of modes taking part was the ratio of the 
spectral width to the basic cavity frequency, n= Av/dy. 
A broadband laser, like neodymium in glass, which emite 
strongly over a region of 10-20 A with the wing as far 
out as ~ 100 A, would be a better choice, because n could 
be more than 10,000 (pulsewidth <0-001 ns). 

The adjustments needed to sustain these conditions 
were, however, rather critical, because of the shifta of the 
modes during the lasing. Hence the achievement of the 
same phenomenon with lasers such as ruby or 
neodymium would bave been out of the question but for 
a novel way of internal frequency modulation. It turned 
out that the bleachable dyes, used for Q-switching, could 
be utilized simultaneously as self-adjusting frequency 
modulators. All natural tend towards a mini- 
mum energy state; thus the bleaching of the dye tends 
to use the minimum energy of the laser beam to became 
transparent. With standing waves of several olose-lying 
modes this is moet likely when all the modes interfere 
with each other in phase. Thus the dye will adjust iteelf 
for the optimum coupling of the modes, as long as ite 
relaxation time (the time it takes to get rid of the abeorbed 
Hone ae ea e e a Gua meee thas 
mode-locked If the relaxation time is longer than 
this; (he opposto nhsndmenon will Rappel : because of 
the relatively long time of bleaching a natural selection 
of modes will take place. The mode which started with a 
slightly higher energy (or leas loss) will be amplified at the 
expense of the others and, as a result, a very narrow 
spectral line will be emitted. 

One dye, used for Q-switching a neodymium laser, had 
a relaxation time of 0-01 ns, so it satisfied the criterion 
for mode-locking. In 1966 De Maria et al.‘ and several 
other research groups observed the self-locking of dye- 
switched neodymium and ruby giant pulse lasers. The 
mode-looking was obeerved as a train of bap Ges 
ea t pulse. he aeparation of ths mib 

Rone cide reb wah aie wilh 
a glas ae Their length was as short as the 
limiting frequency of the electro-optic monitoring devices 
—a fast photodiode, plugged into a fast oscilloeoope— 
allowed, 0-3-0-5 ns; but they could have been shorter. 
The rather wide i gis of these mode-locked giant 
pulses suggested the actual pulsewidths were 
much narrower than the electronically registered ones. 
Their peak intensity was also higher than that of a normal 
giant pulse, but agam the true height was not observable. 
These pulses later became known as “ultrashort” laser 
pulseg. * 

The next step was obviously to try to isolate one ultra- 
shart pulse from the rest, to switch it out of the cavity 
and to amplify it. The first part of this programme has 
been accomplished by Heynau and Penney* and other 
groups. They all used the method of double switching, 
worked out for ordinary giam pulse shortening, and they 
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coupled it with an electro-optic monitor-feedbaak circuit, 
which is triggered by one of the larger sub-pulses in such 
& way that a few nanoseconds later, by the time the 
next pulse comes along, it is switched out of the cavity 
and any consecutive pulses are prevented in ther growth. 
The pulse thus obtained was not as narrow as its correg- 
‘ponding member in the train, probably because the 
various extra elements introduced to do the switching 

the performance of the cavity. Amplification 
of this 0-01 ns pulse through a 76 om neodymium rod 
resulted in a 40,000 MW pulse’. 

This suggesta further possibilities for amplification. 
There are, however, limitations discovered by a new 
theory of the ultrashort pulses. This new theory was 
first offered as an alternative to the mode-looking theory. 
In rta mathematical apparatus it goes back to nuclear 
magnetic resonance, but what it says can be summarized 
m the following simplified statement: provided one bas 
SINUS o parh ide RH. the- diariptie, Joc proces 

disorimmate agamst longer pulses, shortenmg them 

to the optimum length in which all frequency com- 

poe of the laser lme will contribute. Thus the moet 

i will be that determmed by the relation- 

ahip At=1/Av. Hence the active medium, by itself, 

without any frequency modulator, will tend to produce 

these ultrashort pulses, provided the spectrum has not 
been deliberately narrowed. 

These pulses were first observed by Fox and Smith’ in 
1967 in the output of a specially adjusted gas laser and 
soon afterwards their colleagues at Bell Laboratory, 
Duguay, Shapiro and Rentzepis*, found ultrashort pulses 
in the output of & Q-switched laser operating without a 
dye. Most recently these pulses have been discovered 
even in ordinary, non-switched neodymium and ruby 
lasers’. The fact that up to now the ultrashort pulses 
(and corresponding high powers) existed undetected in 
most . lasers must lead to the revaluation of many 

tal resulta and theories. 
o within & few years, history repeats itself. At the 
lagers produced a train of random ‘‘spikes’’, 
with variable, non- ucible properties. Users of 
these lasers realixed life would be much simpler 
with only one of the spikes. The demand was satisfled 
with the technique of giant pulsé lasers. Then it was 
discovered that a number of their characteristics varied 
within the pulse when observed with modest time resolu- 
ton. Now we have found that part of the explanation 
lies m the fact that they, too, have a fine structure of 
narrow pulse-trams. So agam life would be simpler if 
we could use just one of these sub-pulses. It is very 
unlikely that a further substructure will be discovered 
there, because we are app ing the time limite of 
‘light emission phenomena: the ultrashort pulsewidths 
are only 10-100 times longer than the amgle period of 


oscillation. 
ing to the new theory, the product of intensity 
and uration is a constant for such pulses. Thus 
once the limitmg duration has been achieved, the pulse 
cannot grow in intensity; the role of an amplifymg 
medium is simply to replace losses. In practice, however, 
the is nob so gloomy. The limitation holds more 
for ruby than for neodymium; also, by reducing losses 
it is posible to add more energy to the optimum pulse. 
Finally, in view of the degradation of the ange pube 
it is worth sending it through some amplification to 
Immediately rare en eri cios leitet 
of detecting such short pulses underwent a revolutionary 
change. Any improvement in the electro prgmised 
a gain of a few per cent, at great cost, while what was 
needed were speeds 2-3 orders of de faster. 
The first claims on narrow pulaewidth were based on 
indirect measurementa: broad spectral widths, with many 
components in spectrograph, simultaneously with 
perfect mode-locked pulse on the oscilloscope. Soon, 
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however, more direct methods were found, all based on 
the idea of splitting the laser beam mto two 

beams and delaying one with respect to the other. The 
overlap—ocomplete, partial or absent—was detected by 
some action of the reoombined beam (production of 
interference fringes, of second harmonios and Bo on). 
Then by changing the path difference—the time delay— 
the effect of a new overlap was observed. The full profile 
of the pulse had to be plotted shot by shot. 

An elegant new method waa invented at Bell Laborator- 
ies by Giordmaine, Rentzepis, mo and Weoht!*, which 
makes the pulsewidths measurable in a single shot. It 
also measures time in terms of path traversed. The 
method relies on the fact that high power lasers produce 
mduoed fluorescence in certain organic liquids. From 
the strong laser field two red photons are absorbed 
simultaneously by the liquid. The greater part of this 
energy is reconverted mto green or blue fluorescent 
phetons. This was one of the first non-linear effecta, 
discovered way back in 1962, which is now finding a 
practical application. 

A glass cell waa filled with the organic liquid. A mirror 
at one end of it sent the laser beam back on its own path. 
This path could be photographed from the side, because 
of the fluorescence. Where the pulse was reflected on 
iteelf (at the mirror) and where it overlapped the conse- 
cutive pulse, the intenmty was doubled and therefore the 
fluorescent trace was twice as bright. The width of such 

rtions was æ direct measure of the pulse duration. 

light travels large distances in very little time 

(30 om ns“ 1n air), very short pulsewidths oan be measured. 

In fact, in & refined version of this technique where the 

overlap is magnified because of dispersion, a time reeolu- 
Soins Proton dun ed en ILE 

Naturally, applications of these ultrashort pulses follow 
with & certain time delay. So far, few results have 
been reported al several theoretical aasesemente 
of posable applications have been published and a great 
many laboratories are probably working on the problem. 

One "obvious" apploation was reported by the group 
fram the Bell Laboratories a few weeks after the 
announcement of the new diagnostic method. They 
investigated the important non-linear effects n 
in liquids (Raman, Brilloum-scattering, self- focakag 
discovered. earlier with normal giant pales. lesen peni 
All these effecte depend on the asymmetry o€ the 
liquid molecules: under sufficient excitation they give 
rise to non-linear polarization (their oscillations do not 
follow the field force linearly), which gives mse to the 
generation of extra frequencies. At first sight one would 
expect, these effects to become even bigger with higher 
power, picosecond Molecular reorientation. times, 
however, are also of the order of 1-10 pa. Macroscopically 
this is expenenoed m the ‘viscous drag". Hence the 
molecules are unable to follow the picosecond excitation 
and the efficiency of the non-linear effects is reduced. 

This los of efficiency—which applies to some other 
non-linear effects as well—has some positive implications. 
Most mechanisms causmg damage to high power laser 


, Materials are believed to be connected with non-linear 


phenomena. Thus what was s limitation on the maximum 
peak power will be leas severe for picosecond pulses and 
we may witness another "quantum jump” in the power 
output of lasers. 

Even if the picosecond high power is not so useful for 
certain experiments (their wide band rules them out in 
holography or laser scattering, for example), the short 
duration itself is very attractive for many applications. 
Because the picosecond is a typical atomic and molecular 
time, there are many physical and chemical reactions 
which can be tested for the first time. For example, 
forbidden transitions oan be excited and fast relaxation 
times Generally, the dynamics of many 
atomic proceases can be probed. Very fast chemical 
reactions can be diagnosed with the method of Jaser 
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. 
Photolyais. Various dyes oan be pumped with & 
lac sus they cidit ile anginal waione of de 
Picosecond pulses into any one with high effi- 
ciency. This way the who visible spectrum can be 
covered. Coupling times in important conversions might 
be measured (for example, photowlontris effect, laser 
produced plaamas, and so on). Some new, fast or higher 
order non-linear effecta might be observed. 

These very short pulses may distinguish between 
different time-dependent effeota in a complex henomenon. 
One such experiment has been done: in intensity- 
dependent frequency broadening of liquid-scattered = 
light, it is very difficult to separate two 
due to the refractive index and one ddo to Reman. 


For certain liquids, euch as CB, however, the pico- 
second pulses reduce the efficiency of the Raman procesa, 
whus leaving ths other part intact. ac that fur Tho Geet 
time it can be studied in detail. Bi , in the case 
of laser produced plasmas, there are -photon dnd 
multi-photon processes present. pr up RE Mio laos 
pulsewidth to lees than a nanosecond, ib is possible to 
reduce the first to an insignificant amount in comparison 
with the second. 
There are many poesible technical applications. As 
Ue ere Hoe picosocnd Iasae. ced De teed to ale 
Masse jane aside ciation oa the pulse 
ae as a stroboscopic source at a shook- 
wave. Th poked photography generally, they can be 
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used to test fast te or perhape even to build 
very fast photomultipliers and image intensiflers. Simi- 
larly, they oould test fast electronics or be used as fast 
componente—for example in computers—and they would 
provide unheard-of accuracy in range-finding. 

No doubt some of these predictions may not materialize, 
but there will be many more applications, at present 
unthought of, which will outdo in cance few 
examples given here. The story of the laser, like that of 
any great invention, shows that the initiators are never 
aware of all the implications and possibilities which 
gradually unfold later. 
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Ir could learn from experience their usefulness 
would increased. When I write a clumsy program 
for & contemporary computer a thousand runs on the 
machine do not re-educate my handiwork. On every 
execution, each time-wasting blemish and orudity, each 
needless test and redundant evaluation, is meticulously 
reproduced. _ 

Attempta to computerize learning date back 
little more than 10 yr. The most significant early mile- 
stone was A, L. Sanmel’s study: usifg the game of 
checkers (draughts). Samuel devised detailed procedures 
both of “trote-learning”’ and oe, generalization”. 
When coupled with efficient meth of lookahead and 
search, these procedures enabled the computer to raise 
ttaelf by prolonged practice from the status of & beginner 
to that of a ee e Henoe there now exists 
a checkers program w. can learn through experience 
of checkers to play better checkers. What does not yet 
exist is any way of providing in eral that all our 
programs will automatically raise efficacy of their 
own execution, Samuelwise, as a result of ted ‘‘playe’’. 

Here I outline proposals? for enabling the programmer 
to “Samuelize” any functions he pleases, and so endow 
his program with self-Cimproving powers—both of ''rote- 


language. 


learning" and “learning by generalization”. I shall 
be talking about mathematical functions. “Factorial” 
(of a natural number) is & function; so is “highest common 


factor” (of a pair of real numbers); so is "member" (of 
an element-set pair); so is the “reverse” (of a list). Thus 


It would be useful If computers could learn from experience and 
thus automatically Improve the éfficlency of thelr own programs 
during execution. 
can be provided within the framework of a sultable programming 


A simple but effective’ rote-learning facility 


factorial (5)= 120; hof (68, 18)=9; member (Queen Ehx- 
abeth, the Cahinet)=falee; :and reverse ([Tom Dick 
Harry])=[Harry Dick Tom]. The present proposals 
involve a particular way of looking at functions. This 
point of view asserts that a function is not to be identified 
with the operation by which it is evaluated (the rule for 
finding the factorial, for instance) nor with its repre- 
sentation 1n the form of a table or other look-up medrum 
(such as & table of factorials). A function is a function, 
and the means chosen to find ite value in & given case 1s 
independent of the function's intrinsic meaning. This is 
no more than a restatement of a mathematical truism, 
but it is one which has been lost sight ee 
of our programming languages. By reeurrecting this 

truism we become free to assert: (1) that the apparatus 
of evaluation associated with any given function shall 
consist of & “rule pert" (computational procedure) and & 
“rote pert” (look-up table); (2) that evaluation in the 
computer shall on each given occasion proceed either by 
rule, or by rote, or by a blend of the two, solely as dictated 
by the ienoy of the moment; (3) that the rule versus 
rote decisions shall be handled by the machine behind the 
soenes; and (4) that various kinds of interaction be per- 
mitted to odeur between the rule and the rote part. 
Thus each evaluation by rule adds & fresh entry to the 
rote. Updating the rote by assignment from outside the 
function apparatus (such as from the tape reader or other 
input channel) is allowed, and may alter some of the 
consequences of future evaluations by rule. The rule 

. ” 
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iteelf may be self- and seek to marease its 
agreement with the contenta of the rote. 


Parable of Self-Improvement 


Before describing the detailed application of this 
scheme, I shall take a fanciful example to show how 
exactly-it oo nds to the way a human tackles such 
problems. Imagme that I am hired by an old-fashioned 
commercial oompany which does not possess, or- believe 
in, caloulating machines. ‘We need someone to git under 
the steirs during board meetings”, explains the company 
secretary, "someone with his wits about him. We some- 
times need to know the hef of two numbers: when I 
shout & pair of numbers down the stairs, you will shout 
the answer up as soon as you've worked it out. Our 
chairman is an impatient man, and you will be paid & 

bonus". 

“Well”, I might say, “I don't know about hof's, but I 
need the money and I'll do the beet I can". 

Bo I am issued with Euclid’s rule for computing the 
hef; I also have the sense to demand & supply of mdex 
cards and a pencil. Whenever I apply my rule to & given 
ei ud aer a ir pan ee e 
result on &n index card and add it to wing pile of 
tebulated answers. Whenever I &m for the hof of 
& new pair, I first look through this pile, from top to 
bottom: if I find it I merely read out the answer, replacing 
this card one place higher in the pile, so that I can find 
it a little faster next tune. Through this promotion 
process, rarely-oocurring problems will gravitate towards 
the bottom and frequently occurring problems towards 
the top. If I do not find the ired number-pair in the 
pile, then and only then do I have recourse to the rule. 
Having found the answer, in this case by calculation, I 
enter the result on a new card to be added to the pile. 
Sup that there is & limit to the size of the pile of 

which I can handle, I discard the bottom card 
whenever there is need to shorten the pile. 


Recursively Defined Functlons 


We will now re-interpret this scheme in the context of 
digital computing, taking the factorial function. This has 
the advantage that it can be defined in a recursive manner 
with particular easo and olarity, as will appear. I shall 
suppose that a “card index" regime for the evaluation of 
functions is available, so that we have facilities for con- 
verting functions into “memo functions’’*. Beoause this 
can only be done at all easily using an open-ended pro- 
gramming free of arbitrary constraints I shall 
conduct my illustrataon in POP-2 (ref. 8) which has the 
further advantage that the needed facility 18 actually 
available in the form of half a dozen POP-2 library 
routaneg*, 

We define the rule part of factorial as follows: 

function fact n; 


if n < 0 or if not (n. isinteger) then undef else 
4f n = 0 then 1 else n * fact (n-1) olose 
ond e 


In words—"if n is negative or is not an integer then its 
factorial 18 undefined; if n is zero then ite factorial is 
equal to 1; otherwise it is equal to n times the fgotorial 
of n-1". 

To endow fact with the “memo” facility, using Popple- 
stone’s routines, we merely write 


newmemo (fact, 100, nonop =) — fact; 


This replaces the old definition of fact with a net one 
with & memo apparatus attached, such that the rote has 
an upper fired limit of 100 entries and uses the “=” 
relation for look-up purposes. The symbol nonop Warns 
the machine not to try to operate the “=” function 
at this stage but» merely to note it for future reference. 
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e 

Suppose now that the first call of the function 1s faot (8). 
The rote is inspected, but no entry for 8 1s found there. 
Bo the rule ia invoked. Is g=0? No. The answer then, 
according to the rule is 8 x fact (2). We now set out to 
evaluate fact (2). First we inspect the rote, again without 
success. Then we enter the rule and find that fact (2) is 
equal to 2x fact (1). The process of recursion continues 
until we encounter fac (0), which we find, by rule, is 
equal to 1. We can now evaluate fad (1)=1x fact (0), 
and hence fact (2) = 2 x fact (1) and hence fact (3) = 3 x fact 
(2). Each of these evaluations adds a new entry to the 
rote, which on exit at the end of the recurmon looks like 
this 
Value 

6 


Argament 


Onw 
I" 


Suppose that the next oall of the function 18 fact (2). 
The answer is immediately found from the rote, being the 
second value encountered in a top-to-bottom search. On 
exitmg, the ‘‘succesaful’’ entry is promoted one rung up 
the ladder (compare Samuel's “refreshing” of checker 
board positions stored on his dictionary tape), so that 
the rote now looks hke this 


Argument Valne 


omw 
beet O O 


Let the next call now be fact (5). Is 5 in the rote? No. 
Enter the rule. Ia 50? No. Then fact (5) — 5 x fact (4). 
Is 4 in the rote? No. Enter the rule. Is 440? No. 
Then fact (4)=4x fact (8). Is 3 in the rote? Yes! fac 
(8)=6 (promote this eke so fact (4)= 4x 6= 24 (make 
a rote entry), so fact (5 = 5B x 242120 (make a rote entry), 
exit. The rote now he like this, momentarily restored, 
as it happens, to numerical order. 


dana’ E 


Use as a Learning Mechanism 

Viewed simply as speed-up aids for the evaluation of 
numerical functzons, memo functions promise practical 
utility. In prelimmary testa, Popplestone* found that a 
program had “learned” to evaluate a standard numer- 
ical function 10-20 times faster than normal after 200 
successive calls. But the use of memo functions can be 
extended beyond this lmmrted am, so as to confer powers 
of learning by ggneralization, and of inductive reasoning. 
To clear the ground for these topics I shall describe an 
expermental study ın machine learning on which I have 
been engaged for a number of years**. I shall then 
discuss how the rote-learnmg basis of this work can be 
fitted into the memo function scheme, and how memo 
fanctaons can then be used to extend this basis by pro- 
vision of facilities for generalization and induction. 

The rote-learning algorithm is known as “boxes’’, and 
its computer program embodiment is intended to cope 
with adaptive control situations of the “black box" 
vaniety—that is, situations in which the physical para- 
meters and laws of motion of the controllable system are 
unknown a priori. The program runs in an Elliott 
4100 computer, connected by & high-speed link to & 
PDP-7 computer. The PDP-7’s task w to annulate some 
unstable system specified by the programmer, to display 
a amematıc representation of this system on the cathode 
ray display panel and to send regular signals over the 
link to the"Elliott 4100, these signals encoding successive 
state vectors of the unstable system during ita evolution 
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through time. ee ee 
transmitted in place of the state vector, indicating that 
the simulated system has owashed. The “boxes” pro- 
gram running in the Elhott computer is provided with 
no information concerning the system being simulated at 
the other end of the link, apart from the number of 
elementa of the state vector and their ranges. Its teak is 
to receive, at each interval of time, the latest state signal 
from the lnk and to transmit a signal m return, oorre- 
sponding to the selection of one out of & repertoire of 
control actions. Ita “aim” is to learn to respond in such 
& way as to maximize the length of time elapsing between 
failure signals. 

In all our experimental teste, the PDP-7 program 
has simulated a Donaldson system'—that is a motor- 
driven cart running on a track of fixed length balancing 
a pole Bo hinged at the base as to be free to fall in the 
plane of the track (see Fig. 1). Control is in our case by 
means of the switch with only two settings, ‘left’ or 
“right”, so that the motor operates continually at full force, 
changing only in sign. Failure is registered if any one of 
the four vari&bles—z, the position of the cart on the 
track, œ, the velocity of the cart, 0, the angle of the pole, 
and 6, the rate of change of the pole’s outside 
pre-set bounds. In our implementation the ‘ ’ pro- 
gram running in the Elliott 4100 computer receives 
over the link every 1/15 s & 4-tuple of numbers z, a, 6, 6, 
and must reply either with the number 1 (left) or 2 (ri t). 
From time to time, in place of a fresh 4-tuple, a 
signal arrives. From this scanty information the pro- 
gram must, by trial and error, construct a control func- 
tion which maps state signals on to control signals so 
as to make the occurrence of failure states aa infrequent 
as possible. The task is approached from a condition of 
complete initial ignorance about the interpretation of 
both state signals and control signals, 


30 
25 
f» 
pr 
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Total learning time (h) 
Fig. 1. The set up for pure trial-and 
kaming: The io curve shows & smoothed of the 
time- plotted against the learning time. 


The learning program is thus in the same situation 
as pre-scientiflo man, with a fired repertoire of acts 
(control signals), a growing repertoire of experiences (state 
signals) and a basic tion that there exist some 
unknown “laws of nature” which enable predictions to be 
made and strategies for survival to be devised. Progress 
in such a situation proceeds via the construction of a 
succession. of models (partial deeoriptions) of the environ- 
ment, proceeding from the crudest by successive refine- 
ment. If a given model can be used for prediction we 
call it & theory. 5 

What is the most itive pre-scientifio model of all ? 
It is the one on which the “boxes” algorithm is based. 
In this model, experience of the environment is described 
by a rough categorization of properties—hot, warm, cool, 
cold; big, middle-sized, small; fast, slow. stationary; 
dry, moist, damp, wet; and so on. This categorization is 
then used to subdivide the totality of experience into a 
relatively small number of discrete situations. These 
reour in experience, 80 that we can attach to each separate 
mtuation a growing body of “lore”, summarizing the 
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average consequences in the past of performing this or 
that action in this particular situation. If the accumu- 
lating stocks of lore are now used to determine a strategy 
for selecting actions in future, with no attempt to" 
generalize, then we have the essence of the “boxe” 
algorithm for control. Its application to the 
blem of evolving a cart-and-pole control ata sh 
dde “black box” conditions by reducing 
totality of all possible z, dà, 0, Ò 4tuples to & mere 102 
discrete states defined by the following categorization 


Position: left end, middle, right end; 
Velocity: leftwards, roughly stationary, rightwards; 
Angle of lean: extreme left, moderate left, slight left, 
sughi tigh right, moderste right, extreme right; 
Rate of swing: leftwarda, roughly stationary, nghtwards. 
In the “boxes” algorithm a computing process is 
associated with each discrete region of state-space, which 
has the task of accumulating by experiment a corpus of 
statistical lore about the expected consequences of taking, 
in that region, the two alternative actions. Fig. 1 shows 
s learning run, from which it can be concluded that even 
such a primitive model oan be a first basis for enabling 
an automaton to learn what is—under “black box” 
constraints—a non-trivial task. We shall now step out- 
side this primitive framework and see whether the memo 
fonction apparatus can encompass the needed extensions 
from pure rote-learning to learning with generalisation 
and theory-formation. 


Generalization by Approximation 


The most unsatisfactory feature of the boxes algorithm 
described is that the discrete situations into which the 
total is resolved are defined by an arbitrary 
choice of threshold settangs: where is "moderate" to end 
and “extreme” to begin? Further, there is no program 
control over these so that certain obvious and 
attractive forms of generalization—such aa the “lumping” 
and “sp. ” procedures described elsewhere'—can only 
be tantied By ad Ags exlebaipus of the proprart. The key 
to resolving state-space into discrete regions, as has been 
pointed out by Poppleetone, lies in the function equéy which 
ig left to the user to define for himself. equiv is used when 
searching the rote, to decide for each entry in turn whether 
it is or is not sufficiently close to the argument which we are 
looking for to be classified as “the same”. In the case of 
“factorial” described earlier, eguée is no more than the 
relation of equality between in but for a function 
of real ta, like “harmonic mean”, say, it could 
define the number of decimal places of approximation. In 
this last case the reach of eguse could conveniently be 
extended, in recognition of the fact that harm meon 
(z, y) - harm mean (y, z), so as to treat all a, y pairs as 
‘the same" as their y, 2 opposite numbers. An example 


from the pole- case is that it t be decreed, 
ee ee eee eee A, should be 
treated as equivalent to —z, —3, —9, —6, A. 80 as to 


exploit the situation’s easential symmetry (4 here stands 
for a control action). Onoe we see the definition of equi 
8s penes by processes such as “lumping” 
and “ ' can be taken in our stride—at the simplest 
level is varying in the light of experience the “tolerance” 
of theemeasure for recognizing the recurrence of ‘‘the 
same" event as one which has occurred before. I use the 
term tolerance deliberately to direct attention to a simi- 
larity to Zeeman's! notion of “tolerance embedding” 
which, however, I do not propose to pursue here. 
Recasting the primitive 'boxes" scheme in the new 
mould, we *have predictor funotions predl and pred? 
coarrespo to the two alternative actions “left” and 
"right". A predictor function takes a state-action pair 
as argument and produces a description of future state as 
& result. We also have a function called strategy which 
maps from predictions to actions. It is qlearly appropriate 
to make predl and pred2 ifto memo functions.” At the 
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elementary level of the current “boxes” implementation, 
these functions predict no.more than the expected lapse 
of time before the next crash. In the present context 
we are chiefly concerned with the use of equse in looking 
up a state-description on the rote and thus providing for 
approximation in Sir oa as a crade form of general- 
ixation. If we definition of eguw caram. 
modiflable in the light of emergent of the rote, 
then we oan ensure that states (arguments) not worth 
distinguishing are lumped into a single rote entry, whereas 
those presenting difficulties of prediction are given a 
finer-gramed representation. For example, we can have 
eque continuously up-dated in such a way that the 
result-values entered against adjacent values of those 
argumenta which gain entry to the rote are always separ- 
ated by more than a specrfled mmimum. A thoroughgoing 
“lumping and splitting" facility is in this way auto- 
matioally created. 


Generalization by Interpolation 


To see that approximation as described represente a 
primitive kind of generalrzation, we can relate it to 
interpolation. Figs. 2 and 8 depict the same seb of data 
pointa. In the first oase the gaps are partially filled by 
approximation. The lengths of the horizontal lines are 
set by the equse function, which decrees which values of 
the e-variable are to be regarded as equivalent to each 
other for look-up purposes. In the second case a poly- 
nomial is fitted to the pointe. The question arises as to 
whether m some cases a list of polynomial coefficients 
would not be & more powerful and condensed means of 
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providmg for quick and approximate evaluation than a 
rote; also whether combinations of rote and coefficient- 
list could be used. Just as m the rote-learning case the 
rote is up-dated by simple accretion of new z-y pairs, so 
in the case of ec in lation the coefficient list 
can be up-dated (and the ynomial thus revised) to 
accommodate each newly ed z-y pair. In this way a 
proces of induction on the store of examples is 
carried out, as demonstrated and discussed elsewhere by 
Fredkin*, Pivar and Finkelstein!*, and by Popplestone'*. 

I thank the Science Research Council for their generous 
support for this work. 
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Chiasma Frequency and Maternal Age in Mammals 


by l A decrease In the frequency of chiasmata, a change ın their location 


S. A. HENDERSON 
R. G. EDWARDS 


Department of Genetics and 
Physiological Laboratory, ° 7 
University of Cambridge 


Tr is well established that in man there is a higher fre- 
quency of chromosomally and phenotypically abnormal 
offspring and & decline in f fails un inatcrnal age’ 
creasds. A number of suggestions have been made to 


on the chromosome and an Increase In the frequency of univalents 
have been found In mouse 
Many of the unlvalents displayed a non-chlasmate association, others 
were not assoclated. Seve 
to man and are perhaps relevant In the setlology of Down’s syndrome 
and infertility in older mothers. 


with increasing maternal age. 


of these observatlons evidently apply 


account for this increase in &bnormalhtes. Most of the 
suggestions bave involved the tion that certain 
eventa must occur during the relatively prolonged nuc- 
leatod stage, termed dictyotene, which i» in effect a 
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greatly extended diplotene. Earlier prophase stages occur 
while oocytes are in the foetal or neonatal ovary, and from 
this time all of the oocytes which will be ovulated during 
adult lıfe are m dictyotene’. Dictyotene laste in oocytes 
until shortly before ovulation, and can therefore peru 
in some oocytes until the end of the reproductive life of 
the female, that is, up to 2 yr m the mouse and 45 yr or 
more in man. At ovulation it is ended by the surge of 
poset hormone (LH) during mid-cycle when the 
re p passes through the remaining stages of 
ctyotene is aleo ended in many oocytes in 

follclos undergoing atresia. 

Many of the chromosomal abnormalities found in man 
are likely to involve an increase in chromosomal non- 
disjunction during the oocyte meiosis of older females. 
This seems particularly true of Down's syndrome 
(Mongolism), for example, where the condition has mostly 
ciel rasan P Mi cl resence of an additional small 
ohramosome (No. 21), rarely, with the presence, of 
m ctu ek M ER GM OM ie 
another autosome’. Except in translocation mongols, 
the presence of the additional autosome is caused by the 
oocurrenoe of non-disjunction in the developmental history 
of the egg or zygote. Such chromosomal non-disjunction 
ean arise in one of two principal ways: (1) failure of 
separation of chromatids (at mitosis or anaphase II of 
meiosis) or of chromosomes (at anaphase I of meiosis); or 
(2) falure of pairing (asynapeis) or chiasma formation 
(desynapsis) at the first meuotic division, with unequal 
segregation of the resulting univalente at anaphase J. 

Although non-disjunction as a result of failure of separa- 
tion at anapHase stages has been seen in some material, 

segregation of univalenta is usually considered 
to be the commonest of meiotic non-disjunction. In 
species with normal, chiasmate meioses, univalents form 
when chiasma frequencies fall below a mmimum level 
and, though exceptions are known, such univalents are 
usually distributed at random on the spindle. This 
general relationship between decreasing recombination, or 
chiasama, frequency and moreesing non-disjunction fre- 
quency has been established for many years*. 

Oocytes taken from females of various ages might there- 
fore have different frequencies of chiasmata and, possibly, 
of univalente. We have recorded chiasma frequencies in 
human and mouse oocytes taken from females of known 
ages. Because human material is so scarce our observa- 
tions on this are still incomplete and this report is con- 
a a ee ee 

in the mouse. Mi three inbred strains were 
used: CBA, OBA/T6176 and Cb57Bl. A few young outbred 
mice of stram PDH were also included. The OBA and 
OBA/T6T6 mice could be grouped into ages of 2-2-5, 
46°25, 9°5 and 12-5-15-5 months; the O57BI mice into 
groupe aged 2, 6-25 and 11-53-18 months. 

It has not been easy to obtain oocytes in the correct stage 
of meioms. The impossibility of determining the time of 
the LH surge during the oestrous cycle makes the recovery 
of mouse oocytes at this predetermined time very difficult. 
Metaphase I begins some 3—4 h after an injection of human 
chorionic gonadotrophin (HCG) mto mice primed with 
pregnant mares’ serum (PMS8)‘. To obtain oocytes matur- 
Ex dee de adieu ee lor 2 10 of PMS 
followed by 1 or 2 ru of HCG 40 h later. The develop- 
mental capacity of oocytes stimulated to mature and 
ovulate is equivalent to oocytes ovulated naturally‘. 
Oocytes in different females mature synchronously after 
the injection of HCG‘, and can be removed from their 
follicles at the required time. We will refer to these oocytes 
as matured in vivo. But many oocytes can fail to respond 
to the hormone, over-strmulation of the follicles can lead 
to premature luteiniration, and the coronas cella adhere 
tightly to the oocytes and make citrate pre-treatment 
and scaring of the oocyte chromosomes difficult. A third 
way of obtaining large numbers of oocytes in meiosis is 
by removing them from their follicles and placing them 
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in & culture medium; more than 80 per cent of them will 
mature synchronously through meioeis*. Large numbers 
can be prepared in this way, the corona cells loosen in 
culture and can be removed easily, and excellent prepara- 
tions can be obtained. Boe) ee OA in neat 
foetal calf serum, under an a here of 5 per cent carbon 
dioxide in arr. We will refer to method as maturation 
in niro. After trials an interval of 8:754 h 
after the ınjection of HCG into the mother, or after the 
beginning of incubation, was chosen as the correct interval 
for oocytes to reach the most suitable stage “of meiosis. 
Oocytes matured in vivo were used as controla to ensure 
that maturation in vitro was not anomalous. Identical 
numbers of eggs could not be obtained from all females 
and chiasma comperisons have therefore to be made on 
unequal samples. 

For chromosomal preparation, the oocytes were placed 
in 1 per cent sodium citrate for 10-30 min and were gently 
passed through a fine pipette to remove many of the 

corona cells. For fixing and flattening, the 
method desorbed by Tarkowski' was used—drops of fresh 
acetic—alochol are allowed to fall onto the oocytes, which 
flatten. asthe fixative evaporates. Acetic orcein was used 
to stam the chromosomes. Oocytes matured in viro 
usually yielded preparataons m which the chromosomes 
were more satisfactorily spread and easier to score. The 
analysis of complements of some matured in vivo 
was difficult, and approximations of the chiaama frequency 
present were made. Such estimates are reliable to within 
one to two chiasmata per call total. 


Chlasma Frequencles 


The chiasma frequencies obtained are shown in Fig. 
1 for the different age groups, data from OBA and 
OBA/T6T6 mice being combined. The mean number of 
chiasmata per oocyte for each age group, and the regre- 
sion of chiasma frequency per oocyte on maternal age, 
scoring maternal age of indrvidual females to the nearest 
week, are given in Fig. 2. No difference in chiasma fre- 
quency as & result of maturation $^ vivo or in vitro could 
be found. Chiasma cy declined with inoreasing 
maternal age; the decline for T OBA differed mg 
nificantly from zero (t= 3°24, P<0-01), that for OST BI 
oocytes did not (¢,,= 0-66, P>0-05). The two regressions 
did not differ from each other, and the jomt regreasion 
(b = — 0-288 + 0-127) differed mgnificantly from zero (ty, = 
2-18, P<0-05). The few oocytes examined from young 
outbred PDB mice had twenty-three to twenty-seven 

i* estimated higher chiasma fre- 
eae spa ME the shape of metaphase bivalents. We 
etermined the ise number of chiaamate in moet 
cases by chromatid resolution (Fig. 3). The discrepancy 
therefore shows that bivalent shape at metaphase is 
likely to give unreliable estimates of chiasma frequencies 
in species with small chromosomes. The steeper regres- 
sion for OBA mice could be related to the fact that oocytes 
are depleted more rapidly in OBA than in O57BI mice 
with in age’. 

We hgve made n observations of chiasma 
frequencies in the male mouse which show that there is 
no comparable decrease in older malea; if anything, there 
is a slight increase. Spermatocytes from male OBA mice 
aged $ or 9 months had mean chiasma frequencies of 
twenty-four and twenty-six, respectively. In contrast, 
females show & higher recombination frequency in moet 
studies where a sex difference was found’. Chiasma and 
cross-over frequencies must be equated cautiously, because 
the positions of the chiasmata and of the genetic markers 
used must be considered. Terminally located chiasmata 
will grve a lower overall recombination value than inter- 
stitial chiaamata, partacularly for median genes, but may 
give a higher value for sub-terminal loci. It is significant 
that many of the loci in the mouse showing the greatest 
sex difference in recombination frequency seem to be 
sub-terminal or median in lqpation in the linkage groups’ 
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n from OBA, CBA/T6T$ and O57BI mice of various ages Deia from OBA and 
indicated, 


no difference in chiasma as a result of the type of 


maturation being 


A sex difference in chiasma frequency might also oocur in 
man. Our estimates in a few human oocytes are thfrty-ax 
to forty-two per oell (ref. 11 and our unpublished obeerva- 
tions). In a study of 135 men, Kjeasler* estimated the 
chiasma frequency to be 47-0—54-9 per cell. 


Chlasma Position 


Chiaama location was scored m 800 bivalents of oobytes 
from OBA mice aged 95 months and older, and in 228 
bivalente of oocytes from OBA mice aged 2-2-5 months. 
Only bivalenta with one chiasma were analysed. The 
frequency of brvalenta showmg terminal chiasmate was 
much higher m older oooyteq (Table 1). Such behaviour 


is common in maternal showmg a reduction in chiasma 
frequency, whether the underlying mode of control 18 
tic or environmental., The decline in chiasma 
ency, and the location of chiasmate at chromosome 
ends, would be expected to reduce recombination fre- 


Table 1. FREQUEXOY OF TERMINAL OR SUB-TERMINAL CHIASMATA IX YOUNG 
AXD OLD CBA OOCTTRS 
Ro. of bivalents 


Age of females No. of No. of bivalents with terminal or 
(months) oo0cyiss with one chiasma — sub-ierminal 
chlagmata 
20- £5 15 226 142* 
95-15% 17 300 253° 


* Difference in proportions of bivalents with terminal or sub-terminal 
ohiasmate in the two groups signifioant (x^, = $0 78, P « 0-001). 
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quency in older mice. Bodmer! detected a decrease in 
recombination frequency between the genes pallid and 
fidget 1n old mice. The decrease, in recombination frequency 
with increasing maternal age in Drosophila 18 well known!*. 


Frequency of Univalents 


The reduction ın chiasma frequency was acoompanied 
by the production of univalente (Figs. 4-9). Indeed, the 
df structures recognized as ““univalents’” m the 

eggs from old female mice was remarkably high. Uni- 
valents were very rare in young oocytes, more common 
in middle-aged oocytes and very frequent in old oocytes 
(Figs. 10 and 11). Fewer univalents were found m 057Bt 
oocytes; in OBA mice most of the old oocytes had one 
or more pairs. Univalenta were found in eggs matured 
in vivo and in vitro and ther frequency was evidently 
not affected by the culture techniques used. Large, 
medium and small-szed paire of univalente were found 
and m T8 homorygotes the distinctive T8 chromosomes 
were sometimes found unpaired (Fig. 8). In some cases 
the two homologues were widely separated and were 
unambiguously true univalente. In others, however, the 
two “univalents” showed some form of secondary &sgocig- 
tion or peraistent pairing. This was variable in ite mani- 
featation; homologues were associated laterally or ter- 
minally, loosely or tightly (Figs. 4—9). In one oell three 
medrum-sized univalenta were loosely associated together, 
while & fourth was unpeired, some distance &way (Fig. 9). 
In another cell two medium-sized and two small univalente 
were associated with the wrong partners (Fig. 6). Seven 
of the eight examples of tight lateral association (Figs. 4 
and 8) mvolved a larger (X ?) chromosome pair. There 
was no correlation between chromosome size and either 
of the other types of association or complete separation. 





Age (months) 


Fig. 2 Oy PERT Open es por ooayta oñ 
age CBA an and OBATOTO, mion oothibinod, and in Ripi mien: Tho 


errors are from the grouped ages shown in yis 1. 
The frequency of structures which we have termed 
“univalents” was so high that we must consider the pos- 
sibility that some of them, at least, may not have been 
univalents in the untreated oocytes. Thus terminally 
associated unrvalenta of the type shown in Figs. B and 7 
may represent the two half-bivalente of bi te with 
strictly terminal chiagmata, in which the termmal strands 
were unusually thin and fragle. Either pretreatment 
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with hypotonic citrate or the fixmg/drying procedure 
might have led to half-bivalent separation or dislocation. 
Similarly, laterally associated univalents of the type shown 
in Figs. 4 and 8, though very different from bivalents with 
proximal chiasmata, show some similarities to “‘ditactic”’ 
brvalenta involving chiaama formation between the short 
chromosome arms beyond the centromeres!’. But such 
strands were not vimble and there was no evidence of a 
tendency to bind the chromosomes at the centric ends in 
the manner expected. Whatever the explanation, it was 
clear that the frequency of structures of ambiguous 
ap , which we have collectively termed “uni- 
valente", moreased with maternal age. They were not 
induced by the citrate or fixation treatments in young 
oocytes and their frequency appeared to be mdependent 
of the duration of citrate treatment for the 10-30 min 
range used. Some true univalenta were undoubtedly 
present, for example, Figs. 6, 8 and 9, and their frequency 

also moreased with maternal age (Figs. 10 and 11). 
Further work is necessary to decide how many of the 
remainder are true univalente. It is important to stress 
that, even 1f all the ambiguous univalente showing second- 
ary association represented atypical bivalents with single 
chiasmata, the reduction in chiasma frequency with 
maternal age would stall be evident and show only alight 
modification from the analysis in Fig. 2. 

If all the univalenta behave in & random manner on 
the spindle at metaphase and anaphase I, then a high 
frequency of non-diploid embryos would be expected after 
fertilization. If the secondary association of many uni- 
valents persista on the spindle, however, they could show 

segregation, and would result in diploid foetuses. 
Only meticulous counts of second metaphase comple- 
mente would reveal the degree of mregular segregation. 
Chiasma frequency might also decline with moreamng 
maternal age in man, and the cause of Down's syndrome 
would then be a result of the formation of unrvalenta for 
the No. 21 chromosome, followed by ther i 
segregation. Indeed, in our preliminary studies (ref. 11 
and our unpublished results) we have found one oocyte 
from a woman aged 85 containing a pair of widely separ- 
ated unrvalente in the 21-22 mre group, and another 
showing non-disjunction by failure of chromosome separa- 
tion at anaphase I. Non-disjunction at anaphase I 1s 
rare in our human oocytes, which were cultured tn vitro; 
it will be of interest to compare these resulta with oocytes 
maturing tn vivo!. 

Various other suggestions have been made to explain 
the ongin of Down’s syndrome. Polani e$ al.|* have 
suggested that the duration of the dictyotene stage might 
have influenced the non-disjunction properties of the 
small nueleolar-organizing chromosomes 1n. man, the pos- 
sibly slower dispersion of nucleolar maternal in older 
oocytes interfering with chromosome pairing and chiasma 
formation. Because pairing and chiasma formation oocur 
before dictyotene (see later) this suggestion must be dise- 
carded. The presence of nucleolar material might influence 
pairmg in the foetal ovary and hence, in sella’ which have 
low chiagma frequencies, might lead to an increased 
univalent production by these chromosomes, but even this 
need not necessarily be so. It is not uncommon. in some 
material, for the smallest members of the complement to 
be the first to fail to form chiasmata in conditions of 
falling chiasma frequencies, whether these chromosomes 
bear nucleolar organizers or not. Evans™ has reviewed 
the evidence concerning the causes of Mongoliam, and 
suggests that virus or other infections oould lead to a 
persistent nucleolus in oocytee, which preventa the separa- 
tion pf half,bivalents at anaphase I. Our findings do not 
support his conclusion. Another recent suggestion for the 
origin of Mongoliam wœ that any non-disjunction during 
the first meiotic division is reinforced by further non- 
disjunction at the second meiotic division because of the 
delayed fertilization of eggs in older women", The data 
are statistical, and rest on many assumptions. 
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Yu. 8. Barly digkinems from a 6 month old CRASS — MÀ ea icant (frenty-eight present in this cell) and interstitis 


Fig. 4. Metaphase I from a 5 month old OBA oonyte showing two medtum-sixed univalents displaying tight lateral association. (x 1,600.) 
Fig. 5 ‘Late diakinewis from an 11:5 month old 08752 oocyte with two small untvalents showing loowe terminal sasooation. (x 1,600.) 


Fig. 6 Bee ee iia OE T pene ation tmo large o and two small untvalents. These show lateral pairing 
um with small. (x 1,600.) 


Fig. 7. Metaphase I from an 11-5 month old C57 BÍ oocyte showing loose terminal association with two small unrvalents asin Fig. 5. (x 1,800.) 


Fig. 8. Porton or a nnoleas at dlaktneels MEA aed rer our unrvalenis. ‘The two small 76 univalenta 
widely separated but the two large D ee eee (x 6. 1,850.) 


Fig. 9. Metaphase I fro sns nona US CUTI eae ee ‘our medium-sized unrvalenta ‘Three are loosely associated (above) 
bas m A the fourth 1s un; ponts (x 1,600.) 
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On the basis of the evidence of increasing frequency of 
non-associated univalente with increasing maternal 
in the mouse, the frequency of abnormal offspring mi 
be expected to rise with maternal age, as it does m man. 
Parsons". 4, however, has recently drawn attention to 
the fact that it does not; abnormal birth frequency 
decreases with moreasing maternal age in the mouse. He 
has also that the most plausible explanation 
for this discrepancy lies in the fact that man usually 
produces only one offspring at & time, while the mouse 
produces several. The incidence of foetal ity before 
and after implantation is higher m large litters of mice“, 
and, in these, normal foetuses might survive at the expense 
of abnormal ones. There is, for example, a dearth of XO 
offspring in many matings and oid mouse foetuses 
are retarded in oomparison with diploid sibs. It is 
signifloant that litter sire decreases with maternal age, 
but the number of corpora lutea does not**'. Biggers, 
Finn and MoLaren™ attributed the decline in litter, size 
to of the uterus; our data clearly raise the 
pe ility of chromosomally abnormal embryos being 
ost in older females. In their resulta" old females with 
one ovary were lees fertile than two-ovary females, and 
while this could be a result of embryo crowding in a single 
uterine horn, we would on the basis of our ''pro- 
duction line" model (discussed later) that the frequency 
of ovulation of chramosomally abnormal oocytes may be 
km age when the overall number of avaiable is 
uoed by unilateral ovariectomy. The date on increased 
embryonic mortality in older mice™’, where there is 
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Fig. 11. between chiasma untvalent 
frequency in 057BI and in CBA and OBA Ae peser y 
"The solid iine the combined mean of ali strains. 
presumably no delayed fertilixation of ovulated eggs, 
also make us doubt German’s lmk between 
delayed fertilization and anomalies 1n mant, 


Chlasma Frequencles and the Neonatal Formation of 
Oocytes 
Two alternative hypotheses could explain the decline 
of chiasma frequency with increasing age of the mother. 
The duration of the onged dictyotene could be im- 
portant in reducing frequency, or there may be 
te in the foetal ovary during the formation of 
oocytes. Such gradients could lead to differences in 
chiasma frequency along a ‘production line" in which 
oocytes formed early in the foetal ovary are: ovulated 
early in life. There seems no doubt now that the pre- 
dictyotene stages of oocytes occur in the foetal ovary! M», 
Chiasma formation evidently occurs durmg sygotene or 
pachytene between peired chromosomes associated in a 
synaptinemal oomplex**. The xygotene and pachytene 
stages of mammalian oocytes, which sre characterized 
by the development of synaptinemal complexes, are 
terminated before the development of the lampbrush 
dictyotene stago*!. No complexes are present in dictyotene 
nuclei and pairing has ended. Chiasma formation in 
mammahan oocytes must therefore occur in the foetal 
ovary and not in adult life during the dictyotene stage. 
The effect on chiasma frequency with increasing maternal 
age which we have found oan therefore be uoed in 
one of two ways: (a) the presence of gradients in the 
foetal ayary at the time of i formation, leading to 
differences along the “production line"; or (b) the loss of 
chiasmata once fo: in dictyotene. Such loes of chias- 
mata has never been found in any material so far examined 
cyto de ned and has not been reported, for example, in 
oocytes in which the lampbrush diplotene stage 
Jus last -for/a yoar Qr iore. Furthermore, oocytes are 
formed in the human ovary over a period of weeks", 
which is sufficient time for a gradient to develop, and there 
is a variation of 4—5 days in the period that mouse oocytes 
entgr dictyptene?!, Gradienta in developmental or nutri- 
tional factors are known to affect chiasma frequencies*. 
Unleas we therefore suppose that mammalian oocytes 
are peculiar in being able to lose previously formed 
chiaamata during or at the end of dictyotene, it seems 
possible that such gradients occur in the foetal mammalian 
ovary. . 
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This view seems to differ from, for example, the statis- 
tical evidence that Mongoliam occurs non- 
randomly and perhape as a result of mfectious diseases 
(though see ref. 35). Such evidence implies that external 
factors tmg during diotyotene increase the frequency 
of non-disjunotion. Our view could be consistent with 
these facta. One possibility is that the non-chiasmate 
association we have seen in somo univalent pairs, and 
which usually gives normal disjunction at anaphase, can 
be disturbed by some external influences. 

One of us (R. G. E.) wishea to thank the Ford Founda- 
tion for financial support. We thank Professors J. M. 
Thoday and C. R. Austin for their comments, and Dr J. 
Shire for the CBA mioe, and Dr M. Lyon for the O57Bl 
and OBA/T6T6 mice. 


A. and Zuckermann, B., im The Ow»ajy (edit, 
Oh., Y (Academic Press, Now York and London, 1903). 
* Hamerton, J. L., Okiromosomes m Medicine (Hoinsmann Medical Books, 

Lid., 1902). 

"Mather, K, Dhol. Rss., 18, 252 (1988) 

* Edwards, E. G , and Gates, A. H., J. Eséocrinol., 18, 202 (1069). 

* Gates, AH, Nature, 177, 754 1850), gore E H., and Edwards, B G, 
J. Ewécerinol., 15, FA Mn . and Edwards, R G, 
J. Reprod, Feral., b, 170 (1963). 

* Edwards, R. G., Nature, 196, 446 (1002), and 208, 349 (1065). 

i m » Oytopenctics, B, 304 (1906). 

* Blixynski, B M., Genet Ree.,1, 477 (1900). 

* Jones, E. O , and Krohn, P. L., J J»4doorwot., £L, 469 (1961) 


Men M. O., 1n T'he Of the LL Mouse (edit. by Green, B. L.), 
second od , Ohsp. 8 raw-Hill, 1966). 


u Edwards, R. ‘a, Proc Eighth Intern Conf. IPP, Santiago, 167 (1967). 


Extension Failure: 


by 


GEOFFREY R. ROBSON 
Seismic Research Unit, 
University of the West Indles, 
Trinidad 

KENNETH G. BARR 
Observatories Branch, Department of Energy, 
Mines and Resources, Canada 
LUIS CANALES LUNA 
Institute of Geophysics, 

National Antonomous University, 
Mexico 


source. 


GxorLoGicAL and geophysical opinion seems to be agreed 
that rook melts originate in the upper part of the mantle. 
Yoder and Tilley’ have discussed the petrologioal evidence 
and conclude that basalts and eclogites are products 
of melting of a more primitive rock, poembly s garnet 
peridotate. Uffen and Jessop* following Yodq* have 
discussed the possibility of magma generation in the 
crust and mantle as a result of a decrease in melting 
temperature, below the ambient temperature, when 
pressure is released. Bott has deearibed a mechanism of 
magma generation in the part of a rising column in 
&' convecting mantle‘. Lubinova* and MacDonald’ after 
investigating theoretical models of the thermal history 
of a chondritio earth have concluded that the meltmg 
temperature will now be most closely approached, or 
exceeded, in the outer few hundred kilomejres of the 
mantle. If rock melts originate m the upper mantle and if, 
as volcanic eruptions at the surface indicate, these melta 
migrate upwards through the mantle, then considerable 
changes in stram in the rocks of the mantle and crust 
must accompany these movements. If these changes in 
strain gccur sufficiently rapidly, fracture of the solid part 
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an Earthquake Mechanism 


An earthquake mechanism ıs described which operates when a 
liquid Is present within a non-homogeneously stressed solid. Earth- 
quakes are described whtch show distributlons of P-wave compres- 
sions and dilatations which are consistent with the new mechanism 
and are Inconsistent with shear fracture as the mechanism at the 


of the mantle orust may occur and earthquake waves 
may be generated. While ıt seems likely that those 
fractures will be shears, we shall demonstrate that m 
some circumstances fracture by extension failure will 
oocur and that this mechanism will give mse to a motion 
at the source consisting of displacements 1n three mutually 
perpendicular directions. 

We examine first the probable distribution of a partial 
rock melt within the t rock. It is likely that the 
parent rook conmste of at least two solid phases and the 
melt will probably be derived in part from each of the 
sold phases (see ref. 1), and so we expect & partial melt 
to be distributed as an intergranular liquid along the grain 
boundaries of the parent rock. Silcates are relatively 
poor thermal conductors at the temperatures of the upper 
mantle and this arrangement of the fluid minimizes the 
distance over which the thermal energy required for 
melting needs to be conducted through the solid. Bott 
gives 

J e ((dT/dP), — (AT]dPX).c. AP/Ly (1) 


as the relation between the fractional volume of melt, f, 
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and the slope of the fusion curve (dT'/dP), the slope of 
the adiabatic ient (dT'/[dP),, the speorfic heat of the 
solid, o, and latent heat of fusion of the solid, Lẹ. 
He remarks that in the mantle the release of confining 
preasure, AP, is unlikely to exceed 200 ber and after 
adopting plausible values for the other terme concludes 
from (1) that only about 0-45 per oent of the rock oould be 
melted by release of pressure at any one time. 

For the purposes of our argument, the relative volume 
of the pore melt is not very important provided the poree 
form an interconnected system. We arbitrarily assume 
the fractional volume of the melt, f, to be 0-5 per cent of the 
volume of the solid. We neglect the pressure gradients in 
the solid and the liquid and assume that a single pressure, 
P, extends throughout the liquid; that the principal 
external stresses which act upon the system are oc, the 
greatest, c, the intermediate, and d» the least; that the 
solid has a tensile (T); that there is a condition 
for failure in the solid grven by i 

P =o, + (T) (2) 
and that failure occurs along a plane normal to a,. 

We suppose that m a solid of volume V, either tbe 
pore presuri; P, increases, or o, is reduced, so that (2) is 
Be and extension failure occurs in a plane normal 
to os. 

At the instant of failure the melt pressure is given by 
(2), while the streas in the rock across the plane of failure 
is equal to o, The plane of failure must intersect the 
pore system, and so melt will flow from the pores mto the 
tensile crack and the melt preasure will change to some 
new and lower value. In practice, as this oocurs, Oi Om 
ando, will change to new values, but we have examined the 
case where these changes are small and oan be neglected. 
In this case, we can say that as a result of failure the pore 

will be reduced by T and the fluid volume will 
be inoreased by Baf VT, where Br is the compressibility 
of the fluid. The effect of the reduction 1n pore pressure 
on the solid will, we assume, be equivalent to increasing 
the external streases by a hydrostatic preasure, T', which 
will cause a reduction in the volume of the porous solid 
of Bs{1—f) VT, where Bs is the compressibility of the solid. 
The reduction in the volume of the porous solid and the 
ion of the liquid together determine the volume of 
tbe fluid that moves into the tensile crack, and so we can 
write 
BLfVT + Blf) VT 


for the volume of fluid in the crack. When, as in our . 


model, f« «1 this volume is approximately equal to 
B.VT. If the linear dimensions of the volume before 
failure are L4, L4, L, in directions parallel to a,, 04, Ga, these 
Queen will change after failure by an extension equal 


Ba VTIL.L, — Pa VTL L3 = PaT L3 
in the (3) direction, and contractions equal to 
BsT'L,/8 and BAT TAJ8, . 

in the (1) and (2) directions. When the change in the 
volume of the fluid is negligibly small, as in our case, the 
net change in the volume of the system after failure is also 
negligibly small. 

In order to estimate the energy released when extenmon 
failure oocurs we note that the external work done by & 
displacement of a surface S can be written 


-f (p - Ap) do 
s 
where p is the component of stress which is acting normal 
to the surface and Ap is the excess stress acting normal to 
and outwards from the surface. The quantity 
-[ ede 
s 


is the energy which may be stored elastically and is the 
total work done when the displacement takes place so 
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slowly that the surface can be considered to’ pese through. 
a series of equilibrium states with infinitely stall seoelera- 
tion. The term 


I, Ap-de 


is the work done in generating-kinetic and thermal energy 
and includes the as elastic waves. This 
represents an irreversible and ‘positive loes of energy 
because the excess stress acting at the surface always bas 
the same sign as the change in volume. 

When extension failure of the kind we have deeonbed 
ooours, there will be an unbalanced outwardly directed 
stress pci T,-in de (8) direction and unbelanced 
inwardly directed stre&m impulses, T, in the (1) and (2) 
directions. This gives 


(1) (—BaT'L,/8).DL,.(—T) 

(2) (—8sTL,/8).L,L,.(—T) 

(8) (Ba L,2/8). Lln. T 
for the energy dissipated in each of the principal directions. 
The total energy dissipated is therefore given by 


E = $ pay 


which is the energy available for the generstion of heet 
and elastic waves. If & -10-1* om'/dyne, T —10* dyne/ 
om? snd V = 10! am? the result is 


E ~ 10" erg/km? 
If the relation between energy and magnitude given by 
Bath’ was used extenmon failure through a volume of 
104 km! would be required to produce an earthquake of 
Snégnitado dif all the snnrty released’ wáarüsed to generate 
elastic waves. : 
To determine whether this mechaniam can produce 
substantial amounts of sesmic en , the tme 
for the flow of fluid to occur must determined, for if 
this time is a few seconds it is reasonable to assume that 
elasc waves obeervable on ordinary Beismogrephs will 
be generated. A simple model is adopted in which the 
fluid completely fills a set of plane parallel sided pores 
which include the (8) direction. The time, t, for a volume 
Bs VT, to flow along these pores under a pressure gradient 
T[2L,38 given by 


T 
t = (6nBs/f).(L,/4)* (3) 
where 7, 18 the viscosity of the fluid and d is the pore thick- 
ness. Unfortunately, there is little to guide us 1n choosing 
values for either of these 

The lowest estimate of the viscosity of basalt is about 
10* centipoises for the lava of the Kilauea Iki Lake of 1959 
(personal communication from G. V. Keller). This lava 
was &b & Fix smi of about 1,200? C. If the lava was 
virtually dry it was in contact with the atmosphere 
then ite viscosity might have been several orders of 
magnitude lower if it contained appreciable quantities of 
water when it was in the mantle. Because the rate of 
increase of viscosity with increase in is relatively 
small and the rate of fall of viscosity with increase in 
temperature 1s relatively large, 10‘ centipoises was adopted 
as the upper limit of the viscosity of basalt in the mantle, 
although the viscosity might, in fact, be much lower than 
this. e. 

A rock melt in the mantle would be distributed as an 
rotergranular fluid and for our model this implies that if 
the pores are all equal in size their diameters will be about 
two orders of magnitude smaller than the grain diameters, 
or about & few tens of microns in size. It could be - 
lated thatell the pores in the partially melted rook have 
this diameter, but this would seem to us-to be an un- 
necessary restriction and we can see no reason why & few 
of the pore spaces should not have diameters larger than 
this, 


To im 


the conditions required for a rapid 
flow of fluid, 


we put ye 10* oentipoise, *=2.8, fs« 


[2] 





10-13 om*/dyne, f= 0-005 and, when d= 10-* om, we obtain 
I4,240 om, which is too small a value for the mechanism 
to release important amounts of energy. We can say, 
although the length of L, increases with the inverse 
square root of the fluid viscosity and might therefore be 
one or two orders of magnitude greater than our calculated 
value, that this calculation shows that when the pores are 
uniform and small in diameter an intergranular melt 
cannot move into a single fracture in a time small en 

and from a volume large enough to create an earth 

of moderate magnitude. To generate such an earthquake 
(of M B6), L,D4,L, must be 10‘ km* and L, must be of the 
order of 20 km. If», t, B» and f are given the values used 
before, then equation (8) gives d=5 m. This result 
shows that if earthquakes of magnitude 0 are generated 
by thia mechanism at least some of the pores must be of 
ihe order of a few metres in diameter. We think that, 
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in practice, there will be a range of pore size, with a few 
large pores accommodating most of the fluid flow. It 
may be noted that, if our value for the fluid viscosity 1s 
too large, the maximum pore diameter needed might 
be one or two orders of magnitude smaller than that 
calculated. 

If earthquake waves are generated by extension 
failure, then because the displacements at the focus are 
in three mutually perpendicular directions, one outward 
and two inward, the distributaon of initial longitudinal 
wave compreasions and dilatations will be different from 
su generated by an earthquake resulting from shear 





Fig. 3 A stereogram of the of the fooal for the 
earthquake of June 3, 19019. "Ee ted Pore os 
and compressions by closed ones. The line for P is drawn for 


We have investigated the distribution of longitudinal 
wave compressions and dilatations by notmg that accord- 
ing to Ingram’ for three mutually perpendicular couples 
without moment at the source, 

oF, + oF, + ,'F, = 0 
where F,, F, and F, are the magnitudes of the forces 
acting at the source and z,, z, and a, are the oo-ordinates 
of a nodal point.» If P, F, and F, are proportional to 
the displacements in the (1), (2) and (3) directions, then 
mA + Ltr — 0,920, = 0 
Converting to spherical co-ordinates, 

L, sint 9 sin* 9 + L, cos* 9 — 22, sin" 9 oost 0 = 0 

and, when L, L, and L, are equal, ' 

gint 9 (sin*0 — 2 cos) )-- costo = 0 

From which it follows that, when the source volume is 
equidimensional, the loo of the nodal pointes of P on the 
focal sphero are two similar circles with their centres on 
the (8) ams. Points on these small circles subtend an 
angle of 70-6 degrees at the centre of the sphere on planes 
which include the (3) axis (see Fig. 1). 

If the source volume is not equidimensional, then the 
nodal lines of P on the focal sphere describe two, more or 
lem curved, closed lines, each being a reflexion of the 
other ın the plane of (1) and (8). When one of the dimen- 
sions becomes very small in relation to the other two, 
then the nodal hnee of P approach those attributed to the 
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double couple type of shear failure and, in practice, it 
would not be possible to distinguish the two failure 
mechanisms by observing the elastao waves generated, 

We investigate the direction of polarization of the 
shear waves by noting from Ingram® that 
mam, (PF, — Fy) x, + omm (F,— Fy) a 

+2,'o,' (F,— F,)a, = 0 

where z,', 2,', 2,’ are the co-ordinates of tbe point on the 
focal sphere at which the direction of Sy is and 
Z,, 2,, 1, are the co-ordinates of a point which lies in the 
plane contamning Sg. Convertmg to spherical oo-ordinatea, 


REI ec ba E a ues ah 
T 4, — L4) tan 9 cos 0' sin 0’ = 0 
where 9’, 0’ are the co-ordinates of the point on the focal 
sphere at which the direction of polarization is 
and ọpọ and 9 define a great circle on the focal sphere to 
which Sg 1s tangent. The directions of polanzatzon of Sg 
when the source volume 18 equidimenmonal-are shown m 
Fig. 1. 

Earthquakes exhibiting & distribution of compressions 
and dilatations which 1s consistent with extension failure 
as we have described it, but moonsistent with shear 
failure at the focus, are well known in Japan (for example, 
refs. 9 and 10), though such earthquakes do not seem to 
have been described recently. We have obtained solutions 
in terms of our focal mechanism for two of the beet 
observed of the earth discussed by Iahimoto. These 
are the earthquakes of June 3, 1929, and June 2, 1931. 





mes 4. The epicentre of the earthquake of June 2, 1981, is marked by a 
Pri sae enon tag mr Se polen which o eiue 1t ate 
plobiod aa full roles when the inital m motion of P was & 


and as open ctroles when tbe initial motion was a dilatation. 


The location of the earthquake of June 3, 1929, and 
the observed dilatations and compressions are shown on 
Fig. 2. The focus of this earthquake was at a depth of 
300 km. In Fig. 8, the observed dilatations and compres- 
sions are plotted on & stereogram of the upper hemisphere 
of the focal sphere. On the same stereogram one of the 
nodal Imes has been plotted for the case when L 51, L= 1, 
DL, = 1-48, the (2) axis is horizontal and the (3) axis dips at 
an angle of 64° in & direction 90° east of north. It will be 
observed that none of the observations is inconsistent with 
the solution. 

The location of the earthquake of June 2, 1981, and 
the observed dilatations and compressions are shown on 
Fig. 4. The focus of this earthquake was aj a depth of 
240 km. In Fig. 5, the observed dilatations and compres- 
sions have been plotted on a stereogram of the upper 
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hemisphere of the focal sphere. On the same stereogram 
are plotted the nodal lines for the case when L,=1, L,- 
0-81, D,=0-84, the (2) axis is homsontal and the (1) 
axis dips at an angle of 65° in a direction 84° east of north. 
There are no observations which are inconsistent with 
the solution. 

If earthquake waves are commonly generated by 
extension failure, then we should expect to find examples 
of this kind of failure among the earth which oocur 
along the mid-oceanic ridges, which are thought to be 
undergoing continuous lateral expansion. Sykes has 
studied the distribution of P-wave compressions and 
dilatations for a number of mid-oceanic mdge earth- 
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Hon is made near toa nodal lmes 
the case when L= f, [,=014 and L= 0-98. 
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3] 


after 
Bykew’ two nodal planos are drawn alao (as fine Lines) a 
i. The original position of one of the nodal ues of Fig. é 


uakes &nd has esteblshed that for many of them the 
ailure mechanism is shear fracture“. His eventa 6 and 
10, however, ın our opinion, can be explamed better by 
extension failure and evente 7, 11 and 18 can be explained 
equally well by either mechanism. 

We have plotted the observed distribution of compres- 
sions and dilatations for Sykes’ event 6 on a stereogram of 
the lower hemisphere of the focal sphere which is re- 
produced in Fig. 6. In the same diagram are plotted the 
nodal lines for the case of extenmon failure when L,=1, 
LD4,2 0-14, D, = 0-96, the (8) axis is horizontal and the (1) 
axis dips at an angle of 82° in a direction 14° east of north. 
There 18 one inconsistent observation. In Fig. 7 the nodal 
linea for our solution for event 6 have been replotted on a 
stereogram of the focal sphere after a rotation of 58? 
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about & horizontal axis lying 104° east of north. This 
rotation enables the symmetry of the nodal lines to be 
displayed. Sykes’ nodal lines also have been plotted on 
the same figure. It will be observed that there is near 
comcidence of the nodal lines for the two solutions. We 
may oonolude from this that 1f shear failure at the focus can 
give rise to nodal planes at an angle of 70°, then our 
solution and Sykes’ are equally consistent with the 
observations. But if the nodal planes are always at an 
angle of 90° m the case of shear failure, as we believe, 
then extenmon failure better explains the observed 
distribution of compressions and dilatations, because a 
solution for event 6 m terms of two orthogonal planes 
would introduce a significant number of additional 
inconsistencies between the observations and the positions 
of the nodal lines on the fooal sphere. 

If the theory of extension failure as we have developed 
it is true, then it provides a plaumble mechanism for the 
Lgs of deep earthquakes, which as Orowan' and 

nggs and Handin!* have noted are diffloult to explain 
by classical fracture theory because of the very large 
princi strees differences this theory requires when the 
confining preesure i8 large. No difficulties of this kind 
arise in the case of extension failure. 

If extension failure occurs in the mantle, then we can 
conclude that where it occurs there must be a liquid 
phase present. This is a property of the mechanism that 
promises to be of value to volcanologista in defining the 
location of magma beneath voloanoee and more generally 
to geophysioste in defining ronee within the mantle 
in which melts oocur. 

We thank Dr A. Douglas and Dr K. Kasahara for their 
help, and also Dr Lynn R. Sykes and Professor J. C. 
Jaeger for helpful comment. 
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Sedimentological Evidence for an Emerged Land Mass in the 
Ligurian Sea during the Palaeogene 


by 
DANIEL J. STANLEY 
Division of Sedimentology, 


Smithsonmn Institution, 
Washington 


EMILIANO MUTTI* 


Esso Production Research-European, 
213 Cours Victor-Hugo, 
33-Bagles, France e. 


that 


Tus Ligurian Sea lies m the western Mediterranean region 
between mountainous coaste of northern Italy, south- 
eastern France and Coraca. Ocean more than 2,500 m 
in depth covers a deep besin that extends from the Gulf 


* Formerly with Geological Institute? Untversity of Milan, Italy 


Petrographic studies, Icularly heavy mineral analyses, su 

= ie maseriali of Pac eu deond flysch formations had related 
sources. This Information supplements other geological evidence 
thas the Ligurian Sea o 
rotation of continental blocks In this area during and following 
the Alpine orogeny. 


est 


ned by rifting and that there was tectonic 


continental, the “précontinens*; steep dissected 
slopes and ə this margin from the abyasal 
plam (detailed morphological chart in ref. 1). 
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Recent sedimentological investigations of several 
Tertiary formations in the French Maritime Alps and 
northwestern Apennines of Italy indicate that a large 
emerged land mass was present in the area now occupied 
by the Ligurian Sea during the latter part of the Mesozoic 
and the Palaeogene. 


Geological Framework of Formations Examined 


The Annot Sandstone is structurally a relatively 
undeformed autochthonous (locally parautoehthonous) 
flysch formation of Upper Eocene to lowermost Oligocene 
age, in the French and Italian Maritime Alps’. It lies 
concordantly above Priabonian Marnes Bleues (in the 
south) and Schistes à globigérines (in the north) formations. 
The formation and its lateral sandstone equivalents 
vary in thickness from 200 to more than 650 m, cover 
approximately 5.000 km?, and occupy the region south. 
west and north of Argentera-Mercantour Massif on the 
Franco-Italian border (Fig. 1). 
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Fig. 1. Map showing the location of the Annot Sandstone formation 
(in shaded area) and the Argentera-Mercantour Massif in the Maritime 
Alps. Outcrop localities of probable submarine channel and canyon 
deposits at Annot, Contes and Menton are in boxed areas. Arrows indi- 
cate genera! palaeocurrent directions; nove that sediments in the region 
south and southwest of the Massif were transported away from the 
Mediterranean region and towards the north, 


The Oligocene Ranzano Sandstone and the conformably 
underlying (and also partly lateral equivalent) Upper 
Eocene to Oligocene Monte Piano Marl, represent a 
elastic sequence that crops out discontinuously over a 
large area in the northwestern sector of the northern 
Apennines (Fig. 24). The Ranzano Sandstone is alloch- 
thonous; it was originally deposited in a region lying to 
the southwest of the outcrop area (that is, near the 
coast in the Mediterranean area) and was translated 
towards the Po Valley during a post-Aquitanian tectonic 
phase. 

Two geographically controlled stratigraphic trends are 
recognized within the outcropping areas of the Ranzano 
and Monte Piano formations (Fig. 24 and B). Along the 
northern trend, Ranzano Sandstone and Monte Piano 
Marl (each of them about 100 m thick) conformably 
overlie a 1,500 m thick sequence of predominantly cal- 
careous turbidites as young as middle Eocene age (Fig. 2B). 
This sequence is known as the Luretta Formation (= 
"alberese" Auctorum). Along the southern trend, 
Ranzano Sandstone and Monte Piano Mar! are locally 
thicker than 600 m; these two units rest uncomformably 
on tectonically disturbed Upper Jurassic to Upper 
Cretaceous sediments and ophiolites, collectively referred 
to as the “Falda (=nappe) del Flysch ad helminthoidi” 
(Fig. 2B). Ranzano Sandstone and Montt Piano Marl 
were deposited in an area lying south of the Oligocene 
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Macigno Formation outcrops; the Ranzano Sandstone 
ean be considered as the possible marginal, or proximal, 
equivalent of Oligocene Macigno turbidites. Details of 
the stratigraphy and of the structure of these units have 
been examined elsewhere (many stratigraphic studies have 
touched on these aspects, for example refs. 4-10). 


Evidence of a Land Mass in the Mediterranean 


Facies and Palaeocurrents. The Annot Sandstone 
becomes generally coarser and more proximal (=origin 
closer to souree) in character toward the south?) In 
addition, palaeocurrent measurements indicate that 
sands and gravels were transported northwards into 
deep basins south and southwest of the Argentera- 
Mereantour Massif!*"*, In the southernmost area. 
particularly near the French Mediterranean coast at 
Annot, Contes and Menton (Fig. 1), we find evidence of 
channel-like submarine valley deposits that have been 
referred to as “fluxoturbidites” or “proximal turbidites"!*. 
The geometry of these channel deposits plus palaeo- 
current directions obtained from oriented sedimentary 
structures indicate that materials were funnelled through 
these and other channels towards the north, away from 
an area south of the present coastline. These channels 
and the presence of massive slump and related deposits 
also indicate that in Eocene-early Oligocene time, the 
slopes trending towards the north were relatively steep. 

The Ranzano Sandstone also consists of predominantly 
coarse massive sediments and slumped units derived from 
a southern source area. These sand bodies originally 
filled isolated depressions or basins within the Monte 
Piano Marl and are not unlike those that comprise the 
southern facies of the Annot Formation. Units recognized 
as slope and “fluxoturbidite” facies*?:? make up a large 
part of the Ranzano Formation. Palaeocurrent orienta- 
tions (Fig. 24) indicate that an important fraction of 
Ranzano sediments were derived from the sout h and south- 
west while the Macigno Formation, with whieh it is 
related, consists of turbidites derived largely from the 
northwest*.^. The complexity of structural deformation 
makes definitive palaeogeographie and palaeocurrent 
reconstructions in this area difficult. 

Heavy Minerals. These assemblages in the Annot 
sandstone have been extensively examined’. These 
and other mineralogical investigations show that the 
bulk of Grès d'Annot material south and west of the 
Argentera-Mercantour Massif was derived from Permo- 
Triassic rocks similar to those which now cover the 
Maures-Esterel Massif on the present Mediterranean 
coast. 

Mineral assemblages in the Luretta Formation, which 
is somewhat older than the Ranzano Sandstone and 
Monte Piano Marl, include staurolite and kyanite (Table 1). 
The Luretta assemblage is quite comparable with the 
heavy mineral suite of the southern Annot Sandstone. 
Both formations could have been derived from similar 
terrains. 


Table 14 RELATIVE PERCENTAGES OF TRANSPARENT HEAVY MINERALS IN THE 
RANZANO AND LURETTA FORMATIONS 








Kanzano 

Heavy minerals formation Leretta formation 
Sample No.: a 50 c d y 4? 4$ € 3 4 
Average size of heavy 

minerals (4): 100 120 90 75 
Tourmaline - 3 2 1 1 
Zircon 7 8 7 M 4 
Garnet 16 20 15 48 30 
Rutile ? X 1 e 17 
Anatase 15 19 35 19 20 
Brookite 2 — 
Titgnite . ? @ 39$ 3$ 1 ! 
Staurolite — 6 22 22 160 15 & 3 
Kyanite — - — —— - ! 
Epidote 50 26 14 7 14 2 2 3 g l ! 
Aguregates 7 18 22 2 1 1 1 2 2 
Hornblende — = — 1 — 
Hypersthene = 1 
Chloritie matter — 1 — 
Mica 1 $ 8 i 2 
Unknown 1 2- 2 5 1 $ 3 j 
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Fig, 2. Map showing location of the Luretta, Ranzano and Macigno formations in the northern Apennines. Arrows indicate current movement 

in the Macigno and Luretta formagions. Rose diagrama, indicating the directions of current derivation in the Ranzano Sandstone, show that 
one of the dominant trends of Ranzano sediments is towards the northeast. 
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Studies of heavy minerals in the Ranzano Sandstone 
(Table 1) indicate that assemblages, while not unlike 
those of the Annot Sandstone, contain rather more abun- 
dant stable species, such as epidote, than are present in 
the Annot sandstone. Furthermore, the notable per- 
centages of staurolite and kyanite, typical of the southern 
Annot sandstone facies, are absent in the Ranzano unit. 


Evidence of Large-scale Movement in the Ligurian 


The conclusion that two formations, several hundreds of 
kilometres apart, were supplied from exposed terrains 
in a region now occupied by deep ocean implies large 
seale movements since Oligocene time in this region. 
These would not remain undetected, and there is ample 
evidence to support a thesis of crustal instability and 
movement of continental blocks in the Ligurian Sea. 
This evidence ean be grouped into five categories as follows. 

(a) Morphological: Corsica and Sardinia lie on a sub- 
merged platform connected to the coast of Italy. The 
western edge of this platform conforms closely in shàpe 
with the contour of the continental margin of the Italian 
Riviera and southeastern France!*. If the margins of 
these two continental blocks were placed together, 
Corsica would fit against the French Riviera and Sardinia 
would fit against southwestern France and Spain (Fig. 3). 
Detailed analysis of the numerous submarine valleys that 
dissect the narrow continental margins reveal physio- 
graphie forms produced by subaerial erosion: °. 

(b) Structural: The deep basin between Corsica and the 
French coast seems to be fringed by northwest-southeast 
trending faults that lie parallel and subparallel to the 
continental slope and the précontinent. These are recog- 
nized on the basis of bottom and sub-bottom studies®*. 
Carey?! records a triangular structural gap in this region 
which he named the Ligurian sphenocasm. This gap 
represents a rotation of one continental block with 





Fig. 3. 


Map showing horizontal components of magnetization of 
Permian igneous rocks in Corsica and the Maures-Esterel Massif (modi- 


fied after Ashworth and Nairn, (ref. 25). Stippled areas designate 
Hereynian blocks; broken lines represent general structural trends in the 
Alps and Apennines; long dark arrows indicate the directions of hori- 
zontal magnetic components in comparison with present meridian 
(shown by full lines) and the Permian meridian (shown by daahed lines). 
Short dark arrows at 4 (Annot Sandstone) and B (Ranzano Sandstone) 
indicate the orientation of submarine canyon axes and the direction of 
sediment transport in Upper Eocene to Oligocene time. 
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respect to the other; the fault margins of the two eratonie 
blocks is believed to converge at a point near Genoa. A 
major north-south oriented fault, possibly one of the 
marginal fractures of the type expected in this type of 
rift movement, has recently been encountered north of 
Corsica (Hersey, personal communication). 

(c) Geophysical: Seismic and gravity studies reveal 
that the crust beneath the deep parts of the Ligurian 
basin is thin or absent??. Seismic refraction data indicate 
low mantle velocities, suggesting either an incomplete 
assimilation of deep crustal material into the mantle® or 
a drifting apart of the crust and resulting exposure of the 
mantle**. 

(d) Palaeomagnetie: An anomalous Permian pole 
(with respect to measurements in the Maures-Esterel 
Massif) recorded on Corsica?* suggests an anti-clockwise 
twist of the Corsican Hereynian block through an angle 
of 53^- 14? about a hinge point close to Genoa. This 
rotation is in close agreement with Carey's?! geotectonic 
rift postulate (Fig. 3). 

(e) Stratigraphic: Interpretations of late Mesozoic and 
Tertiary formations, particularly flysch deposits in the 
French and Italian Maritime Alps and in the northern 
Apennines, have also implied the presence of a large 
western Mediterranean land mass, the Pyreneo-Corso- 
Sarde Massif?*. This is based on the requirement for large 
source terrain to provide the large quantity of sediment 
that filled Cretaceous and Palaeogene flysch basins in 
these areas (refs. 11 and 12; pertinent regional palaeo- 
graphie investigations of French and Italian flysch units 
are described in refs. 27-30.) Regional structural and 
palaeogeographic investigations of the Maritime Alps 
and of the Apennines also suggest probable movement 
of continental blocks in the Ligurian Sea area before the 
end of the Miocene?**-*4, Attention has also been drawn 
to the similarity of lithology and position of rock units on 
the opposite margins of the continental blocks, such as 
the Permian rhyolites in the Esterel Massif on the French 
Cóte d'Azur with those in Corsica between Calvi and the 
Gulf of Porto!*. The close match suggests that these 
formations were once part of the same volcanic terrain. 
Submarine geological investigations indicate that the 
oldest deposits cored in the Ligurian Sea are Pliocene in 
age; the break-up of the land mass probably took place 
during Miocene time*??. 

Lithological facies and palaeocurrent directions of the 
Annot and Ranzano formations strongly indicate the 
presence of a large land mass lying to the south and 
southwest, respectively, of these units. The geometry, 
texture and palaeocurrent directions of both formations 
indicate that these units were deposited on or beyond the 
submarine slopes of deep basins dipping north and north- 
east of this supposed emerged land mass (Fig. 3). This 
large land mass would also help solve the problem of the 
origin of the large volume of sediment that make up these 
formations (and possibly certain facies of the Macigno 
sandstone of approximately the same age as well). The 
similar composition of heavy mineral suites in the Annot 
Sandstone and Luretta formation also suggest a similarity 
in soureé areas. This does not preclude the importance 
of other source areas in regions outside the Ligurian 
such as the northwestern Argentera-Mercantour Massif 
(for the Annot Sandstone) or localities north of the 
deposifional area of the Ranzano Sandstone that contri- 
buted some sediment to these Tertiary basins. 

The mineral assemblage of the Annot Sandstone is 
quite comparable with that of the Luretta formation which 
underlies the Ranzano Sandstone. The Ranzano sands, 
however. unlike those of the Annot, do not contain two 
diagtfostic nfinerals: staurolite and kyanite. This suggests 
that dislocation of the large source area in the Mediter- 
ranean occurred as early as the end of the Eocene, and 
continued during Oligocene and probably until the end 
of Miocene time. The texture of the two formations is 
considerably coarser than that of underlying sequences. 
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This suggests either that sub-aerial depositional gradients 
beeame steeper because of uplift and increased relief or 
that the distance between source areas and site of deposi- 
tion decreased with time or that both factors operated 
toward the end of the Eocene. 

Sedimentology helps to confirm the strong possibility 
of rifting in the Ligurian Sea, a concept that cannot 
easily be discounted in the light of other marine geological, 
geophysical, palaeomagnetie, and palaeogeographie in- 
vestigations. The implication of these conclusions on 
problems related to moving continental blocks and non- 
permaneney of ocean basins seems to be pertinent. Deep- 
drilling and further geophysical study. coupled with 
sedimentological palaeomagnetie investigations in other 

_localities surrounding the Ligurian Sea, are warranted. 

We thank Dr J. B. Hersey and Dr G. Kelling for re- 
viewing the manuscript. Dr A. E. Nairn gave permission 
to reproduce Fig. 2 from his joint pap which we have 
used as a base to plot palaeocurrent directions (Fig. 3). 
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of Sciences and the Smithsonian Institution. 
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Properties and Some Uses of Anti-macrophage Antibodies 


by 
E. R. UNANUE 


National Institue for Medical Research, 
London 


HETEROLOGOUS antisera to different cells have been sue- 
cessfully used for a variety of purposes for many years. 
For example, antibodies to polymorphonuelear leueocytes 
were used when studying acute hypersensitivity reactions?. 
Experimental animals in whieh only polymorphs had been 
reduced as a result of an injection of specific antiserum 
failed to develop Arthus reactions! or the heterologous 
phase of nephrotoxie serum nephritis?. It was therefore 
possible to show the importance of such cells in the 
development of inflammatory lesions induced by antigen- 
antibody reaetions. Antibodies to mast cells have been 
used to study the part played by complement in the 
degranulation of such cells*. Among its many uses anti- 
platelet serum has established the antigenic idefitity of 
these organelles with megacaryoeytos!. At present anti- 
bodies to lymphocytes are being extensively employed in 
experimental animals and in humans to prolong the normal 
process of homograft rejection®, All these different anti- 
bodies were found to be fairly specific provided that 
appropriate Immunizations or cross absorption studies 
were made. Although crude antisera to macrophages were 
prepared as early as 1899 by Metchnikoff* they have not 
been characterized and their use up to now has been rather 
limited’ It is possible to develop in rabbits, highly specific 
antisera to mouse macrophage (AMS) which show very 





Methods of preparing anti-macrophage sera are discussed. They 
can be useful in preparing suspensions of lymphocytes free from 
macrophages. 


poor or absent cross-reaction with lymphocytes. This 
communieation reports the method employed to obtain 
AMS, and some of its properties and possible uses. 


Preparation 

The antibodies were prepared in rabbits immunized 
with mouse peritoneal macrophages. Peritoneal exudates 
were obtained from 30-35 g female CBA mice 3-4 days 
after an intraperitoneal injection of 1:5 ml. of 10 per cent 
proteose peptone. These exudates were rich in macro- 
phages, but still had approximately 10 per cent lympho- 
cytes and 1-3 per cent mast cells, To eliminate the lympho- 
cytes and mast cells, the exudates were cultured for 4 days 
in Jena dishes with tissue culture medium 199 containing 
10 per cent pooled rabbit sera. The pooled sera came from 
the rabbits which were to be immunized with the macro- 
phages. After 4 days, the dishes were shaken hard; the 
floating dead cells and those live ones which did not adhere 
to the glass were eliminated. The adhesive cells consisted 
exclusively of macrophages and represented about 25 per 
cent of the initial inoculum; they were detached from the 
glass with a rubber policeman, washed several times with 
cold tissue culture medium and suspended in saline con- 
taining merthiolate or incorporated in complete Freund's 
adjuvant. Two rabbits were immunized twice. biweekly, 
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. 
Fig. 1. Large clump of peritoneal macrophages some of which are 
dead (arrows) 1 h after intraperitoneal injection of AMS. — Giemsa 


stained smear ( x 780), 


with a total of 6 x 10* macrophages in 10 ml. of Freund's 
emulsion containing 5 mg of Mycobacterium tuberculosis] 
ml. They were bled 4 wk after the last injection. Two 
other rabbits were immunized with nine intravenous injec- 
tions (in a period of 4 wk) totalling 40 x 10* macrophages 
suspended in saline. They were bled 8 days after the last 
injection. 


Specificity 

After de-complementation by heating at 56°C for 1 h. 
the four AMS were tested against a suspension of mouse 
peritoneal exudate cells and spleen cells, An appropriate 
dilution of AMS was added to 5-10 x 10* cells in a total 
volume of 1-0 ml. for 30-60 min. All the antisera agglu- 
tinated the peritoneal macrophages but not the lympho- 
eytes and mast cells. Spleen cells were also unagglutin- 
ated. If fresh mouse or guinea-pig serum as a source of 
complement was added to the incubation mixture uptake 
of Trypan blue indicating death of the macrophages 
rapidly occurred, The peritoneal lymphocytes and 85 per 
cent of the spleen cells were not killed after fresh serum 
was added. The most potent AMS were from the rabbits 
immunized with macrophages in adjuvant which induced 
cytotoxic effect up to dilutions of 1:40 or 1:80: the 
sera from the rabbits intravenously immunized with 
macrophages reacted to a dilution of 1:20. A pool of 
normal rabbit sera did not have any effeet on maerophages 
or lymphocytes. 





Effect on Phagocytosis by Macrophages 


The results of an experiment in which peritoneal macro- 
phages were ineubated with AMS or normal rabbit serum 
in the absence or presence of fresh complement is shown in 
Table 1. After 30 min the cells were well washed and then 
ineubated for 2 h with either sheep red blood cells of 
haemocyanin labelled with iodine-131. This last incuba- 
tion was carried out in siliconized screw-top bottles under 
constant stirring with a magnet; the total volume was 
5:0 ml. with 18x 108 macrophages: one incubation mix- 


Table 1. EFFECT OF AMS ON PHAGOCYTOSIS BY MACROPHAGES 


Percentage Percentage 


‘Treatment of Condition of showing uptake of Percentage 
macrophages macrophages uptake of haemocyanin attaching 
red cells (1) (3) to glass (3) 
Normal rabbit Alive 745 100 a5 
serum 
AMS; no C Alive 42-0 40 35 
AMS; plus C Dead 9 15 0 


(1) Number of macrophages containing one or more sheep red blood cells 
in their cytoplasm. (2) The uptake of haemocyanin by the macrophages 
treated with normal rabbit serum was considered as 100 per cent. (3) After 
the appropriate treatment 18 x 10° cells were permitted to @ttle on a 4 cm 
diameter Petri dish for 2 h at which times the number of cells floating and 
not attached were counted, ©’: complement. 
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ture contained 10* sheep red cells and 0-3 ml. of anti- 
Forssman antibody; the other contained 500 gg of 
labelled haemocyanin (from Maia squinado and labelled 
at a specific activity of 0-5 uCi/ug protein). After 2 h 
the cells were spun, washed thrice and either examined 
cytologically or counted in a gamma ray spectrometer. 

There was marked inhibition of uptake of red cells or 
haemocyanin by live macrophages treated with AMS 
probably as a consequence of the membrane alteration by 
the antibody. Also if the live macrophages treated with 
AMS were allowed to settle on a Petri dish, in contrast to 
the normal cells they did not attach well to the glass 
Similar effects have been noted in HeLa cells exposed to 
specific antibody where phagocytosis was inhibited as the 
result of immobilization of the plasma membrane". It ts 
interesting to note that dead macrophages had taken up 
some haemocyanin labelled with iodine-131 which was 
not lost from the cells despite repeated washings. This 
indicates that part of the uptake of haemoeyanin by 
macrophage did not actually require an active process 
by the cell. 


In Vivo Experiments 


AMS injected intraperitoneally (0:25-0:50 ml.) into mice 
caused drastic changes in the cellular content of the 
peritoneal exudate. Minutes after injection the maero- 
phages were found to be agglutinated in large masses 
many of which contained numerous cell ghosts (Fig. 1). 
Some polymorphonuclear leucocytes surrounded the clus- 
ters of macrophages. Most lymphocytes were free in the 
exudate, From 6-48 h after the injection, the macrophages 
which had not been killed showed marked cytological 
aberrations: increase in size, marked basophilia of the 
cytoplasm, large lysosomal granules, but most striking 
was the presence of nuclear aberrations (Fig. 2). Only an 
occasional cell in mitosis was observed. It seems that the 
macrophage following a membrane interaction reacted 
in a manner somewhat analogous to lymphocytes. While 
the latter cells were capable of dividing after such inter 
actions, the macrophage, however, usually a non-replicat 
ing cell, underwent a series of aberrant nuclear changes. 

AMS was injected intravenously in different amounts 
ranging from 0-1 to 0-5 ml. With one particular antiserum 
the latter dose led to death of the mice within 6-8 h. At 
autopsy the only changes were widespread eongestion of 
organs. The cause of death was not determined. A dose 
of 0-3-0-4 ml. induced marked changes in the red pulp of 
the spleen. There was scarcity of cells in the sinuses with 
marked haemorrhage and dilatation and the presence of 
free lipofuchin granules. The white pulp was unaltered 
(Fig. 3). No histological changes were seen in liver. lungs 
or kidneys. Mice injected with lower doses of AMS had 





An abnormal peritoneal macrophage 6 h after intraperitoneal 
The nuclear abnormalities were frequent from 6-24 h 
AMS, Giemsa stained smear (x 038) 


Fig. 2. 
injection of AMS 


following the injection of 
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Fig. 3. A slide of spleen of mouse 24 h following injection of AMS. 


Description in the text, Haematoxylin and eosin ( x 78), 


no histological changes. Control mice injected intra- 
peritoneally or intravenously with normal rabbit sera 
showed no cytological or histological changes. 

It is possible to study the immune response to antigen 
following the injection of high, non-lethal amounts of 
AMS. In our experiments such mice had no impairment 
of their antibody response to an antigen such as keyhole 
limpet haemocyanin. The interpretation of such results, 
however, is uncertain inasmuch as it cannot be stated that 
by a single injection of AMS all tissue or fixed macro- 
phages were eliminated. 


Use for Preparation of Lymphocyte Suspensions 


Advantage has been taken of the property of AMS to 
agglutinate or kill macrophages without harming lympho- 
cytes, for preparing suspensions of lymphoid cells free or 
very poor in macrophages, The lymphocytes can then be 
used to study their immune response to a variety of anti- 
gens. Usually 100 to 200 x 10* cells (from spleen, lymph 
nodes or peritoneal exudate) were incubated with AMS 
(0:5 ml.) without fresh serum in a total volume of approxi- 
mately 2-0 ml. After ineubation for 30 min the cells were 
filtered through a glass column of 1 em in diameter and 
6 em in length containing sterile cotton wool, in order to 
trap most of the agglutinated macrophages. Because 
some macrophages were still present in the suspension 
after filtration, fresh guinea-pig sera (0-1 ml.) was then 





Fiz. 4. 

of normal mice after treatment with AMS, 4 

represent around 30 per cent of the cells of the exudate. Giemsa stained 
smear ( x 936). 


Lymphocytes of variable sizes obtained from peritoneal exudates 
Originally lymphocytes 
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added to kill them. After an appropriate incubation period 
the lymphocytes were repeatedly washed with cold tissue 
culture medium, Most of the cells in the final suspension 
were lymphocytes of variable sizes (Fig. 4). About one 
cell in every 1,000-2,000 was a large lymphocyte with a 
large, somewhat reniform nucleus resembling a macro- 
phage. When these cells were incubated with sheep red 
blood cells in the presence of Forssman antibody as an 
opsonin, however, no phagocytosis took place. 

After such treatment the lymphocytes—placed in ‘Milli- 
pore’ diffusion chambers and implanted in the peritoneal 
cavity of irradiated mice—were shown to remain viable 
for several days. This technique of obtaining lymphocyte 
suspensions free of macrophages has two properties which 
differ from methods employed at present such as filtration 
through glass wool or glass bead columns: (1) it does not 
select a determined population of lymphocytes, insofar as 
size is concerned, and (2) it offers a larger yield of cells; 
about 40 to 50 per cent of lymphocytes were obtained 
from a suspension of lymph node or spleen cells. In 
experiments which will be reported separately such sus- 
pensions of lymphocytes free of macrophages were capable 
of synthesizing antibody when incubated in ‘Millipore’ 
diffusion chambers with a strong antigen such as keyhole 
limpet haemocyanin. 


Use for Identification of Macrophages 


Because AMS is specific it can be used to identify 
macrophages, a cell line which is not always easy to 
recognize on a morphological or functional basis. Thus, 
AMS was used to determine if blast transformed lymphoid 
cells were macrophages. Suspensions of spleen cells 
(50 x 10°) were incubated with the mitogenic agent phyto- 
haemagglutinin M (Difeo Laboratories) (0-1 ml.) in a 
‘Millipore’ diffusion chamber (0-1p porosity). The chamber 
was implanted in the peritoneal cavity of irradiated mice, 
After 24—48 h, 30 per cent of the cells were collected, of 
which two-thirds were large blasts. Such cells were not 
killed when treated with AMS and complement, The 
transformed cells had “macrophage-like” properties, that 
is, phagocytosis, glass adherence and, in the guinea-pig, 
receptor sites for eytophilie antibody’, but bore no relation- 
ship to cells of the reticuloendothelial system. Claims that 
Iymphocytes develop into macrophages in the graft versus 
host reaction’? might also be interpreted as acquisition of 
phagocytic properties by transformed blasts. 

In summary, highly specific antibodies to mouse macro- 
phages can be obtained in rabbits immunized with a 
suspension of pure peritoneal macrophages. In both in 
vivo and in vitro experiments such antibodies kill or 
markedly impair the function of macrophages. Most 
lymphocytes in lymphatic organs or free in the peritoneal 
cavity do not share antigens with macrophages and most 
probably do not represent their precursors. AMS can be 
used to obtain pure suspensions of lymphocytes or to 
determine if unknown cells are related to macrophages. 
AMS may be an important tool for determining the role 
of macrophages in defence mechanisms and in immunity. 

I thank Dr J. H. Humphrey for suggesting this work. 
I have a Fellowship of the Helen Hay Whitney Founda- 
tion. 


Received February 27, 1968, 


! Humphrey, J. H., Brit. J. Exp. Path., 36, 283 (1955). 


* Cochrane, C. G., Unanue, E. R., and Dixon, F. J., J. Erp. Med., 122, 99 
(1965). 


? Valentine, M. D.. Bloch, K. J., and Austen, K. F., J. Jmmunol., 99, 98 
(1967). 


t Humphrey, J. H., Nature, 176, 38 (1055). 
* Ciba Foundation Study Group No. 29. Antilymphocytic Serum (1967). 
* Metchnikoff, E., Ann. Inst. Pasteur, 13, 47 (1899). 


' Cayeux, P., Panizel, J., Cluzan, R.. and Levillain, R., Nature, 219, 688 
(1966). 


* Carey, F. J., and Peltengill, O. S., J. Cell Biol., 33, 709 (1967). 

* Coulson, A. S., Gurner, B. W., and Coombs, R. R. A., Intern. Arch. Allergy. 
32, 264 (1967). 

?? Howard, J. G., Christie, G. H., Book, J. L., and Evans-Antom, E., in La 
Greffe des Cellules Haematopoietiques allogeniquer, 95 (1965). 


NATURE. VOL. 218, APRIL 6, 1968 39 
Excitation Spread along Horizontal and Amacrine Cell Layers 
in the Teleost Retina 

by Experiments performed on isolated retinae of the light-adapted fish 


K. NEGISHI 


Department of Neurobiology, 

Instituto Venezolano de Investigaciones 
Cientificas, 

Caracas, Venezuela 


MacNichol and Svaetichin! examined the effect of electric 
polarization on the S-potentials recorded from the teleost 
retina, and stated that "For some reason we were untble 
to change their features with currents up to 102 A" 
This finding was confirmed by Watanabe et al.* using 
double-barrelled microelectrodes. They found that 
neither the passage of depolarizing nor hyperpolarizing 
current influenced the amplitude and shape of the 
S-potential in the carp retina, and thus concluded that 
the S-potential does not have an equilibrium potential. 
Tomita? described briefly an unpublished observation by 
Murakami and Kaneko concerning the interaction between 
S-potential and electrie polarization. In their experiment, 
no interaction was detected between two "S-compart- 
ments" at distances of more than 60 um, as tested with 
paired pipettes (for current injection and recording), sug- 
gesting that the large area effect that characterizes the 
8-potential is not caused by electrical connexions between 
"S-eompartments". All these observations suggest the 
non-ionie nature of the S-potential in the teleost retina. 
They were, however, made exclusively on the L-type of 
the S-potential, which originates in the horizontal cells‘, 
and Murakami and Kaneko (see ref. 3) did not account 
for the distinct laminar organization of the horizontal cells. 

Three different spectral response eurves of the L-type 
of S-potential can be recorded in the teleost retina; each 
of them has a different amplitude maximum and originates 
in horizontal cells of one of the three different layerst-*. 
The spectral absorption curves of photopigments from the 
three different types of cones in the same species show 
maxima corresponding to those of the horizontal cell 
responses®, the maxima having values in the neighbour- 
hood of 465, 540 and 590-625 nm. These observations 
indieate that each type of cone supplies information to 
one of the three horizontal cell layers independently, and 
that no "eross-talk" takes place among the different cell 
layers. The S-potentials spread laterally. with amplitude 
decrement, along each one of the three different layers of 
horizontal cells* with velocities of 0-3 to 0-6 m/s. With 
the electron microscope, Yamada and Ishikawa’ and 
O'Daly? found that fused membrane contacts, different 
from synaptic contacts, exist between horizontal cells in 
a given layer, but not between cells of different layers in 
the fish retina. O' Daly? also found similar cellular eon- 
tacts between amacrine cells in the inner plexiform layer. 
The C-type of S-potentials, which show polarities depen- 
dent on wavelength. are recorded from these amacrine 
cellst.*, 


Lateral Spread of S-potential 


The electrophysiological and morphological findings 
already mentioned led us to examine the extent of the 
lateral spread of the S-potential along the different layers 
of horizontal and amacrine cells, and to perform current 
injection experiments, as carried out by Murakami and 
Kaneko (see ref. 3). Particular care was taken, however, 
to record S-potentials from cells located in the same layer 
as the cells that were electrically polarized. 


(Eugerres plumieri) support the hypothesis that the generation and 
spread of S-potentials do not depend on ionic mechanisms. 
that the spread of excitation in horizontal and amacrine cell networks 
is closely coupled to the functioning of respiratory chains which 
possibly constitute a part of the plasma membrane. 


it seems 


The experiments were performed at room temperature 
(22?-23^ C), on isolated retinae of the light-adapted fish 
(Eugerres plumieri). The isolated retina was kept, receptor 
side up, in à moist chamber through which pure O, was 
continuously circulated. Photostimulation and recording 
procedures are described elsewhere, 

In thé first group of experiments, concerning the 
spatial distribution of the S-potentials (Fig. 1, records 
A-C). a micromanipulator which moves a small light- 
spot (0-5 mm diameter) along a line on the retinal surface, 
was connected to a potentiometer. The output of the 
latter was fed into one channel of a multi-beam oscillo- 
scope. With this device, movements of the lght-spot 
were recorded as voltage changes aeross the potentio- 
meter, simultaneously with the membrane potential of a 
horizontal or amacrine cell. Stray light was eliminated 
as much as possible, and the intensity of the light-spot 
was practically unchanged with movement. The milli- 
metre scale (D1) at the right of the record C, indicates 
the distance between the recording point and the centre 
of the light-spot. 

As seen in records A-Ç, the S-potentials showed a 
maximal amplitude when reeorded in the centre of the 
light-spot (at 0-0 mm), and became gradually smaller as 
the distance between light-spot and recording point was 
increased. The spatial distribution of the amplitude of 
the S-potential varied in the different cell layers. The 
amplitude of the S-potential at different distances between 
the centre of the stimulating spot and the recording site 
was found to decay to one half of the maximal amplitude 
at 0-4 mm (0-3-0-8 mm; twelve cases) in the external 
horizontal cell layer (record A), and at 1-3 mm (1-0-2-0 
mm; seventy cases) in the medial and internal horizontal 
cell layers (record B), while for the amacrine cell layer 
(record C) the value found was 1-8 mm (15-30 mm; nime- 
teen cases). Record C, shows the spatial distribution of 
the depolarizing S-potential in response to red (614 nm) 
flashes, and record C, shows that of the hyperpolarizing 
potential in response to blue (470 nm) flashes; both types 
of responses were recorded from the same amacrine cell, 
The lateral spread of the S-potential does not depend on 
a spread along the receptor cell layer, because: (a) there 
are varihtions in the spatial distribution pattern from 
layer to layer; (b) S-potentials can be recorded, on 
stimulation of a neighbouring intact area, from the hori- 
zontal and amacrine cells in areas where the receptors 
have Been removed by repeated touches with small pieces 
of filter paper; and (c) if the receptor potential of the 
teleost retina spreads, it does so over a much smaller 
distance than the S-potential?-5:!5, 


Effects of Extrinsic Current on the S-potential 

Ir* the s€tond group of experiments (records DF), a 
double barrelled microelectrode was inserted into a hori- 
zontal or amacrine cell; one of the electrodes was used 
for current injection and the other for recording the 
membrane potential. Both electrodes had a resistance of 
20-30 MQ. The results obtained in these experimenta 
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Fig. 1. 


constant and the duration of flashes is 300 ms. 
medial horizontal cell with red light stimuli, 


was inserted into a cell, 
àn internal horizontal cell. 


electrodes 330 um apart, inserted into two cells of a given layer. 
amacrine cell layer. 


confirmed the observations of MacNichol and Svaetichint 
and of Watanabe et al.?. Large extrinsic current (10-7? A) 
were applied to polarize the membrane up to about 
300 mV, as can be seen in record D. The amplitude of 
the S-potential was little influenced by such a large 
eleetrical polarization, and the membrane showed only 
slight rectifying properties. The negligible effect of 
extrinsic current on the S-potential, found in the hori- 
zontal cell (records D and E) as well as in the amacrine 
cell (record F), is contrasted with the marked effect of 
steady illumination. In record E, extrinsic eurrent(e.c.) 
hyperpolarized the membrane of a horizontal cell by 
about 20 mV without changing the amplitude of the 
S-potential. The same amount of hyperpolarization, 
however, caused by steady illumination with blue light 
(470 nm) reduced the amplitude of the S-petential in 
response to the red light (624 nm) stimulus. In record Fy. 
extrinsic current and blue light illumination hyperpolar- 
ized the membrane of an amacrine cell, whereas in record 
F, extrinsic current and red light depolarized tke mem- 
brane of the same amacrine cell. The membrane polar- 
ization with extrinsic current did not influence the 
amplitude of the S-potentials, whereas that caused by 
steady illumination reduced the amplitude of the depolar- 
izing S-potential (record F,, blue) and enhanced the 
hyperpolarizing S-potential (record F, rad). The in- 
fluence of steady illumination does not depend on receptor 
mechanisms, because: (a) the wavelengths of the light 
stimuli used in these experiments are 470 nm and 624 nm. 
and each of them would excite a different type of cone*; 
(b) the receptor sensitivity bears a linear relation with the 
intensity of light stimulus (refs. 10, 11 and unpublished 


CA) Recording from an external horizontal cell with red light (614 nm) stimuli. 
! (C) From an amacrine cell with red in record C, but with blue light (470 nm) stimuli in record 
CO, Records D-F: comparison of effects of extrinsic current. with those of steady illumination on S-potential, 

On the top tracing, red light stimuli are marked with pulses and blue stimuli with transients, 
Extrinsic current (10-* A) depolarized the membrane by about 300 mV. 
extrinsic current (e.c.) and steady illumination with red light were alternately applied. 
with blue steady illumination in record F,, whereas red steady light was used in record Fy. 


MÀ 
t gangna tà 
—5 seca 


Records A-C: changes in amplitude of S-potential with stepwise movements of a light spot 0-5 mm in diameter. Scale in mm (D1) 
at the right of record C, indicates the distance between the recording point and the centre of light spot, 


The light intensity is kept 
(B) From a 


A double barrelled electrode 
(D) Recording from 
(E) From an internal horizontal cell; 
(F) From an amacrine cell; extrinsic current alternates 
Records G-H: experiments with two micro- 


: V Record G is from the internal horizontal cell layer, and record H from the 
Through one of the electrodes, extrinsie current. (107? A) wasinjected, 


with pulses and blue stimuli with transients, 


On the bottom tracing, red light stimuli are marked 


results of M. Laufer, K. Negishi and G. Svaetichin); (c) 
steady illumination of a different receptor area induces 
similar reduction and enhancement of the S-potentials. 


Spread of Membrane Potential 


In the third group of experiments (records G and H J 
designed to determine if membrane polarization caused 
by extrinsic current does spread, two microelectrodes, their 
tips separated by a small distance (300-500 um), were 
mounted on independent micromanipulators and inserted 
into the retina until spectrally identical types of S-poten- 
tials were recorded by both electrodes. In record G, the 
two microelectrodes were located in cells of one and the 
same horizontal cell layer (internal horizontal), because 
amplitude ratio of red : blue responses is the same for 
both tracings. In record H, both electrodes were inserted 
into amacrine cells of a given layer, as can be deduced 
from the polarities of the potentials, depolarizing to red 
and hyperpolarizing to blue light in both tracings. 
Through one of the electrodes, extrinsic eurrent was 
injected into the cell. The amount of current used 
(10-7 A) caused a membrane polarization of 200-300 mV 
(as in record D). Nevertheless, this large membrane 
polarization induced in one cell did not influenee the 
membrane potential of the other cell, located 330 um 
apart in the same layer. Because the tangential length 
of an internal horizontal cell is 60-80 um, only four to 
six cells are interposed between the two microelectrodes. 
These results show that the membrane polarization 
caused by extrinsic current does not spread along the 
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Is the Literature Really Exploding ? 


Tug "literature explosion”, the "crisis in documenta- 
tion", are slogans which have been so often quoted as 
to be almost meaningless. Is the crisis made out to be 
more of a headache than it really is? It may be that 
we are over the worst; it is even likely that the explo- 
sion as such has been a myth. It is very difficult to 
tell, It is stating the obvious to say that there are 
more scientists living and doing research than at any 
time before. It follows that the amount of scientific 
research being communicated is more than ever before, 
but this does not necessarily mean that the crisis in 
scientific information is growing from bad to worse as 
many try to make out. The reason for the crisis may 
be just that everyone is better informed than they 
used to be. Not only are easier travel, modern com- 
munications media and better bibliographical control 
making scientists much more aware of research at the 
moment, but also past records of research have become 
more accessible. Of course, it is not as simple as this. 
The panic seems to stem partly from figures of journal 
titles in cireulation—the case of the "exponential 
curve" and so on. These figures have been circulated 
in most cases without reference to factors such as the 
mortality of journals, the number of artieles published 
in them, the duplication of articles in journals and 
conference proceedings, the growth in size of individual 
journals and the existence of other publishing media. 
Not much notice has been taken either of the difference 
between the quantity of literature and its quality. 
It may not matter all that much if a scientist does 
not know about 90 per cent of the journals in his 
particular field, as long as he reads the small number of 
"hard core” journals which usually contain all the 
most important research. The success of this method 
will obviously vary from one subject to another. 
Estimates of the number of scientific and technical 
periodicals currently being published have varied from 
100,000 to 26,000. The first figure is now known to be 
wildly inaccurate. K. P. Barr points out. (Journal of 
Documentation, 98 (2), 110; 1967) that the estimate of 
100,000 was probably based on a misunderstanding 
of a graph published by D. J. De Solla Price in 1961 
(Seience Since Babylon, Yale University Press). He 
had plotted the number of periodicals against their date 
of origin. The result was an exponential curve. This 
graph has been widely quoted as showing that there ig a 
fifteen year doubling period for scientific periodicals 
and fantastic extrapolations have been madesto predict 
figures for the years 1970 and 2000. In a subsequent 


book (Little Science, Big Science, Columbia University 
Press), De Solla Price states that the figures in his 
graph represented the number of periodicals founded, 
and they did not take into account those that had 
ceased publication. His estimate of the number of 
periodicals actually being published in 1963 was only 
30,000. Other estimates have been made by C. P. 
Bourne (American Documentation, 13, 159; 1962), and 
by C. M. Gottschalk and W. F. Desmond (Amer. Doe., 
14. 188; 1963). Both these estimates were that about 
35,000 titles existed in 1962-63. Probably the most 
reliable estimate is that by Barr based on the holdings 
of the National Lending Library. He gives the figure 
of 26,000 current scientific periodicals whieh he 
caleulated for the end of 1965 after an analysis of the 
journals received by the library and those on order. 
The figure is likely to be a little higher now because of 
some increase, but it is not likely to be more than 
27.000-28,000. The latest list of the National Lending 
Library (Current Serials Received by the NLL, March, 
1967) gives a figure of 26,000. Those on order have not 
been included, but it must also be remembered that the 
NLL now takes some periodicals in the social sciences. 

Although new periodicals are continually appearing 
on the scene, almost as many cease publication, 
Mortality figures are very difficult to estimate: Gotts- 
chalk and. Desmond reported a sample check on the 
third edition of the World List of Scientific Periodicals 
showing a mortality rate of 33 per cent in periodicals 
published. between 1900 and 1960. They also found. à 
mortality rate of 40 per cent in a sample from the 
Serial Record published by the Library of Congress. 
These are approximate mortality rates for all scientific 
journals. The picture may be rather different for the 
separate branches of science. A survey of Aeronautical 
and Spage Serial Publications in 1962 (Library of 
Congress) showed an extremely high death rate-—of 
4,551 titles listed, only 1,553 were found to be current, 
a mortality rate of approximately 66 per cent between 
1900 ahd 1960, and one of 10 per cent for the decade 
1950 to 1960. Unfortunately there do not seem to be 
figures for many other subjects, but all indications 
are that the growth rates are levelling off. Each 
field in fact seems to have its own growth curve, and 
the peaks of all do not necessarily have to coincide. 
There is a growing trickle of papers in space biology. 
The explosion in this subject is still to come-—-bui when 
it does, it will very likely be at the expense of other 
subjects. 
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General Books 


OLD THEORIES 


An Essay on Phlogiston and the Constitution of Acids 
Reproduction of 2nd edition, 1789. By R. Kirwan. 
(Cass Library of Science Classics No. 9.) Pp. xxiii 4- 322. 
(London: Frank Cass and Co., Ltd., 1968.) 90s. 

TRE short title of this book suggests that it is about a 
dead error. It is in fact as vivid a piece of living history 
as a chernist could wish to find. It is the second edition 
of 1789 which is reproduced. The first edition (1784) 
consisted only of a statement of a phlogistonist position 
sufficiently well thought of to get a French translation. 
This translation, elicited from the anti-phlogistonists 
many good criticisms which were published with it 
(1788). William Nicholson then prepared a new English 
edition including translations of the French comments 
with rebuttals by Kirwan. The 1789 version is thus a 


self-contained specimen of the many-sided discussion 
which gave the chemical revolution its intelectual 
tension. 


Beeause of his regard for experimental skill, Kirwan 
tends to show too great a respect for tradition, so attribut- 
ing to Stahl's theories merits due only to the German 
metallurgists. Lavoisier exhibits clearly a defect in his 
own theory of inflammability which hindered its ready 
acceptance, namely, his insistence that caloric and light 


were necessary participants in the chemical processes of 


combustion. Throughout the book ean be seen, from 
examples like these, the interplay of old and new, with 
the balance of logie and experimental rigour by no means 
always on the side of the new. 

The rescue of the oxygen theory from the confusion of 
caloric eame eventually from the elucidation of the com- 
position of acids. à problem which ran in double-harness 
with that of combustion, and which was to oceupy 
chemists well into the next century. A modern, simplified 


exposition of the Lavoisier experiments on red calx of 


mercury seems to tolerate only one, a modern, explana- 
tion. But Kirwan's deseription of the solution of mercury 
in "nitrous" acid and the action of heat on the produet, 
followed by Berthollet/s good-tempered correction of his 
misconceptions, show how complex, partieularly where 
acids were concerned. were the inter-related phenomena 
that all were trying to understand. 

Some years later Kirwan adhered to the anti-phlogis- 
tonist school; it is to his own credit that, even in this 
book, where he sees merit in the French theory he draws 
attention to it. For example, in considering "dephlogisti- 
cated marine acid" (chlorine) he says: "the properties 
of this acid seemed to me to furnish strong proofs of the 
falsehood of the antiphlogistie theory; but thgv appear 
in quite a different light since the publication of the 
experiments of this excellent ehymist, in so much that. 
I must own, they alone seem to me to offer any plausible 
ground for that hypothesis". A 

Nicholson's introduction has many good things: a 
criticism of Lavoisier’s habit of “unwarrantable preten- 
sion to accuracy”; some notes on the sensitivity of 
balances and the degree of error likely in determination of 
specifie gravities of gases. Among many wise words 
about. scientific controversy we find “A desige of victory, 
or of distinction, frequently produces an obstinate 
adherence to the tenets we have maintained”. Kirwan. 
at least, was above this. 

The modern editor has provided a rudimentary index. 
The facsimile reproduction is excellent. 

FRANK GREENAWAY 
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The Copernican Solar System, from The Celestial Worlds 
Discovered by Christian Huygens (Frank Cass; 45s.). This is 
an exact facsimile reproduction of the posthumous 1698 
edition, with an index. The figure is “a Description of the 
Orbs the Planets move in, in that order that they are placed 
round the Sun, drawn as near as can be in their true Propor- 
tions, like what you have seen in my Clock at home". 


ROYAL APOTHECARIES 


The Royal Apothecaries 
By Leslie G. Matthews. Pp. xiv4- 191 4- 15 plates. (Lon- 
don: The Welleome Historical Medical Libràry, 1967.) 25s. 


THE muse of medical history, presumably descended from 
Aeseulapius, the god of medicine, and Clio, the muse of 
history, must be gratified, if not a little surprised, at the 
world-wide importance she has reached. Although always 
supported by certain scholarly members of the medical 
profession in the past, it must be admitted that they were 
few in number and for the most part elderly. Indeed, Sir 
Humphry Rolleston told me that when he published his 
first historical paper, he was warned by a eandid friend 
that an interest in medieal hi ory was often regarded 
as a sign of approaching senility ! Now all is altered ; 
medical history and biography have come into their own. 
The modern pioneers, Sir D'Arey Power, Sir William 
Osler, Charles Singer, Harvey Cushing, Sarton, John 
Fulton, W. W. Francis, Sigerist and others, men of renown 
and scholarship, have shown the value of medical history. 
There is now no lack of worshippers at its muse's shrine, 
and the influence of health and medicine in relation to 
the present and the future as well as to the past is realized 
and investigated by young scholars as well as by their 
seniors, by lay men and women in addition to “medicals”. 

Of the many valuable books in such a fruitful field of 
research that have appeared within the past decade Mr 
Matthews's book takes high place. He is a Fellow of the 
Society of'Antiquaries and a member of the Livery of the 
Worshipful Society of Apothecaries, 
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When the practice of pharmacy gradually began to 
engross the attention of skilled persons, and the physieians 
found it easier to have their prescriptions or "bills", as 
they were then termed, made up by these compounders, 
the rulers of England from the time of King John onwards 
employed the most trustworthy compounders in preparing 
their medicines. Quite early these men were subject to 
order and rule. In 1180 the ancient Guild of the Pepperers, 
as they were originally called, was founded, and the Royal 
Apothecaries were usually, if not invariably, chosen 
from members of that guild, whieh vouched for their 
competence and standing. In addition to medicines they 
supplied wines, spices, perfumes, confectionery and other 
goods to the kings and queens of England. These apothe- 
caries also embalmed the royal bodies and those of other 
members of the royal family. In latter years the guild 
appeared to languish, for little is heard of it, but royal 
apothecaries eontinued. In 1345 the Company of Grocers 
was founded which included pepperers or spicers. “Rhe 
apothecaries formed a separate section of the company. 
Grocers were originally termed “grossers”’, for they marked 
their wares by the gross. The Company received its charter 
from Henry VI in 1428. The union with the grocers 
continued, until the apothecaries separated from them in 
1617 when James I gave them a charter. Certain of the 
Royal Apothecaries have attained the high dignities 
of Master or Warden or Treasurer of the Society of 
Apothecaries. 

Mr Matthews apologizes for certain gaps and names 
omitted in his lengthy list of Royal Apothecaries—' Some 
there be which have no memorial". The marvel is that 
he has been able to trace so many of them through 
patent rolls and state papers in the Reeords Office, in 
Professor G. E. Trease's book and from other sources. 
The list extends from the reign of King John to Queen 
Elizabeth IL. About 1864 the term “apothecary” was 
changed to “surgeon and apothecary’. The Royal 
Apothecaries are now designated | "Surgeon—Apothe- 
caries". Many have retained the traditional connexion 
with the Society of Apothecaries. 

For centuries these royal appointments have been 
mueh sought after. In the informative biographies Mr 
Matthews shows that influenee was brought to bear to 
secure the post in former times—''Many grew wealthy 
in the service, had the ear of the monarch and gained 
similar posts for their sons or favours for their relatives 
or friends". 

They were loyal to their royal master and even lent him 
money; many suffered for their adherenee to him in 
adverse times. They were men of good reputation and 
high professional standing. None has been found 
neglectful or incompetent. They might be entrusted with 
secret. negotiations or missions abroad; and often received 
special rewards including grants of land and manors for 
meritorious services. The only criminal apothecary 
mentioned is James Franklin, who was coneerned in the 
poisoning of Sir Thomas Overbury in the Tower of 
London in 1613, and he was not a Royal Apothecary. 
Mr Matthews in writing this book and the erudite notes 
at the end of the chapters has increased knowledge of 
an important aspect of historical medicine. 

ARTHUR MacNaALTY 














PAIN AND SUFFERING 


Individuality in Pain and Suffering 

By Asenath Petrie. Pp. xvii+ 153. (Chicago and London: 
The University of Chicago Press, 1967.) $5; 45s. 

Pain 

Psychological and Psychiatrie. Aspects. 
and F. G. Spear. Pp. viii 223. 
Tindall and Cassell, 1967.) 40s. net. . 
Dr PrETRIE's book is a collection of her researeh findings, 
and also those of her colleagues, over several years. Her 


By H. Merskey 
(London: Bailhére, 


A3 


aim has been to study the "differences between people in 
terms of their modulation of sensory experience, ranging 
from the most intense to the most subdued degree". 

Dr Petrie claims that she has found a means of investi- 
gating scientifically the general capacity to "feet". To 
this end. smooth blocks of unpainted wood are used and 
judgments of “kinesthetic size" recorded. In a typical 
experiment the subject is first asked to indicate the 
width of a “measuring bloek" 15 in. wide held between 
the thumb and forefinger of his preferred hand by sliding 
the non-preferred thumb and forefinger up a tapered bar 
to a width which seems to him to be equivalent. This 
serves as a baseline measurement. He is then required 
to rub with his preferred thumb and forefinger a block 
3.5 in. wide for a period of, say. 90 s. and then onee 
again to indicate in the same way the perceived width 
of the 1-5 in. block. This is ealled large-block stimulation. 
In the small-block stimulation test, a block I in. wide is 
used for stimulation and a 2 in. block is used for measure- 
ment. If, after stimulation, a subject perceives the 
measuring block as 6 mm wider than he did before 
rubbing began he is called an "augmenter". and if he 
perceives it as 6 mm smaller he is called a “reducer”. A 
“moderate” is someone who falls between these two 
“types”. 

Dr Petrie claims that her method reveals basic differ- 
ences in the way in which people perceive the environment 
and this enables her to categorize them as reducere, 
augmenters and moderates. Those who reduce tend 
subjectively to decrease what is perceived and hence can 
tolerate more pain and less sensory deprivation than those 
who augment. The author concludes from this that 
toleration of stress arising from pain and stress arising 
from isolation and confinement require different kinds of 
resistance. 

In addition to the three categories already mentioned, 
there is a further category for those who are "gtimulus- 
governed". This means that they respond primarily to 
contrast-effects in the sense that, when “large-block 
stimulation" is used, the measured block is reduce by 
6 mm or more and when “small-block stimulation” is used 
the measured block is augmented 6 mm or more. This 
“atypical perceptual reactance” occurs, apparently, in 
adults with known abnormalities of the nervous system 
and also in 17 per cent of juvenile delinquents, Having 
delineated her four categories, Dr Petrie goes on to say 
that many of the investigations are concerned with the 
degree of reduction and augmentation rather than with 
absolute classification, and this is indeed apparent from 
the extremely small perceived differences yielded by some 
of the experiments. 

Dr Petrie takes the view that an inereased level of 
arousal, as indicated by pulse rate, breathing rate and 
amount of perspiration, does not determine. but is con- 
sequent on. the “more intense experience’ of the aug- 
menter. The opposite point of view, however. seems 
equally reasonable. Indeed, level of arousal might be 
thought of as a more fundamental state of the organism 
and therefore one which determines “perceptual react. 
ance". This point might possibly be settled by a few 
experiments. 

Interesting as Dr Petrie’s findings are. it remains to be 
seen whether her test of individual differences will be 
widely used to predict response characteristics associated 
with pain and suffering. 

Pain: Psychological and Psychiatric Aspects, by H. 
Merskey and F. G. Spear, is an excellent and much-needed 
reference work on pain. The book is divided into four 
main, sections: (1) “Semantic and Historical Contribu- 
tions"; (2) “Clinical Aspects": (3) “Evidence from Ex- 
perimental Psychology"; and (4) "Theories of Pain". The 
second section includes chapters on the anatomy and 
physiology of pain, insensitivity to noxious stimulation, 
phantom limb pain and masochism. 

In the fourth section several theories of pain are dis- 
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cussed and evaluated. In the light of their own research, 
the authors select the theory of Szasz as being most 
acceptable because it covers all varieties of pain. Aceord- 
ing to this theory, pain is a consequence of the perception 
of a threat. to the integrity of the body, where the body 
is considered to be an object separate from and valued 
by the ego. The threat may not be apparent to an outside 
observer and the pain is then classed as “psychogenic”. 
This comprehensive review, with its extensive biblio- 
graphy. will not only be invaluable to those whose 
research activities are directed towards the study of pain, 
but also of great interest to many other people, including 
psychologists, psychiatrists and general practitioners. 
Diana R. HASLAM 


DEALING WITH LITERATURE 


On Documentation of Scientific Literature 

By Th. P. Loosjes. Translated by A. J. Dickson. Pp. 
ix+ 165. (London: Butterworth and Co. (Publishers). 
Ltd., 1967.) 428. 


The Growth of Knowledge 
Readings on Organization and Retrieval of Information. 
Edited by Manfred Kochen. Pp. 394. (New York and 
London: John Wiley and Sons, 1967.) 113s. 


Tue literature of documentation has proliferated in accord 
with the increase in documentation services and the 
research funds that have been made available during the 
past ten years. In his book, Mr Loosjes has attempted to 
cover the whole field of documentation from the develop- 
ment of periodicals to the cost-benefit evaluation of 
information systems. The result is a volume which com- 
bines brief but lucid discussion of the various aspects and 
techniques with a comprehensive but not over-exhaustive 
listing of references. Interspersed are proposals by the 
author as to how various difficulties might be overcome, 
such as the problems of bibliographical control of scientific 
and technical literature. For the student, this volume can 
be thoroughly recommended as providing a balanced view 
of current practice, while many librarians and information 
officers could read it with profit to themselves, and would 
certainly find it useful as a quick reference source. How- 
ever, one will find only the briefest mention of any possible 
future developments and the book is strictly a review of 
the present position and of conventional techniques. 

The reverse is true of the volume edited by Dr Kochen, 
even though he goes back to 1936 for the first paper in 
this collection of essays. This is the "World Encyelo- 
paedia” by H. G. Wells, and introduces a section which 
includes the classic paper by Vannevar Bush, "As we may 
think", an extract from the Weinberg report on “Science, 
Government and Information’, “The Universal Brain” 
by Watson Davis, and the paper by Van Doren, "The 
Idea of an Encyclopaedia" whieh was published in 1962. 
There is then a somewhat disappointing group of four 
papers dealing with possible libraries of the future. The 
following section, which covers the background to the 
present position of information retrieval, including “Net- 
works of Scientific Papers" by de Solla Price. the exposi- 
tion of Parkinson's Law, and papers by Carnap, Swets 
and Kochen, is possibly the most stimulating segtion of 
the book. The remaining ten papers, all published during 
the past decade, are chiefly concerned with the part that 
computers can play in overcoming the problems posed in 
the earlier papers. 

While I might have welcomed the stimulation of an 
early Fairthorne in place of, for example, the accoynt of 
the proposals of the Committee on Scientifie and Tech- 
nical Information, the selection of essays can searcely be 
fanited, The editor has been admirably impartial; the 
optimistie review of the possibilities of question-answering 
systems by Simmons is followed by Asa Kashen's critical 
survey on data retrieval by eomputer, which is strongly 
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reminiscent of the better-known paper by Bar-Hillel. 
There is a factual aceount of MEDLARS, the largest 
mechanized information retrieval system which now con- 
tains more than 600,000 citations and which requires à 
large staff of professional indexers to deal with the annual 
intake of some 200,000 articles. The following paper, by 
Salton, Keen and Lesk, deseribes experiments in auto- 
matie information retrieval that have been carried out at 
Harvard and Cornell. Although the test collections in 
these experiments have been limited to 1.000 documents, 
the results provide reasonable grounds for hoping that 
the designers of future information services will be able 
to use automatic text analysis and still be able to operate 
at the same level of efficiency as present day systems 
using manual subject indexing. 

While none of the essays in this volume is an original 
contribution, they are, with few exceptions, stimulating 
reading, and this volume can be recommended for anyone 
who wishes to study or who is concerned with the possible 
developments in information technology. 

CYRIL CLEVERDON 





INFORMATION REVIEW 


Annual Review of Information Science and Technology 


Vol. 2. (American Documentation Institute.) Edited 
by Carlos A. Cuadra. Pp. vili+484. (New York and 
London: Interscience Publishers, a Division of John 


1405. 


THE second volume in this new review series certainly 
supports and further justifies the acclaim which greeted 
its predecessor. It clearly rests on a sound basis of 
administration with financial support from the National 
Science Foundation, and à competent group of reviewers 
who make their personal seleetion from an extensive 
bibliography compiled by the Systems Development 
Corporation. 

When an inchoate spread of marginal fields and border 
studies begins to consolidate into a discipline in the tradi- 
tional sense it is characteristic for abstracting services 
and annual reports of progress to begin to appear. In 
this ease, however, definition and scope are still as debat- 
able as ever. Broadly speaking, an attempt is made to 
distinguish three related areas. librarianship, information 
science and information technology, although they tend 
to overlap. In one definition quoted, information tech- 
nology is concerned with "the development, design and 
operation of information systems, including libraries, 
indexing and abstraeting services and information and 
data centers” (page 420). Information science, on the 
other hand, is seen as systems analysis, communication 
theory; based on linguistics, mathematics, epistemology. 
psychology, neurophysiology and so on. To deseribe this 
whole field La Fontaine and Otlet, at the turn of the 
century, coined the term "documentation", which covers 
both the eraft and the learned aspects. Admittedly much 
hardware has been added in recent years, but we must 
not undervalue the craft side. 

Perhaps the only way at present of finding out what is 
intended by “information science and technology” is to 
equate it pragmatically with the fourteen chapters in 
which the literature of 1966 is surveyed. These can be 
considered in two parts--the core (nine chapters) and 
the periphery (five chapters) The former covers user 
needs for, and flow patterns of, information; content 
analysis (classification, indexing and abstracting); design 
and evaluation of information systems; mechanization in 
libraries and information eentres, both the hardware and 
the related software; and publication and dissemination of 
information. Farther away from the centre are automated 
language processing, specialized information retrieval in 
chemistry and medicine, national systems and networks 
and professional aspects and training. 


Wiley and Sons, 1967.) 








NATURE. VOL. 218. APRIL 6. 1968 
. 

'The year under review produced no clear breakthrough. 
but progress was steady, even above average as shown by 
some of the conclusions recorded in each chapter. Although 
mueh lip service is paid to the importance of systems 
analysis and design there still seems to be a wide gulf 
between the research worker in information science and 
the technologist in systems design. “There is, and can be, 
no one way to test and evaluate ret ieval systems, and 
it is absurd to imagine that any particular testing tech- 
nique, or set of measures, will ‘solve’ the problem of 
evaluation" (page 81). Surprisingly the relative advan- 
tages and disacvantages of decentralized data systems 
have not been adequately studied. Thus a large central- 
ized system may have a slower response time than a net- 
work of smaller units. 

It has taken about ten years from a “high point of 
enchantment” with what machines would be able to do 
for information retrieval to a "period of disenchantment” 
today when it is becoming generally accepted that, 
although computer-aided methods have great potentiali- 
ties, the detailed execution is not going to be easy. 
This is real progress! There have been considerable 
advances in understanding of indexing languages and in 
the principles of thesaurus construction. But there is 
also the ominous note that “We clearly have a long way 
to go before we have automated systems for large collec- 
tions that reach desirable standards on the criteria of 
performance and cost” (page 115). 

It is not the fault of the hardware. The chapter on 
developments in hardware is one of the longest and offers 
a wealth of improved devices—the (n+ 1) generations— 
and notes definite trends of lower unit cost with better 
effieieney. On the one hand, the reviewers stress that 
digital and microform technologies will increasingly be 
combined, "with computers decoding complicated re- 
trieval patterns into locations in bulk microform memory". 
On the other hand, “the largest problems in the design 
of a Total Information Utility are not those of choosing 
components but continue to be the intellectual ones 
concerned with the structure of information, its distribu- 
tion, and its use". 

The volume of literature surveyed is large, perhaps too 
large; each ehapter has an average of a hundred refer- 
ences, Probably it is as comprehensive as is possible or 
desirable for English language publications. But for 
one reader it is marred by too large a proportion of 
technical reports from bibliographically obscure sources. 
It might be better in the long run to restrict the coverage 
a little more to true publications (periodicals and confer- 
ence proceedings) that are generally available. Another 
deficiency of the literature, pointed out by one reviewer. 
is "the failure of the writers to disclose what is actually 
operational and what is proposed or conjectural . . . v 
(page 256). In fact, in his preface the editor points out 
that this annual review has already indicated the need 
for a higher standard of professional writing. Thus we 
must all be grateful to the American Documentation 
Institute and its band of contributors for this enormous 
effort at summarizing a messy literature, evaluating the 
trends and arriving at useful conclusions. 

HERBERT COBLANS 









GEOGRAPHY OF TOWNS 
Urban Geography 


By J. Baujeu-Garnier and G. Chabot. Translated by G. M. 
Yglesias and 8. H. Beaver. (Geographies for Advanced 
Study.) Pp. xvid 470. (London: Longmans, Green 


and Co., Ltd., 1967. 525. 6d. net. 


URBAN geography is an older subjeet than the authors of 
this book imply. In their foreword they assert that “it 
was not until the end of the nineteenth céntury that 
urban geography made its appearance, notably in Germany. 


4s 


with Friedrich Ratzel”. But as long ago as 1588 Giovanni 
Botero published at Rome a book about eities which was 
translated into virile English prose by Robert Peterson of 
Lincoln's Inn under the title 4 Treatise concerning the 
Causes of the Magnificence and Greatness of Cities (1606): 
the author distinguished carefully between the physical 
and human factors that are concerned in the growth of 
towns. It is true, however, that in the present century 
an immense munber of books and papers have been 
written about towns by architects and planners as well as 
by historians and geographers. The authors rightly point 
out in their introductory ehapter that. between. 1900 and 
1950 the total population of the world mereased by nearly 
50 per cent, and that in the same period the urban popula- 
tion increased by 228 per cent; in this caleulation urban 
population was defined as that living in places of more than 
5,000 inhabitants. Further, an increasing part of the 
world's people live in larger and larger cities; nearly one- 
third of the world's population is concentrated im urban 
areas with more than 500,000 inhabitants. Tn 1850 there 
were more than forty-nine cities each with more than a 
million people. ‘The authors devote a chapter to the varying 
definitions of the word “town” and assert that in "English 
town and city are more or less synonymous". Tn England 
there is still a considerable difference in mearung between 
the two words. 

This book is divided into five principal parts, the first 
being a description of the world’s urbanization by con- 
tinents. The second part deals in nine chapters with the 
different functions of towns. The account of the origin 
of towns is somewhat brief and it is fair to eriticize the 
authors for devoting comparatively little space to the 
historical background of towns. The military function as 
well as those of commerce, industry, culture, health, 
administration and polities are each discussed in turn. 
The third part of the book treats the plan and extent of 
towns and does not give adequate space to the part played 
by the site, the ground on which the town was built. The 
problems of town clusters and conurbations are discussed. 
In England more than 40 per cent of the population now 
live in the six conurbations of Greater London, South-East 
Laneashire, the West Midlands, West Yorkshire, Mersey- 
side and Tyneside. Yet the total area of land occupied 
by these conurbations is only about the same size as the 
one county of Norfolk. More than three centuries ago. 
in 1651, the English philosopher Thomas Hobbes, writing 
of London in his Leviathan, said that one "infirmity of a 
Common-wealth is the immoderate greatnesse of à Town”. 
Today the overwhelming magnitude of conurbations 
presents civilization with some of its most difficult 
problems. The authors give brief reference to Professor 
Jean Cottmann’s studies of the almost continuous urban 
area in the north-eastern part of the United States from 
Boston to Washington. This urbanized mass, the home 
of thirty-eight million people. has been named Mega- 
lopolis by Gottmann. 

The fourth part of the book, "Life in Towns’, deals in 
three chapters with such subjects as the problems of 
water, disposal of waste, urban renewal, sex composition, 
health and social behaviour, and is largely sociological in 
character. A final part deals with the town in its region 
and stresses the impact of the town on the surrounding 
countryside from several points of view. A bibliography 
of fourteen pages concludes the volume and this is under- 
standably incomplete in its selection of British references. 
This book is a useful textbook for students but it is not 
sufficiently readable for the general public. — Perhaps 











because the authors have set out to be as comprehensive as 
possible in treating their vast theme, they have been 
compelled to assign too little space to some of their most 
important topics. At present there is much mathematical 
research on towns, especially in the United States, and 
the authors introduee their readers to this new field 
somewhat briefly. Again because the authors subordinate 
the historical side of their subject so severely, they pay 
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scant attention to the architectural! influence on the visual 
development of towns. Yet the appearance or "townseape" 
of a town is of vital importance today. Ewart Johns's 
remarkable book British Townscapes (1965) is not listed 
in the bibliography. The urban scene of the older historic 
towns of Britain is changing rapidly and more studies of 
these towns are badly needed as part of the effort to main- 
tain their character. ft is well known that the Government 
is making such surveys of York, Chester, King’s Lynn 
and Chichester to serve as models for future work and 
action. E. W. GILBERT 


NUFFIELD PHYSICS 


Nuffield Foundation Science Teaching Project 
Physics Guide to Experiments 2. Pp. xv +205. (Lon- 
don: Longmans, Green and Co.. Ltd. ; Harmondsworth, 


Middlesex: Penguin Books, Ltd.. 1967.) 175. 6d. 


THis volume commands the same admiration and poses 
the same questions as do others of this series. All aim 
to provide a fresh starting point, and they do this in a 
manner which has been received enthusiastically by able 
teachers and which has undoubtedly provided very great 
help and enlightenment for others. To start this operation 
at a sufficiently developed position has required. the 
provision of large «quantities of standardized equipment. 
and for the present. this is linked with the requirement of 
a standardized treatment. However good of its kind this 
may be, and it is very good indeed, the value of the whole 
operation would be in doubt were this to become a 
static standard. The achievement of the initial presenta- 
tion now has to be matched in what may prove a much 
more delieate operation. J. G. WILSON 


MAKING SCIENCE INTERESTING 


Science Jackdaws 

No. 1, Newton and Gravitation, by Colin Ronan: No. 2. 
The Discovery of the Galaxies, by Colin Ronan; No. 3. 
Pasteur and the Germ Theory, by J. K. Crellin, (London: 
Jonathan Cape. 1967.) All 12s. 6d. 


A scHuoor or holiday visit to Hampton Court. Blenheim 
Palace, HMS Vietory or the British Museum, with the 
attendant posteards and pamphlets, often stimulates 
considerable interest in Henry the Eighth. the Duke of 
Marlborough, Lord Nelson end the aneient Greeks, and 
the events with which they were involved. "The result 
may be avid reading of many books and the emergence of 
young experts on the reformation. military history or the 
Greek heroes. The initial stimulus to interest, which is 
presumably what schoolteachers always hope they are 
giving, is obviously very important for an understanding 
of people and events. When a visit is not possible a set 
of documents. pietures and broadsheets describing histori- 
cal events and famous lives would seem to be a good sub- 
stitute. This is what Jackdaws provide, complete in a 
coloured folder. and now the long list dealing with histori- 
cal events of social and political significance is joined by the 
first three concerned with science. 

In each ease the broadsheets provide the basi facts 
which are illustrated and supplemented by the other 
exhibits. Pasteur and the Germ Theory gives a compre- 
hensive short biography and puts Pasteur's work in its 
historical context. There are charts showing the progress 
of the germ theory versus spontaneous generation, and 
the development of vaccination and asepsis since Pasteur. 
Added interest is provided by reproductions of letters 
to and from patients, extracts from Pasteur's publications, 
a preseription for rabies and two eontemporary pictures 
of the man. 

An equally comprehensive aecount of one man's life 
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and work, its background and implieations, is provided 
by Newton and Gravitation. Exhibits include extracts 
from Principia in manuscript (with a translation) draw- 
ings of Newton’s optical apparatus, and two charts of 
the heavens. Such topies as the heavens are thoroughly 
explained in The Galaxies, which gives a clear account of 
the history of the study of astronomy and comes up to 
date as far as quasars and the rival theories of the origin 
of the universe. As well as charts and photographs of 
astronomers, their apparatus and their discoveries, the 
exhibits include a star chart for every day of the year 
which can be assembled easily. 

Do it yourself is a feature of Science Jackdaws--there 
are instructions for constructing a simple ball rolling 
apparatus for examining Newton's principles and instruc- 
tions for growing mould and baeteria to test the germ 
theory. In each case there are questions to be answered 
when the documents have been studied, and a book list 
suggests further reading. But it may be only the keenest 
readers who reach this stage, for it requires some organiza- 
tion to reap full benefit from these outfits. Although the 
broadsheets form the baekbone of the faets they do not 
provide comprehensive reference to the exhibits. so that 
the reader has to fit the exhibits into the story, This may 
stimulate thought. or it may mean that some children. 
particularly the younger ones to whom the format will 
appeal, do not get a full and coherent picture of the facts 
before them. A suggested sehedule for studying the 
contents of the folder might be helpful. The publishers 
intend Jackdaws for children of secondary school age, and 
it is probably in schools that they can be most useful. 
Teachers using them to supplement textbooks would not 
encounter any problem with lack of co-ordination of facts. 
The charts and pictures would make a welcome adornment 
for classroom walls, or indeed for any walls. 

The versatility of Jackdaws makes them more 
attraetive than even the most lavishly illustrated book, 
and makes them more likely to arouse interest in their 
subjects. As a teaching aid or an introduction to potenti- 
ally exciting topies whieh can be dull if dully presented 
Science Jackdaws look like a good buy. Darwin. Harvey, 
Faraday and the Wright brothers are promised in June 
and the publishers hope to widen their scope later to 
cover contemporary scientifie topics. 


Mary LINDLEY 


RESEARCH IN INDUSTRY 


Industrial Research in Britain 
Sixth edition. (Advisory editor: T. D. L. Ball.) 
(London: Harrap Researeh Publications, 1968.) 


Pp. 923, 
1685. net. 


Tr is good news that Industrial Research in Britain, a 
somewhat irregular publieation, has now appeared in a 
sixth edition. At the time of the fifth edition, the pub- 
lishers declared their hope of publishing new editions 
every other year, but have failed to live up to it. As a 
result, the last edition, now almost four years old, was 
rapidly becoming useless. The sixth edition is larger, 
more expensive, but just as valuable as the last. Almost 
alone among comprehensive reference books, Industrial 
Research in. Britain is still small enough to be manageable, 
and convenience counts for a lot. 

The largest part of the book is concerned with research 
work in industry. Although some companies are still 
difficult about supplying information—-and some expressly 
ask to be excluded—the list is extensive. In each case the 
direetor of research, his senior colleagues, and the in- 
formation officer are listed by name, and a brief deseription 
of the work is given. There is also a complete list of the 
research establishments of the Ministry of Technology and 
the other ministries, and details of researeh associations. 
The univerfity section repeats in a less convenient. form 
much of the material in the volumes on Scientific Research 
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in British Universities and Colleges (published by HMSO), 
but it is much better on telephone numbers. It ineludes 
the names of professors, but not of other academie staff. 
Tt also ineludes a very good list of technical colleges, 
libraries, and journals covering industrial research in 
Britain. 

The book is supplied with three indexes, covering 
names, organizations, and subjects. These are easy to 


A? 


use. The book, in short, is indispensable to all those 
interested in research and development in Britain. By 
avoiding irrelevant and unnecessary information, it 
manages to pack into a small space what other reference 
books take three volumes to cover. But it is to be hoped 
that the sixth edition will not be expected to hold its own 
for as long as the last—ideally, it should be brought up 
to date annually. Niger Hawkes 


Physical Science 


QUANTUM SCATTERING THEORY 


Introduction to the Quantum Theory of Scattering 
(Pure and Applied Physics: A Series of Monographs and 
Textbooks.) By Leonard S. Rodberg and R. M. Thaler. 
Pp. xi+ 398. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London) Ltd., 1967.) 92s. 


Ix a certain sense, scattering phenomena are at the heart 
of the whole of elementary particle physies, and much of 
our knowledge of the forces between free atoms and free 
atoms and electrons and other projectiles also derives from 
collision experiments. In addition, the behaviour of 
assemblies of large numbers of atoms, nuclei, electrons and 
so on can or ought to be deduced from the so-called 
seattering amplitudes characteristic of the two-body 
problem, The forces between, say, pions and nucleons are 
very different in character from the simple Coulombic 
forces, screened or unscreened, which dominate atomic 
and molecular physies, and not solely because of their 
differing ranges. Nevertheless, it has been an aim of 
theoreticians to provide a formal framework for scattering 
theory, sufficiently elastic and comprehensive to deal 
with all collision events. A fairly standard and mathe- 
matically formal treatment of scattering phenomena 
came into vogue some years ago and has more recently 
been subsumed under general theorems which emphasize 
the connexion to the perturbation theory of continuous 
spectra and the use of functional analysis. The idea of the 
operator norm, not necessarily in Hilbert—but more 
generally in Banach--space has become a tool of power 
and has led to very striking developments, in partieular 
in the three-body problem. 

A number of monographs are now available, whieh 
give a comprehensive account of the more recent develop- 
ments and also provide mathematical foundations 
simultaneously rigorous and of sufficient generality. 
'T'hese texts are fairly heavy going and hardly constitute an 
introduction to the subject. Then there is an old classic 
which has recently been overhauled and pursues an 
encyclopaedic tendency all of its own through a piece- 
meal development of the formalism which sticks very 
closely to the physical requirements, but will not appeal 
to the high energy theoretician because of its emphasis on 
atomic and low energy nuclear physics. While every book 
on nuclear or high energy physics brings some of the 
standard ingredients of the scattering theory, what has 
been lacking. perhaps rather surprisingly, is an introduc- 
tory textbook on the subject, conceived as a separate 
discipline. Rodberg and Thaler have written such a book. 

It is a completely formal and mathematical treatment 
of the subject in the expository textbook style. But the 
mathematics is in fact of a fairly elementary kind and the 
ealeulus of operators and states which is indispensable 
in quantum mechanics is explained from the beginning. 
About half of the book relies entirely on the Sehródinger 
equation in configuration space and its equivalent integral 
equation. Some attention is paid to wave packets but 
their diffusion lengths are not estimated with rigour. 
Considerable space is devoted to the resolvent of the 

















radial wave equation, also with the radiation condition 
imposed at a finite radius. This would be very helpful if 
the Kapur-Peierls treatment. of resonance reactions were 
expounded, but as it is not, students will not see the 
significance of the development. which in its painstaking 
detail is quite turgid. The entire material of these first 
chapters is then worked over once more from the time- 
dependent and representation free, formal point of view. 
Of course the aim is the generality of a formalism which 
can deal with any reaction whatever so long as it ds 
initiated by two colliding systems. But as there are 
absolutely no detailed physical applications--a graph of à 
differential cross-section in the Fraunhofer diffraction 
limit is about the only instance when a real physical 
situation is illustrated—it will need a mature student to 
digest the formalism. And if this is so. one is entitled to 
refleet whether a student of that level should not be 
exposed to a more sophisticated and mathematically 
demanding version of the same theory. 

The applications of the theory are altogether given 
rather scant attention. There is a heavily condensed 
account of the impulse approximation with reference to 
multiple scattering, rearrangement collisions and some 
resonance theory. but never in relation to specific models 
or studies of this or that physical system. On the other 
hand the use of invariance arguments and conservation 
laws in the determination of the parameters of the seattering 
matrix is deservedly discussed at some lengt h and similarly 
there is a balanced treatment of the complications of 
spin. and polarization in scattering reactions. There are 
absolutely no references to published papers or books- ome 
might have expected some suggest ions for collateral 
reading at least. The entire treatment is non-relativistic 
and the book will not therefore appeal directly to high 
energy physicists. 

The level of presentation is painstaking and normally 
all calculations are performed very explicitly. 1f in my 
opinion the book fails in its avowed aim then this lies in 
the subject, which becomes excessively formal if divorced 
from eonerete physieal applieations, unless mathematical 
precision in the manner of axiomatic field theory is aimed 
at. Nevertheless. the book will be useful to many people 
who want an introduction to the formalism of scattering 
theory at an intermediate level of mathematical sophistica- 
tion. These readers, one hopes, will not be put off by a 
rather large number of minor misprints in the mathematical 
formulge. S, ZIENAU 


















MANY BODY PROBLEM 


The Many-Qody Problem in Quantum Mechanics 
(Canfbridge Monographs on Physies.) By N. H, March. 
W. H. Young and 8. Sampanthar. Pp. ix + 459. (London: 
Cambridge University Press, 1967.) 90s. net; $16.50. 


(Tuis is an introduetory textbook on the many body 


problem in quantum theory, with an emphasis on applica- 
tions to the physics of metals. Perturbation theory is 
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used extensively, and methods based on decoupling of 
equations for Green functions are only briefly mentioned. 
Both in its scope and in the techniques preferred this 
book is more like my own book than it is like more recent 
treatments of the subject. 

The first two chapters on single-particle approximations 
and on atoms and molecules introduce Hartree-Fock 
theory and the Dirac density matrix, and give some useful 
applications. Chapters on second quantization and 
perturbation theory develop the graphical notation. The 
chapter on Fermi fluids contains a particularly interesting 
treatment of the electron gas, and a brief exposition of 
Landau’s theory of liquid *He. There is a chapter on 
Brueckner’s theory of nuclear matter. The chapter on 
superconductivity is clear, but it is wrong (or perhaps 
oversimplified) in a few places. A number of different 
approaches to the many-boson problem are introduced 
in the next chapter. The last two chapters deal with 
statistical mechanics and with Green functions. 

It may be that this book will prove to be the best 
introduction to the subject. Other books are too short. 
too specialized or too formal. The only major topie omitted 
is the theory of nuclear models, for which some of the 
methods mentioned in this book have proved very 
useful, D. J. THOULESS 


ASTRODYNAMICS DOUBLE 


An Introduction to Astrodynamics 

By R. M. L. Baker, jun., and M. W. Makemson. 
439. (New York and London: 
edition, 1967.) 


Astrodynamics 

Applications and Advanced Topics. By Robert M. L. 
Baker, jun. Pp. xiii+ 540. (New York: “Academic Press, 
Ine.; London: Academie Press, Ine. (London), Ltd., 
1967.) 1323. 


THIS pair of books is not concerned with the dynamies of 
stars but with “the engineering or practical application to 
astronautics of celestial mechanics and allied fields, such 
as high-altitude aerodynamics; geophysics; and electro- 
magnetic, optimization, observation, navigation and 
propulsion theory". Most of the material is, in fact, 
drawn from traditional topies on celestial mechanies and 
spherical astronomy, but there is much about recent 
developments in these and related fields that is not 
conveniently available elsewhere. 

The introductory volume covers two-body motion, 
astronomical co-ordinate and time systems, deseriptions 
of the motions of minor planets, meteors, comets and the 
Moon, and brief reviews of the determinations of astro- 
noraieal constants, planetary masses, and properties of 
the Earth's atmosphere. The advanced volume covers 
orbit determination and improvement, the nature of per- 
turbing forces on spaee-vehicles, and the methods of 
numerical integration for the prediction of orbits. There 
is an introduetory chapter on the analytical develop- 
ment of theories of motion; the last two short chapters are 
concerned with lunar and interplanetary trajectories. 
In both volumes there are glossaries of terms and appen- 
diees covering various teehniques in numerical analysis 
and other special topics. : 

About twenty-five per cent of the text of the new 
&dvanced volume has been transferred from the first 
edition of the introductory volume. The second edition 
now covers a much more restricted range of topics, but, 
even so, it is longer than the first edition owing to the 
inclusion of additional detail, numerical examples* and 
exercises; the definition of astrodynamics has also been 
stretched to include some new topies, including *anoma- 
listie observational phenomena", otherwise known as 
unidentified flying objects. 

These books are primarily intended for use as university 
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textbooks, but it is doubtful whether many courses with 
such a practical emphasis will be found outside the 
United States. The authors have gone to a great deal of 
trouble to emphasize the applications of the topies con- 
sidered and to explain and justify matters that are often 
glossed over; these books should therefore provide 
useful supplementary reading for more conventional 
courses. Naturally, there are many points of detail that 
could be eriticized, but perfection over such a wide and 
rapidly developing field is hardly to be expected. It is a 
pity though that more care was not taken over the long 
lists of references that have presumably been included to 
widen the appeal of these textbooks. There is a great. 
deal of unnecessary duplication between the two lists, 
many of the references are not even mentioned in the text 
(or else the author index is grossly deficient), and some 
are so trivial or obscure as to be useless. Shorter, but 
carefully selected, lists would be much more useful. 
The authors acknowledge their debt to Profe 
Sarhuel Herrick of the University of California at Los 
Angeles, and certainly his approach, notations and tech- 
niques are evident in many chapters. It is such a pity 
that we still have to wait for the long-promised publication 
of his book on astrodynamies. G. À. WILKINS 





TRIGONOMETRIC SERIES 


Oeuvres Mathematiques 
By Raphaël Salem. Pp. 645. ( 
90 francs. 





Paris : Hermann, 1967.) 
Is this volume, Hermann have collected the seventy-two 
mathematical papers of Raphaél Salem, including those 
of joint authorship, together with his thesis Essais sur 
les séries trigonométriques and his review of Zygmund's 
Trigonometrical Series. There is also an excellent survey 
of the papers, by Kahane and Zygmund, and a preface in 
which Zygmund gives a fascinating biographical sketch of 
Salem, but naturally the books Algebraic Numbers and 
Fourier Series and Ensembles parfaits et séries trigono- 
métriques, the latter written in collaboration with J.-P. 
Kahane, have not been included. 

Salem was born and brought up in Greece. When he 
was fifteen his father, a well known international lawyer, 
moved to Paris, and in 1919 Raphaél graduated from 
the law school there. He had simul taneously been studying 
engineering and mathematies, under Hadamard, and 
chose to graduate in these subjects in 1921 rather than 
proceed to a doctorate in law. Nevertheless, possibly 
under family influence, Salem then entered banking as a 
career. His interest in mathematics grew stronger, and 
eventually took up most of his spare time. Working 
alone, he had written nearly twenty papers on Fourier 
series by 1938, when Denjoy persuaded the then successful 
bank manager to seek a doctorate in mathematics. After 
gaining this in 1940, his thesis b ping the one mentioned 
here, Salem had to leave wartime France, and he eventu- 
ally settled in Cambridge, Massachusetts. He returned to 
live in France in 1956. 

Salem’s interest in the application of ideas from number 
theory to trigonometric series led him to proofs which were 
elegant and quite original, and frequently enabled him te 
produce an ingenious counter-example to a conjecture. 
It also led to the fine contributions of his maturity to the 
theory of sets of uniqueness, the papers on perfect sets, 
algebraie numbers, singular measures, and absolute con- 
vergence of trigonometric series. The volume contains a 
wealth of other papers, on such topics as lacunary series, 
series with random signs, and Riemann sums, and re- 
searchers in trigonometric series and other fields will 
find it a source of inspiration for many years to come. 

The papers have clearly been reproduced photographic- 
ally, on thé whole very successfully, but one is not told 
this or the meaning of the A, B, C classification of Salem's 
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works, C1, 2, 3 are the thesis and books, but it takes time 
to realize that the common feature of the A papers is a 
non-mathematical one; they appeared originally in 
Comptes Rendus! References are always to footnotes in 
the Comptes Rendus papers, but in other papers were 
usually to bibliographical lists, and these lists have been 
systematically deleted. This is an irritating feature, not 
sufficient to deter the buyer, but it should not have oceur- 
red in such a tribute to one of the great mathematicians 
of our time. Pure Heywoop 


INFRARED SPECTROSCOPY 


Spectroscopic Techniques for Infra-Red, Submillimetre 
and Millimetre Waves 

Edited by D. H. Martin. Pp. vii+ 389. (Amsterdam: 

North-Holland Publishing Company, 1967.) 120s. 


Microwave spectroscopy had a burst of popularity in 
the immediate post-war period, for it exploited wartime 
technical developments. Ever since then spectroscopists 
have hoped to “bridge the gap" to visible light. Progress 
hag been slow, sometimes painfully slow. The long 
wavelength limit of fast and sensitive infrared detectors 
based on photoconductivity in semiconduetors crept 
slowly out from PbS (3 pm) to InSb (7 pm) to doped Ge 
(up to 100 um) and finally to 2 mm using free electron 
absorption in InSb. Progress from the other end con- 
centrated on sources rather than detectors and was less 
spectacular, limited by techniques rather than ideas, 
although skill and patience have pushed the backward 
wave oscillator and harmonie generators to around 0-3 mm. 
Spectroscopists have not been slow to demonstrate the 
potentialities of these techniques. Further technical 
development, exploiting lasers, parametrie devices and 
microminiaturization, now seems certain. The possibili- 
ties for spectroscopy will increase, as will the demand for 
spectroscopic data on which to base new techniques. 

This book is among the first to be devoted exclusively 
to the mm, sub-mm and far infrared regions of the spec- 
trum. Edited by Professor Martin, who contributes to 
three of the seven chapters, it covers interferometers 
and grating spectrometers, semiconductor detectors and 
harmonic generators, electron beam tubes and waveguides 
suitable for the sub-millimetre range. Inevitably the 
division between optical and microwave techniques is 
still apparent and tends to be underlined by a multi- 
contributor book, but the editor has managed to maintain 
a commendable coherence. Altogether the book is a 
welcome addition to the library shelf and a must for those 
who, familiar with optics or microwaves, want to discover 
how the other half lives. Following a brief but valuable 
introductory chapter the relative merits of grating and 
Fourier transform spectroscopy are described and com- 
pared in the second and third chapters. Both chapters 
are excellent, but T felt there was an unwarranted bias in 
favour of the interferometer. The fourth chapter, which 
covers detectors, is written by Dr Putley and Professor 
Martin, who have both contributed very significantly to 
this field. Dr Baker's chapter on harmonie generators 
and diode detectors is the longest of the book and in my 
view unnecessarily long: it is & surprise to come to 
elementary band theory after Putley’s chapter. The last 
two chapters deal with electron beam tubes and propaga- 
tion techniques respectively. It seemed to me that the 
latter caught the spirit of the book rather better, as it 
shows quite clearly how to extrapolate the performance of 
oversized guides, beam waveguides, and so on, into the 
submillimetre region. 

No book is beyond criticism and no review complete 
without critical comment. The authors could, I believe, 
have speculated a little more on future prospects by 
extrapolation : lasers receive scant mentior But such 
critieism is churlish. The editor and authors are to be 
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congratulated on a valuable addition to the literature of 
the subject and a real contribution to the development 
of the field. ALAN F, GIBSON 


SPECTROSCOPIC PROBLEMS 


Problems in Spectroscopy 
Organic Structure Determination by NMR, IR, UV and 
Mass Spectra. By Barry M. Trost. (New York and 
Amsterdam: W. A. Benjamin, Ine.. 1967.) n.p. 
STRUCTURAL determination in organie chemistry has been 
revolutionized by the application of a variety of speetro- 
scopie techniques. Increasingly these techniques are being 
introduced early into the study of organic chemistry. 
Learning to apply these techniques calls basically for an 
understanding of certain procedures, often largely empiri- 
cal. which are specific for each technique. The chief 
need is undoubtedly practice in applying these procedures. 
Here we have a book which is essentially a collection of 
spectra assembled for the student to interpret. There is 
no account of the procedures at all, merely a three page 
bibliography covering the more important books on the 
various techniques. Generally, there are infrared, ultra- 
violet (if applicable), nuclear magnetic resonance and mass 
spectra for each compound to be identified; an osmometer 
molecular weight and elemental analysis are also provided. 
The author has attempted to cover all the major cl s 
of organie compounds. The student is invited to identify 
the compound and complete the blank pages at the end 
of the book in the form of an index. Thus almost the 
entire book is devoted to reproducing four spectra (or 
three in some cases) for each of two hundred compounds. 
For a student who already has a reasonably sound idea. 
of the way in which each of the techniques is applied, 
there is opportunity here to gain practice and to develop 
an understanding of the complementary value of the 
different types of spectra in structural determination. 
D. J. MULEN 








LOW TEMPERATURE REFERENCES 


Cryogenics and Refrigeration 

A Bibliographical Guide. (The Maedonald Bibliographiea! 
Guides. By Ellen M. Codlin. Pp. xix * 293. (London : 
Macdonald and Co. (Publishers), Ltd., 1968.) 1055. net. 
Tuts book presents a bibliography of published data in 
the broad field of artificially-produced low temperatures. 
Each item, a textbook, paper or journal article, is deseribed 
by a brief note giving à guide to its contents. [tems are 
placed in sections with general headings, and a subject 
index provides the nec: ry cross-references. Because the 





classification of some items is by no means a matter of 
simple definition, the occasional placing of an item under 


an unexpeeted section heading is inevitable. 
the subject index provides the means wher 
concerning a particular subject can be traced. Only 
rarely does it appear to be inadequate, for example. 
where the textbook by McAdams, classified under basic 
physies, is not indexed under heat transfer. 

The general item material is biased towards cryogenic 
technflogy, and its applied subje with considerable 
reference to physieal phenomena at very low tempera- 
tures, sueh as supereonductivity. Although à very broad 
field of conventional referigeration is represented, includ- 
ing a section on air conditioning, the applied technology 
of refrigeration is thinly covered. There are no references, 
for Mnstance, to refrigerated containers, nor to recent work 
on transport vehicles, and the latest food freezing tech- 
niques, using fluidized beds or nitrogen at mosphores occur 
only in two items. 

Tt is gratifying to find the inclusion of a section on 
aspects of safety, particularly as this covers the handling 


In general, 
oby all items 
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and storage of liquefied gases, a field which is expanding 
rapidly, Again, however, there are few references to 
conventional refrigeration, where safety still needs 
emphasizing for both installer and user. 

Another seetion, which many will find useful. contains 
a literature and information reference. Here, biblio- 
graphies, handbooks, data books, standards and direc- 
tories are listed with brief descriptions. 

A general eriticisin of a work of this type is, of course, 
that it is bound to be out of date. Cryogenic technology 
is developing at an extraordinary rate, due partially to 
the various space programmes, and even techniques used 
in conventional refrigeration tend to change quite rapidly. 
A bibliography must take a considerable time to compile 
and to publish, so its most recent references are two to 
three years earlier than its publication date. With this 
in mind, it must be appreciated that the value of this 
book lies in its ability to indicate the vast background of 
international literature available for anyone pursuing one 
of the topies covered. In this way, it can have immense 
value, and would undoubtedly save many hours. of 
possibly abortive library work. D. R. Scorr 





BIRTH CONTROL FOR JOURNALS? 


Advances in Molecular Relaxation Processes 

Vol. J, No. l; November 1967. Editors: W. J. Orville- 
Thomas, J. Meixner and C. J. F. Bótteher. Published 
quarterly by Elsevier, Amsterdam. £10 9s. 6d. per vol. 


THE arrival on my desk of the first number of yet another 
new journal makes me wonder if the civilization in the 
book Fahrenheit 451, which banned the printed word, 
was so outrageous after all. Those who are subjected 
to the hail of new journals will also sympathize with the 
psychologist, Nevitt Sanford, who considers that academic 
man is suffocating under the deluge of printed words and 
has predicted that in time "the most prestigious colleges 
will forbid their professors to publish until they have 
been on the faculty for five years". 

A new journal such as this one can scarcely be faulted 
when considered on its own. Its terms of reference are 
that it is "devoted to the study of the phenomena of 
viscoelasticity and acoustic, dielectric. and magnetic 
relaxation’, and T, of all people, can searcely claim that 
this is not a most important, integrated and valid field of 
study. If it manages to attract good articles in this field 
it will be very convenient to me and to many of my 
colleagues—indeed, I must hasten to write an article for 
it in case someone in the field forgets that I am one of the 
experts, and so it goes on. What is so worrying is that 
shortly a young man will rush in to persuade me that this is 
a very appropriate journal for us and that we must take out 
a subseription, This has now happened! He does not real- 
ize that all the articles we have seen so far could well have 
been placed elsewhere in established respectable review 
journals, and even in "Advances . ` whieh started to 
advance before this one, and at least we already get those 
in the library. Since this is undoubtedly a convenient 
journal perhaps we ought to get it, but in order to pay 
for it is anyone willing to give up any of the journals we 
get already ? Not on your life! There is the difficulty; 
the new journals pour in but the money does not in@rease. 
The UGC says we have to find money for such increased 
activities from increases in "productivity" and how do 
we do that in the library ? Would it be heretical for me 
to say to the young man that he should just look at the 
abstracts and get the article if he needs it? No, that 
will not do, it must all be there in pristine fewness the 
moment the latest issue comes out and subsequently 
stored and forgotten at great cost. Surely this ridiculous 
eharade has gone on long enough and we should increase 
our productivity enormously at one go by the United 
Kingdom buying one copy only of any new journal and 
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distributing Xerox copies of articles to those who really 
want them. Would we then see so many new journals 
published ? Perhaps we would even then because I have 
been told that such journals do not make much money 
for editor or publisher. 1t is said that some journals even 
run for years at a loss and so it is very nice of them to 
edit and publish our writing for us at no charge. 

I must warn you that the raison d'étre of the journal, 
if vou wish to know it, is curiously placed in Volume 1, 
No. 1, between pages 68 and 69 as part of an announce- 
ment of another new journal ! 

Just in ease vou wish to eonsider whether this new 
journal is of interest to you and to borrow it from Harro- 
gate, the contents of this issue are as follows: ‘‘Dielec- 
tric Relaxation by Intramolecular Mechanisms" by C. P. 
Smyth; “Stochastic Theory of Multistate Relaxation 











Processes" by I. Oppenheim, K. E. Shuler and G. H. 
We and “Relaxation Processes in Gases" by P. 
Borrell. Volume 1, No. 2, will include: “Structural 


Relaxation in Water" by C. M. Davis and J. Jarzynski; 
and "Nuclear Magnetic Resonance Relaxation of Mole. 
cules Adsorbed on Surfaces" by H. A. Resing. 

J. G. Powrzs 


POLYMERS 


Polymer Systems 

Deformation and Flow. (Proceedings of the 1966 Annual 
Conference of the British Society of Rheology.) Edited 
bv R. E. Wetton and R. W. Whorlow. Pp. ix+ 338. 
(London: Maemillan and Co., Ltd., 1968.) 70s. net. 


Tais book presents the proceedings of the 1966 conference 
of the British Society of Rheology. The twenty-nine 
papers range over such varied subjects as rubber deforma- 
tion. elasticity of textile fibres, filled polymers and many 
types of behaviour, such as melt flow instability, expansion 
and eontraction at plane and cireular jets, important in 
industrial applications. The basie theme which runs 
through the papers is the relationship between the mech- 
anical properties of polymers in terms of molecular 
structure, and, broadly, the papers fall into three classes. 
The first class deals with the phenomenological description 
of mechanical properties and the related problem of eon- 
verting experimental data from one form of description 
to another, which may be more convenient for a molecular 
interpretation or for practical purposes. The second class 
of papers deals chiefly with atternpts to derive relation- 
ships between mechanical properties and structure. There 
is also a third class of papers which is concerned solely 
with changes in molecular structure which are related to 
deformation and flow in polymer systems and not with 
details of associated mechanical properties. 

A valuable feature of the publication is the two intro- 
ductory lectures on “Deformation of High Polymer 
Solids" by I. M. Ward and “Rheological Properties of 
Polymer Solutions" by L. R. G. Treloar. The breadth 
of eoverage of the papers is much wider than the title of 
the book implies and only brief reference can be made to 
the range of subjects covered. In the sections on solids 
already referred to. there are important papers on 
deformation and viscoelastie phenomena in networks, the 
effects of crystallization under stress (which relates to 
the controversy over the past few years concerning the 
structure of extruded polyethylene film) and the effects 
of crystal morphology on rheological behaviour. In the 
section on liquids the properties of highly viscous systems 
and dilute solutions are considered together with several 
papers on the use of the rheogoniometer for investigating 
the properties of polymer solutions. Other contributions 
deal with such topics as the generation of free radicals by 
high strains, the creep properties of wood, PVC plasticizer 
systems and the rheological properties of carbohydrate 
solutions. 
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The volume as a whole is a useful account of the current 
state of knowledge on the rheology of polymer systems. 
C. E. H. BAWN 
Macromolecular Reviews 
Vol. 2. Edited by A. Peterlin, M. Goodman, S. Okamura, 


B. H. Zimm and H. F. Mark. Pp. vii 4- 295. js York 
and London: Interscience Publishers, a Division of John 
Wiley and Sons, 1967.) 126s. 


THe second volume of Macromolecular Reviews contains 
four eontributions--each written by an authority in his 
subjeet-—of major interest to the general polymer scien- 
tist. The first paper is an excellent review of the technique 
of neutron scattering and its application to the study of 
low-frequency molecular motions in polymers. The 
application of this relatively new speetroscopie teehnfque 
to polymers is already proving of value in determining 
the characteristic skeletal and intermolecular frequencies 
in solid polymers and in providing information about the 
effects of temperature, crystallinity, branching and cross- 
linking on intra and intermolecular vibrations. This 
article describes in a very readable manner the necessary 
theoretical background, the type of information obtained, 
and the analysis of the results for a number of polymers. 

Since the announcement in 1955 by Professor Karl 
Ziegler of a new catalyst for the low temperature and low 
pressure polymerization of ethylene and the development 
of this catalyst by Professor G. Natta and his school at 
Milan for the synthesis of stereoregular polymers of g- 
olefins the effort in many academic and industrial labora- 
tories to elucidate the mechanism by which this catalyst 
works has been immense. The review by Dr J. Boor 
(151 pages) which examines the important features of the 
Ziegler catalyst, particularly in regard to the nature of 
the active site and the ability of the catalyst to polymerize 
structurally different monomers, is one of the most 
thorough, informative and important the reviewer has 








read, Among the stereoregular polymers studied so far, 
isotaetic polypropylene, because of its technological 
utility, has received much attention. In the past few 


years syndiotaetie polypropylene has been synthesized 
and characterized. A second paper by Dr Boor in collabor- 
ation with Dr E. A. Youngman summarizes the present 
state of knowledge of the synthesis and properties of 
syndiotaetic polypropylene and the special role of these 
studies in the unders anding of Ziegler-type catalysts 
and the behaviour of taetie polymers. 

The other eontribution to this volume on homogeneous 
anionic polymerization of unsaturated monomers by M. 
Morton and L. J. Fettes is a further progress report on 
the mechanism of anionic polymerization with reference 
to three special features of these systems, namely, (a) 
monodispersity of molecular weight distribution, (b) 
block polymerization and (c) synthesis of reactive end 
group polymers. This article also includes a list of all 
unsaturated monomers that reportedly have been poly- 
merized by a carbanionie mechanism. 





E. H. Bawn 


HETEROCYCLIC CHEMISTRY 


|,2-Cycloaddition Reactions 
The Formation of Three- and Four-Membered Hetero- 
cycles. By Linda Lee Muller and Jan Hamer. (Interscience 
Monographs on Chemistry.) Pp. x +362. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, 1967.) 140s. 


THE material of this book is arranged in two main chapters, 
with a brief introduction. The first, of 106 pages, covers 
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the synthesis of heterocyclic three-membered ring sys 
tems, and the second, of 227 pages, deals with the four- 
membered rings. There is also an author index and a 
brief subject index of four pages. 

This book is evidently intended to be a 
volume to 7,4-Cycloaddition Reactions, edited by Hamer 
(although in this case published by Academic Press). Both 
limit their eoverage to eycloadditions leading to hetero- 
eyele ring systems, which is made clear im the subtitle. 
‘The selection of material for the present volume is open to 
criticism. Epoxides are not discussed, because of adequate 
treatment elsewhere, but other three-mermbered hetero. 
evelie systems are dealt with in fair detail. Many of the 
three-membered ring-forming rea however, eannot 
properly be described as cycloadditions, for they involve 
elimination of some part of a reactant as an essential st ap 
in the evelization (in the diaziridine and oxagiridine 
syntheses). Tt is difficult to see why nearly two pages are 
devoted to the preparation and reactions of the 
mirenes" before the ineorreetness of these structures is 
revealed, unless it is a result of the historical approach 
mentioned in the preface. On page 243, it is pointed 
out that the 3,4-dimethyl-1,2-diazete structure for the 
biacetyI-hydrazine reaction product (which is not the only 
representative of its type to be found in the literature) was 
discredited as long ago as 1936. Neither of these topics 
deserves more than a very brief mention; the latter, 
perhaps, is best forgotten altogether. Much space is 
wasted on tabulations of rather trivial nuclear magnetic 
resonance data, while isocyanate dimers are dismissed 
(page 252) in half a sentence. 

In spite of these shortcomings, the book serves a useful 
purpose, it is quite readable, and not outrageously 
expensive, If it reaches a second impression it is to be 
hoped that the rather large number of printing errors will 
be corrected (I found seventy-three, mostly in the formu- 
lae, including eight on page 319). A. J, 
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HISTORIC GEOLOGY 
Selected Works 


Granites and Migmatites. By J. J. Sederholm. Pp. 608, 


(Edinburgh and London: Oliver and Boyd, Ltd., 1967.) 
315s. 
UNDOUBTEDLY, the value of this volume is to make 


readily available seven of the classic papers of the prophet 
of the transformationalist school of granite genesis and 
the doyen of Fennoscandian geologists, J. J. Sederholm. 
All the works presented were first published more than 
thirty years ago but one has not appeared before in 
English and the others are diffieult to obtain being either 
out of print, or only available in the largest. libraries, 
Although the emphasis and subjeet matter vary, the 
seven papers are primarily concerned with the occurrence, 
mutual relationship and origin of the granites, gneisses 
and migmatites of the Precambrian formations of Finland, 
particularly those in the south-western part of that 
country. The value of the papers is two-fold: first, they are 
an accurate account of the petrographic, chemical and, 
particularly, field evidence that enabled the author 
to unravel the complex Preearmbrian history of Finland, 
and scond, they record Sederholm's own interpretation 
of these data. On the first count, the accuracy of his 
observations is probably most graphically witnessed by 
the fact that they have been used by others in discounting 
Sederholm’s own interpretations. The interpretative 
sections are, im most cases, a conversational discourse 
wriften in? the first person and, although highly im- 
formative, tend to be too pleonastic for modern tastes. 
Three of the papers, occupying almost two thirds of the 
volume, describe in detail the Freeones geology of 
three "test" areas and form parts 1, 2 and 3 of à series 
on migmatites and Precambrian rocks of south-western 
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Finland. These papers are mainly descriptive and although 
containing a wealth of information are inevitably some- 
what repetitive. One paper deals with the average 
composition of the erust in Finland and two others are 
explanatory notes to accompany a general geological map 
of that eountry. Outstanding in this collection is a paper 
on “Granites and Gneisses: their origin, relations and 
occurrences in the Precambrian complexes of Fenno- 
scandia", written in 1907 and translated from the Finnish 
for this volume. If the other papers in this volume are 
classics then this is the classic classic. Here Sederholm 
first set out his ideas and provided virtually incontro- 
vertible evidence that pre-existing rocks could be and 
were transformed into granites. Yet whilst presenting 
the transformationalist evidence so well, there is no 
deubt left in the reader's mind that Sederholm fully 
appreciated the existence and important part played by 
granite magmas. 

This is not a textbook nor, in the strict sense, can it be 
termed a work of reference. Neverthel , it fully warrants 
a place in a geological library for its historic importance 
and as a guide to the classic areas of Precambrian geology 
in south-west. Finland. I. G. Gass 








GEOSCIENCE IN ICELAND 
Iceland and Mid-Ocean Ridges 


Edited. by 8. Bjórnsson. (Report of a Symposium held 
in Reykjavik, February 27 to March 8, 1967, under the 





sponsorship of the Geoscience Society of Iceland.) Pp. 
209. (Reykjavik: Visindafelag Islendinga, 1967.) n.p. 


ONE consequence of the recent great expansion of research 
in the ocean basins has been the importance assumed by 

mid-oceanie ridges as elements in the Earth's structure, 
an importance closely linked with the hypotheses of 
oceanic crustal spreading and continental drift. The most- 
Studied parts of these ridges have been those to which 
man is at present denied direet access because of their 
burial beneath lkm or more of water. It has only tardily 
come to be realized that land areas exist on mid-oceanic 
ridges where the rocks, and thermal or magnetic anomalies, 
can be walked over and probed with relative ease. 
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A start has been made to study one, probably the most 
accessible, of these land areas and in a symposium held 
by the newly-formed Geoscience Society, thirteen Ice. 
landie geoscientists recently brought together their 
findings and discussed the structure of their country 
and the ridge of which it is a part. This publication is a 
report on this symposium; a progress report, so to speak, 
on research by Icelanders in Iceland. 

As always with a symposium, much has already been 
published elsewhere, although in some instances the ori- 
ginal publication was in Icelandic, and some of the articles 
are reviews. Of course to review the state of knowledge 
is an important function of a symposium, and it is prob- 
ably this feature which will most appeal to readers out- 
side Iceland. 

The following topics are covered, the figures in brackets 
giving the approximate percentage of the whole: regional 
tectonic pattern and geological structure (40); voleanism, 
and the structure of marine volcanoes (13); chemistry 
and petrology (9); gravity (1); seismic crustal structure 
(11); earthquake distribution (4); the pattern of magnetic 
anomalies (12); and heat flow (10). 

The report, which is a well-printed paperback, is 
illustrated with seventy-two text figures, including a 
locality map of Iceland. 

I am glad to see that some hitherto unpublished 
material, and several new maps compiling data on struc- 
tural elements (showing the location of the forty-two 
known active and extinct central voleanoes in leeland, 
for example, and the distribution of folds and dykes), have 
been included. I am disappointed to see so little on the 
chemistry, especially as one aecount mentions thirty-four 
new analyses of basalts from the active zone but gives 
little intimation of what these analyses show; and the 
deseription of the voleano which contains Iceland's only 
calderas is represented by no more than a title and eight 
lines of abstract. 

The fact that much work still remains to be done is not 
concealed, and a commendable feature of the book is the 
twelve-page statement and discussion of the research 
projects in the Iceland area which the participants of the 
symposium felt most need attention in the future. There 
is enough work here to keep all who are interested in 
Iceland fully occupied for decades to come. 

P. L. WALKER 











Biological Science 


SEMINAL MOLECULES 


Prostaglandins 

Edited by Sune Bergstróm and Bengt Samuelsson. (Pro- 
ceedings of the Second Nobel Symposium, Stockholm, 
June 1966.) Pp. 299. (New York and London: Inter- 
science Publishers, a Division of John Wiley and Sons; 
Stockholm: Almqvist and Wiksell, 1967.) 175s. 


Tue physiological studies of Von Euler and Goldblatt in 
the 1930s on the remarkable smooth muscle contraeting 
properties of human seminal fluid culminated in the 
isolation of a new group of naturally oceurring pharmaco- 
logically active lipids. the prostaglandins. In recent 
years, largely from the work of Bergström, the complex 
chemistry of this group of substances has bgen clarified, 
and their study has gained considerable impetus. "The 
prostaglandins are all variants on a basic twenty carbon 
unsaturated fatty acid strueture, in which carbons 8-12 
are members of a cyclopentane ring. At least thirteen 
different compounds of this type are found in human 
seminal fluid. The Nobel Symposium represents the first 


comprehensive report on this rapidly developing area of 
biological research. The thirty-six papers in this volume 
describe organic chemical approaches to the synthesis and 
characterization of prostaglandins and related active 
molecules, the mechanisms involved in prostaglandin 
biosynthesis from essential fatty acids, and the many and 
varied biological activities of these compounds. 

Human seminal fluid and sheep vesicular gland are the 
most abundant natural sources of prostaglandins, and 
much interest has centred, naturally, on the remarkable 
potency of prostaglandins in stimulating or inhibiting 
uterine smooth muscle. The obvious but. still unproven 
suggestion is that the activity of the prostaglandins in 
seminal fluid may somehow facilitate the transfer of 
spermatozoa into the uterus. There is increasing evidence, 
however, for a much wider role of prostaglandins in bio- 
logical systems. Far from being chemical curiosities 
related only to reproductive function, prostaglandins are 
now known to oceur in small amounts in very many 
different tissues, including muscle, kidney lung.glandular 
tissues and the central nervous system. Pre glandins 
affect the motility of many types of smooth musele. Their 
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effects on cardiovascular smooth musefe, for example, 
may be intimately related to the important anti-hyper- 
tensive role of the kidney. Prostaglandins also suppress 
lipolysis in adipose tissues. and potently antagonize the 
actions of various lipolytic hormones. The mechanism of 
prostaglandin action in adipose tissue suggests that they 
may play a part of fundamental importance in many 
hormone responsive tissues, for they have been found to 
interact directly with the adenyl cyclase-3’5’-AMP system 
which is coming increasingly into prominence as the target 
mechanism underlying the actions of many different 
hormones. 

1n addition prostaglandins have direct effects on the 
electrical activity of neurones in the central nervous 
system. An increased efflux of prostaglandins may be 
evoked from many tissues, including the cerebral cortex, 
by neural, drug or hormone stimulation. Although it 
seems unlikely that prostaglandins themselves are released 
as nerve transmitter substances, they may well prove to 
be intimately involved in the responses of innervated 
tissues to nerve transmitter substances, or in the responses 
of target organs to hormones. 

'This field of research seems certain to remain à fertile 
one for many years to come, The book is extremely well 
edited and produced. Despite the astronomical cost, it is 
thoroughly recommended to al who wish to know more 
about this lively area of research. L. L. IvERSEN 





DRUGS AND THE MIND 


Psychopharmacological Agents, 

Vol 2. (Medicinal Chemistry: a Series of Monographs. 
Vol. 4—2.) Edited by Maxwell Gordon. Pp. xviii 4- 622. 
(New York: Academie Press, Ine.; London: Academic 
Press, Inc. (London), Ltd.. 1967.) 200s. 


Tug magnitude and importance of research into psycho- 
pharmacological agents is reflected in the necessity for 
two volumes to cover this field whereas most of the 
companion monographs in this series dealing with other 
areas of medicinal chemistry required but one. 

The phenothiazone chapter was so disproportionately 
long (161 pages) that to include it in a single volume with 
the other topics (now in the first volume) would have 
produced a book of unmanageable size. This chapter now 
forms about one quarter of the second volume. Even in 
161 pages, only the more important published work in the 
phenothiazine field has been included. The references 
to papers quoted in this chapter fill thirty-seven pages 
but Dr Gordon is commendably modest about his addi- 
tional bibliographies of the other individual phenothiazine 
compounds and of meprobamate-like agents which occupy 
no less than 202 pages and provide an outstandingly 
valuable source. It is seldom that such a service is done 
to the student of a subject. 

At the feet of the gigantic contribution on phenothiazine 
agents are a series of mini-reviews. Paul A. J. Janssen 
discusses haloperidol and the related butyrophenones 
(thirty-two pages). This is followed by a consideration of 
the biochemical basis of mental disease (twenty-eight 
pages) by Louise H. Greenberg. R. F. J. MeCandless and 
Maxwell Gordon. The latter, who is the editor of the 
volume, has also compiled a useful list of miscellaneous 
psyehotherapeutie agents giving structural formulae, 
non-proprietary and proprietary names together with the 
manufacturer, the medical use and references for each. 

Turning to the individual review articles, the chapter 
on phenothiazine opens with a list of clinically-used 
phenothiazines with their st ructural formulae and alterna- 
tive trade names. It recalls that the phenothiazine 
structure was christened thiodiphenylamine by Bernthsen 
in 1883, when he employed thionation as the first syn- 
thetic method, and this still survives in the present-day 
synthesis of some phenothiazine agents. IMustrated by 
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structural formulae, the synthesis of first, clinically-useful 
and then other miscellaneous phenothiazines follows. 
The pharmacologieal techniques used to sereen for 
tranquillizing actions are outlined for the non-pharmaco- 
logist. 

The pharmacological effects of the phenothiazine drugs 
on the various body systems in experimental animals 
comprehensively covered, but the main attention is 
focused on chlorpromazine because of the volume of 
work carried out on this compound, the first and still a 
most important member of the series of major tranquillizing 
drugs. The author stresses the paucity of effort, probably 
due to the scarcity of clinical pharmacologists. directed 
to the assessment of psychotherapeutic agents in man. 
It seems a pity that recent work in this field has not been 
included, to indicate a shift in emphasis to quantitative 
human pharmacology. Although knowing the diffieulties 
and delays in getting reviews to press. Í find it a little 
disappointing to note that this review on the classical 
phenothiazine, chlorpromazine, should include only a 
few references as recent as 1965 and none more recent. 

In the second chapter, Janssen reviews his wor 
the 4-phenyl-piperidine compounds, which are re 
chemically to pethidine and which show mixed morphine- 
like and’ ehlorpromazine-like actions. Others of the 
related compounds have typical chlorpromazine-hke 
actions and seem devoid of morphine-like effects. The 
introduction of a fluorine action in the para-position on 
the ketone ring and a halogen group on the other ring 
enhanced tranquillizing potency. One of these was 
haloperidol, which has been studied pharmaeologically and 
in psychiatry. A number of clinical reports of the effects 
of haloperidol and its analogues are quoted, but only a 
handful are controlled double blind clinical trials, It 
will be several years before the role of haloperidol and its 
co-genors can be determined in man but the compounds 
represent a fascinating new addition to the psyehothera- 
peutie armamentorium. 

The opening paragraph of the chapter on the bioehemical 
basis for mental disease is worthy of framing and of hanging 
at the entrance to every laboratory concerned with 
synthesis of or research on drugs to alleviate mental 
illness. It stresses that success in this field has been 
accidental and does not stem from an understanding 
of the biochemical fundamentals which still elude us. 

This volume will be useful to the medicinal chemist and 
biochemist, to the pharmaeologist and the physiologist, 
to the clinical pharmacologist and the clinician, who may 
all be interested in the synthesis, structure-action relation- 
ships and the effects of phenothiazine agents. 

J. P. QUILLIAM 




















WORKING OF THE BRAIN 


Integrative Activity of the Brain 
An interdisciplinary Approach. By Jerzy Konorski. Pp. 
xii+531. (Chicago and London: University of Chicago 
Press, 1967.) 135s. 
Ix any prolonged history of research in a field as com- 
plex as the workings of the vertebrate brain, the concepts 
and models which are essential before any problems can 
be formulated become so resistant to change that they 
may finally come to hamper progress rather than to help 
it. One very salutary way of testing accepted ideas is to 
examine with care the approach to the same problems 
made by someone from a quite different school of thought. 
Professor Konorski has so extended his earlier and. very 
influential formulations of neo-Pavlovian theory. that his 
new* book “will provide just such an opportunity for a 
great many people. 

Tt must be admitted that a certain amount of hard 
work is necessary in order to master a terminology. mueh 
of which is new, and in itself of interest only to reflex 








theorists. Some further difficulties could have been 
avoided by even brief comparisons with other theories. 
Others stem from inadequacies in reflex theory itself, 
This is partieularly obvious in the cla fication of res- 
ponses into major groupings which have neither funetional 
nor eausal coherence, like that of “preservative reflexes", 
which range from defaecation to parental behaviour. 
However, any serious attempt to understand the theses 
developed by Konorski ean hardly fail to be rewarding. 

One of the most interesting of these is the concept 
of "anti-drives". This draws a very clear distinction, 
which is quite ignored by most theories, between the be- 
haviour shown when working for food or expecting a condi- 
tioned stimulus for food ("hunger") and the relaxed state, 
with feeding reflexes like salivation, which conditioned 
stimuli for food or food itself produce. Konorski, very 
properly, distinguishes the second or feeding state from 
that of satiation and goes on to suggest that "hunger" and 
"feeding" in these special senses, both depend on lateral 
hypothalamie activity, and are abolished by satiation. 
Some of the further developments of the concept are 
confusing. Thus it eventually turns out that there are 
three anti-drive states for hunger (feeding, satiation and 
extinetion), all of which can provide reward by inhibiting 
hunger. Here, as throughout the book, nearly all the 
suggestions have the great merit that they so concretely 
propose physiological processes or functions for brain 
structures that, right or wrong, they at once suggest 
new experiments. An excellent example is the idea that 
there are two classes of tasto receptors: on-receptors 
which produce feeding reflexes, and off-receptors which 
cause a rebound of hunger after swallowing. 

A very valuable, and, to a reader aceustomed to 
American stimulus-response theory, a rather unexpected 
feature of Konorski's approaeh is the way in which 
important information is derived from detailed observa- 
tion of the muscular movements involved in conditioned 
responses rather than of the frequeney with which such 
responses are given under various procedures, A good ease 
is made for the idea that only responses which are due to a 
centrally. initiated motor command can be conditioned. 
Movements which are produced either entirely by passive 
flexion or by stimulation of efferent pathways are not 
conditionable. Even more striking is the demonstration 
by Konorski's group that limbs whieh have been made 
useless in normal locomotion by section of all sensory 
nerves are still used to perform conditioned responses 
which remain just as stable as before the operation. Such 
conditioning of a motor eommand which lacks any 
proprioceptive feedback becomes particularly interesting 
when the effects of lesions of the basal gangha of the 
forebrain (striatum) are considered. Such lesions abolish 
the use of even simple aets like locomotion or tuming 
right or left as conditioned responses. Konorski suggests, 
as a result, that the striatum contains the “kinaes- 
thetic units" which control simple conditionable motor 

^. More complex conditioned responses depend on the 
sensorimotor cortex. A more radical hypothesis would be 
that the striatum is concerned in the initiation of all 
conditioned motor commands, whether complex or simple. 

Other readers may find their interest especially aroused 
by quite different topics. One excellent example is Konor- 
ski's use of introspection as one means of investigating the 
role of sensory images as intermediates in conditjoning, 
whieh he invokes in animals as well as men. He argues 
further that transient memory is best thought of as con- 
cerned with the maintenance of such images rather than 
with the essential first step in formation of a permanent 
memory trace. This is of interest in a second eonnexion 
because it is one of the few places where & functjonal 
system which might be common to all drives is considered. 
It is to be regretted, for example, that there is no dis- 
cussion of the control of attention shift, and of the work 
of Grastyan and others, in this connexion, on the hippo- 
campus, 
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Integrative Aetivity of the Brain also deserves wide 
use as a systematic account of the natural history of 
conditioned reflexes. It can be used to discover exactly 
what types of stimuli have been used as conditioned 
stimulus, or what sorts of changes in their significance 
can easily be made, and which are almost impossible. 
Konorski uses such systematic treatments, often in con- 
junction with direct experiment, to show how it is already 
possible to relate some processes involved in aequiring a 
conditioned reflex to particular brain areas. Perhaps the 
best summary of such discussions is that learning depends 
on changes in a variety of structures, which may be 
different. for different conditioned reflexes. The search for 
the engram seems likely at last to become identical with 
the study of the functioning of the whole brain, 

R. J. ANDREW 





; MIND AS MACHINE 


The Cerebellum as a Neuronal Machine 

By John C. Eecles, Masao Tto and János Szentágothai. 
Pp. viii--335. (Berlin and New York: Springer-Verlag. 
1967.) 68 DM.: $17. 

RECENT work on the cerebellum is important, not only 
for our understanding of cerebellar funct ion, but also 
for the new light it has thrown on the mechanisms operat - 
ing in the brain as a whole. The study of the cerebellum is 
favoured by its known function in the control of skilled 
movement and by the relatively simple anatomical 
structure of the cerebellar cortex, with the giant Purkinge 
cell as the only efferent type of neurone. 

This book, which is clearly written and admirably 
illustrated, describes in some detail the new evidence 
obtained in the past few years on the anatomical organiza- 
tion. and electrophysiological properties of the cerebellar 
cortex. The first few chapters deal with the histological 
structure and particularly with evidence coming from 
studies with the electron microscope. The later chapters 
deseribe the functioning of neuronal pathways. Finally, 
an attempt is made to assess the way in which the cere- 
bellum may function as a computing machine. In the 
present state of our knowledge the pieture presented is 
inevitably incomplete. Neurochemical and pharmaco- 
logical considerations are hardly mentioned and the 
discussion of learning in the performance of skilled actions, 
which is probably a principal function of the cerebellum, 
is dismissed in one short paragraph in which the authors 
speculate that learning may involve the microgrowth 
of dendritic spines. Nevertheless, this book is an out- 
standing achievement. It records a real advance in our 
understanding of the neural machinery in one important 
region of the central nervous system. 

Derek RICHTER 


MEETING ON THE MIND 
The Human Mind 


Edited by John Roslansky. (A Discussion at the Nobel 
Conference organized by Gustavus Adolphus College. 
St. Peter, Minnesota, 1967.) Pp. x+ 164. (Amsterdam: 
North-Holland Publishing Company. 1967.) 18 fl.; 36s. 


AT the third annual Nobel Conference a group of people 
from different fields were invited to concentrate on what 
seemed important to them in discussing the problems 
of the human mind. The resulting lectures, which are now 
available in this book, are as varied as the personalities 
of the distinguished scientists and others who prepared 
them. Particularly successful is the contribution of F. O. 
Schmitt, who discussed “Molecular Parameters in Brain 
Function”. Drawing on all the accumulated data of the 
Neurosciendes Research Program, he achieves a master] y 
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synopsis of current views in brain research. 
chapter alone the book is worth having. 

S. S. Kety, who writes on "Biochemical Aspects of 
Mental States", deseribes the relation. of noradrenaline 
and other biogenic amines to emotional states such as 
anger, euphoria and depression. In a chapter on learning 
and memory, H. Hyden writes imaginatively on the role 
of RNA. J.C. Eccles chooses as his theme "Evolution and 
the Conscious Self". After a long discourse on the mecha- 
nies of evolution and the relation of individuality to gene 
structure, he admits a somewhat grudging acceptance of 
the theory of evolution as "a partial and limited explana- 
tion" of his origin, but he is unable to believe that his 
"experiencing self" derives merely from his brain with 
its biological origin and genetic inheritance. Finally, 
abandoning reasoned argument, he asserts his belief in 
ereation by God and in a personal life hereafter. This 
chapter illustrates the dilemma of the human mind when 
it tries to reconcile scientific explanations of natural 
phenomena with explanations at a supernatural level. 

Of the two non-seientifie contributors to this book, 
J. M. Gustavson writes as a theologist on the moral 
responsibilities of those engaged in brain research and the 
principles for direction in applying our new knowledge 
about the brain. Huston Smith writes on the relative 
capabilities of human and artificial brains. He concludes 
predietably that human brains are better. And if this is 
now a rather well-worn theme, his skill as a writer is such 
that the reader never loses interest. The final chapter, 
by N. K. Stáhle, gives a brief account of the work of the 
Nobel Institutes. Derek RICHTER 


For this 





VISION IN TRANSLATION 


Eye Movement and Vision 

By Alfred L. Yarbus. Translated from the Russian by 
Basil Haigh. Translation edited by Lorrin A. Riggs. 
Pp. xiii +222. (New York: Plenum Press, 1967.) 817.50. 
Tur eyeball in its socket is obviously adapted for turning 
the gaze in any direction. and, on analogy with the ball- 
and-socket mounting of a camera, we might expect that 
the eye once turned to the proper point would then be clam- 
ped there to avoid smudging of the photographie image by 
tremor or drift, But not only does the eye in fact both 
tremble and drift when we believe that we are holding 
our gaze absolutely fixed, but (incredible as it may seem) 
when, by some optical trick, the image is held stationary 
on the retina (stabilized), we do not see better; we do 
not see at all! This is analogous to touch; we feel the 
texture of a surface by "feeling" it-—and that does not 
mean holding the finger as still as possible in contact. 

This astonishing visual discovery was first published 
by Ditehburn and Ginsborg (1952) in this country, and 
independently by Riggs and colleagues (1953) in the 
United States. Yarbus, in Russia, pursuing his studies 
of recorded eye movements in various conditions, en- 
countered the fade-out of stabilized images in 1956, and 
his book describing his researches concerning eye move- 
ments and their absence, published in Russjan in 1965, is 
now translated by Haigh and edited by Riggs. 

Yarbus’s technique is simple in concept and skilful in 
application. A little optical device is held by suction 
tight against the anaesthetized eye so that both move 
exactly together. Some devices bear a tiny mirror whose 
reflected beam traces the nature of eye movements or 
the point of gaze. Some carry patterns seen sharply in 
focus by means of a little supplementary lens, but fading 
away in 3 seconds beeause that sharp image is stabilized 
on the retina. These devices are described in practical 
detail so that the reader may make them and repeat the 
observations. 

The book is entirely devoted to describing the records 
and observations of the author with these devices, It is 
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an impressive catalogue, but would have become much 
more illuminating if he had not passed over in silence 
most of the 150 contributions by other workers listed 
in his (Russian edition) references. 

Very attractive is the last chapter in which many 
pietures are reproduced (better than in the Russian 
edition) together with records of viewers’ eve movements 
showing the pauses and quick jumps in the point of gaze 
as the picture is seanned—how the eyes return again and 
again to the centres of interest in the picture. 

An important but difficult chapter deals with the bizarre 
appearances which occur when all or some of the visual 
field is stabilized. It reads like someone’s factual account 
of someone else’s nightmare. 

Many of the graphs in the Russian edition lack labels 
to the axes and it is a pity that this omission was not 
rectified in the new edition. The time axis is usually 
presented vertical but time's arrow is always shown 
pointing both ways. and I was usually uncertain of the 
true direction. 

Unlike the clarity and accuracy of Professor Riggs’s 
own writings, this translation. eontains rather a large 
number of errors or infelicities of language and shows 
some haste in proof-reading. However, to make a trans- 
lation of a book like this must be very exacting, and our 
thanks are due to Riggs and Haigh for making available 
Yarbus's extensive and original researches, 


W. A. H. 
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ALL THAT CONTRACTS 


The Contractile Process 

Proceedings of a Symposium sponsored by the New 
York Heart Association. Pp. 299. (London: J. and 
A. Churchill, Ltd., 1967.) 57s. 6d. 

Tug thirteen papers presented at this symposium deal 
with contractile phenomena in a very wide variety of 
systems, ranging from mitotie chromosome movements to 
insect flight muscles. The organizers and the symposium 
chairman (Dr A. Stracher) are to be commended on mak- 
ing available the proceedings of what appears to have 
been a very lively meeting. The four sections of the book 
concern contractile processes in macromolecules, in 
striated muscle, in non-muscular systems and comparative 
aspects of muscular contraction. The fact that the last 
named section contains five out of the total of thirteen 
papers illustrates the growing importance of this topic. 
In a chairman’s address, Perry refers to Ebashi's experi- 
ments on the relaxing system in muscle, which are 
recognized to represent one of the most exciting advances 
in our knowledge of the mechanism of muscular contrac- 
tion. Therefore, I think this work should have figured 
much more prominently. 

It is almost inevitable that practically all the new 
information presented in the several contributions has 
by now appeared in the journals. Nevertheless the book 
is useful as a collection of review articles. The account 
of the discussions following most of the papers reveals 
something of the flavour of the meeting and there is an 
onal glimpse of the personalities of the more vocal 
(and sometimes more knowledgeable) participants. "There 
is even ne of the very rare instances of fireworks : follow. 
ing the papers by Scheraga and Mandelkern, H. E. 
Huxley and Mandelkern discuss with some passion the 
possible relevance of the configurational changes in 
axially-oriented macromolecules to the mechanism of 
contraction in living musele. The book also contains its 
fair skare of fjuotable ex cathedra pronouncements. Here 
is one from Scheraga’s paper (page 7): "While any macro- 
moleeule can serve our purp . it is natural to focus 
attention on the proteins since many naturally cecurring 
contractile systems contain proteins. This is not to say 
that all contractile systems contain proteins or that all 
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contractile mechanisms involve conformational changes” 

H. E. Huxley contributes an excellent paper on the 
work he and hís colleagues are doing at Cambridge. He 
presents many of his recent results from X-ray diffraction 
studies with 1 living museles, all of which have now been 
published in detail elsewhere. G. F. Elliott describes 
experiments with striated muscle on the separation of 
the actin and myosin filaments as a function of pH and 
the ionic environment. This work was done by Elizabeth 
Rome. Based on the interpretation of her results, Elliott 
suggests that the forces involved in contraction may be of 
the type usually present in colloidal systems. Betty 
Twarog discus: es the problem posed by the functioning 
of mollusean "catch" muscle. She proposes a Ca 
dependent mechanism which assumes no special role for 
the protein tropomyosin A. In a very thoughtful paper 
Teru Hayashi examines the possibility that local changes 
in the structure of actin filaments may occur during the 
contractile process. Pringles article on the evidence 
from insect fibrillar muscle about the elementary con- 
tractile process can confidently be recommended as an 
exceptionally deep-searching and scholarly attempt to 
envisage the operation of the sliding filament mechanism 
in striated muscle. 

The most interesting paper in the section on non- 
muscular contractile systems is that by Inoué and Sato 
who reviewed work on the structure of the mitotic spindle 
and its relation to mitotie chromosome movements. The 
contributions by Rebhun (structural aspeets of saltatory 
particle movement) and Satir (morphological aspects of 
cihary motility) contain more than the usual amount of 
speculations. It would have been more useful to have e 
a survey of Gibbons’ recent work on the proteins of a 
protozoan ciliary system. 

Introducing this session, Mazia remarks that people 
working on non-muscular contractility can “expect soon 
to be in the same position as that of students of muscle 
contraction: that of knowing almost everything about 
the system except how it actually moves". This assess- 
ment is wide of the mark. There can be little doubt that 
the understanding of muscle we now have is based on 
very intensive and detailed studies and that our relative 
ignorance about non-museular contractile systems is 
simply due to the fact that they have not yet been investi- 
gated so thoroughly. Here it might also be pointed out 
that we know more about striated muscle than about 
all other muscle types put together. The papers collected 
in this symposium demonstrate convincingly that it 
will be a long time before we can make me 'aningful 
generalizations about the mechanism of muscular con- 
traction, let alone about the contractile process. 

J. Lowy 











IMMUNOLOGY AND CANCER 


An Immunological Approach to Cancer 

By H. N. Green, Honor M. Anthony, R. W. Baldwin and 
J. W. Westrop. Pp. ix--321. (London: Butterworth 
and Co. (Publishers), Ltd., 1967.) 95s. 

IN the foreword to this book Sir Alexander Haddow points 
out that of all the approaches to the cancer problem the 
immunological attack possesses a unique attracfion and 
logie. It was in 1954 that Professor H. N. Green put 
forward a new concept of careinogenesis with an immuno- 
logieal bias suggesting that the malignant behaviour of 
cells is due to the loss of tissue specifie antigens, as a result 
of which the cells lacking immunological identity of tissue- 
type become independent of homeostatic gfowth Control 
mechanisms. 'Phe theory raised eontroversy and stimu- 
lated investigation into the immunological aspects of 
cancer. The book under review is an analytieal survey 
of the many observations made since 1954 which, either 
direetly or indirectly, have some bearing on this concept 
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The three co-authors present the relevant information 
objectively, though many of the inferences drawn by them 
are biased in favour of Green's immunological concept. 
The seven chapters, each covering about fifty pages, deal 
with the subject from various aspects. 

Dr Honor M. Anthony gives a description of the various 
immunological mechanisms by which foreign cells are 
destroyed and of the ways in which aged, altered or dis- 
placed cells are recognized and eliminated by the organism. 
She draws attention to the association of certain auto- 
immune diseases and cancer, and argues that autoimmune 
attaek at the tissue specific site can lead to the loss of 
components in the tissue through whieh growth control 
of the tissue is exerted. 

Dr J. W. Westrop deals competently with the modifica- 
tion of cell protein by carcinogens: his chapter is one of 
the most informative in the book and contains more than 
300 references. The evidence collected by Westrop 
demonstrates a correlation between carcinogenesis and 
covalent binding of carcinogens to cellular components, 
principally DNA, RNA and protein. It seems that 
practically all chemical carcinogens attach to these 
macromolecules. The question is what is the significance. 
of covalent binding as regards carcinogenesis; at present 
no definite answer can be given to this question. The 
author discusses at length the studies of Miller and 
Heidelberger, demonstrating that proteins are deleted 
from cells which have been exposed to aminoazo dyes and 
polyeyclic hydrocarbons, and considered by him as proof 
of the immunological concept of cancer. 

In another chapter Dr R. W. Baldwin adequately 
reviews the evidence of antigenic modification in tumours. 
The difficulties of demonstrating antigen deletion or 
simplification during carcinogenesis and identifying new 
antigens in the transformed cells, are described. The 
author marshalls a great body of evidence, indicating 
the presence of tumour specific antigens both in experi- 
mental and certain human tumours and discusses the 
various speculations put forward to explain their nature 
and function. According to Dr Baldwin the available 
information indicates that “the loss of surface components 
of cells with tissue specificity seems to be more critically 
associated with neoplasia than gains in antigenicity” 

In the last chapter the late Professor Green attempted 
to accommodate his theory with the many recent findings 
of turnour immunology and tissue transplantation. This 
chapter may stimulate further experimental work, and 
lead us to reinvestigate those principles which could 
govern our approach to the immunotherapy of tumours. 

Though readers may be reluctant to accept the authors’ 
conclusions the book is a source of information which is 
relevant to the immunological aspeet of cancer, each 
chapter contains many references which are up to date 
and will be a useful aid to research workers. 

P. €. KOLLER 

















CANCER CONGRESS 


Proceedings of the 9th International Cancer Congress, 

Tokyo, October 1966 
Congress Lectures and Official Speeches. Edited by R. J.C. 
Harris. (UICC Monograph Series, Vol. 9.) Pp. vili+ 
126.28 D.M.; $7. Panel Discussions. (UICC Monograph 
Series, Vol. 10.) Pp. xii+ 288. 68 D.M.; $17. (Berlin and 
New York: Springer-Verlag, 1967.) 

THE 1966 International Cancer Congress was notable for 
the high standard of the lectures and of several of the 
panel discussions. 

The conference lectures form the main part of the ninth 
volume of the UICC monograph series. This begins with 
two contributions by Harold L. Stewart (Bethesda), a 
tribute ta Harold Fred Dorn entitled “The making of a 
Biometrieian" and an appraisal of present knowledge, 
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both epidemiological and experimental, with regard to the 
multiple factors involved in the causation of cancer of 
the alimentary tract. This lecture is reproduced im 
extenso together with a useful list of references. By con- 
trast the lectures by Renato Dulbecco (California) on 
“Viral Carcinogenesis’, by George Klein (Stockholm) 
on “Cancer Immunology” and by Jerome Lejeune 
(Paris) on “Chromosomal Aberrations and Cancer” are 
reproduced in much shortened forms, with few references. 


The final lecture by Severo Ochoa (New York) on “The 
Molecular Basis of Translation of the Genetic Message” 
is reproduced in its entirety. 

The compromise whereby some of the contributions 
are reproduced at length, and others not, is on the whole 
a happy one because the chief value of this book is that it 
provides a cross section of the state of knowledge as it 
stood in Oetober 1966 in relation to important aspects 
of cancer: full length reviews by the same acknowledged 
experts are available elsewhere. 

The official speeches, reproduced verbatim at the end 
of this volume, serve to emphasize that it is intended to 
be a historical record. Fortunately, however, these pages 
of verbal obeisances number only fifteen. 

The tenth volume records in abbreviated form the 
proceedings of nine of the twenty-three panel discussions. 
Of these nine, the two most important are concerned with 
the pathogenesis and epidemiology of cancer of the 
stomach and with the evaluation of controlled clinical 
trials. The first begins with a detailed study (by Masaru 
Kuru and Ryozo Sano) of the pathogenesis of gastric 
cancer in the Japanese: a surprisingly close relation with 
peptie ulceration is implied by their findings. Later, 
Takeshi Hirayama reports a negative association between 
milk consumption and the incidence of gastric cancer in 
Japan. 

The subjects of the remaining seven panel discussions, 
the proceedings of which are published, include the 
management of patients with leukaemias, lymphomas 
and advanced cancers, chemotherapy as an adjuvant 
to surgery and radiotherapy, anti-smoking campaigns, 
eancer detection techniques, cancer hazard from radiation 
and nasopharyngeal cancer. Unfortunately the only 
record of some of the most interesting discussions (for 
example, panel 10, “Biochemical Aspects of Carcinogene- 
sis") is a note of names of the chairman and principal 
participants. 

As official records of the cancer congress, these two 
slim, but not inexpensive, volumes serve a purpose. It is 
understandable that, unless very special preparations 
are made beforehand, it is neither easy nor necessarily 
wise to commit to paper all, or even any, of the contribu- 
tions to a conference or to a discussion. At the same 
time, a decision not to do so does not imply that, for those 
present, the discussion was without value. 

These two reasonably well-edited books provide a useful, 
though incomplete, record of parts of the Tokyo cancer 
congress, F. J. C. Roe 
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HOW TO GET ULCERS 


The Experimental Basis of Gastric Ulcer Pharmaco- 
therapy 

By S. V. Anichkov and I. 8. Zavodskaya. Translated 
by Alan Huxley. Pp. vi--171. (Oxford, London and 
New York : Pergamon Press, 1968.) 75s. net. 

Tus is a unique book, translated from Russian, which 
combines the results of experiments in laboratory animals 
obtained over many years by the authors and their col- 
laborators. The first experiments described show that 
gastric ulcers form after irritation of the duodenum by 
eleetrical stimulation, by ehemicals or by trauma eaused 
by clamping for ten minutes. Gastric ulcersealso occur 
following restraint with or without the added stress of 
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electric shocks and following damage to various parts 
of the nervous system. 

Using the technique of duodenal clamping the authors 
demonstrate that the hypophysial-adrenal system does 
not eontribute to the uleeration. However, their eiaim 
that 5-hydroxytryptamine and histamine are not mo 
volved cannot be accepted from the statement that “no 
marked accumulation of either serotonin or histamine in 
gastrie tissue takes place as a result of ‘excessive’ stimula- 
tion of the duodenum". Furthermore, the possibility 
that enterogastrone, gastrin or other substances might be 
released is not even mentioned. On the other hand, 
Professor Anichkov and Dr Zavodskaya present a con- 
siderable amount of evidence to show that their methods 
of indueing gastric uleeration cause stimulation of efferent 
nerves from the reticular formation in the brain. In 
rabbits, duodenal trauma alters the electroencephalogram 
recording, and subdiaphragmatic vagotomy reduces ulcer 
formation. 

Experiments to locate the brain centre involved were 
made with drugs reported to act at different sites. Depres- 
sion of lower brain centres with barbiturates reduced 
ulcer formation, whereas drugs acting on higher centres 
(chloral hydrate, urethane) gave no protection. The 
authors cited many experiments to show that the central 
part of the nervous pathway involved is cholinergic. 
Antimuscarinie, but not antinicotinic, drugs which pene- 
trate into the brain reduce reflexly induced ulceration. 
On the other hand, peripherally acting antimuscarinic 
drugs have no beneficial effect although they markedly 
reduce gastric secretion of acid and pepsin. The efferent 
pathway in the reflex is inhibited by drugs which block 
x-adrenergic receptors or prevent transmission in adrener- 
gic nerves. 

Professor Anichkov and Dr Zavodskaya used the incor- 
poration of radioactive methionine to show that tbe 
development of gastric ulcers is preceded by a reduced 
synthesis of protein in the mucosa. Reduced protein 
synthesis also preceded stomach ulceration induced by 
administration of histamine, reserpine, phenylbutazone 
and einchophen. The authors conclude that interference 
with the synthesis of mueosal protein eauses ulcers and 
that acid and pepsin are only involved after the lesions 
have formed. They consider that protein synthesis is 
affected either directly by nerve impulses or indirectly 
by a reduced blood supply following vasoconstriction. 

The ideas presented in this book are in many cases 
refreshing. They differ considerably from our usual lines 
of thought. However, it is sometimes difficult to ass 
their validity since it is diffieult or impossible for most of 
us to consult the original results in detail. To some 
extent the book is marred by the paucity of statistical 
assessment. of results, by an incomplete bibliography, by 
incorrect spelling of the names by which drugs are known 
in this country, and by the frequent repetition of methods, 
results and conclusions. Nevertheless, it should he read 
by everyone interested in the aetiology of gastrointestinal 
uleeration and in possible methods of treatment. 

J. G. Murray 
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GENETICS OF STREPTOMYCETES 


+ 
Fundamental Genetics of Streptomycetes 
By J. Horvath. Pp. 119. (Budapest: Akademiai Kiado. 
1968.) 42s. 


Tms volume, which might appear from its title to be a 
text-book summarizing current knowledge of the genetics 
of members Of the genus Streptomyces, turns out to be a 
kind of thesis describing, for the most part, the author's 
highly individual approach to an understanding of varia- 
tion in Streptomycetes. The most remarkable feature cf 
this approach is the deliberate avoidance of precise genetic 
markers of the kind that have played the dominant role in 
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the development of microbial genetics during the past 
twenty-five years. His reason for this may be found in the 
curious statement on page 91 that “there are not many 
stable auxotrophs, and this constant 'baekmutation 
actually makes the accurate control of characteristic 
inheritance impossible", The author's peculiar aversion 
to auxotrophic markers may explain why he makes no 
mention of the advances in Streptomyces geneties that have 
been made by their use in the past five years. In his own 
work he relies on complex characters such as colonial 
colour, the morphology of sporophores (whether "spiral. 
straight or intermediate") and differences in antibiotic 
aetivity against a range of test organisms, and not sur- 
prisingly the results provide a bewildering mass of obser- 
vations from which it is hard to draw any simple general- 
izations. 

Many of the author's conclusions are diffieult to follow 
by the reader acquainted only with more conventional 
genetic concepts, but this may sometimes be due to a loss 
of clarity during the translation into English (which is 
generally poor and in plaees unintelligible). For example 
(page 93): “These [segregants] come into being not from 
crossing parental characteristies but from segregation by 
the fusion of nuclei". 

Apart from many inaccuracies in the citation of 
references, there are some errors in the author's deserip- 
tion of the work of others. For example Sermonti and 
Spada-Sermonti did not use my Streptomyces coelicolor 
strain 43(2) for the experiments deseribed in their 1959 
paper, as stated on page 64; they adopted this strain only 
in later work. Nor is it true, as we read on page 91, that 
everybody has overlooked the fact that Streptomyces 
nuclei are not identical with those produced by mitosis; 
it has in fact been well known for ten years that Strepto- 
mycetes have a protokaryotie cellular organization. 

D. A. Hopwoonp 





ANOTHER ANNUAL 


Evolutionary Biology 

Vol. 1. Edited by Theodosius Dobzhansky, Max K. 
Hecht and William C. Steere. Pp. xi+ 444. (Amsterdam: 
North-Holland Publishing Company; New York: Apple- 
ton-Century-Crofts, a Division of Meredith Publishing 
Company, 1967.) 120s. 


Evolutionary Biology is to be a yearly volume covering 
“a vast array of disciplines from paleontology to molecular 
biology: and of subject matter, from microbes to man”. 

Judging from the articles in the first volume the editors 
have two aims. The first is to include anything to do 
with evolution and, since evolution is the unifying prin- 
ciple of biology, this means everything. The second is 
to review subjeets relating to the techniques of studying 
evolution, 

The articles by Calvin on chemical evolution, Rensch 
on the evolution of brain achievements and Stebbins on 
adaptive radiation and trends of evolution in higher 
plants fall into the first category, having nothing in com- 
mon except the theory of evolution by natural selection 
as their guiding principles. Robinson discussing the 
taxonomy of hominids, and Estabrook, Flenyng and 
Rogers appraising the use of computer methods in the 
practice of taxonomy and the interpretation of phylogeny 
provide useful reviews of the advancing techniques for 
assessing evolution and classifying living organisms. 
Between these two groups there are excellent articles by 
Carson and by Crumpacker on heterozygosity iu the 
evolution of plants and animals including man. “Alston 
reviews the advantages and disadvantages of using bio- 
chemieal analyses in the interpretation of plant system- 
aties. 

Tnevitably the question arises: what is the purpose of 
annual reviews ? If it is to provide a volume where a 
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specialist can look for a general appraisal of work in fields 
related to his own, then the answer must be that the 
range of Evolutionary Biology is too wide. If it is for the 
general reader, then the articles are too specialized. If it 
is to cover mainly techniques in the study of evolutionary 
theory, then only half the articles in this first volume fulfil 
this criterion. If it is just a place to publish reviews 
that do not fit anywhere else, then it must be said that the 
articles could have been published elsewhere. 

It must be concluded that each review is interesting 
but it is of doubtful value to bring them together in one 
volume, WILMA GEORGE 





BEWARE OF THE FISH 


Sharks, Skates and Rays 

By Perry W. Gilbert, Robert F. Mathewson and David 
P. Rall. Pp. xv +624. (Baltimore, Md.: The Johns Hop- 
kins Press; London: Oxford University Press, 1967. Pub- 
lished in co-operation with the American Institute of 
Biological Sciences.) 142s. Gd. 

Tuis book consists of thirty-nine of the papers presented 
at a symposium whose theme was “Current investigations 
dealing with elasmobraneh biology”. This would have 
made a better title; the present one is misleading. Only 
one of the papers is devoted to skates and rays, and that 
to their electrical organs. A wide variety of subjects is 
covered, but there is no unifying theme, except that the 
evolutionary implications of the data presented are often 
considered, 

Research on elasmobranchs has developed in a peculiar 
fashion which is reflected in the composition of this book. 
Much of it has been stimulated by the hazard of shark 
attacks, and the response to this very small stimulus, 
about seventy-five attacks each year, is considerable. 
Most of these attacks are by a few large species of shark, 
but these are difficult to capture and maintain alive in 
aquaria, so that research has centred on smaller ones; no 
fewer than seven of the twelve chapters on osmoregula - 
tion, salt and water metabolism have Squalus acanthias as 
the experimental material. Two papers on tagging show 
that quite large sharks can be handled, although with 
difficulty. 

Osmoregulation takes up a third of the book; this is not 
surprising, because the retention of urea in the blood- 
stream of elasmobranchs makes their excretory physiology 
unique, Of particular interest are those species which 
migrate into fresh water, and their adaptations to this 
environment are described. It would be interesting to 
know why these migrations occur. 

Immunology is discussed in two papers. ‘These studies 
may show how mammalian immune mechanisms devel- 
oped. Although sharks produce antibodies their response 
to antigens is dissimilar to that found in either birds or 
mammals. 

Perhaps the most interesting paper to the fisheries 
scientist is that dealing with population structure, The 
majority of the sharks studied in any detail show marked 
segregation by sex and maturity: frequently this is depth- 
related, and one paper describes this phenomenon for 
Geleus asae. the marbled catshark. Fertilization in all 
elasmobranchs is internal; either large eggs from which 
hateh well developed young. or live young are produced. 
In either case the number is very small compared with 
teleosts. In those species which have been studied the age 
at maturity is high and fecundity low. Often the repro- 
ductive cycle is very complex. In all cases a close relation- 
Ship must exist between mature stock and recruitment. 
although this will become less direct as fecundity increases. 
Herein may lie a clue to the problem of stock and recruit- 
ment which is currently puzzling fisheries biologists, a 
problem Which in this book is considered only in general 
terms. The numbers of small sharks are probably limited 
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by predation by larger sharks, but lack of suitable nursery 
areas may control the numbers of the latter. Segregation 
by maturity is seen as a device to limit intra-specific 
predation. 

Much of the material presented in this book leaves the 
impression that elasmobranchs were the incidental 
material used in the various authors’ studies into physio- 
logical and other problems, rather than that they were the 
prime object of study, Although it may be a "compre- 
hensive compendium of our present knowledge of elasmo- 
branch biology" to quote the publisher's words, it shows 
how little that knowledge is. M. J. HOLDEN 


ALL ABOUT ECHINODERMS 
Echinoderm Biology 


(Symposia of the Zoological Society of London, No. 20.) 
Edited by N. Millott. Pp. xiv +240. (London: Academic 
Press, Inc. (London), Ltd.; New York: Academic Press, 
Ine.. 1967. Published for the Zoological Society of 
London.) 635.; S11. 


Tuose who attended the Zoological Society's symposium 
on echinoderm biology will remember it as a very enjoy- 
able meeting, always interesting and often stimulating. 
Much of this vitality has come over in the printed pro- 
ecedings and is due I think to the inclusion of suitably 
edited discussion. The incorporation of pages of endless 
questions and answers in many symposia is often of 
doubtful value, the points on whieh individual readers 
require clarification being frustratingly omitted. In this 
particular instance, however, it seems to have eome off, 
especially in those papers by Chaet and Jefferies. 

It is always difficult to review a book of this nature 
with its inevitable uneven treatment and restricted back- 
ground of the reviewer. Within the short space of this 
review it will not be possible to do more than mention 
briefly some of the papers. On the whole, the symposium 
would seem to be a good mixture of review articles and 
papers with a high content of original work. The revival 
of interest. in echinoderms during the past ten to fifteen 
years or so is well demonstrated in the publication of 
this volume and shows them to be convincingly out of the 
doldrums in whieh they reposed for nearly half a century. 
As would be expeeted, this new interest frequently 
has a different emphasis from that followed by workers 
at the turn of the century, which cannot always be 
attributed to the youth of the researcher as the editor 
would imply in this ease! 

Topics with a traditionally classical approach are given 
a modern treatment, such as the papers by Paul on the 
functional morphology of Pleurocystities; by Wright on 
the evolution and classifieation of the Asterozoa and the 
interesting. and controversial papers by J efferies and 
Nichols on the position of the carpoids and the ancestry 
of the echinoderms, respectively. Such controversy is 
just what a symposium should and did engender. The 
wealth of detail which can be extracted or deduced from 
fossil material with the closely reasoned appeal to 
homology is always a source of amazement to those 
trained in a more physiological discipline. 

The water vascular system has in the past often pro- 
vided the thread of interest around which much detailed 
work has been carried out and some of the most recent 
contributions are to be found here. Woodley elegantly 
enlarges on his earlier work on the mechanism of the 
ophiuroid tube foot protraction and Heddle discusses the 
interaction of the museulo-skeletal system of the arm of 
primitive asteroids as a pointer to the origin of the group. 
Cobb and Laverack combine the information gained from 
electron microscopical studies with that from eleetro- 
physiological techniques to present what I think will be 
a classic paper on echinoderm neuromuscular physiology. 
Their results from Echinus lantern retractor muscles, 
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tube foot ampullae and pedieellariae shedding hght on 
previous work. 

Millott and Vevers present a study on the enigma lic 
echinoid axial organ which does something to settle the 
dust of present controvers! The paper by Chaet on 
starfish “shedding substance” is more in the nature of a 
review, and a good one at that. Buchanan's investiga- 
tions of the infaunal echinoderm population suggest two 
categories of species, the fast growing short lived ones and 
the slow growing long lived ones. The complex dis- 
persion patterns of this population can be biased by the 
sampling frequeney and as a result the concept of biomass 
as an index of the contribution of each species is valueless. 

In getting away from the textbook approach to the 
phylum this symposium must be considered extremely 
suecessful and can be recommended to all students of 
zoology. E. J. DiNYON 






PARASITES OF FISH 


Parasites of North American Freshwater Fishes 

By Glenn ‘L. Hoffman. Pp. viii--486. (Berkeley and Los 
Angeles: University of California Press. London: Cám- 
bridge University Press, 1967.) $15; 1435. 6d. net. 
Tuis book is the first to bring together keys to the 
identification of the genera of the parasites of the fresh- 
water fishes of North America. In all about 254 genera are 
described. 

In the introduction the dynamics of fish. parasitology 
are briefly noted and the aims of the book given. The area 
covered is North America, but Dr Hoffman points out 
that little work has been done in Alaska and Mexico. 
Non-North American species of parasites are included if 
they are likely to be found in the area. A few comments 
are made about fish parasitology in economic terms and 
about the prevention, treatment and eradication of 
parasites. Methods of examination of fish, fixation, 
preservation and permanent preparation of parasites are 
given. 

The keys together with related descriptions and figures 
form the major part of the book. The keys are normally 
arranged as couplets of contrasting characters, although 
triplets or quadruplets are used if convenient. The keys 
are to genera only, except in the case of the Hirudmea, 
where they go to species. Deserptions of genera and 
higher taxa are given, except for some small groups. A 
list of the species found in North America is provided for 
all genera described, and reference citations given. The 
reader must refer to the relevant literature in order to 
obtain specifie identifications. 

Trial identifications were made using specimens of 
North American Digenea, Cestoda and Acanthocephala. 
The keys worked well; an expert will find thern easy to 
use, but a beginner will find rather more difficulty, for the 
introduction to each major taxon does not describe the 
anatomy of the group. A table of contents is given at the 
start of each group of parasites, and this is a most helpful 
feature. On the other hand, the absence of page references 
from parts of the keys is a nuisance. This absence 1s 
explained at the start of the book, and it means that the 
appropriate reference point is on a nearby page. Never- 
theless, a nearby page is a variable factor, and it would 
have eased the task of the user if all page numbers had been 
given. 

A figure is provided for each genus, with a few exceptions. 
The appropriate figure number is indicated in the keys--a 
great belp. 4 standard shading of organs is followed. 
'The first or a few early figures for each group are labelled 
to indicate the major structures. Normally the figures 
are of North American parasites, although a small number 
are of species from other parts of the world. Naturally the 
latter speeies do not appear in the text. Tn the ease of the 
figure used to illustrate the genus Rhadinorhynchus 
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(Acanthocephala) a species R. peltorhamphi from Australia 
and New Zealand is used. However, this parasite was made 
the type species of the genus Heteracanthocephalus by 
Petrochenko!. 

A fish and parasite check list occupies a significant 
part of the book. Dr Hoffman notes in the introduction 
to this that "Some of the parasites recorded from some 
fish are probably not primary parasites of those fish: they 
may have been ‘accidental’ parasites, and, in some cases, 
perhaps erroneous records.” This is the major disadvan- 
tage of a check list, and this one, in common with others 
elsewhere, must be used with extreme care. Many of the 
parasites listed under some of the fish species are not in 
their normal hosts. For example, very many of the species 
listed under the pike Esoz lucius L. are clearly secondary 
infections, derived from other species of fish taken as food. 
This is not to imply criticism of Dr Hoffman's list, it is 
an inherent defect of any check-list of this type. 

A very extensive bibliography is given. "This will be 
extremely useful to workers in all parts of the world, even 
if they never need to use the book as a key for identifica- 
tion purposes. An index concludes the book. 

The book is recommended to all freshwater fishery 
parasitologists. James C. CHUBB 


'Petrochenko, V. I., Acanthocephala of Domestic and Wild Animals, (1n 
Russian), 435 (Moscow, 1056). 


HOW PLANTS WORK 
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The stronger the light intensity the more a coleoptile curves 
towards it. From a chapter entitled, ''How Plants Grow” in 
The Green Plant, by Arthur W. Galston (Prentice-Hall Inter- 
national; 21s.). This book, a selective rewriting of the same 
author's The Life of the Green Plant, is part of Prentice-Hall's 
"Foundations of Biology Program" which aims to give students 
in school an introduction to the biology of plants, animals and 
man. 


NEARING THE END 
The Last of the Wild 


On the Track of Rare Animals. By E. Schuhmacher. Zoo- 
logical Appendix by Gerd Diesselhorst, Irenius Eibl- 
Eibersfeldt, Theodor Haltenorth and Walter Hellmich. 
Translated by Gwynne Vevers and Winwood Reade. 
Pp. 315. (160 colour plates.) (London: William Collins 
and Co., Ltd., 1968.) 84s. net. 


THe beautiful colour photographs in this book are the 
by-product of seven years’ travelling to film wild animals 
in many parts of the world. The journeys gvere intended 
to make a pictorial record of rare animals, especially 
those threatened with extermination through excessive 
predation or the devastation of their habitats by man. 
Many of the pictures portray such animals, but many 
others show animals that are still common and in no 
danger. 
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The work was helped by various organizations interested 
in conserving wild nature, and the photographs alone 
provide the strongest argument for conservation—no 
one eould contemplate such spectacular scenery or animals 
of such interest and beauty without wishing to preserve 
them from destruction. It is a pity, therefore, that one 
of the pietures shows the photographers seriously dis- 
turbing, perhaps partly destroying, the minute habitat 
of a rare frog in a small rock scree on one of the islands in 
Cook Strait, in order to catch and photograph the animal 
and is chasing wild asses at 30 miles per hour round the 
Little Rann of Kutch in order to obtain pictures from a 
motor car the best way of leaving the creatures undis- 
turbed ? Conservationists should take care to refrain 
from aetions that they would deplore in others; there is 
no excuse for such conduct, not even the big money that 
comes from films and television. On the other hand, it 
may be as well to secure good pictorial records before it 
is too late of animals that are not likely long to survive 
the encroachments of humanity on their habitats. 
Photographs in this volume of particular interest include 
one of the Javan rhinoceros, claimed to be the only one 
ever taken of the animal in the wild, and one of a herd of 
bull walruses basking in the sun which must surely be one 
of the funniest animal photographs ever taken. 

The photography in this volume is of the highest 
technical standard, but the text is less brilliant. The 
author gives a short narrative of his trips to various parts 
of the world, but it is written in a loose style with many 
sentences that sound good but defy analysis to find their 
meaning. The book concludes with an appendix of sixty- 
four pages describing the species illustrated. This gives 
a great deal of interesting information but is marred by a 
number of inaccuracies which would not be expected 
from contributors and translators of such zoological 
eminence, L. Harrison MATTHEWS 


ALL ABOUT OTTERS 


Otters: a Study of the Recent Lutrinae 

(The World Naturalist.) By C. J. Harris. Pp. xiv +397 4- 
52 plates. (London: Weidenfeld and Nicolson, 1968.) 
105s. net. 


Ir is strange that the zoological world should have had to 
wait so long for a definitive work on this notably 
interesting group of mammals, a group hitherto represented 
on the taxonomic map not so much by a blank as by an 
agglomeration of self-obscuring serawls. 

Mr Harris's admirable monograph, involving more than 
five years of research and collation of material in twelve 
languages (the bibliography runs to 1237 references) 
should, to my mind, serve as a model to future workers in 
comparable fields. The first aspect to strike the reader is 
the thoroughness and depth with which the author has 
explored his subjeet, describing sixty-three species and 
sub-species—with distribution maps refreshingly placed 
in the relevant text—and listing ten further forms whose 
systematic status he considers to be in doubt. Some idea 
of the taxonomie tangle with which he was originally 
confronted may be gained by the length of his first 
appendix, “Alphabetical Synonymy of the Genera, Species 
and Subspecies of Recent Otters”, which occupies no less 
than sixteen pages, This is an example of the painstaking 
lucidity which characterizes the whole work; others are 
the all too rare marginal reference system, the working 
glossary, and the very comprehensive index. 

While this is essentially a work of scholarship and 
precision, it has none of the metallic quality of a com- 
puter's conclusions, and one is aware throughout of the 
author's personality and of his profound empathy with 
his study*subject. This uncommon flavour, together with 
fifty two remarkable photographs, should give the book 
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an appeal beyond the strictly scientific world, in which it 
is assured of a lasting and important place. The author’s 
further researches, completed too late for inclusion in his 
monograph, show the British otter population to be 
declining sharply in England and Wales, and we may hope 
that this fascinating account of the whole group may 
stimulate conservationists to action before it is too late. 
The publishers are to be congratulated on a handsome 
volume, worthy of its contents. GAVIN MAXWELL 


GRASSHOPPERS IN NEW ZEALAND 
The Grasshoppers (Acrididae) of New Zealand 


Their Taxonomy and Distribution. By R. S. Bigelow. 
Pp. 111440 plates. (Christchurch, N.Z.: University of 
Canterbury, 1967.) N.Z.$3.30. 


ArrHOoUvGH the peculiar nature of the fauna of New 
Zealand has long been well known, many of the less 
conspieuous groups have been poorly studied and as a 
result have sometimes been believed to be hardly repre- 
sented in New Zealand. Among these have been the 
grasshoppers, familiar insects in most parts of the world 
but scarcely mentioned this century in the literature on 
the New Zealand fauna. This apparent neglect stems 
partly from the remarkable fact that nearly all the New 
Zealand representatives of this typically warmth-loving 
group are confined to the higher altitudes of the South 
Island mountains. As Dr Bigelow explains in his book, 
the reason for this reversal of the usual distribution pattern 
shown by these insects must lie in the effect of the Pleisto- 
cene glaciations on the New Zealand grasshopper fauna, 
coupled with its isolation from any large land-mass since 
the remote past. It seems that the present alpine grass- 
hoppers must have occupied the lowlands during the 
glaciations and, being adapted to cool conditions, have 
been forced into the mountains during the relatively 
warm interglacial periods. The two species that are 
confined to the lowlands at the present time are 
probably postglacial immigrants: one is the highly 
mobile migratory locust and the other has close relatives 
in Australia. 

The aim of Dr Bigelow’s book is to provide a firm 
taxonomic basis for further work on New Zealand grass- 
hoppers and there is no doubt that this object is amply 
achieved. After a discussion of the taxonomic characters 
that he has found useful, the author gives a practical key 
for the identification of the species and devotes the 
remainder of the book to full descriptions of each species 
(six of them newly described), with measurements and 
distribution data based on a collection of approaching 
5,000 specimens. The next is very fully illustrated by 
about 200 figures grouped into forty plates at the end of 
the book. 

Fifteen species of grasshopper are at present known from 
New Zealand, and Dr Bigelow suggests that not many 
more are likely to be found. With the exception of the 
migratory locust they are all endemic, flightless species 
and all but three are confined to the somewhat cooler 
and more mountainous South Island. Tt is interesting to 
contrast this with the grasshopper fauna of the British 
Isles, which are similar in climate and size to New Zealand. 
There are eleven British species, all with a strong prefer- 
ence for the lowlands and most common in the warmest 
parts of the country; they are all post-glacial immigrants 
from the European continent, to which there was a land 
connexion until about 8,000 years ago. 

Dr Bigelow is to be congratulated on producing this 
thorough work, which should act as a spur to further 
studies of the zoogeography and evolution of the New 
Zealand grasshoppers and provide more evidence for 
students of the palaeogeography of the southern hemi- 
sphere. Davin R. RAGGE 
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DEVELOPING PLANTS 


Morphogenesis in Plants 
A Contemporary Study. By C. W. Wardlaw. Pp. 461. 
(London: Methuen and Co., Ltd., 1968.) 905. net. 


PaorEssoR WaRDLAW is well known as a prolific writer 
on morphogenesis in plants. He has also contributed 
many publications on plant diseases including the standard 
work on the diseases of the banana, but he will be remem- 
bered by most botanists in this country for the long series 
of articles on experiments with fern shoot apices which 
appeared from 1943 onwards. 

The present book bears the same primary title as 
Wardlaw's Methuen Monograph produced in 1952, but 
it is not merely a new edition of this; it is a new book, 
much longer and better, as well as incorporating more 
modern work. In the past, Wardlaw’s writing has not 
appealed to everyone. What used to exasperate some of 
his readers was his penchant for generalities when what 
they wanted was the facts and some diseussion of their 
immediate significance. Other readers enjoyed the broad 
concepts that Wardlaw wrote about. It should be said 
at once that this new book will appeal to those who 
criticized his previous books. There are more interesting 
facts to the page than in any of his other morphologieal 
books and reviews. The comment is usually brief and to 
the point and beautifully summarized. The reason for 
the difference is partly that the previous books and 
reviews were often concerned with phylogeny and, as in 
all subjeets in which little is known, phylogeny in botany 
provokes long futile diseussion and few modern botanists 
have the time or the inclination for it. This book is not 
concerned with phylogeny and, to a large extent, it 
explores recent experimental studies not reported in 
Wardlaw’s earlier books. It is true, however, that 
Wardlaw still gives to generalities a status not merited 
in logic, for example, in the argument on leaf growth 
centres and phyllotaxis (page 123). Similarly my prefer- 
ence for induction instead of deduction leads me to 
disagree with him on homology (page 323). The fact that 
two organs such as stamens and carpels are given different 
names implies that they are different. To say that they 
are homologous implies that they are the same up to a 
certain point in development. If one takes this point 
back far enough all organs on a shoot are homologous. 
What is the value of the word “homologous” then without 
giving an ontogenetic account of the organs compared ? 

The bulk of the book is about the shoots of vascular 
plants, but two chapters are devoted to embryos. There 
is also a chapter on roots and another on lower planta, but 
neither of these is developed to the level of the rest of 
the work discussed. The section on embryos includes 
work on the embryo-like organisms produced from free 
cells and other organs in eulture in vitro, but curiously 
omits the work of Bell, Diers, Jensen, Mühlethaler, etc.. 
on the fine structure of eggs with its interesting genetic 
implications. Similarly the chapter on differentiation of 
tissues does not discuss the ultimate causes of differentia- 
tion. Some will heave a sigh of relief; others will wonder 
how it is possible so to avoid the fashion, 

Wardlaw was brought up in the heyday of morphology 
in a department presided over by Bower, one of the 
world’s most distinguished morphologists. Since that 
time morphology has suffered an eclipse brought about by 
comparative morphologists and the evident futility of 
most of their phylogenetic conclusions. Regard for 
morphology has recently increased particularly due to the 
physiqlogicaleinterest in development, genetical interest 
in chromosome morphology and biochemical interest in 
the fine structure of cells. But, to some extent, Wardlaw 
is still on the defensive in this book though anyone 
interested in plants must be interested in what he tells 
us about the development of form. Development ts 
treated as a physiological problem and, in dealing with it 
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as such, Wardlaw treats us to some fascinating facts 
about plants; how they develop from embryos and 
apices and how they react to experimental treatments. 
The basic thesis is that plants (and animals too) are 
reaction systems in which growth-controlling substances 
react together with nutrients, ete., to determine the 
course of development in a genetically determined milieu. 
Wardlaw sensibly abandons the idea of specifie organ- 
forming substances in favour of balances of endogenous 
chemicals involved in controlling the synthesis of nucleic 
acids and such like. The genetic milieu is brought in 
because different plants react differently even to the same 
experimental treatments, It is true that a faint element 
of mysticism may be discerned in places, but the book 
mainly reports and interprets facts critically. 

Most readers will look at the seven or eight chapters 
mainly concerned with shoots for an authoritative account 
of the modern work on plant morphogenesis, and they 
will find excellent reviews covering most of the recent 
physiological ideas in this field. The problems are stated 


especially clearly in the discussion of the relation of 


chemical experiments to bud and leaf formation. Morpho- 
logical problems are presented which will be new to many 


readers, for example, the work on the orientation of leaf 


primordia in buds, tendril initiation and symmetry in 
flowers. One assumption, namely, that incipient vascular 
tissue does conduct substances to and from an apex better 
than the surrounding ground tissue and therefore has an 
important role in development, is made without much 
evidence. Similarly the view that the summits of shoot 
apices develop more slowly than the flanks of the meristem 
is also accepted rather uncritically. The only valid evid- 
ence for this would be measurements of rates of mitosis 
and these are not yet available. In fact the book may be 
criticized by some for its general lack of quantitative data: 
there are no tables of figures and only two graphs in 
hundreds of diagrams. Clearly numbers do not appeal 
to Wardlaw and perhaps this is why he regards roots, 
about which there are far more quantitative data available, 
as “troublesome”. Ido not think it is proper to criticize 
an author for not writing some other book for, although 
Tam sure the future of morphogenesis, like other branches 
of biology, lies in quantification, a monograph like this 
should reflect the interests of the author and its success 
should depend on how many people the author interests 
in his subject. 

On these grounds T am sure this is a good monograph. 
For me it is Wardlaw’s best book. There are flashes of 
humour and some sly, and perhaps undeserved, thrusts at 


Applied 
SPOILING THE SEAS 


Pollution and Marine Ecology 

Edited by Theodore A. Olson and Frederick F. Burgess. 
Pp. xvi+ 364. (New York and London: Intgrscience 
Publishers, a Division of John Wiley and Sons, 1967.) 96s 
Tue pollution of natural waters, either by accident or 
design, by the materials and products of man's activities 
inevitably earries with it potential hazards. Pollution may 
be destructive of the amenities of rivers and coastlines as 
places for relaxation, sport and recreations it nyy en- 
danger health; be detrimental to economically important 
inshore fisheries; and it may radically change the charac- 
ter of the communities of plants and animals exposed to 
the contaminating materials. 


In areas of industrial development some measure of 


pollution of rivers, estuaries and coastal waters is unavoid- 
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some of his colleagues and all these help to make the book 
readable. There are a few mistakes including one that 
reverses the sense (page 258). The names of biologists are 
occasionally spelt wrongly and at least one reference is 
omitted from the bibliography. The index is rather 
meagre for à book that surveys such vast ideas. 

F. A. L. Crowes 


PLANTS IN GREENLAND 





Five species of sedge. a, Carex norvegica; b, C. bigelowii; 
c, C. bicolor; d, C. atrata, and e, C. subspathacea. From The 
Flora of Greenland by Tyge W. Bócher, Kjeld Holmen and 
Knud Jakobsen, which has been translated into English by 
T. T. Elkington and M. C. Lewis (P. Haase and Son, £5) The 
second edition of Grenlands Flora has been published in both 
Danish and English in response to requests for a complete 


English translation of the book. It is a slightly modified 
version of the first edition—several new species are included 
and several critical groups have been revised. 


Science 


able. The question at issue is: to what extent can the 
needs of industry and economic development be met 
without seriously and unnecessarily encroaching on other 
essential requirements of amenity, fisheries preservation 
and the conservation of natural floras and faunas? But 
before we ean hope to answer this question we need to 
know much more than we do about the nature, extent 
and effeets of the many kinds of pollutant substances that 
are continuously or from time to time discharged into 
rivers and inshore coastal waters. We need to know. for 
example, the kinds of materials that are being discharged, 
in what quantity and where. how far and in what direc- 
tions they are carried, how long they last without change 
by bacterial action or other agencies, and what effects 
they have on waters and on the organisms that live within 
them during their passage. These essential elements of 
information, though fairly well documented for some river 
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systems, are very inadequately known for eoastal waters. 
Tt is therefore encouraging to note that of the four major 


new research developments to which the Natural Environ- 


ment Research Council (Report of the Couneil 1966/67, 
HMSO) proposes to give immediate support, two, the study 
of coastal water movements and investigations of the 
biological systems of the near shore environment. bear 
directly on the transport of pollutant materials and their 
effects on marine ecosystems. 

Pollution and Marine Ecology provides a timely com- 
mentary on and useful directives to these problems. The 
volume brings together the papers and discussions of a 
conference held at Texas University Marine Laboratory. 
Xalveston, in March 1966 to review the state of knowledge 
of the pollution of the marine environment, to consider the 
research programmes and facilities required for a better 
understanding of the methods assaying pollution. and to 
examine the means of controlling its effects. 

Contributions by twenty-five authors examine, in the 
first place, the structure and dynamics of intertidal and 
sublittoral populations subject to normal seasonal changes, 
and discuss systems of energy transfer within the ecosys- 
tem and in different conditions of food supply. Against 
this background of normal fluctuations in the character 
of an ecosystem are projected the consequences of the 
addition of pollutants. The impossibility in field con- 
ditions of relating changes in the structure of a community 
to the effects of specific pollutants is clearly recognized 
and little value is placed on chemical analyses as a means 
of elucidating the causes of change. “If unsupported 
chemical analyses are used, all that can be determined is 
the distribution and concentration of chemicals or frac- 
tions of complex wastes. Frequently, a chemical pro- 
cedure is not sufficiently specific to assure that the biologi- 
cally important fraction is being measured. Moreover, 
even the most specifie analyses can do no more than 
indicate conditions extant at the time of the sampling." 
The best measure of pollution is the effect that it has on 
particular organisms or the changes that can be observed 
in an ecosystem. 

The use of indicator organisms in (a) detecting and (5) 
measuring levels of pollution is diseussed in a number of 
papers. Detection usually involves the appearance of 
organisms associated with a pollutant but not normally 
present in quantity in unpolluted waters, for example. the 
oecurrence of Escherichia coli and Streptococcus faecalis in 
sewage contaminated waters. Indicator organisms which 
show, either by their decline in numbers or in condition, or 
by their assumption of dominance in a community in 
conditions of stress. are recognized as useful signals of 
changing eonditions, though the nature of the conditions 
to which they respond is less easy to determine without 
first subjecting them by laboratory tests to differing con- 
centrations of the various kinds of pollutants whieh may 
be present in contaminated waters. But there are some 
obvious criteria for selecting possible indicator species for 
use in field obs»rvations, for example, organisms. Organ- 
isms are of little value as indicators if they can move 
away from the polluted area. If possible sessile or seden- 
tary species should be selected and for this reason attached 
algae, epiphytic hydroids, diatoms, forams, molluscs and 
many polychaete worms and arthropods have all been 
found useful as indicators. 

As indieators of low oxygen tension consequent upon 
high organic loads capitellid worms appear, among other 
animals, to assume a role in sea water comparable to that 
of tubificids in fresh water. Nitrogenous enrichment tends 
to inerease the number of green flagellates such as Nanno- 
chloris and Stichococcus while in these conditions the 
diatoms Nitzschia closterium and Skeletonema costatum 
tend to disappear. And in a study of thermal pollution 
the polychaetes Heteromastus and Nerets (Neanthes) 
succinea were the only large surviving species at a point 
100 yards from the outfall of a hot water effluent. These 
examples are but possible pointers to the use of indicators 
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as evidence of particular qualities of pollution and, as was 
frequently pointed out during the course of the conference, 
the use of indicator species is better regarded as à promis- 
ing rather than a proved method of practical usage. 

Changes in an ecosystem, following pollution, are ina 
sense the produet of the failures and successes of indi- 
vidual species under stress, though the nature of the depen- 
dences of the constituent species does not allow the con- 
clusion that the failure or success is directly caused by the 
pollutants that are present in the environment, Neverthe- 
less, it seems to be an invariable rule that the effect of the 
admission of unusual environmental components is to 
deerease the number and diversity of the species present. 
often with an inerease in the biomass due to the great 
inerease in numbers of individuals of the surviving species. 
In many instances. of course, this kind of change 18 
sequential to a pollution which has long ceased to be 
operative, but the past history of which is demon: ated in 
subsequent adjustments in the character of the ecosystem. 

The title Pollution and Marine Ecology of the volume 
reviewed suffieiently indicates that the study of the 
consequences of pollution and the assay of pollution levels 
calls for a, much better understanding of the dynamics of 
population of intertidal and sublittoral ecosystems under 
normal environmental conditions. 

Unfortunately. as is stated in the closing chapter of the 
book, “representative control areas are not always avail- 
able". The preservation of some parts of a coastline free 
from the influence of polluting materials is clearly as 
important a requirement for scientific analysis as it is for 
the amenity enjoyment of the community at large. 

J. E. SMITH 











WATERY HARVEST 


The Biological Basis of Freshwater Fish Production 

(A Symposium sponsored by the Sectional Committee on 
Productivity of Freshwater Communities of the Inter- 
national Biological Programme, The University, Reading, 
England, 1-6 September, 1966.) Edited by Shelby D. 
Gerking. Pp. xiv +495. (Oxford and Edinburgh: Black- 
well Scientifie Publications, 1967.) 105s. 

As the limits of economic agricultural production are 
being reached in some parts of the world attention is being 
focused on production in freshwater and in particular ou 
the production of freshwater fish. This symposium was 
initiated to explore the biological basis of freshwater fish 
production and each speaker is an international expert. in 
his subject. 

The book, which is the outcome of this symposium, fs 
divided into five main seetions: "Vital Statistics of Fish 
Populations": "The Relation of Fish Populations to the 
Food Supply"; "Competitive and Behavioural Factors 
influencing Production”; “Predation and Exploitation 
by Man"; and "The Contribution of Freshwater Fish 
Production to Human Nutrition and Well-being". Several 
authors contribute to each section and their terms of 
reference are a general survey of present knowledge, some 
aspeet of their own specialist research and the presentation 
of problems urgently requiring solution. Most of the 
authors have conformed to this pattern and consequently 
there is not only an up to date appraisal of the limits of 
present knowledge but also excellent lists of references. 
Most authors suggest ideas for future research and some 
think we should also look critically at some of the tech- 
niques which have been taken for granted over the years; 
one author suggests that consideration should be given to 
calculating sgparate length/weight regressions for each 
age gróup of fish and another that great care should be 
exercised when interpreting the rings on scales. 

All this detail, however, is but part of the whole and the 
papers in this book clearly show that the estimation. of 
production alone is not enough and should not be the 
“sole aim of the projects in freshwater fish ecology 
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sponsored by I.B.P. Estimates of production should be 
only a means to the proper understanding of the fresh- 
water ecosystem of which fish are a part”. 

An ultimate practical aim of the study of freshwater fish 
production is to inerease the harvest of fish for human 
consumption. It is postulated that the present production 
of marine fish can be doubled but that in addition to this 
a fifteen-fold inerease of fish from freshwaters will be 
necessary to ensure an improved, though not yet adequate, 
diet for the expanded human population within the next 
thirty-five years. If this book focuses attention on this 
very urgent problem and stimulates other workers to 
collaborate internationally in solving some of the problems 
posed, it will have achieved a great deal. 

Everyone who contributed to the symposium was aware 
of the necessity of integrating all relevant disciplines in 
àn effort to co-ordinate work on production on an inter- 
national basis and certainly the results of the symposium 
as presented in this book indicate that the contributors 
have gone a long way towards attaining this. 

While congratulating the editor on the general high 
standard of this work I feel that the paper on “Aménage- 
ment des Péches Continentales, Lacs et Riviéres" will not 
be appreciated by the reader as it deserves, it would have 
been advantageous if the summary as well as the sub-title 
had been in English JEAN C. McCormack 


LIFE ON THE MOON 


Life Sciences Research and Lunar Medicine 

Edited by Frank J. Malina. (Proceedings of the Second 
Lunar International Laboratory (LIL) Symposium, 
Madrid, 13 October 1966.) Pp. viii¢+121. (Oxford, 
London and New York: Pergamon Press, 1967.) 75s.; 
$10. 


‘THIS book consists of the papers presented at the second 
lunar international laboratory symposium held in Madrid 
in October 1966 which was devoted to the physiological 
and life support problems associated with the establish- 
ment of a manned laboratory on the Moon. The results 
of the laboratory studies and manned orbital flight of 
the past few years suggest that the stresses associated 
with a short sojourn on the Moon will not cause serious 
physiological disturbances. However, as H. Bjurstedt 
points out in his contribution, there are two major facets 
which require further elucidation before man can live 
safely for long periods in a lunar laboratory, and these are 
the composition of the gaseous environment and the effects 
of the lunar gravitational field. 

Bjurstedt presents a brief but balanced summary of 
the physiologieal faetors which must be taken into aecount 
in deciding the composition of the atmosphere of a lunar 
laboratory. He favours a two gas atmosphere of oxygen 
and either nitrogen or helium at a total pressure of approxi- 
mately half an atmosphere, but points out that further 
long duration laboratory studies are required. R. C. 
Armstrong and C. D. King deseribe some of the re- 
generative life support systems which eould be used in a 
lunar laboratory to remove earbon dioxide and recover 
oxygen and water. Although these authors mention that 
the build up of toxie trace materials will probably be 
one of the most critical problems their paper lacke experi- 
mental data. In a later paper N. W. Pirie examines the 
biological methods whereby carbon and nitrogen may 
be recycled in a semi-elosed life support system. He 
points out that the cost of transporting material to the 
Moon will be so great that recycling of this type will be 
essential for extended sojourns. The length of the lunar 
day/night cycle makes it necessary to use fast growing 
higher plants and to harvest their leaves rather than 
seeds or tubers. It will be essential to process the leaves 
to remove the bulky gas-forming fibre. Pirie and his 
colleagues have already developed methods for separating 
most of the protein, fat and starch from young leaves 
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which could be used in a lunar eolony. He suggests that 
mierobial digestion should be used to convert fibre removed 
from the leaves into edible material. 

Turning to the effects of the relatively low gravitational 
field of the Moon R. Margaria and his colleagues present 
their analysis of human locomotion on Earth and that 
predicted for the Moon. They argue that because the 
horizontal accelerative phase of walking depends to a 
large extent on the gravitational force, this phase will 
be reduced on the Moon and a corresponding reduction of 
the decelerative phase will oceur by a decrease of the 
speed of progression. A certain degree of compensation 
will be achieved by an inerease in the forward inclination 
of the body as also occurs when walking immersed in 
water. They conclude that the maximum speed of walking 
will be severely curtailed on the Moon, and that progression 
at higher speeds will be by a form of jumping. "These 
predictions have been confirmed using the 1/6 g simulator 
developed by NASA at Langley, whieh employs an 
articulated suspension technique with an inelined walkway. 
In another paper W. Keuhnegger and Ch. J. Martell 
report experiments in which subjects in shirt sleeves and 
wearing a full pressure suit were exposed to a simulated 
1/6 g field using the Langley technique. These experi- 
ments also showed that the frequency of stepping for the 
same forward velocity was decreased by exposure to the 
simulated 1/6 g environment. 1t was found that iu 
comparable conditions of clothing and speed the metabolic 
cost of progression was always less in the simulated 1/6 g 
field than at 1 g. The cardiovascular effects of prolonged 
exposure to a sub-gravitational field are summarized 
briefly by Bjurstedt. Also included in the book is an 
interesting paper by A. S. Povitsky and L, Y. A. Lyubin 
on the motion of liquids at zero gravity. 

In à concise paper H. J. Schaefer predicts the radiation 
hazards to man on the Moon. "These differ from those on 
Earth because there is no lunar atmosphere or magnetic 
field to attenuate or deflect the radiation so that radiation 
levels on the surface of the Moon will be greater than those 
on Earth. Another factor which must be taken into aceount 
is that because of the absence of an atmosphere man will 
always be in some form of enclosure on the Moon. The 
latter will provide considerable proteetion against solar 
radiation but virtually none against galactie radiation. 
Indeed in the latter case owing to seeondary radiation 
arising in the walls of the enclosure the radiation dosage 
may actually be increased. Although the solar flare 
hazard can be defined clearly, there is a serious lack of 
information with regard to certain aspects of the galactic 
radiation. Schaefer concludes that the dosage from 
galactic radiation will be of the order of fifty millirads 
per day and considers the possible life shortening and 
malignancy producing effects of prolonged exposure to 
such an environment, 

J. H. Taylor has written a short, interesting paper on 
the visual problems which may occur on the Moon. He 
points out that judgment of size, distance and colour 
will have to be made in the absence of aerial perspective, 
reference objects and other cues used on Earth. Further- 
more the harsh luminance and the use of pressure suit 
transparencies will lead to further optical distortion. 
R. Angiboust, whose paper is the only one which is 
printed in French. considers the psychological and social 
factors which must be considered in setting up à small 
laboratory on the Moon. He draws most of his information 
from studies conducted on the erews of submarines which 
have submerged for long periods. 

The final paper in this book by H. Strughold which is 
entitled "Lunar Medicine” repeats to a certain extent 
information presented in greater detail in the preceding 
papers. This contribution also contains a rather outmoded 
approach to the funetion of the so-called autonomic 
nervous system. 

The proceedings of this symposium provide a summary 
of the present state of knowledge with regard to the life 
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science aspects of a lunar laboratory. The papers are not 
comprehensive and in some cases are simply a repeat of 
information which has been published elsewhere. 

J. ERNSTING 
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The Aswan High Dam project, from A World Geography of 

Irrigation by Leonard M. Cantor (Oliver and Boyd; 45s.). 

The book consists of a study of the geography of irrigation, 

and a regional survey of the development of irrigation 
throughout the world. 


MORE FOOD, LESS MONEY 


Economic Change and Agriculture 

(An Agricultural Adjustment Unit Symposium.) Edited 
by J. Ashton and S. J. Rogers. Pp. vi+ 360. (Edinburgh 
and London: Oliver and Boyd, Ltd., 1967. Published 
for the Agricultural Adjustment Unit, University of 
Newcastle upon Tyne.) 42s. 


Tus volume consists of a number of papers read at a 
conference organized by the Agricultural Adjustment 
Unit of the Department of Agricultural Economics, 
University of Newcastle, in January 1967. This unit was 
established by the Kellog Foundation as one of three 
such centres, the others being at Iowa State University 
and at Uppsala in Sweden. The key to the functions of 
the Agricultural Adjustment Unit is contained in a state- 
ment made by one of the most distinguished contributors 
to the conference, Professor E. A. G. Robinson. This 
reads: “There is reason to think that productivity in 
agriculture may grow over long periods as fast or faster 
than in the economy as à whole. If, as the evidence of 
recent years would indicate, the growth of demand for 
food, resulting from income and price elasticities, is 
around 0-6 of growth in total, such a rate of increase in 
productivity must mean a fairly rapid contraction of 
employment in agriculture. In this situation attempts to 
protect agriculture too completely from economic pres- 
gures may do more harm than good". The problem of 
agricultural adjustment is not so much to relieve the 
pressures but to bring about the changes which they 
dictate with the minimum of pain and distress to those 
concerned, 
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It is not possible to comment on each individual con- 
tribution. They range over a substantial diversity of 
topics only loosely grouped together under the headings 
“Agriculture in Context”, "Agriculture in Trade", Land 
and People’, “Adaptation of Agriculture Abroad" and 
“Some Considerations for the Future”. The contributions 
are mostly concerned with the essential first step of identi- 
fying and detailing the forces making for change in agricul- 
ture rather than with suggesting solutions. These, no 
doubt, will feature in later activities of the Agricultural 
Adjustment Unit. 

One has to recognize that in organizing a conference of 
the kind on which this volume is based limitations of time 
and available speakers set a severe restraint on the subjects 
which can be given attention. Even so, the selection of 
subjects could be mildly criticized on two counts. First, 
in nearly all countries agriculture is subjeet to massive 
government intervention and the role of the state in bring- 
ing about changes is of critical importance. Second, 
agricultural adjustment is not a process which concerns 
agriculture alone, but is part of general economie develop- 
ment. Both aspects merit greater attention than thev 
receive in ‘this initial conference. 

All in all the volume is useful, especially if it can be 
regarded as a prelude to more constructive rather than 
analytical activities in the future. Tt deserves to be read 
by poliey makers and farm leaders, as well as by students 
of agriculture. H. T. WILLIAMS 






PESTS OF RICE 


The Major Insect Pests of the Rice Plant 

(Proceedings of a Symposium at the International Rice 
Research Institute, September, 1964.) Pp. 729. (Balti- 
more, Md. : The Johns Hopkins Press; London : Oxford 
University Press, 1967. Published for the International 
Riee Research Institute.) 120s. net. 


As more countries become aware of the serious losses 
caused by the insect pests of their major food crops, the 
need to co-ordinate research efforts increases. In 1964 a 
symposium with the aim of reviewing the current status 
of research on rice pests and investigating possible new 
methods for the future was held at the International 
Rice Research Institute. It was attended by entomolo- 
gists from most of the world's rice-growing areas. 

The thirty-six papers given are arranged in this book 
into eight general groups or "sessions", illustrated. with 
some two hundred blaek and white photographs, line 
drawings and graphs. There is an adequate index, and 
each paper is followed by a summary of the discussion 
and a comprehensive bibliography which will be a decided. 
asset to future research workers and students. 

The first six sessions are composed of twenty-five papers 
on the rice stem borer. The opening paper by Kapur gives 
a clear presentation of present knowledge of the taxonomy 
of adult borers throughout the world. It emphasizes the 
need for careful collection of specimens for identification, 
for ability to identify the larval stages found in the field, 
and for a closer co-ordination between taxonomist and 
applied entomologist. This is followed by two papers on 
the biolfBgy of economie species by workers from Japan 
and India. 




















1941, ean be achieved. 
The next four sessions deal with the physiology of the 
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stem borers, the assessment of losses caused by them 
and with methods for their control. Most readers will 
find the thirteen papers on. the varied aspects of control-— 
chemical, cultural, biological, integrated and produced 
by plant breeding—the most valuable part of this book. 
These papers are well presented and contain a large 
proportion of original work. They are followed by a short 
session which deals with taxonomy, distribution, host 
range, life eycles and control of rice gall midges, rice 
leaf hoppers and rice bugs. 

The eighth session attempts to give in 136 pages a 
survey of the present status of work on major rice insects 
in the United States, Thailand, Ceylon, the Philippines, 
Malaysia, East Pakistan, Korea and Indonesia. Many 
of these reports give very useful accounts of pests whieh 
cause serious losses in the areas concerned, and the methods 
being used to eontrol them. There are comparisons 
between insecticides, and original experimental results, 
which will be very interesting. for workers dealing with 
similar situations. 

This book also contains the reports of five special com- 
mittees for the symposium, on such topics as common 
nomenclature of stem borers, suggestions for. standard 
plot size and sampling units, procedure in making erop- 
loss estimates, improving communication among entomo- 
logists, and hazards involved in the use of insecticides. 

Considered as a whole the publication will be of value 
to specialists in rice entomology. By its efforts to co- 
ordinate work which is in progress throughout the 
rice-growing areas of the world it will give many workers 
a great deal of basic information on the problems they 
are likely to encounter when setting up research pro- 
grammes, Susan D. FEAKIN 






PROTEIN TECHNIQUES 


Symposium on Modern Methods in the Investigation of 

Protein Structure 

Edited by F. B. Straub. Assisted by P. Friedrich. Pp. 93. 
(Budapest: Akademiai Kiado, 1967.) 42s. 
THESE are the proceedings of a small symposium held at 
Budapest in 1965 on modern techniques in protein struc- 
ture determination. The papers, with one exception, are 
reviews of the achievements of a partieular technique. 
Some theoretieal background is given, but very little. 
The exception is a short paper by Mejbaum-Katzenellen- 
bogen on the use of tannin in determining protein 
concentration. This is a turbidimetric method developed 
by the author and the paper seems rather out of place 
in this eolleetion. 

The other five papers deal with sequence anal 
enzyme digestion, struetural studies by 
methods, optical rotatory dispersion, chemical modifica- 
tion of side chains and studies on the structure of the 
active site of enzymes. These reviews are not very 
extensive and suffer from a rather sketchy bibliography ; 
in one ease a paper is identified merely as by "à group 
of Ttalian workers in 1965" 

There must be many such short meetings every year. 
They may be interesting and informative to the par- 
ticipants, but so little is presented that is notealready 
available in much better form, that their pubheation can 
searcely be justified. I. G. JONES 





CHROMATOGRAPHY JOURNAL 


Chromatographia 

Friedr. Vieweg and Sohn: Pergamon Press. Bi-monthly. 
Annual subseription £11 12s. 

Tew reviewer of a new journal has not a completed work 
before him as has the reviewer of a book. Generally, as in 
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this instance, he must base his judgement on the stated 
aims of the editors and on the first number. The first 
number may not be typical; past experience shows that 
editors usually manage to collect better and more articles 
for the early numbers than for those printed after a year 
or so, although the standard may rise again when the 
journal is well-established. 

The editors of Chromatographia, trom the United King- 
dom, France. Germany and Hungary, aim to publish 
articles on all branches of chromatography and related 
techniques under the following headings. Original 
papers written in English, French or German with title, 
summary and captions in all three languages; short 
communications with titles in three languages and an 
English summary if the text is French or German; 
letters to the editors; review articles with titles and 
summaries in three languages; green pages written in 
English, French and German giving details of laboratory 
practice; scientifie articles by instrument manufacturers; 
general information on conferences and so on given in 
three languages. The multiplicity of languages is intended 
to “depass linguistic boundaries" (the error is not a good 
omen). ‘ar more 





It is claimed that publication will be far 
rapid than in "traditionally" produced journals though 
no explanation as to how this will be compatible with a 
proper system of refereeing is given. 

The general intentions are innocuous. Strong objection 
may, however, be taken to the publication by instrument 
manufacturers of puff for their products in an expensive 
journal. — They normally distribute such advertising 
material (like the very good Aerograph notes) free, 

Several journals have attempted multilingual summaries 
in the past and have generally abandoned them along 
with other linguistic gimmicks. They are a great nuisance 
for editors and of doubtful value for readers. To judge 
by this number they add greatly to the cost of production, 
When proper allowance is made for linguistie proliferation 
it is found that there are only fifty pages of text. Presurn- 
ably à year's subscription will provide 300 similar pages. 
that is £1 for twenty-six pages for a library. The United 
Kingdom subscriber to Analytical Chemistry. which 
carries similar material, bought 248 larger pages of 
scientifie papers for £1 in 1967. In the United States $2.40 
bought 610 pages. The comparison is fair as both journals 
carry advertisements. It is to be hoped that the scientifie 
community will give no support to such a bad bargain as 
Chromatographia, on the available evidence, appears to be. 
A. F. TnoruAN-DICKENSON 


MORE CHROMATOGRAPHY 
Thin-Layer Chromatography 


(Techniques of Organie Chemistry, Vol. 12.) By Justus 
G. Kirehner. Pp. xxi-- 788. (New York and London: 
Interscience Publishers, a Division of John Wiley and 
Sons, 1967.) 176s. 


DURING the past twelve years there have been many 
developments in thin-layer chromatography (TLC) and it 
is now well established as one of the most useful methods 
for separating small quantities of mixtures into their 
components. It can be applied to volatile and non-volatile 
substances and to hydrophilic and hydrophobie sub- 
stances both for qualitative and quantitative analysis. 
For analytical purposes the microgram or even nanogram 
range is used, while for preparative TLC up to 0-5 g of 
mixture may be separated and the individual components 
isolated as chromatographically pure substances. As was 
to be expected, this new technique led to a number of 
useful books, whieh in terms of its application to various 
problems are now becoming dated. This book, by Justus 
Kirchner, one of the earliest exponents of TLC, is the 
first in the new round of books published in English. The 
first part deals with the technique itself and the second 
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part is concerned with the applieation to the many 
different types of chemical substances which have been 
developed over the years, including the identification of 
inorganie ions. 

It is true that Kirchner and his associates were among 
the first workers in this field —the dates given with the 
references testify to this—but it can be somewhat irri- 
tating to readers to be constantly reminded in the text 
that the author was the first to do this or to do that. 
Apart from this, the book is well written and well docu- 
mented, giving, as well as the references quoted in the 
text, an additional list of related references. It is unfor- 
tunate that some of the topies mentioned in the list of 
additional references are not dealt with more substantially 
in the text, for example, gradient TLC as distinet from 
gradient elution as applied to TLC. It is understandable 
that the time of going to press (which by the dates of 
references, seems to have been about the middle of 1965) 
precluded a more detailed discussion on precoated plates 
and foils so that this cannot really be considered as an 
omission. Yet this is the kind of development that 
readers of the latest textbooks on TLC would hope to see. 

The book contains something for everyone using TLC 
to-day, though the depth of knowledge and explanatory 
detail varies from chapter to chapter. Even to most 
experienced workers the first part gives much useful 
information while to those who are relatively new to TLC 
it gives very considerable help. The chapter on repro- 
dueibility of Rp values, however, is very superficial and 
while listing some of the factors which have been reported 
as affecting Rp values, no attempt is made to give a 
serious explanation as to why and how these factors 
affect the rate of movement of the solute. No reference 
is made to the fact that substances applied as single 
substances may have different Rp values from those 
given by the same amount of the substance when applied 
in admixture on the same plate. This is important 
because one of the methods of identifying substances in 
admixture is to apply the authentic substance on the 
same plate. Unless this fact is known, the results can 
frequently be misleading. 

The same superficiality applies to the chapter on 
quantitative analysis, which merely summarizes about 
250 reports without really discussing the problems which 
arise when trying to evaluate the separated components 
either directly on the plate or after elution. By and 
large the same approach applies to the twenty-one 
chapters in the second part of the book but they do bring 
together many of the reports published in the partieular 
fields; for example, in the chapter on lipids, 245 references 
are cited together with seventy-seven additional refer- 
ences, and in the chapter on steroids 249 references are 
summarized with a further seventy-seven references given 
at the end of the chapter. In this respect this is a very 
valuable reference book. It is a pity that the list of 
addresses of commercial firms supplying TLC material 
gives only two British companies but perhaps the price 
indicates that it was not published with British scientists 
in mind. In spite of this. it is a book which should be on 
the working bench of every thin-layer chromatographer. 

E. J. SHELLARD 





NON-AQUEOUS TITRATION 


Titration in Non-Aqueous Media 

By I. Gyenes. English translation edited by D. Cohen 
and I. T. Millar. Pp. 13--461. (London: lliffe Books. 
Ltd.; Princeton, N.J.: D. Van Nostrand Company. Inc.. 
1967.) 75s. net. 


Tue application of non-aqueous titrimetry to the deter- 
n . > H ki -* 

mination of organic compounds and particularly of 

pharmaceuticals is well established as leading to rapid, 
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convenient and accurate methods, but has suffered in the 
past from a lack of suitably comprehensive English 
language monographs on the subject. In view of the 
increasing number of research articles, it is appropriate 
that the very few earlier publications are now being 
supplemented by others; albeit with confusingly similar 
titles to the earlier volumes. This book is the enlarged 
and updated English version of Titrálás Nemvizes Kózegben 
first published in Hungary in 1960, and is the most compre- 
hensive of the publications on non-aqueous titrimetry, 

Treatment of the subject matter follows a somewhat 
standardized pattern. The first 238 pages are devoted 
to a theoretical introduction in which there is an account 
of the historical development of acid-base concepts 
followed by chapters on the strength of acids and bases; 
on general properties and other aspects such as choice 
and purification of solvents; a description of acidic and 
basic titrants; then chapters on potentiometric and 
photometric end-point detection and on visual indicators. 
The remaining pages contain an account of the method- 
ology of determination of a wide range of types and of 
specific examples of individual and mixtures of, mainly, 
organie compounds under classified headings. Methods 
for the determination of multiple bonds and speeifie 
groups, such as carbonyl and alkoxyl, are also given, and 
included in the final chapters are applications involving 
redox and complex formation. 

Perhaps the main omission is the absence of details of 
particular eleetrometrie methods, other than potentio- 
metric and photometric, for end-point detection, This is 
not a serious omission however because conduetometric, 
voltammetrie and amperometrie methods are not widely 
applicable, although it is possible that high frequency 
methods may beeome of greater importance in the future, 
for they are well suited for titrations in non-aqueous 
solvents. Again, little is said about the possible applicabil- 
ity of electrometrie procedures to automatic working; 8 
field that is increasing in scope with the production of 
better and more suitable instrumentation for controlling 
and reeording the flow of titrant and for measuring the 
change in the particular parameter involved in the 
titration. 

The book is well written and is illustrated by numerous 
diagrams, contains many references and an excellent 
author index. By contrast, the subject index could be 
improved as it has some anomalies in alphabet order and 
contains insufficient cross-references. The print is clear 
and although the paper appears to be good it is of varying 
quality so that some pages are part ially translucent to 
print whieh shows through the paper from the following 
hacking page. 

Otherwise this volume ean be recommended as a refer- 
ence work for all laboratories requiring to make quantita- 
tive assessments of organie compounds aud for individual 
chemists who want an up-to-date survey of the more 
important aspects of non-aqueous titrimetric analy 

W. H. S. Massie 











CLEAN BREAK? 


Fundanfental Phenomena in the Materials Sciences 

Vol. 4: Fracture of Metals, Polymers and Glasses. 
(Proceedings of the Fourth Symposium held January 3l- 
February 1, 1966, at Boston, Mass.). Edited by L. J. 
Bonis, J. J. Duga and J. J. Gilman. Pp. xi+ 310. (New 
York: Plenum Press, 1967.) $16. 

*. 

How hard must I pull this piece of solid to make it 
break * At first sight, nothing could be more straight- 
forward than this question; its meaning appears obvious, 
and the answer a matter of the simplest of experiments. 
In fact, the question is subtle in the extreme, the answer 
hedged about with qualifications, and the interpretations 
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varied and disputed. The question is subtle because 
all sorts of variables need to be specified: simple tension 
or complex stress system; monocrystalline, polyerystal- 
line or amorphous material; rate of loading; size distribu- 
tion of cracks, grains, polymer chains; plastic deformation 
mechanisms available; temperature. The answer is 
statistical, and even statistical reproducibility is the prize 
for extreme care in standardizing variables. The inter- 
pretations are divided into two fundamentally distinct 
categories: the microscopic approach, concerned with 
mechanisms on the atomic scale, and the fracture mechan- 
ies approach, in which the solid is treated as a continuum 
with specified properties--as a black box, so to speak. 

The interdisciplinary conference, the record of which is 
here under review, was convened partly to bridge this 
duality of approach to the problem of understanding 
fracture, and partly in the hope that the very different 
behaviour of crystalline materials and of polymers might 
result in mutual illumination. The exercise was well 
worth while, and the book makes most instruetive reading, 
not least for the long, discursive discussions which reveal 
metallurgists, continuum mechanics specialists and polymer 
physicists groping to grasp each other's congepts and 
preoccupations. 

Where crystalline materials are concerned, and poly- 
crystalline alloys in particular, the microstructural 
approach has yielded a rich harvest of understanding, and 
correlation with the engineering approach has advanced 
far. Hahn and Rosenfield’s “systems approach” to 
fracture of steels is a striking illustration of this correla- 
tion. (An instructive comparison can be made with 
the largely unsuccessful attempt at another conference, 
twelve years ago, to marry the microscopie and con- 
tinuum approaches to plastic deformation.) The con- 
tinuum approach to polymer fracture has also become 
quite subtle, but microscopie analyses do not seem to 
have passed far beyond the descriptive stage; the two 
approaches have not yet a great deal to contribute to 
each other. Nevertheless, Rosen’s chapter on the genera- 
tion of microfissures in viscoelastic polymers (analogous 
to microcracks in metals) is particularly stimulating, and 
points the way to a wide open field of research. Rosen 
and MeMahon (who writes on the microstructural aspects 
of tensile fracture of metals) agree that vast numbers of 
tentative microfissures or microcracks form first and 
progressively develop to form the large crack that eventu- 
ally causes fracture. There is no clean break; polymers, 
indeed, when beset by microfissures, warn of their impend- 
ing destruction by visibly “blushing”, a form of early 
warning to which politicians unfortunately seem immune. 

The metallurgists at the conference, accustomed to the 
primacy of the microstructural approach, appear to have 
heen somewhat nonplussed by the clear lead, in the case 
of polymers, of rigorous analysis on the basis of purely 
empirical relationships between strain, stress, time and 
temperature. Professor Ansell's remark, in discussion, 
that "structure in a metal is relatively simple, as compared 
with the polymers, while the behaviour in the metals is 
much more complex” certainly seems justified to me, 
trained as a metallurgist. Dr Temin, a polymer man, 
reacted to this view somewhat acidly: “There seems to be 
a tendency for those who are most learned in metals to 
presume the polymer situation to be extremely simple", 
and Dr Bonis pointed out that we all believe the other 
man’s field to be much easier than our own. His hope 
that the polymer/erystal dialogue should be helpful 
has undoubtedly been justified, and the book deserves 
the attention of fracture specialists of all persuasions. 

The individual contributors include dohnstgn on 
“Fracture of Polyerystals", Williams on "Fracture in 
Viscoelastic Media", Hahn and Rosenfield on the "Systems 
Approach to Fracture", Cessna and Sternstein on "Vis- 
coelasticity and Plasticity Considerations in Fracture of 
Glassy Polymers”, Rosen on “Homogeneous Fatigue 
Processes in Viscoelastic Polymers”, Mould on “Strength 
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of Inorganic Glasses" (this contribution was rather out 
on a limb), Stokes on “Fracture of Ceramics", Gurland on 
“Fracture of Composites", Stoloff on "Effect of Solutes 
on Fracture of Metals" and McMahon on the “Micro- 
structural Aspects of Tensile Fracture”. 

R. W. CAHN 


INSIDE WOOD 





An ultrathin section of red oak (Quercus rubra L.) showing 


bordered pit pairs between tracheids. From Wood Ultrc- 
structure, an atlas of electron micrographs, by Wilfred A. Cété 
jun. (University of Washington Press; 37s. 6d.). 


NEW MATERIALS JOURNAL 


Journal of Powder Technology 
Vol. 1. Nos. 1-4. Elsevier Publishing Company. Subserip- 
tion approximately £7 6s. per volume. 


Powder Technology first appeared in February 1967 
and is advertised as a bi-monthly publication. In fact, 
only four issues appeared during 1967 and the last issue 
(December) is completely taken up with papers from a 
conference held at Bradford some three months earlier. 
Hence, in the practical terms of attracting papers it 
appears that the journal cannot yet be regarded as having 
established itself. 

Nevertheless, there is a general opinion among col- 
leagues, to whom the first four issues were passed, that the 
average standard of contribution is good. There is a 
surprising. shortage of papers in the technologically 
important area of powder characterization in so far as it 
affects the properties of solids fabricated from powders. 
This is a serious omission because the current industrial 
emphasis on the use of automatic methods leans heavily 
on linking powder characteristics with those of the result- 
ing solid. Generally, the balance of subject matter in these 
first issues is biased to attract the chemical engineer 
concerned with handling powders, rather than the 
material technologist concerned with using them to make 
solids. This may be because the latter type of paper would 
more naturally find its way into an existing journal con- 
cerned with the particular class of material involved; but 
this only takes us back to the problem of proliferation of 
journals and the fact that technological growth points 
tend to defy existing classifications. 

To sum up, this could become a useful journal but 
unless the editors do more to broaden the seope of the 
papers, it progress towards becoming established is likely 
to remain, at best, erratic. F. J. P. CLARKE 
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(Continued from page 40) 


horizontal and amacrine cell layers, in contrast to the 
large spread of the S-potentials (compare records B and C). 

S-potentials are recorded intracellularly, superimposed 
on a resting membrane potential the origin of which is 
found to correspond in depth to horizontal and amacrine 
cells. Electron microscopy shows the large size and close 
packing of these cells in the species used. Furthermore, 
the radial penetration of a microelectrode into different 
types of cell with different membrane potentials and 
different spectral sensitivities can be clearly recognized 
and correlated with their structural arrangement. The 
intracellular origin of the S-potentials rules out the 
possibility that they would be a passive reflexion of 
activity generated outside the cells and recorded as a 
result of field effects as potentials of up to 50 mV which 
have clearly differentiable spectral characteristics for the 
different cells. The possibility that ionic movements 
across horizontal and amacrine cell membranes take place 
but are not influenced by electrieal polarization is not 
compatible with the concept of ions as charged particles 
the movement of which across the cell membrane must 
be affected by the presence of any potential field across 
it. In the experiments reported here, extrinsic current 
caused very large polarization of the cell membrane, 
while the S-potentials do not undergo appreciable changes 
in amplitude and do not show an equilibrium potential. 
The resting membrane potential and S-potential of horizon- 
tal and amacrine cells in the retina do not therefore 
depend on an ionie mechanism; the generation mech- 
anisms of potentials in these cells are different from those 
of the action and resting potentials of typical neurones. 

The membrane potential of horizontal and amacrine 
cells varies between 10 and 80 mV, depending on adapta- 
tion, levels of illumination, O, and CO, concentrations, 
temperature, presence of NH, or of volatile anaesthe- 
tics) 2-13, In all these conditions, the changes in the 
membrane potential are accompanied by marked changes 
in the amplitude of S-potentials, in contrast to the null 
effect of electrical polarization of the cell membrane. The 
high sensitivity of the membrane potential of horizontal 
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and amacrine cells in the retina to the various agents and 
conditions mentioned reflects a strong dependence on 
aerobie metabolism*. The demonstration of fused mem- 
brane contacts between horizontal and amacrine celis 
belonging to a given layer, and of an ATPase different 
from the cation transport. ATPase, at the fused membrane 
contacts and along the plasma membrane of these cells*, 
suggest the presence of & morphological substrate for the 
lateral spread of the S-potential, and provide further 
support for the hypothesis**? that the spread of exeita- 
tion in horizontal and amacrine cell networks is of a 
non-ionie nature, and closely coupled to the functioning 
of respiratory chains, which possibly constitute & part of 
the plasma membrane. 

We thank A. G. Cazorla and C. Muriel for their tech- 
nical help. This work was supported by a grant from the 
US National Institutes of Health. 
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Specific Hydrogen Bonding of Barbiturates to 


Adenine Derivatives 


by 

YOSHIMASA KYOGOKU 
R. C. LORD 
ALEXANDER RICH 


Spectroscopy Laboratory and 
Departments of Chemistry and Biology, 
Massachusetts Institute of Technology. 
Cambridge, Massachusetts 


ALTHOUGH the barbiturates have been used for more than 
50 yr the molecular basis of their pharmacological action 
is still unknown. In addition to their well known sedative 
action in the central nervous system, they have many 
other effects in biological systems including reduction of 
oxygen eonsumption in mammalian tissues, inhibition of 
respiration in purified mitochondria and inhibition of bio- 
luminescence in bacteria’. We report here the selective 
ability of the barbiturates to form strong hydrogen 
bonded complexes with a variety of adenine derivatives. 
This may provide a basis for interpreting their mode of 
action. 


Barbiturates form strong, specific hydrogen bonds with derivatives 
of adenine. This highly specific interaction which is more extensive 
than the hydrogen bonding between thymine (or uracil) derivatives 
and adenine derivatives may help to explain the different biological 
effects of barbiturates. 


Hydrogen Bonding 


Selective hydrogen bond formation is an important 
component of biologieal organization. ‘This is especially 
true in the macromolecular nucleie acids which constitute 
the pfincipal components of the intracellular system for 
transferring information. In DNA or double stranded 
RNA there is selective hydrogen bonding or comple- 
mentarity between adenine and thymine (or uracil) and 
between guanine and cytosine. This complementarity 
has two components, one of which is geometrical and 
enables polymers of nucleotides to become organized inte 
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7*1 pyrimidine derivatives were obtained from 
| Cyclo Chemical Company, Los Angeles, 
, California, Infrared spectra were recorded 
for solutions of these compounds in deutero- 
chloroform (Stohler Chemical Company, New 
Jersey) with a Perkin Elmer model 521 
spectrophotometer. To obtain association 
constants, spectra were taken at five or six 
different concentrations in fused silica cells 
| with thicknesses ranging from 1 mm to 
| 5em. Association constants were calculated 
from the change in intensity of the N-H 
stretching monomer band using procedures 
described previously? 





. Infrared Spectra 

An example of the infrared data used to 
; measure hydrogen bonding is seen in Fig. 1. 
4 The infrared speetrum of the N-methylated 
| 

4 











Wavenumber (em) 


Fig. 1, 


regular double stranded helical molecules. The other 
aspect of complementarity is electronic and is a con- 
sequence of eleetronie distributions within the individual 
purines and pyrimidines: this was first observed when the 
hydrogen bonding of chloroform-soluble derivatives of 
uracil and adenine was being studied?-?, 

Observation of NH stretching vibrations in the infra- 
red has made possible the measurement of association 
constants. For example, the self-dimerization of 1-cyelo- 
hexyl uracil has an association constant of 6-1 M-1 whil * 
the self-dimerization of 9-ethyl adenine has a constant of 
3-1 M-! (ref. 4). When these molecules are mixed together, 
however, they form a mixed dimer with an association 
constant of 100 M, Each of the dimers, adenine-adenine, 
uracil-uracil or adenine-uracil. is held together by two 
hydrogen bonds, but the last-named pair is more stable. 
Similarly a study of chloroform-soluble guanine and cytos- 
ine derivatives using both infrared and nuclear magnetic 
resonance techniques has shown that these molecules 
hydrogen bond with each other more strongly than they 
do with themselves*-*. This association is highly specific 
in that all other pairs of nucleotides are simply additive 
in their interactions. Thus there is a selective affinity 
between monomerie derivatives of adenine and uracil (or 
thymine), and between guanine and cytosine. The selec- 
tivity of this affinity is maintained even when derivatives 
of adenine and uracil are studied which modify the 
strength of the binding between these molecules?*. The 
present study-—an extension of this earlier work—-was 
undertaken largely because of the chemical similarities 
between uracil and the barbiturates, because barbiturie 
acid itself is 6-oxy-uracil. 

The barbiturates used in this study were purchased as 
commercial tablets or capsules and were purified by 
extraetion with organie solvents and reerystallization 
from chloroform solution. Methohexital in the form of a 
sodium salt was dissolved in water and acidified with 
hydrochlorie acid before extraction with chloroform, A 
number of purine and pyrimidine derivatifes were used 
to test hydrogen bonding interactions with the drugs. 
These include 9-ethyl adenine (A). l-eyelohexy! uracil 
(U), 2’, 3’ benzylidine-5’-trity] guanosine (G) and 2’.3’- 
benzylidine-5’-trityl cytosine (C). For comparison, 
measurements were also made with 1-cyelohexyl thymine 
and l.eycelohexyl.5-6 dihydrouraeil. The purine and 





Wavenumber (cm?) 


Infrared spectra of mephobarbital (MB). S-ethis | adenine (A), 2,3'-benzylidine-5 - 
tritylguanosine (G) and their 1 : 1 mixturesin deuterochloroform, Each solute was present 
at 0-004 M in each solution, and the total concentration of the mixtures was 0-008 M. Path 
length of the fused silica cell was 0-5 em. The Spectra are plotted as optical de 
wavenumber in em~ with the solvent absorption as a base line. The solid line shows the 
observed spectrum and the dotted line the calculated spectrum (the sum of the upper tww 
spectra) which would be obtained if the molecules did not interact, 


naity against 


: f ; P barbiturate mephobarbital (l-meth yl, 5- 
SUN DEAE TA MEM REM envl. 5-ethv 'biturie acid) is " 
3,400 3400 3299 Phenyl. 5-ethyl barbiturie acid) is labelled 


MB. At 0-004 M only a sharp band caused 
by the free NH stretehing vibration is 
observed at 3.385 em-!. When the con- 
centration of the solution is increased. a 
broad band appears at about 3,200 cem-!, 
arising from the hydrogen-bonded NH 
vibration in dimerie mephobarbital mole- 


cules. The broad band is absent. how- 
ever, from the spectrum in Fig. 1, 
whieh shows that essentially all the mephobarbital 


is present as a monomer at a concentration of 0-004 M. 
The spectrum of 9-ethyl adenine (A) shows two sharp 
bands at 3,526 and 3,414 em t; these are assigned to the 
antisymmetric and symmetric stretching vibrations of 
the non-hydrogen-bonded amino group. As discussed in 
previous papers?-, association bands appear at higher 
concentrations of 9-ethyl adenine at 3,490 and below 
3350 em-. At a concentration of 0-004 M, the adenine 
derivative is found only as a monomer. The dashed line 
in Fig. 1 (MB +A) is the sum of the upper two spectra. 
This spectrum would be obtained if 9-ethyl adenine and 
mephobarbital did not interact. It differs markedly. 
however, from the observed speetrum of the 1 : 1 mixture 
(solid line). Fairly strong association bands are observed 
at 3,490 and 3.350 em! and the intensity of the monomer 
bands also decreases. It is clear that mephobarbital 
hydrogen bonds with 9-ethyl adenine more strongly than 
either molecule hydrogen bonds with itself. 

When, however, mephobarbital is mixed with deriva- 
tives of uraeil (U), guanine (G) or cytosine (C), the ob- 
served spectra of the mixtures are virtually identical with 
the ealeulated sums of the individual spectra. The infrared 
spectrum of the guanine derivative (G) is given in Fig. 1. 
together with the 1:1 molar mixture of mephobarbital 
and G. The behaviour of mephobarbital is thus qualita- 
tively similar to that of uracil or thymine derivatives 
which also interact specifically with adenine deriva- 
tives?: 5-9, 

The ability of a number of barbiturates to form hydro- 
gen bonds with derivatives of the nucleie acid bases has 
been measured, The structural formulae of these molecules 
are shown in Fig. 2, together with the structures of the 
related thymine and uracil derivatives. — Methohexital 
interacts with A, U, G and C derivatives in the same way 
as mephobarbital does. When phenobarbital was added 
to a deuterochloroform solution of 9-ethyl adenine at 
0-04 M, however, it produced a precipitate the infrared 
spectrum of which is different from the superposition of 
the spectra of solid phenobarbital and the adenine deriva- 
tive. Similar precipitates form with a variety of bar- 
biturates and adenine derivatives as, for example, barbital 
and 9-ethyl adenine. These precipitates are caused by a 
co-erystallization of these molecules in the same lattice. 
At present seven different intermolecular complexes 
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Fig. 2. Structural formulae of barbiturates and related molecules used 


in infrared studies. R represents cyclohexyl groups attached to uracil 

and thymine. Pentobarbital (5-ethyl, 5-(1 methylbutyD-barbiturie acid) 

was also included in this study. The ring numbering system is shown 
on phenobarbital, 


between barbiturates and adenine derivatives have been 
formed and are being subjected to X-ray crystallographic 
analysis (unpublished results of S. H. Kim, D. Voet and 
A. Rich). These involve four different adenine derivatives. 
The co-erystallization observed here is very similar to the 
co-erystallization whieh has been studied between adenine 
and thymine derivatives or between guanine and cytosine 
derivatives among the nucleic acid constituents!*-, In 
these latter molecules the co-crystallization often reflects 
the hydrogen-bonded interaction which is found in the 
macromolecular form of the nucleic acids. The fact that 
several barbiturate and adenine complexes readily form 
co-crystals suggests that the interaction between these 
molecules is of a general type rather than restricted to 
particular molecular species. 

At a lower concentration of 0-002 M, the phenobarbital: 
9-ethyl adenine mixture did not produce a precipitate 
after several hours and the infrared spectrum of the solu- 
tion could be obtained. Although phenobarbital has two 
NH groups, their stretching frequencies could not be 
observed separately. Thus the spectrum of the pheno- 
barbital : 9-ethyl adenine mixture is similar to that of the 
mixture of mephobarbital and 9-ethyl adenine in Fig. 1. 
Association bands were observed at 3,490 and 3,350 em-! 
which do not appear in the spectra of the individual solu- 
tions at the same concentration. The stoichiometry of the 
interaction can be determined by measuring the intensity 
of the association bands in a series of solutions which have 
varying molar ratios of the two components, even though 
the total concentration remains constant. The intensity 
of the association bands reaches a maximum at a 1:1 
molar ratio (Fig. 3). Thus 1: 1 complexes form in dilute 
solutions. 

'The infrared spectra of 1 : 1 mixtures of 9-ethgl adenine 
plus three different barbiturates are shown in Fig. 4 
together with the spectrum of a 1 : 1 mixture with cyclo- 
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hexyl uraeil. Association bands are seen near 3,490 and 
3,350 cm for these various mixtures. It can be seen that 
these bands are appreciably more intense for the bar- 
biturates than for cyclohexyl uracil. In the figure they 
are arranged in order of ascending association; the upper 
curve of thiopental with ethyl adenine shows very strong 
association bands. The strong peak found at 3,370 em- 
is caused by the superposition of two NH stretching 
vibrations in the thiopental ring. The shoulder on this 
peak near 3,350 cm-! represents the association band. 


Association Constants 


Quantitative measurements have been made of the 
interactions between the barbiturates and 9-ethyl adenine 
and association constants are listed in Table 1. It can be 
seen that the self-dimerization constants are all small, 
roughly comparable with the value of 6-1 M~ obtained 
for l-cyelohexyluracil. The barbiturates and the uracil 
derivatives listed in Table 1 do not interact with deriva- 
tives of guanine, cytosine or uracil. The minus sign in 
Table 1 indicates no interaction greater than the self 
association. As stated here, the association constant of 
9-ethyl adenine with cyclohexyl uracil is 100 M-!; it can 
be seen, however, that the interaction with the bar- 
biturates is greater, and the barbiturates have association 
constants of 1,000-1,200 M~. Substitution of one oxygen 
by the less electronegative sulphur atom causes the asso- 
ciation constant of the thiobarbiturates to fall to 600 M-' 
and methylation of one of the nitrogen atoms deereases 
the association constant to 170-200 M=. All of these are, 
however, greater than the interactions with the uracil, 
thymine or the saturated 5,6-dihydrouracil derivatives. 


Optical density change at 3,490 cm~ 
2 








o 
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Mole per cent phenobarbital 
100 80 60 40 20 0 


Mole per cent ethyl adenine 


Fig.3. Change in optical density of the association band at 3,490 em! 
as a function of the molar ratio of phenobarbital (P) and 9-ethyi adenine 
(A). The optical density of the pure solution is adjusted to zero. The 
total comcentration of the solute is 0-002 M and the path length is 
2-5 em for all points. The change in optical density reaches a maximum 
at the 1:1 mixture. The solid lines are drawn as tangents to the end 
of the line to indicate the change in optical density which would oceur if 
the association constant for phenobarbital and A were extremely high. 


There are several components of the interaction which 
aet td prodiice these very high association constants. 
Uridine has a pK of 9-4; the barbiturates are more acidic; 
phenobarbital has a pK of 7-3; and barbital, secobarbital 
and pentobarbital have pKs of 7-8, 7-9 and 8-0, respec- 
tively!5. The stronger proton-donating power of the NH 
groups which is associated with the lower pK values for 
the barbiturates undoubtedly contributes to enhancing 
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Fig. 4. Infrared speetra of various 1:1 mixtures of barbiturates or 

eyclohexyl uracil with 9-ethyl adenine plotted as optical density. Total 

concentration is 0-04 M and path length is 0-1 em for all of the curves, 

The spectra are plotted using the solvent absorption as a base line. In 

ascending order, these curves show varying degrees of association as 

indicated by the increasing intensity of the association bands at 3,490 
and 3,350 em-!, as discussed in the text. 


the strength of the hydrogen bonding with adenine. In 
the examples here, the lower pK found in phenobarbital 
compared with the other barbiturates probably accounts 
for its stronger association constant. The proton-donating 
power alone is not, however, an adequate index for the 
magnitude of the association constant. Another factor 
contributing to the hydrogen bonding to adenine deriva- 
tives is related to the number of sites available on the 
barbiturate molecule which can form pairs of hydrogen 
bonds with adenine. It has been previously shown that 
it is necessary to form a cyclic dimer in order to have 
enhanced association?. N,-substituted uracil derivatives 
have two -NH-CO- sites which can form eyche dimers 
with adenine through hydrogen bonding. In the bar- 
biturates, however. there are four -NH-CO- sites which 
can potentially form hydrogen bonded dimers with aden- 
ine. If all these binding sites are energetically equivalent, 
doubling the number of sites should produee a doubling 
of the association constant. Thus the barbiturates should 
have a stronger association to adenine derivatives than 
cyelohexyl uracil because of this statistical effect and 
because of changes in the strength of the hydrogen bonds 
related to alterations in proton donating power. 

In the N-methylated barbiturates, methobarbital and 
methohexital, there are only two potential sites for bond- 
ing with adenine, and we would anticipate a lower associa- 
tion constant. The observed value of 200 M-! for mepho- 
barbital is perhaps lower than we might expect for it has 
à pK of 7-8, equal to that of barbital!*, Physiologically, it 
is known that the N-methylated barbiturates are de- 


Table 1. ASSOCIATION CONSTANTS FOR HYDROGEN BONDING 












Self . 
association 
constant Association constant (M-!) 
(M^ Substance A U 6 € 
81 Phenobarbital 1,200 ~ — o 
7-0 Barbital 1.000 — 2 
7-0 Secobarbital 1,000 : elc, BEBE 
7-0 Pentobarbital 1,000 - - — 
Thiopental 600 e — —. c 
Thiamylal 600 - e 
23 Mephobarbital 200 — -~ — 
2-4 Methohexital 170 om 
3-2 1-Cyclohexyl thymine 130 
81 -Cycelohexyl uracil 100  - oa -— 
29 i-Cyclohexyvi-5,6 dihydrouracil 30 


Valerolactam = 
A, 9-ethyl adenine; U, l-cyclohexyl uracil; G, 2',3'-benzylidine-5"-trityl- 
guanosine; C, 2°,3’-benzylidine-5’-trityl-eytidine. 
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methylated in the organism, and it is likely that their 
effectiveness is related to this process!, 

The thiobarbiturates have a lower association constant 
than the barbiturates. This is probably related to the 
fact that sulphur is less electronegative than oxygen and 
forms weaker hydrogen bonds. Thiopental has a pK of 
7-4 (ref. 15) which is somewhat lower than the barbiturates, 
and this may compensate for some of the loss of electro- 
negativity. 

For eomparative purposes the association constant of 
the fully saturated uracil ring, l-eyclohexyl 5,6-dihydro- 
uracil is listed in Table 1. It has a lower association con- 
stant (30 M-') than the uracil derivatives. As has been 
pointed out previously’, this may be associated with the 
higher pK value of 11 compared with the pK of 9-4 for 
uracil derivatives. The effect of multiple carbonyl groups 
in promoting hydrogen bonding can be illustrated with 
valerolactam in Table I. The molecule has only one 
carbonyl group and does not exhibit any inerease in 
hydrogen bonding association with adenine derivatives. 
Valerolaetam also has very poor proton donating power 
with a pK of 14-7 (ref. 16). 

The biologically active barbiturates have two important 





features. One is the ring system which contains the 
-CO-NH- groupings which are involved in hydrogen 


bonding and the other is the hydrophobic side chains 
which are found on earbon-5 of the barbiturate ring. 
Varying the hydrophobie side chains on carbon-5 sub- 
stantially alters the speed and effectiveness with which 
barbiturates act. It is generally believed that the 
specificity and necessity for the lipophilic side chains 
arises because the barbiturates are active in non-polar 
regions, possibly in membranes. From this point of view. 
studies in ehloroform solution may not be entirely un- 
related to their physiological activity. The phenomena 
deseribed here, however, also oeeur in aqueous solutions. 
Several of the intermolecular crystal complexes have been 
obtained from aqueous solutions. In addition, nuclear 
magnetic resonance and Raman spectroscopic studies have 
been earried out in aqueous solutions which clearly indi- 
cates hydrogen bonding of barbiturates to adenine 
derivatives. These studies will be reported elsewhere. 

The principal conelusion reached in the present study 
is that there exists a highly specific, strong hydrogen 
bonding between barbiturates and derivatives of adenine. 
The relevance of this observation to the physiological 
activities of the barbiturates is yet to be established. As 
pointed out here, the biochemical effects of barbiturates 
are extremely diverse, affecting a large number of systems. 
We are also aware that derivatives of adenine are also 
found in a wide variety of biochemicals, including co- 
enzymes and ATP. Thus we feel that it is not unlikely 
that the physiological activities of the barbiturates and 
similar molecules may be related to this highly specific 
interaction. 

We thank Nai Tang Yu for his assistance. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Observed Limits to the Circular 
Polarization of Nine Quasars at 
Radio Frequencies 


Sciama and Rees! have suggested that the radio emission 
of compact quasars will show appreciable circular polariza- 
tion (zl per cent) at frequencies greater than about 
1,000 MHz. This suggestion is based on assumed magnetic 
fields within the variable components of these objects as 
large as 1 to 100 gauss. At 10-6 em wavelength, Seielstad? 
has set upper limits of between 1 per cent and 3 per cent 
on the circular polarization of fourteen objects of which 
five are known to be quasars. We now report measure- 
ments of the circular polarization of nine quasars and 
thirty-seven radio galaxies and unidentified sources at 
frequencies of 437 MHz, 630 MHz and 1,410 MHz. In 
no case was any significant component of cireular polariza- 
tion detected, 

'The observations at 437 MHz were made during March 
1966 with the Parkes interferometer? and consisted of 
measurements of residual fringe amplitude made with 
“erossed” linearly polarized feeds. The antenna spacing 
was approximately 400 ft. north-south and the effective 
bandwidth 20 MHz. Instrumental effects were estimated 
from observations of Hydra A and the HII region Orion A. 

At 630 MHz (in February 1967) and 1,410 MHz (m 
December 1966) the observations used the 210 ft. radio 
telescope at Parkes with receivers employing polarization 


switehing. In each case, the bandwidth was about 10 
MHz. For these observations, the instrumental effeets 


were estimated by assuming that the circular polarization 
averaged over all sources was zero. Observations of the 
planet Jupiter at these two frequencies indicated a 
circularly polarized component which varied sinusoidally 
with the system III longitude of the central meridian; 
its amplitude was about | per cent. 

For the radio galaxies and unidentified sources, the 
upper limit to the measured circular polarization is in all 
cases less than 0-74 per cent at 1,410 MHz, 0-94 per cent 
at 630 MHz and 1-5 per cent at 437 MHz. It is less than 
0-2 per cent at 1,410 MHz for seven of these sources— 
PKS 0518-45 (Pictor A), PKS 0521-36, PAS 0624-05 
(30-161), PKS 12284-12 (M87), PKS 1322-42 (Cen A), 
PKS 2152-69 and PKS 2356-61. (Parkes catalogue 
numbers are prefixed by the letters PAS.) 

The results for the quasars, given in Table 1, are very 
similar. (The sources CTA 21 and PAS 1934-63 have 
also been included, for their spectra suggest that the 
radio emission originates in a region of very small dimen- 
sions*. The errors quoted in Table 1 are approximately 


Table 1, MEASURED PERCENTAGE CIRCULAR POLARIZATION OF NINE QUASARS 
AND TWO COMPACT SOURCES 


630 MHz 1.410 MHz 

137 MHz (R.H.) (R.H.) 
PKS 0237.23 ~ 0-07 £130 
PKS 0316 + 16 (CTA 21) ~ 0-03 + 0-24 
PES 0408-65 (MSH 04-61) 02 £03 +015 £027 0-006 + 0-11 
PES 0518 + 16 (3C 138) O5 +06 
PES 1226 + 02 (3C 273) -~O15402 +0074004 -0102+085 
PES 1253-05 GC 279) -~O1 +05 -018x021 +047+625* 
PRES 1416 +06 (3C 298) 02 +08 
PRS 1934-03 £10 o 
PRS 2223-05 (3C 446) 0 
PRS 2230+11 (€T A 102) e 
PES 2251415 (3C 454-3) -03 £05 oO. 





* These results may be unreliable because of solar interference. 


7 


t 


ninety percentiles, but the values marked with asterisks 
may be subject to larger errors due to solar interference. 
Because the 1,410 MHz radiation is more likely to arise 
in the compact and often variable component of the source 
where the magnetie field is believed to be strongest, we 
should expect the highest value of cireular polarization 
at this frequeney. For all the quasars observed, the upper 
limit to circular polarization at 1,410 MHz is less than 
(-8 per cent, and for 3C 273, PAS 0408-65, PERS 1934.63 
and 3C 454-3 it is less than 0-2 per cent. Thus the results 
provide no evidence for the strong magnetic fields en visaged 
by Sciama and Rees. 
The field strengths proposed by these authors cannot 
be entirely ruled out, however. because our observa- 
tions may not have been made at the optimum time. 
Sciama and Rees suggest that circular polarization 1s 
most likely to be observed when the flux density has 
just passed through its maximum, because at this time 
the source has a relatively low optical depth. For the 
sources PKS 0316--16, PAS 1226402, PAS 1258-05 
and PKS 2251415 there is no evidence of any decrease 
in flux density during our observation period, and for 
some of these sources there may have been an increase. 
It is also, of course, possible that circular polarization 
can only be detected at considerably higher frequencies. 
We thank B. Harris for providing spectral data before 
publieation. 
M. M. KOMESAROFF 
FE, F, GARDNER 
D. Morris 
J. A. ROBERTS 
J. B. WHITEOAK 

CSIRO Division of Radiophysies, 

Sydney, Australia. 
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Population Type of Cygnus X-2 


Burbidge, Lynds and Stockton! and Kristian, Sandage 
and Westphal? have shown that the point X-ray source 
Cyg X-2 is very probably binary. Kraft and Demoulin? 
further suggest that a third object may be present, for 
their radial velocity observations do not seem to repeat, 
but the observational uncertainties are such that this 
possibility will not be considered here. 

There has been considerable controversy about the 
population type of Cyg X-2. Gursky, Gorenstein and 
Giacconi! interpret the distribution in galactic latitude of 
the point X-ray sources as characteristic of population I 
objects. Kristian, Sandage and Westphal found a 
y-velocity of — 250 km/s on the assumption that the 
emission and absorption spectra were separately produced 
by two stellar components of a binary system. Because 
this y-velocity is close to that due to reflected solar 
motion, they assigned the object to population TT. Kraft 
and Demoulin? came to a similar conclusion on finding 
only negative radial velocities in several nights’ observa- 
tions. We shall show here that unless there is a gross 
violation of the mass-luminosity relation, the population 
kinematics of Cyg X-2 must be intermediate between 1 
and II. If accretion on a white dwarf is the mechanism 
for generating the X-rays, this conclusion is independent 
of the, mass-4uminosity relation. 

Because highly eccentric orbits are not to be expected 
in close binary systems, we have assumed circular orbits. 
For an orbital inclination of 90^, Kepler's third law gives 





Tas 


my +m,=43x 10% e (1) 


d 





m,» 
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where m, and m, are the masses of the components in 
solar units, v, is the absolute orbital velocity of the less 
massive object in km/s and P is the period in hours. In 
the ease most favourable for finding small masses—an 
orbital inelination of 90° and with star 2 as the spectro- 
scopically measured component—(1) predicts unrealis- 
tically high masses for both pure population I and pure 
population II kinematics. (We shall use the term “popu- 
lation II kinematics” to express the idea that the systemic 
radial velocity is entirely, or almost entirely, due to 
reflected solar motion.) 

We take P to be 5-7 h or greater? and, provisionally, 
m,/m,20-5. Only absorption line radial velocities will 
be used for it may be that the emission lines are not 
associated with either component. 

Case I. lf the y-velocity is zero, the observed radial 
velocities apply directly and the largest measured velocity 
gives a lower limit to v, Thus v,387 km/s (ref. 1). 
(1) then yields m, +m, 248 mo. 

Case II. If the y-velocity is — 221 km/s, corresponding 
to the reflected solar motion in the direction of Cyg X-2, 
we must add 221 km/s to all observed radial velocities. 
In this case, v, 2373 km/s (1) then yields m, 4- m 24-3 mo. 
The absolute visual magnitude for a system of two 
normal stars, one having about 2-9 and the other 1-4 solar 
masses, would be about +05, whereas Kraft and 
Demoulin? place M, at about +5-5. The argument is 
strengthened if the primary component is the white dwarf 
required for production of the X-rays by accretion as 
proposed, for example, by Cameron and Mock*. In this 
ease, the Chandrasekhar limit for the mass of a white 
dwarf places an upper bound on the total mass which is 
smaller than the lower bound imposed by equation (1), 
unless m/m, is virtually zero. This can be seen in Table 1, 
where (m,+m,)co, is the largest mass permitted by the 
Chandrasekhar limit and (m, +M+»)ay, is the smallest mass 
permitted by our dynamical argument for the case giving 
srnaller masses (case II) Even without invoking the 
white dwarf hypothesis, very small mass ratios can prob- 
ably be excluded, for inspection of Table 1 shows that 
they always lead either to a primary mass larger than 
2 mo or to an unreasonably small secondary mass. 


Table 1 

(mn, + men Gn, + mayn 

Maim Upper limit Lower limit 

1:0 2-Bm es 10-1 mc, 
05 2:1 43 
04 2:0 3-5 
0-3 rs 28 
0-2 17 2.2 
01 15 r7 
9:0 14 13 


Case III. Minimum masses are obtained by assuming a 
y-velocity of about — 120 km/s. In this ease, m,+m,> 
1-6 mo, an entirely reasonable value with regard to the 
mass-luminosity relation. 

The intermediate population type suggested for the 
point X-ray sources by these arguments should not be a 
surprise, for their distribution in galactic latitude is 
definitely condensed—but not highly condensed—about 
the galactic equator’, It is interesting that the objects 
most often cited as similar to the point X-ray seurces in 
optical. characteristics, the old novae, also have an inter- 
mediate population distribution®. 

Inasmuch as v, appears to the third power in (1), 
observation of velocities substantially larger than those 
already reported would rule out any kind of binary inter- 
pretation for Cyg X-2. This will also beethe case if a 
period much longer than about 15 h is finally established. 
We would then have to conclude that either (a) the 
system is at least triple, or (b) the radial velocity changes 
are due to an effect other than orbital motion, or (e) the 
radial velocity amplitude is partly due to systematic 
observational errors. 
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In the event that more aceurate observations yield 
substantially different radial velocities, the arguments of 
this communication should again be useful for a new 
evaluation. 

S. SOFIA 

Rospert E. WILSON 
Department of Astronomy, 
University of South Florida, 
Tampa, Florida. 
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PLANETARY SCIENCE 


Equation of State of Periclase and 
Birch’s Relationship between 
Velocity and Density 


BasED on systematic investigation of velocity of com. 
pressional waves in isotropic aggregates of oxides and 
silicates at high pressure, Birch! observed that velocity is 
proportional to density for substances with similar mean 
atomic weight. He concluded that velocity in isotropic 
aggregates of oxides and silicates is a function of two 
principal variables—density and mean atomic weight— 
the variation of density for substances with the same 
mean atomic weight reflects differences of structure and 
composition. Birch also postulated that for a given 
substance, velocity and density may be related in much 
the same way when they are changed by compression, 
and this postulate was used in attempts to determine the 
density distribution in the Earth?. Later, McQueen et al.? 
noticed that, for similar materials, the bulk sound velocity 
is also proportional to density. Many of Birch's determ- 
inations of the velocity of compressional waves Vp may 
now be combined with Simmons's* determinations of the 
velocity of shear waves V, to yield the bulk sound 
velocity C defined as 


4 1/2 
D$ lox ; 2 
(v, 3 ve) 


for these determinations were made in the same laboratory 
with almost identical samples. Nai-hsien Mao (private 
communication) has confirmed these findings with many 
more data. This relationship may be expressed as 
C =a + bp (1) 
where p is density and a and b are constant coefficients 
for substances with the same mean atomie weight; both 
coefficients may be functions of the mean atomic weight. 
Birch’s postulate may be tested by comparing (1) with 
the equation of state of periclase (in terms of C and p) 
for which both shock-wave data to 1-26 mbar and precise 
ultrasonic data to 4 kbar have become available**. The 
experimental Hugoniot of periclase, in terms of shock 
velocity U: and particle velocity Up are shown in Fig. 1. 
The greatest compression corresponds to V/V,=0-7 at a 
pressure of 1-26 mbar. The data have been fitted, by 
least squares, with a linear relation U,— C,--S Up; a 
quadratie expression for U, may fit the data better but is 
not expected significantly to change the present com- 
putation. The value of C, (6.93 km/s) is fixed by the 
ultrasonié data of Anderson and Schreiber’, With this 
fixed value of C, the value of S is found to be 1-27. 
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_ The corresponding adiabatic equation of state is derived 
in the following way. Referring to Fig. 2, the change of 
internal energy E along the Hugoniot from A to H is, 
aecording to the Rankine-Hugoniot energy relation, 


> cod » 1 
En — Ea = 3 Pu(Vy—V)—3 Pa(Vo—Va) (2) 
The change of energy may be split into two—adiabatic 


n A to S8 and change at equal volume from S to H. 
us 


S H 
fr- P vats ie 


Differentiations of (2) with respect to V and use of the 
approximation V/y~ V,/vs where y is the Grineisen’s 
ratio, leads to the differential equation 


(3) 





Coe 
+ y, P JV») 





Us (km/s) 














Up (km/s) 
Fig. 1. Experimental Hugoniot data for periclase, expressed in terms 


of shock velocity versus particle velocity. The solid line represents 
the best linear fit for the data, with its lower end fixed by the ultra- 
sonic determination of C, for periclase (shown by the cross on the 
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where 
l y dPg Yo E 
V)=- [; 2- — | Py | 
AV)= 9 [( Ye + Yo p ux A] 


Py and dPu[dV may be expressed in their familiar form 
in terms of V and V, (ref. 7). The solution of equation (5) 
for P, is then, in terms of zzzl1— V/V, 






~ Exp (Yo (@— 04) + 


A) 
r S) 
nl- zS) aa] 
exp(rot) | exp(— ret ) —ü- $e -de| (4 
TA 


The value of y, for periclase* based on thermodynamic 
data is 1-585 and the adiabatic equation of state may 
be found by numerical integration of (4). Table 1 
shows the computed adiabatic equation of state for xa = 0, 
and this may be compared with the equation of state 
derived from finite strain theory*, which has been shown 
to represent successfully the high-pressure behaviour of 
many solids. The fundamental result of Birch is 


'P = 3Kaf 2f) 0-25) (5) 


where K, is the isothermal bulk modulus at zero-pressure, 
= is a small dimensionless constant along an isotherm and 
f is the negative strain defined as 


1 
f= gef og — 1). 


Clark? showed that an equation of state of the same form 
may be derived if, instead, K,is the adiabatie bulk modulus 
at zero-pressure and £ is a function only of entropy 

For periclase, £ can be obtained from the equation of 
state and (5). The results of a point-by-point computation 
for £ are listed in Table 1. The small magnitude and 


(Table 1l. ADIABATIC EQUATION OF STATE OF PERICLASE 
e Ps T 
z (g/em?*) (kbar) (K9) £ 
0-00 3-580 0 300 ~ 005 
0-01 3-616 18 304 ~ 005 
0-02 3-653 36 309 ~ OOS 
0-03 3-691 56 314 ~ O04 
0-04 3.729 76 319 ~ 0494 
0-05 3-768 98 324 ~ O08 
0-06 3-809 120 329 - 0-03 
0-07 3-849 144 335 0-02 
0-08 3-891 169 340 ~ 0-02 
0-09 3-934 196 346 ~ 0-02 
0-10 3-978 224 351 -Q 
0-11 4:022 953 357 — (01 
0-12 4:068 984 362 0-00 
0-13 4115 316 368 0-00 
0-14 4-163 350 374 0-00 
0-15 4-212 386 380 0-01 
0-16 4-262 424 386 0-01 
017 4:313 464 392 001 
0-18 4-306 506 399 O-OL 
0-19 4-420 551 405 0-02 
0-20 4-475 597 411 0.02 
0-21 4-532 647 418 ü? 
0-22 4-590 699 425 0-02 
0-23 4-649 754 432 0-02 
0-24 4711 813 438 0-03 
0-25 477: 874 445 0-08 
0-26 4838 940 453 0-03 
0-27 -904 1,000 460 0-08 
0-28 4972 1,082 467 0-03 
0-29 5-042 1,160 475 0-03 
0-30 5114 1,242 482 0-03 
931. 5.188 1,330 490 0.03 
0:32 5-265 1,423 498 0-03 
0-33 5.343 1,522 506 0-03 
0-34 5:424 1,628 514 0:03 
0:35 5-508 1,741 522 0-03 
0:36 5-594 1,861 530 0-08 
0:37 5:683 1,989 539 (02 
0-38 5-774 2,127 547 0-02 
0-39 5-869 2,274 556 0-02 
0-40 e 5:067 2,432 565 0-02 
o4 6-068 2,602 574 O01 
0-42 6-172 2,785 583 0-01 
0-43 6-281 2,082 593 0-00 
0-44 6-393 3,196 602 0-00 
0-45 6-509 3,426 612 ~ 0-01 
0-46 6-630 3.677 22 0-01 
0-47 6-755 3,949 631 -Qg 
0-48 9-885 4,246 642 -003 
0-49 7-020 4,570 652 ~ O04 
0-50 7-186 4,026 662 0-04 
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Fig. 3. Bulk velocity versus density plot for perielase (shown by 
the dots) and for equation (1) (shown by the solid line; based on data 
listed in Table 2), The dashed line represents the linear fit for the dots. 





variation of £ indicate very good agreement between the 
theoretical formula and the experimental curve. 

The bulk sound velocity is given by V(dPjdVj'z, 
along the adiabat. This may be found from (3) to be 


pl. x Yo Ap qos d 
Pi fV) " p, rs (6) 

L W^ ud 
Values of C eomputed at various compre: 
in Fig. 3 and show an approximately 
their best linear fit, C= — I-83 4- 2-47 p, 
dashed line. 

The mean atomie weight for periclase is 20-2 (ref. 1), 
and in order to compare the C~ p relation with Birch’s 
postulate, the coefficients in (1) must be evaluated for 
substances with similar mean atomie weight. We chose 
a range of mean atomie weight from 20-0 to 21-0, which 
includes some granites at the low density extreme and 
corundum at the high density extreme. Table 2 lists the 
ultrasonie data for thirteen samples at 10 kbar. At this 
pressure, chosen arbitrarily, the effect of porosity on the 
intrinsie elastic property of rocks may have been minim- 
ized. Through a least squares process, the coefficients in 
(1) are found to be a= —2:16 km/s and 6=2-75 (km/s)/ 
(g/em*); the correlation coefficient is 0-99 and the 
standard error is 0-20 km/s. This solution is shown in 
Fig. 3 by a solid line. 





ions are plotted 
linear relation; 
is shown by a 


Table 2. DATA FOR AGGREGATES OF OXIDE AND SILICATE AT 10 KBAR* 


Mean atomic Density C 
weight (g/em?) (km/s) 
Granite, Westerly (1, 4) 21-0 2-674 4-63 
Granite, Westerly (1, 10) 21-0 2:672 4-61 
Granite, Rockport (1, 4) 20-6 2-008 oè 481 
Granite, Stone Mt. (1, 4) 20.7 2-679 4-63 
Granite, Barre (1, 4) 20-8 2-708 472 
Albitite, Sulmar (1)t 20.2 2-694 501 
Forsterite, polycrystalline (11) 20-1 3-051 578 
Jadeite, Japan (1, 4) 20-4 3.223 611 
Dunite, Webster (1, 4) 21-0 3287 587 
Dunite, Twin Sisters (1, 4) 20-9 3:346 6-29 
Periclase, polycrystalline (6) 20-2 3-588 7-00 
Spinel, single erystal (12) 20-3 3436 e 753 
Corundum, polycrystalline (13) 20-4 3-975 8-02 


* Density and velocity for rocks corrected for the change of dimension 
under pressure; the following values were assumed for the compressibility 
used in the correction: 1:8 mbar“ for granite, 1-0 mbar“ for jadeite and 
0-8 mbar-! for dunite. d 

t Simmons's data for Sylmar albitite were not used in the evaluation of 
C, because his specimen which has density of 2-62 g/cm may be different. 
from Birch's specimen which has density of 2:69 g/em?. The listed value of 
C was evaluated from Birch's list of Vp and Vs at 4 kbar. 
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In the process of comparing the equation of state of 
periclase with the least-square solution for (1), it seems 
preferable to stay within the density and velocity ranges 
in which (1) is verified. Fig. 2 shows that the C~ f] 
relation for periclase and the least-squares solution for (1) 
lie closely together within these ranges of density and 
velocity. Because the least-squares solution is based on 
limited data, the differences between the two relations 
may be insignificant. We thus conclude that the equation 
of state of periclase is favourable evidence for Birch’s 
postulate, 

Cur-YugN Wana 
and Geophysies, 





Department of Geology 
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Glaciation of Possible Scottish 
Re-advance Age in North West Wales 


AN investigation of the glacial deposits of the Lleyn 
Peninsula has revealed that the stratigraphieal succession 
is more complicated than previously thought'?, Evidence 
presented elsewhere? and summarized in Fig. 1 supporta 
the ehronology and eorrelations indicated in Table 1. 
There is controversy about the age of these deposits. 
Lewis*, Mitehell* and Synge! have stressed the much 
weathered and frost-heaved nature of the tills of southern 
Lleyn and have used this evidence to Support a Main 
Würm glaciation which was much less extensive than the 
limits drawn by Charlesworth? (Fig. 2). A Würm I dating 
for the Brynkir moraine implies that the underlying blue- 
grey, caleareous till and the tills of southern Lleyn are 
older (possibly Elster or Saale). By contrast, the earbon- 
14 dates obtained for the drifts of South West Waless-19 
imply a more extensive glaciation than that proposed by 
Charlesworth. 
Table 1. A TENTATIVE GLACIAL SUCCESSION FOR THE LLEYN PENINSULA 
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bedrog) 
10. Upper grey stony Gravelly local till (Porth Gravelly local tili 
Northern till Neigwl) (Cragan, Criccieth, 


Porth Ceiriad) 
Coarse outwash gravels 
and silts 


Weathered and 
heaved horizon 


9. - - 
B. Weathered and frost frost 
heaved horizon 
Shelly outwash sands 
and gravels (Porth 
Nevin and Porth 
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Fig. 1. 


Three radio-carbon age determinations have recently 
been made by Isotopes Inc., New Jersey, for organic 
material collected from the drifts in Lleyn. 

Approximately 40 g of shell, collected from the "lower" 
blue-grey calcareous till at Porth Neigwl (SH 2902 .have 
been dated as 29,000 + 1,200 yr B.P. (Sample No. 1-3262). 


Some 80 g of shell from the shelly outwash gravels at 
Porth Dinllaen (SH 277410) gave an age of 31,800 Myr 
years B.P. (I-3273). These dates are considered to indi- 


cate a glaciation post-dating the Paudorf Interstadial 
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Mitchell’) and Scottish Re-advance Glaciations (— ——. 

1 L 4. Seottish Re-advance Moraine in Lleyn and possible extension) 
in western Britain. 
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A tentative correlation of the major drift sections in the Lleyn peninsula, 


(30,000 to 25,000 yr B.P.) The "lower" Irish Sea till is 
thus referable to the Main Würm while the subsequent 
re-advance, which contorted the underlying drift at Dinas 
Dinlleu (SH 437,565) (Fig. 3) and produced the ' upper" 
northern till and the Brynkir moraine, must post-date the 
Main Würm. The moraine at Brynkir (SH 480,447) 1s 
considered to mark the southernmost limit of the northern 
ice during this last recorded glaciation, but the strati 
graphical evidence indicates that local Welsh ice existed 
in southern and south-eastern Lleyn. 

Some 80 g of peat, collected from a kettle hole in the 
outwash from this local ice, near Glanllynnau (SH 457,374), 
has vielded a date of 11,740 € 170 years B.P. (I-3,261 ) 
This 16,830 +979 
B.P. for eroded and transported peat thinly disseminated 
through the outwash gravels at Brynkir (H. D. Foster, 
personal communication), provides upper and lower time 
limits for this last glaciation in Lleyn. Clearly the glacial 
maximum must post-date the formation of the eroded 
peat at Brynkir and must pre-date the formation of the 
Glanllynnau peat. There is therefore strong evidence for 
maintaining that the last glaciation in North West Wales 
oceurred during zone 1 (a) and thus of equating the 
Brynkir moraine with the Scottish Re-advance of 
Northern Britain. 

Such a chronology poses several problems. 
this glaciation the result of a loeal ice cap independent of 
the glacial advances in Northern Britain or was it con- 
tiguous With the northern ice ? The local evidence ts 
inconclusive. The erratic assemblage is dominated by 
rock types derived from Anglesey and the adjacent areas. 
The small proportion of "Irish Sea" erraties may well 
have been derived from the underlying till. Alternatively, 
it is difficult to understand why a Snowdonian ice cap 
moving* northwards over Anglesey would have been 
deflected westwards along the northern coast of the Lleyn 
Peninsula and forced through gaps in the northern coastal 
range unless the deflecting foree was the pressure of an 
Irish ice-sheet immediately to the north. 

If this premise is accepted, then the limits drawn by 
Penny" for the Scottish Re-advance glaciation stand in 


date, coupled with one of years 


First, was 


78 


Fig. 3. 


need of modification (Fig. 2). Although the Bride moraine 
in the Isle of Man was dated as pre-Allerod!?, an absolute 
date has indicated that the age is greater than 30,300 yr 
B.P.", While this date does not invalidate the moraine as a 
Scottish Re-advance landform incorporating older mater- 
ial, it does throw doubt on the age of the moraine. The date 
of 11,740 yr B.P. for the Glanllynnau peat and the evidence 
that sedimentation oecurred in the kettle hole late in 
zone I, indicates that the line joining the maximum limits 
of the Scottish Re-advanee glaciation should be drawn 
along the northern coast of Lleyn. 

The Brynkir moraine has been correlated with the 
moraine at Curraghcloe by Mitchell, It may be that in 
Treland the limit of this glaciation needs to be extended 
southwards. Alternatively, the Carlingford Re-advance 
moraine may mark the southern limit". 

The Scottish Re-advance limit in Western Britain was 
drawn along the “feather edge” of the upper till and is 
based on pollen sites. No moraines are found along this 
part of the limit. It seems illogical that the ice congestion 
necessary to deflect the Welsh ice westwards should have 
been associated with ice-free conditions in Lancashire. A 
limit to the south of Sealeby Moss must be sought. This 
limit might be the Fylde Moraine near Kirkham or 
possibly the Bodfari-Llay Re-advance moraine of North 
East Wales and the Borderland. 

The ages determined for the drifts in the Lleyn Penin- 
sula add further support to the concept of a more extensive 
Main Würm Glaciation than that admitted to by Mitchell 
and Synge. The date for the Glanllynnau and Brynkir 
peats merits a southward extension of the limit of the 
Scottish Re-advance glaciation to include the Dinas 
Trevor—Brynkir moraine. 

I acknowledge the financial assistance given by the 
Department of Geography, Birkbeck College, University 
of London. 
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The cliff section at Dinas Dinlleu. 
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Nitric Acid and Nitric Oxide 
in the Lower Stratosphere 


DURING a balloon flight on December 7, 1967, the infrared 
solar spectrum in the region from 6:2 um to 10-0 um was 
monitored from 30 km as the Sun set. The spectra 
obtained during this period revealed the strong enhance- 
ment of a previously unidentified absorption feature at 
1,325-7 em-!, and examination indicated that this feature 
was the Q branch of a polyatomic molecule. The P and 
R branches were also present but the instrument resolu- 
tion (0-2 em-!) was not sufficient to resolve the rotational 
structure, 

Subsequent. investigations indicate that the absorption 
is due to HNO,. The increase in the absorption as the 
Sun sets indicates that the absorber is not uniformly dis- 
tributed but that its concentration increases in a layer 
below the altitude of the balloon (30 km) and above the 
minimum altitude on the atmospheric path (22 km) 
traversed by the solar radiation in reaching the instru- 
ment. A more detailed analysis of the growth of absorp- 
tion with increasing solar zenith angle is being performed. 
The layered structure strongly suggests that it is associated 
with ozone. 
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Fig. 1. eUpper atmospheric transmittance as determined from infrared 

solar spectra, Upper curve, 11-0 km, solar zenith angle 58:7". Lower 

curve, 30 km, solar zenith "o aie line indicates absorption 
due to NO, 
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Fig. 2. Path traversed by solar radiation in reaching the balloon for 


zenith angles greater than 90°. 


The growth of the absorption is shown in Fig. 1. The 
upper spectrum shows the atmospheric transmittance as 
a function of wave number as determined from a solar 
spectrum taken at 11-0 km and a solar zenith angle of 
587°. This spectrum was chosen because the absorption 
due to methane at 1,306-1 cm~ is comparable with that 
observed in the lower speetrum. The lower speetrum was 
determined from a solar speetrum obtained when the 
balloon was at an altitude of 30 km and the solar 
zenith angle was 92-4°. The path traversed by the 
radiation in reaching the balloon is shown in Fig. 2. The 
minimum altitude hy in this case was 22 km. The in- 
creased absorption at 1,3257 cm~ and the presence of the 
P and R branches associated with the Q branch are clearly 
evident by comparing the two spectra and are shown by 
the dotted line below the spectra. 

Nicolet! has considered two possible reactions which 
may produce HNO,. One calls for the presence of NO, 
and the other for NO, which has a band at 1,875 em-!, 
but this is short of the region scanned during this flight; 
however, NO, has a band at 1,578 cm-t. There is a large 
number of H,O lines in this region, but inspection of the 
spectra reveal a number of weak lines which also show 
the long path enhancement characteristic of the HNO, 
with about the right rotational spacing, and have been 
tentatively identified as due to NO,. 

There do not seem to be any laboratory data available 
about the strength of either band, so that it is not yet 
possible to determine the amounts of HNO, or NO, 
necessary to account for the observed absorptions. 

This research was supported in part by the Advanced 
Research Projects Agency and the Atmospheric Sciences 
Office, White Sands Missile Range. 
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Depth of Pelagic Foraminifera and 
Isotopic Changes in Pleistocene Oceans 


A COMMUNICATION by Lidz ef al? purports to establish 
some conclusions of considerable importance to the inter- 
pretation of palaeotemperatures and merits critical 
appraisal. 

Emiliani? examined the oxygen isotope palaeotempera- 
ture record of four different foraminiferal species from a 
Caribbean core, A 179-4. It was observed that: (a) the 
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species Globigerinoides rubra and Gl obigerinoides sacculifera 
recorded higher isotopie temperatures than the species 
Globorotalia menardii and Globigerina dubia, in keeping 
with the observation that the two former inhabit the 
upper 50 m or so of the water column whereas the latter 
species inhabit greater depths: (b) the amplitude of 
isotopic temperature variation between "glacial" and 
“interglacial? sections of the core was greater in the case 
of the surficial species than in the case of those species 
living at greater depths. 

Lidz et al.! have extended this aspect of Emiliani's work 
to a wider range of species, in Caribbean core P 6304-8. 
This study is welcome for its attention to micropalaeonto- 
logical detail, especially in view of the past history of 
investigation to whieh this particular eore has been sub- 
jected?-*. Unfortunately, the workers have attempted to 
derive conclusions of wider import from their study and 
these conclusions seem to be ill-founded. 

The chief unknown quantity in the determination of 
past temperatures from oxygen isotope studies is the 
isotopie composition of the ocean water in the geological 
past. This matter has received a certain amount of 
attention recently. Olausson® estimated a glacial-inter- 
glacial ehange in the isotopic composition of ocean water 
of about L:3 per mil over the past two or three glacial 
cycles. Eriksson? has made an estimate which is close to 
this, as has Weyl*. More recently, a rather more rigorous 
study? has shown that, despite the large number of 
unknown quantities involved, the range of variation must 
almost certainly have been between LO per mil and 
1-4 per mil. Measurements of the isotopie composition of 
benthonie species? support the conclusion that changes 
in the isotopie composition are the dominant factor 
involved. Taking into account other evidence, jt seems 
likely that about one third of the total isotopic variation 
observed in Caribbean cores should be attributed to tem- 
perature change and two thirds to isotopic change in the 
water. At the same time, it would be very useful to find 
additional evidence which might bear directly on this 
problem, and this Lidz et al. have attempted to do. 

Thus they have plotted (Fig. 1) the amplitude of 
glacial—interglacial isotopic range against mean inter- 
glacial isotopic composition for each of the species studied, 
and have concluded: “A gross relationship 1s shown, with 
the deeper species (Globorotalia tumida, G. truncatulinoides 
and G. crassaformis) exhibiting the smallest amplitude, 
This amplitude is about 50 per cent of that given by the 
shallower species, and so we conclude that variations in 
the isotopie composition of the sea water cannot aecount 
for more than half of the isotopic variations measured in 
the foraminiferal shells". 

The alternative to this conclusion is somewhat para- 
doxicali?: "If the curve representing variations in the 
isotopie composition of the planktonic species Globiger- 
inoides rubra and G. sacculifera is to be interpreted entirely 
in terms of changes in the isotopie composition of the water, 
taking place through the whole column of water, then the 
species Globorotalia menardii, must have lived in 
warmer water during the glacial periods than during the 
'nterglacials'." It was then suggested that a simple 
explanation would be that those species living at some 
depth migrated upwards in order to compensate for the 
density iherease concomitant with glaciation. This 
density increase must have occurred as a result of the 
salinity change caused by the abstraction of water from 
the oceans. 

Lidz et al. have tacitly assumed that the depth dis- 
tribution of each species has remained constant through 
the periéd under consideration. Tt is true that they have 
demonstrated that the order of depth stratification 
remains constant, but this is a different and simpler 
matter. The factors determining depth habitat are cer- 
tainly not at present known, and it is not justifiable to 
assume that density was the only, or indeed the primary, 
controlling factor. At the same time, it is known! that 





80 


the depth habitat of many of those species which inhabit 
deeper water varies considerably from one region to 
another. Emiliani”, in an early study, showed that the 
isotopic evidence was consistent with the assumption that 
water density was an important controlling factor. For 
this very reason, in his subsequent palaeotemperature 
work, he has relied exclusively on the surface-inhabiting 
species, which clearly cannot migrate upward during glacial 
phases. 

When the problem of the isotopic composition of ocean 
water is better understood, it may be possible to use the 
isotopic analyses of Lidz et al. to determine the depth 
habitat of the various species during the glacial phases 
and thus perhaps to estimate the extent to which each 
species is able to compensate for changes in water density. 
It has been suggested that alteration in the density of 
pores in the test may be a possible mechanism achieving 
this in the species Globigerina eggeri, and Wiles'* has 
shown that this parameter does vary with time in a 
manner closely related to the glacial-interglacial cycle. 
On the other hand, it should be clear from this discussion 
that to use the information in the way Lidz et al. do is 
quite unjustified in our present state of ignorance. 

I thank Dr C. Emiliani for comments which have 
proved useful in the preparation of this communication ; 
this should not be taken to imply that he is in agreement 
with my conclusions. I have also had diseussions with 
Professor H. Godwin, Mr M. Fisher and Dr B. M. Funnel. 
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PHYSICS 


Neutron Diffraction on Piezoelectric 
Vibrating Resonators 


THIS communication explains some experimental results 
published by Parkinson and Moyer!?* by proving that the 
wave amplitude associated with neutrons reflected from 
a lattice of vibrating piezoelectric resonators corresponds 
to the amplitude of a frequency modulated wave?, 

In the Bragg formula 
2d sin 9 (1) 


Àg mo om 
Gn 
we shall associate with the neutrons the was®length 7, 
given by the de Broglie relation A, = h/mnt, and the 
angular frequeney given by the formula €, — zhima. 
As a modulator of the beam of neutrons diffracted on 
the vibrating crystal lattice, we shall assume the simplest 
type of piezoelectrie resonator, cut from the erystal so 
that the resonator vibrates longitudinally*in the direction 
of the lattice constant d—that is in the direction per- 
pendicular to the lattice planes on which the diffraction 
of neutrons takes place. The periodic displacement can 
be expressed by the relationship 


d = dg (1 + q eos wa t) (2) 
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Substituting d from equation (2) in equation (1) we obtain 
On 7C nmo — Yo COS wa t (3) 
where On, = nA/4mad? sin? 9 and qy= 29 Ono- 
The wave function of the plane wave of reflected 
neutrons can be written in the form 


Yn = Ye (r) exp (ign(t)) (4) 
in which 


galt) = f ondt = cout — p sin wat (5) 
9 
if we introduce equation (3) for c, in equation (5) and if 


8)=4o/@a, the modulation index. For gn(t) given by 
equation (5) the wave function takes the form? 


Un = Yo exp (es. ut = 8, sin Oat) 





x (89) exp Hona t koat) (6) 
k= 


where J4(8,) denotes the Bessel function of the first kind 
and of order k. 

Equation (6) clearly shows that during the diffraction 
of neutrons on a vibrating resonator there arise side 
bands as well as the band of reflected neutrons with fre- 
quency ©n,) and intensity proportional to ij4[* Jo? (84). 
These side bands of reflected neutrons have higher fre. 
quencies (On + koa) and lower frequencies («5,9 — koa) 
and have intensities proportional to [Ya]? J? (3,) if the 
numbers of neutrons associated with the corresponding 
frequencies are determined. 

In the case when the modulation index 8,« 1, the gn]? 
of equation (6) can be written in the form 





ibn? 2 194]? [J2(85) + 2728p) + 2J3(&,) 
+ Toloa Sa) cos 2 wat] (7) 


if we use only five terms of equation (6). A further 


approximative form is 


a 8s 92 E 
!od9^ i 12 9 o e < b 
val? ide)? N l+ 2 73 cos 2 ent j (8) 


This approximation can be taken as valid for the 
experiments'*? using quartz resonator frequencies, fa, of 
250, 400 or 500 kHz and neutron energies, En, of 0-02 to 
0-20 eV. According to known experimental resulta*:*, the 
amplitude g= |d — d/d, can be expected to be of the 
order 10-5 or 10-7, so the condition q,/c« < 1 is fulfilled 
and the intensity of the reflected neutron beam is pro- 
portional to |9,j? given by equations (7) or (8). This fact 
explains the time analysis of the diffraeted neutron beam? 
according to which the modulation of the neutron beam 
by a piezoelectric resonator oscillating with a frequency 





fa wa/27 = 500 kHz occurred at the frequency of 1 MHz, 





twice the crystal oscillating frequency. 

Ref. 4 describes a more detailed analysis, especially of 
the analogy to the spectral distribution in the Mossbauer 
effect on solid materials made to vibrate ultrasonically 
by piezoelectric resonators’, 
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Creep of Natural Rubber Vulcanizates 
filled with Carbon Black 


Harwoop et al. have recently shown! ? that the pheno- 
menon of stress softening in vuleanized natural rubber 
containing carbon black as a filler is chiefly associated 
with changes taking place in the polymer phase -and 
not, as had previously been supposed, with breakdown of 
polymer-filler, or filler-filler interactions. 

In this communieation the changes in ereep behaviour 
brought about by pre-stressing a filled rubber (a con- 
ventional N-eyelohexyl benzthiazyl sulphenamide acceler- 
ated sulphur vulcanizate containing forty parts by weight 
of lamp carbon black per hundred parts of rubber) are 
briefly described. The results indicate that, as with stress 
softening, the principal effect of pre-stressing is a change 
in the polymer phase, although there are indications 
that some breakdown associated with the filler does take 
place. 

Tt is known to industry, presumably empirically, that 
pre-stressing of either rubber or metal springs improves 
the subsequent creep performance. The creep rate, in 
tension under eonstant load, was measured at various 
extensions for both new and pre-stressed test pieces. The 
rate can be defined as the percentage increase in extension 
per decade of time, because this increase is essentially 
proportional to the logarithm of the time under load. 
This increase is expressed as a percentage of the "initial" 
extension, which is arbitrarily taken as that measured 
] min after loading. 

The test piece was pre-stressed for 1 h at 100 per cent 
extension, and allowed to recover for at least 24 h before 
the ereep test. This moderate pre-stressing procedure 
results in less than 1 per cent permanent set and only 
about 7 per cent decrease in modulus. 

The results of the creep tests are given in Fig. 1; they 
show that the creep rate is lower for the pre-stressed 
material and that there is a marked minimum at the 
pre-stress limit. 

The decrease in creep rate subsequent to pre-stressing 
could be associated either with polymer-filler or filler- 
filler breakdown, or with changes in the gum matrix. If 
the latter is the case then the same phenomenon of de- 
creasing ere rate after pre-stressing should also be 
observable in a pure gum rubber—that is, à rubber con- 
taining no filler particles. For fair comparison with the 
results of Fig. 1, the pre-stress on the gum rubber should 
be the same as that on the filled rubber. As a result of 
strain amplification’, this means that the equivalent gum 
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experiments are carried out at considerably higher exten- 
sions. The results are shown in Fig. 2. Qualitatively the 
effect is obviously very similar to that in the filled rubber- 
simply being scaled down to lower overall rates. Quantita- 
tive comparison suggests that changes in the polymer phase 
of the filled rubber ean account for most, but not all, of 
the effect of pre-stressing. The filler probably does contri- 
bute an additional, but smaller, relaxation mechanism. 
We suggest that most of the ereep is the result of 
the time dependent rupture of "temporary" crosslinks. 
These crosslinks are probably associated with weak 
secondary forces rather than with primary bonds. Tt may 
be that they are broken down rather rapidly and essen- 
tially irreversibly by the mechanical pre-stress. This means 
that the network is now nearer to its equilibrium con- 
figuration and in subsequent tests a lower creep rate will 
be observed. This idea is consistent with the slight 
softening which is observed for the pre-stres ed rubber. 
C. J. DERHAM 
A. G. THomas 
isociation, 
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THE SOLID STATE 


Crystal Structure of Sapphirine 


SAPPHIRINE is a principal constituent of certain high gra 
silica-deficient metamorphic rocks at Fiskenaesset, West 
Greenland.” where it occurs with cordierite, corundum, 
anorthite and biotite. A erystallo-chemical enigma, it is 
one of the few rock-forming minerals with unknown 
erystal structure. 

A fine specimen was donated by Dr Brian Windley, 
who collected the sample at the type locality near Fis- 
kenaessef harbour. A nearly equant fragment of 0-3 mim 
mean dimension was selected for three-dimensional 
crystal structure analysis. Six thousand independent 
reflexions were collected on ‘Paired’, an  automatie 
diffractometer, using monochromatized Moka radiation. 
Of these, 3,600 were non-zero and 2,000 "low.angle" 
reflexions were used for the ensuing structure analysis. 








a 
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The crystal cell has a=11-26, b—14-46, c=9-95 A, 
B-125* 20’, P2,/a, corresponding to the orientation of 
Kuzel'. There are thirty-four non-equivalent general 
atoms in this cell, and to complicate its analysis further 
a substructure was observed with c'—c/2: thus, the 
heaviest crystallographic artillery was needed. 

The first stage of structure determination involved 
sign determination by the programmed symbolic addition 
procedure MAGIC, written by Fleischer, Dewar and 
Stone*. Signs were obtained for 500 of the 1=2n re- 
flexions, and the resulting E map revealed the essential 
substrueture and clearly showed that the anionic frame 
consists of cubic close-packed oxygen atoms layered 
parallel to a {100}. Eight octahedrally co-ordinated 
cations were also indicated. 

The second stage included least-squares refinement on 
the 1=2n reflexions. When the reliability index, Aj. 
fell to 43 per cent, a difference synthesis was performed 
because the strong spectra showed good agreement and 
most of the signs were probably correct. "This synthesis 
showed seven prominent electron densities within an 
asymmetric unit of the c/2 sub-unit, one of which required 
removal of an incorrectly assigned cation froin stage one. 
Two others, due to their propitious location, were assumed 
to be truly periodie over c/2, as also suggested by the 
peak heights on the E map. Remaining were four cations 
which were assumed non-periodic over the ¢/2 sub-unit. 
Rag for 1 = 2n was 32 per cent for all but these four atoms. 

The key to the full solution lay in assuming that these 
four atoms are the only ones non-periodie over c/2 and 
are the chief contributors to the 142n reflexions. The 
third stage consisted of testing several models involving 
just these four atoms. In this manner, much labour and 
computation time was saved. The proper co-ordinate 
assignments for the four atoms gave Rp=35 per cent 
for the 142n reflexions only. Finally, all thirty-four 
atoms were included in a refinement using all 2,000 low- 
angle reflexions and jj is presently 11-5 per cent. 
Despite the large number of atoms in the asymmetric 
unit, incorrect assignment of only one cation would yield 
Rakt 20 per cent and attests to the correctness of the 
strueture analysis. 

The present atomic co-ordinates are given in Table 1. 
Refinement is still in progress, so the errors and thermal 
vibration parameters are not included. 

A polyhedral diagram appears in Fig. 1. Planar octa- 
hedral walls comprised of seven non-equivalent cations 
run parallel to the c-axis. These walls, which are three and 


Table 1. ATOMIC CO-ORDINATES FOR SAPPHIRINE 
Atom g Y z 
M (1) 0-007 0-158 0:136 

(2 —006 0-157 0-615 
M (3) —002 0-058 0:376 
M (4) ~OOL 0-057 0-873 
M (5) 0:009 0:366 0:144 
M (m -009 0:366 0-609 
M (7)* 0-002 0:258 0-880 
M (&* 0:250 0:250 0-874 
T (1) 0:194 0-556 0-242 
T (9) 0:202 0:554 0:741 
T (3) 0-202 0:449 0510 
T (4 0-200 0-444 0-010 
T (5)* 0-188 0:753 0-756 
T (6)* 0-186 0:246 0-504 
O (1) 0:125 0-257 0-124 
O (2 0-130 0-252 0-635 o 
O (3) 0:110 (-057 0:123 
O (4) 0-109 0-058 0-021 
O (5) 0-109 0:157 0-360 
O (0) 0-104 0:165 0:843 
O (7) 0116 -053 0-378 
O (8) 0-109 —O6L 0-87 
O (9 0:374 0:251 0:115 
O (10) 0-383 0:245 0-637 
O (11) 0:356 0-038 0832 é 
0 (12 0-364 0-040 0-622 
O (13) 0-388 0343 0:387 
O (14) 0-394 0:331 0:904 
6 (15) 0-364 0:151 0-352 
O (16) 0:37. 0:155 0-873 
O (17) 0:138 0:459 0:124 
O (18) 0:145 0:461 0:635 
O (19) 0:136 0-352 0-398 
0 (20) 0:124 0:342 0-868 


* Atoms without a pseudo-repeat on c/2. 
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Fig. 1, Polyhedral diagram of the Seg pete we structure down a*. 


Unshaded octahedra are at z ^0 and the stippled tetrahedra make up a 

T,O,,] © chain, Solid circles denote oxygens shared by symmetry equiva- 

ent tetrahedral chains and the octahedral walls. Ruled regions indicate 
the edges shared with the lone octahedra between the walls, 


four octahedra in width, are separated along the b-axis 
and held together by a new kind of tetrahedral chain ot 
stoichiometry [T,O;,]c. The remaining octahedron is 
situated between walls along a*, sharing edges with three 
octahedra above and below. Thus the erystallochemical 
formula is MYL, [MV1O,] | TI V,O,,]. 

Vogt? suggested the formula Mg, A14: 4, Si, 4,049, where 
n varies from 0 to 25. For n=0, the asymmetrie unit 
contains Mg,Al.Si,04,. Because of the complexity of the 
structure, which involves several hundred interatomic 
distances, strict electrostatic arguments cannot provide 
an unambiguous ordering scheme. The scattering factors 
of Mg, Al and Si are similar, so the answer to this impor- 
tant question cannot be found from the structure analysis 
at this stage. It must await the final calculations of 
interatomic distances. 

Sapphirine has usually been thought to be structurally 
related to spinel, principally because of the marked 
similarity of their X-ray powder data. Although both 
have cubic close-packing of oxygens, the polyhedral 
linkages are quite unrelated topologically. The octa- 
hedral walls in sapphirine are the nearest equivalent to 
the unbroken octahedral sheets in spinel which are 
oriented parallel to o {111} in the latter mineral. Further- 
more, the tetrahedral units in spinel are insular in con- 
trast to the chains in sapphirine. Consequently, the 
breakdown sapphirine—-spinel + quartz must be exten- 
sively redistributive. 

This work was supported by the US National Science 
Foundation. 
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Phonon Viscosity Attenuation 
of Ultrasonic Waves in HgTe 


ATTENUATION of ultrasonic waves arising from lattice 
phonon viscous drag is known in insulators such as quartz! 
and in semiconductors, notably germanium? and silicon’. 
Here we report that this damping effect is large in the 
semi-metal HgTe. When the thermal phonon mean free 
path is small compared with the sound wavelength 
(org «&1). as in the present experiment, the lattice phonon 
damping for an isotropic solid is given by* 


ap = 8-08y'e*K T/c?* dB/em a) 


where y is an average Gruneisen parameter and K the 
lattice thermal conductivity. For HgTe (0 = 141° K) 
(ref. 5) the Debye velocity of sound v is 1:53 x 10^ em s^, 
considerably less than that in germanium (3:55 x 10° 
em 8-3), silicon (5:87 x 10* em s-!) or quartz (439 x 10° 
em s~) (ref. 3). A stronger thermal wave attenuation 
would therefore be expected in HgTe. The effect can be 
observed at comparatively low frequency. 

The attenuation of longitudinal ultrasonic waves 
between 10 MHz and 290 MHz propagated along the 
[100], [110] and (111] directions in HgTe has been measured 
by the pulse echo technique*. Representative curves of 
the temperature dependence of attenuation are given in 
Fig. l. Below about 20? K, the attenuation is low and 
almost temperature independent; this level is taken as the 
residual attenuation («,). Above 20° K the attenuation 
rises approximately as 7? to a maximum at about 40° K 
and then decreases slowly—a behaviour consistent with 
phonon viscosity attenuation as expressed by (1). The 
frequency dependence of attenuation (Fig. 2) approaches 
o? above 100 MHz but deviates at low frequencies, largely 
because of diffraction losses. The attenuation above 200 
MHz is constant; a similar effect in germanium has been 
attributed to dislocation damping?. 


SO MHz longitudinal waves along [100] axis 


itudinal waves along 
(ii axis 


Y 


‘Itrasonic attenuation (dB/em) 


U 


30 MHz longitudinal waves along 
[it] axis 





10 20 30 40 50 60 70 80 
Temperature (^K) * 


Fig. 1. The temperature dependence of ultrasonic attenuation in HgTe. 
The residual attenuation level is shown only for the lowest curve. 
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[t0] direction 
(longitudinal waves) 


Itrasonic attenuation (dB/us) 


t 
Ultrasonic attenuation (dB/om) 


e 


4:2°K 
(annealed) 


42°K 
(unannealed) Lo 





10 20 30 50 100 200 300 
Frequency (MHz) 
Fig. 2. Ultrasonic attenuation of longitudinal waves propagated along 


the [110] direction as a function of frequency in both unannealed an 
annealed HgTe single crystals. 


Table 1. ACOUSTICAL GRUNEISEN PARAMETERS ESTIMATED FROM THE ULTRA- 
SONIC ATTENUATION OF LONGITUDINAL WAVES PROPAGATED IN HgTe SINGLE 


CRYSTALS 
Intrinsic Acoustical 
Direction Velocity of Frequency ultrasonic Gruneisen 
o sound at (MHz) attenuation parameter 
propagation 42° K (cm/s) (@-a,)d B/em. y 
T 50 2-44 119 
[111] 3-073 x 10* 30 102 1:28 
[100] 2-961 x 10* 50 2-04 1-07 
Fons 70 248 0-86 
[110] 2-982 x 105 50 1.18 0-81 


A complete quantitative assessment awaits measure- 
ments of the third order elastie constants and thermal 
conductivity. But it is of interest to estimate the acoustic 
Gruneisen parameters Y (Table 1) using equation (1). 
For comparison, the thermal expansion Gruneisen 
parameter is estimated as 0:65 + 0-10. 
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Recrystallization of Nickel-coated 
Carbon Fibres 


Carson fibres of high strength and stiffness have recently 
been developed at these laboratories And elsewhere'’, 
To exploit these mechanical properties in composites at 
high temperatures, the fibres must remain compatible 
with the matrix material. In a survey of several matrix 
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materials, in which the strength and structure of metal- 
coated fibres were examined after various heat treatments. 
some interesting effects were observed with nickel-coated 
fibres. It was found that the strength of nickel-coated 
fibres was drastically reduced after heat treatment for 
24 h at temperatures above about 1,000 C. X-ray 
diffraction studies were therefore performed to investigate 
the differences between the strong and the weak fibres. 
Two types of carbon fibre were investigated: a. "car- 
bonized". by controlled pyrolysis of polymer fibre up to 
1.0007 C, and b, “graphitized”, by further treatment up 
to 2,7007 Œ. 

Bundles of both types of fibre were uniformly electro- 
plated with nickel to give composite fibres containing 
approximately 50 per cent by volume of nickel. Heat 
treatment was performed on these coated fibres for 24 h 
at 1,100° C in vacuum. Some samples were examined 
as heat treated, while the remaining specimens were 
examined after the fibres had been etched in a mixture 
of 50 per cent nitric acid, 25 per cent acetic acid and 25 
per cent water to remove the nickel. Untreated bundles 
of both “carbonized” and “graphitized’ fibres were 
examined for comparison, . 

X-ray measurements of the effective size and orientation 
of the graphite erystallites were made on all the samples, 
using niekel-filtered copper radiation, The effective size 
of the erystalline regions normal to the basal planes was 
measured by the line broadening of the graphite (002) 
diffraction are on a conventional powder erystallogram. 
The relative alignments of the graphite basal planes were 
compared from flat plate transmission photographs by 
measuring. on an automatic rotating stage microdensito- 
meter, the angular half width Z^ of the density profile 
round the (002) diffraction are at half peak density. 

The untreated fibres gave diffraction patterns identical 
with those expected for their particular processing condi- 








a b 


Fig. l. X-ray powder diffraction patterns: a, "graphitized" fibre; b, 
nickel-coated “graphitized” fibre, after heat treatment for 24 h at 
1.1007 € (etched to remove the nickel). 
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Fig. 2. X-ray thet plate transmission patterns: a, “carbonized” fibre; 
b, niekel-conted “carbonized” fire, after heat treatment for 24 h at 
1.1007 € tetehed to remove the nickel) 


tions, as shown in Figs. la and 2a. The fibres are poly- 
erystalline, having graphite basal planes preferentially 
oriented along the fibre axis, but turbostratically mis- 
placed relative to each other*. The (002) directions in 
adjacent regions are randomly arranged approximately 
within a plane normal to the fibre axis. The effective 
erystallite size and crystallite perfection are improved by 
more elevated processing temperature 

The powder erystallograms of the heat-treated niekel- 
coated fibres showed graphite and nickel only, with no 
signs of nickel earbide nor any other compound associated 
with the observed loss of strength. A dramatie change 
was observed, however, in the structure of the fibres 
themselves. Both types of fibre seemed to have re- 
crystallized during heat treatment to attain extensive 
three dimensional order and increased erystallite size. 
The appearance of the graphite diffraction ares associated 
with three dimensional order and the improved line 
sharpness are clearly seen by comparison of the powder 
erystallograms of the *graphitized" fibre, in Figs. la and 
lb. The effective crystallite size has in this case increased 
from approximately 60 to 500 Å. The (002) diffraction 
ares for the “carbonized” fibre shown in Fig. 2 illustrate 
the increased crystallite size and the improvement in 
basal plane orientation. The measured Z value has 
changed here from 18:3^ to 6:97. 

The role of the nickel in. stimulating reervstallization 
nt this modest (for carbon) temperature is not 
pletely clear. but seems to have some parallels with the 
transport mechanisms which can operate during activation 
sintering of tungsten**, This mechanism depends on 
transport by dissolution/rapid  diffusion/reprecipitation 
to permit the high melting point phase to sinter or re- 
crystallize. Further studies are in progress to confirm 
this possibility. 
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Physical Structure of lonomers 


TowoMERs are plastics in which a copolymer of ethylene 
with an acid, such as methacrylic acid, is combined with 
a metal (unpublished results of R. W. Rees and D. J. 
Vaughan. What distinguishes ionomers from polyelectro- 
lytes is that the ionie material forms a minor part of the 
whole, the remainder being substantially hydroearbon. 
Thus the fully ionized sodium salt of polymethacrylic 
acid contains 21 per cent sodium whereas the ionomers 
typieally contain less than 5 per cent. 

We describe in this letter some unusual structural 
changes that result from the combination of ions with 
organic macromolecules. These are consequences of the 
long-range interaction between the ions, which decreases 
linearly with the distance of separation compared with 
the interaction between permanent dipoles which decreases 
as the third power of the distance of separation. 

Preliminary studies (refs. 1 and 2, and unpublished 
results of W. J. MacKnight, L. W. McKenna, B. E. Read 
and R. S. Stein) have indieated some of the unusual 
features of this system; here we summarize the results 
of X-ray diffraction, electron microscopy and internal 
friction. The range of compositions was from 5 per 
cent by weight to 40 per cent by weight copolymerized 
methacrylic acid (95/5 and 60/40 E/MAA) usually 
but not always neutralized to varying extents with 
sodium. 

A copolymer containing 5 per cent methacrylic acid 
resembles lower density polyethylene. Slabs moulded 
from this plastic are flexible, tough and translucent. As 
the amount. of combined acid is increased, the materials 
become increasingly transparent and stiffer until above 
about 25 per cent acid the copolymers are glassy, brittle 
and clear, resembling polystyrene or polymethyl meth- 
acrylate. The most striking feature of the ionomers is 
their clarity, at levels of acid where the copolymers are 
quite hazy and translucent—-below 20 per cent acid the 
ionomers are flexible but completely transparent. 

X-ray diffraction curves for an ionomer, a copolymer 
and lower density polyethylene are shown in Fig. 1. The 
curve for the copolymer resembles closely that of the 
lower density polyethylene and from the ratio of the areas 
of the [110] and [200] peaks to the amorphous scattering 
peak a percent crystallinity can be calculated. This 
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Fig. 1. X-ray diffraction seans of lower density (branchéfi) poly- 

ethylene; a copolymer of ethylene containing 16 per cent (wt) meth- 

acrylic acid; the resultant ionomer on 90 per cent neutralization with 
sodium, 
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Fig. 2, Percentage of crystallinity (polyethylene) of ethylene-meth- 


acrylic acid copolymers with increasing degree of ionization with sodium, 
O— C. Annealed; V--- V,quenched. 


crystallinity is in the case of polyethylene caused by the 
presence of lamellae of folded chains which are organized 
on a larger scale to form sheaves of lamellar spherulites. 
At lower levels of methacrylic acid, the behaviour of the 
copolymers is undoubtedly similar. This crystallinity is 
also observed for the ionomers. 

In Fig. 2. the percentage erystallinity is plotted against 
the degree of neutralization with sodium; the annealed 
ionomers have essentially the same crystallinity as their 
corresponding eopolymers. When the samples are quenched 
(to 0° C) before annealing, rather less crystallinity 18 
observed which may aceount for the apparent absence 
of erystallinity in ionomers (refs. 1 and 2 and unpublished 
results of W. J. MacKnight, L. W. MeKenna, B. E. 
Read and R. S. Stein). The effect of annealing on 
the crystallinity is greater than for polyethylene and is 
caused by a large increase in the "internal" viscosity 
(see, for example, ref. 3). 

'The pattern of the ionomer is distinguished from that of 
the copolymer (Fig. 1) by a low angle diffraction peak at 
an angle of 4° (corresponding to a spacing of about 20 Á) 
and which has always been observed in dry ionomers but 
never in the copolymers. Its position is independent of 
the atomie number of the cations examined (Li* to Cs* 
together with NH,* and R,N*), is only slightly affected 
by the acid content of the parent copolymer (in the range 
of 5 per cent to 40 per cent methacrylic acid), is not 
susceptible to orientation and is reduced to almost 
extinction when the ionomer has been allowed to absorb 
water. Most remarkably, it is observed even when the 
ionomer is heated to 300^ C. These observations suggest 
that the ions are segregated into a separate but molecularly 
connected phase within which there is some sort of 
periodieity of the ions, imposing a definite conformation 
on the connecting hydrocarbon segments. These regions 
are about 100 A in extent but, given the clarity of the 
solid polymer, will not be very much greater than 500 Á. 

'The size range and nature of these regions suggests that 
they are directly observable in the electron microscope. 
In Fig. 3 is shown a thin film of low density polyethylene 
obtained by casting a dilute solution of the polymer in 
xylene onto hot (70° C) water. Typical lamellar spherulitic 
structures are seen. In Fig. 4, a similarly prepared film 
of a 90/10 E/MAA copolymer is shown to be essentially 
similar, emphasizing again the structural similarity 
between these materials. When a film of this copolymer 
is cast onto a solution of rubidium hydroxide (Fig. 5). the 
spherulitie strgcture is completely destroyed and even 
fragmentary lamellae can barely be distinguished. There 
does, however, seem to be a definite separation of the 
polymer into two phases. In another experiment, 4 
sectioned film of the copolymer was treated with RbOH 
solution and this is shown at high magnification in Fig. 6. 
There can be seen a fine grained pattern of regions rich 
in ions which range in size down to about 50À.. (The larger 
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dark regions are probably due to variations in thickness.) 

These direct observations of the effect of ions on the 
hydrocarbon chain were complemented by measurements 
of the mechanieal behaviour. Referring to Fig. 7, the 
low density polyethylene exhibits a strong relaxation at 
—20° C (8) which is associated with the presence of 
branching in polyethylene for it is absent in the case of 
linear polyethylene. These branches are probably more 
numerous in the interlamellar and spherulitie regions. 
Comparing this behaviour with that of an E/MAA eopoly- 
mer, this relaxation has been shifted to a higher tempera- 
ture near 30° C and is sharper. This would follow if the car- 
boxyl groups were also primarily in the interlamellar 
regions—that is, excluded from the crystalline poly- 
ethylene, where a given segment would exist in an environ- 
ment. of substantially higher glass temperature (Ty) than 





Fig. 5, Electron micrograph of a film of the same copolymer as in Fig. 4 
cast onto dilute rubidium hyaroxide solution. 





Fig. 3. Electron micrograph of a film of low density polyethylene 
(‘Alathon 10') cast from a dilute (0*1 per cent) solution in xylene onto 
hot water, 





Fig. 6. A section of the same copolymer as Figs, 4 and 5 treated with 
dilute rubidium hydroxide solution. 


in the case of polyethylene where the Tg is about — 80° C. 
When the copolymer is converted to the ionomer, there are 
two results: the higher temperature (8) relaxation is 
shifted upwards by 10° € to 15" € (the decrease in magni- 
tude is due to two factors, a decrease in the volume of 
relaxing material and an increase in the activation energy 
of the process); in addition there reappears a relaxation 
at lower temperatures at about the same temperature as for 
lower density polyethylene (8$. When the ionomer is 
saturated with water, the glassy high temperature 
relaxation is shifted to a lower temperature, about 0° C, 
and the low temperature relaxation is not only shifted to 
a lower temperature but greatly increased. 

We therefore propose that the strueture of ionomers 


Fig. 4. Electron micrograph of a film of a 10 per cent ex polymer of can best be represented by a three-phase model which 
methacrylic acid with petit onn awe dilute solution (0-1 per cent) emphasizes the drastic effect that ions have on the 
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"n 7. Loss modulus (G^) versus temperature (°K-') for a low density 
polyethylene (A). a 15 per cent methacrylic acid copolymer with 
ethylene (LJ) and the dry (6) and wet (©) ionomers synthesized from it. 





Fig.8. Schematie representation of the structure of an ethylene copoly- 
mer (a), showing folded chalns of polyethylene segments interspersed 
with carboxyl groups; (b) the dry ionomer; (c) the wet ionomer. 


morphology and other properties of polyethylene and its 
copolymers. In Fig. 8a is represented schematically the 
strueture of an E/MAA copolymer. The crystalline poly- 
ethylene lamellae tend to exclude the carboxyl groups 
which are then segregated into the inter-lamellar and 
inter-spherulitie regions and form a matrix of higher Tg 
than lower density polyethylene. When, however, these 
carboxyl groups are neutralized a profound reorganiza- 
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tion takes place (Fig. 85). There are formed clusters of 
ions, arranged in a regular fashion in regions about 100 A 
in diameter. These are interspersed with small erystal- 
lites of polyethylene which may be either small fragments 
of folded chain lamellae or fringed micelles of about the 
same magnitude. The crystalline and ionic phases are 
connected by a matrix of rubbery hydrocarbon chains. 
The effect of water (Fig. 8c) is to solvate the ions which 
removes their ordered arrangement and also allows more 
material to be in the rubbery phase. 

The X-ray diffraction and electron microscopic measure- 
ment were made by Drs F. C. Wilson and H. A. Davis, 
respectively; J. M. Yeatman prepared all the ionomers 
and performed much of the experimental work. 
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BIOPHYSICS 


Electron Density Model for 
Nerve Myelin 


Tue swelling of freshly dissected frog sciatic nerve 
myelin in sucrose solutions has been studied by low-angle 
X-ray diffraction. Our analysis of the X-ray data leads 
to a choice between two possible triple layered membrane 
units and also allows us to assign an absolute electron 
density scale to the favoured model. 

Our nerve model contains the familiar triple layered 
membrane unit consisting of a layer of lipid of thickness 
l and electron density L with the surfaces covered by à 
layer of non-lipid or protein of thickness p and electron 
density P. A bimolecular leaflet of lipid is thought to be 
present in the lipid layer. Schmitt et al.' have described 
some lipid bilayer models for nerve myelin with Zœ 60-65 
A. Finean? and Vandenheuvel? have proposed spatial 
arrangements for the lipid components in the lipid 
bilayer with /~60 A. None of these models, however, 
have been tested with the X-ray data from nerve, Such 
a test can now be made, for the relation between the 
observed intensity and the Fourier transform of the 
electron density of nerve myelin has been derived*. 

Our nerve model is shown in Fig. 1. The nerve myelin 
radial repeat distance is d and there are two membranes 
per repeat. The thickness of the membrane pair is 
w=2(2p+l). The interspace (d-w) between the membran: 
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Fig. 1. The model of nerve myelin is centrosymmetrical and has repeat 


period d and membrane pair thickness w. The electron density scale is 
shown on the left, 
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Fig. 2. Intensity profile for nerve myelin showing regions I, H and IU. 
pair contains sucrose solution of known electron density S. 
We assume that the fluid in which the nerve is immersed 
and the resulting interspace fluid have the same electron 
density. The model is centrosymmetric and has four 
parameters (lw, P,L). 

The X-ray data for any particular sucrdse solution 
lie on a characteristic intensity curve. A typical intensity 
curve is shown in Fig. 2. Similar intensi ty eurves have been 
previously reported for nerve myelin swollen in dilute 
Ringer solution***. The intensity curve is divided into 
three regions I, IT, III as shown in Fig. 2. 

Normal nerve myelin, that is frog sciatic nerve myelin 
in Ringer, has only five orders (h=5) of diffraction, d= 
171 A, in regions I-III so that it is difficult to draw the in- 
tensity profile. Swollen nerve myelin, that is frog sciatie 
nerve myelin in sucrose solution, shows up to thirteen 
orders (k= 13) of diffraction in regions I-III, d — 388 A for 
0-24 M sucrose, and the intensity profile is well defined. 
The calculated intensities of our nerve model show 
minima (zeroes) at reciprocal spacings h/w, kh odd, and 
maxima at reciprocal spacings h/w, h even. By a suitable 
choice of w the observed maxima and minima of the 
intensity curve are in very good agreement with our model 
suggesting that a triple layered membrane unit might be 
an appropriate choice. 

The ratio of intensity maxima II and III depends only 
on the value of l; w is obtained directly from the zeroes 
of the intensity curve. There are two values of / which 
have the same intensity ratio. This is the same as saying 
that the phases of our centrosymmetrical model in 
regions II and III are either all positive or positive and 
negative, respectively. Moody® was unable to decide 
between these two possibilities whereas Finean and 
Burge* settled on the latter possibility. The choice 
of 7 large, that is, an extended lipid bilayer 1~60 A, 
corresponds to positive phases in regions II and III. The 
choice of / small corresponds to positive phases in region 
II and negative phases in region III. 

We started out by choosing Pa;0-45 electrons/A® for 
the non-lipid and La0-26-27 electrons/A* for the lipid. 
Intensities were calculated from our nerve model with 
l, either small or large, and compared with the observed 
intensities from frog sciatie nerve myelin in suerose 
solutions (0, 0-24 M, 0-82 M) of known electron density. 
Agreement was dependent on the particular value chosen 
for the average electron density of the membrane pair. 
The correct value is not known for certain but is thought 
to be close to that of distilled water. 

The best fit for Z large was 1~50 A but agreement was 
not good and could only be improved by inereasing P 
and L to unrealistie values (in order to bung the average 
electron density of the membrane pair close? to the 
expected value). We conclude that the triple layered 
membrane unit which corresponds to an extended lipid 
bilayer is not in agreement with our X-ray data. 

The model with Z small gave good agreement, the 
E value was 10 per cent, when the values of P=0-38 
electrons/À? and L=0-25 electrons/A? were adopted. 
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The parameters of the membrane unit varied slightly 
with change in sucrose concentration; Tawl8 A, wa 144 

for zero concentration and Iw19 A, w~142 A for 
0-24 M sucrose. The average electron density of the 
membrane pair in zero concentration and 0-24 M sucrose 
was 0-348 electrons/A? and 0-345 electrons/À?, respec- 
tively. This value is compared with distilled water which 
has an electron density of 0-334 electrons/A3, 

Our favoured model has a narrow lipid region læ 18- 
19 Å and a low value of L=0-25 electrons/A’. The triple 
layered membrane unit describes the lipid bilayer as a 
single layer of uniform electron density even though many 
different lipid components are present. Our model with 
Iw18-19 Å does not therefore necessarily contradict 
the idea of a lipid bilayer, for the polar ends of the lipid 
molecules may be included in the non-lipid layer which 
has p~26-27 Å. If, however, the idea of lipid bilayers 
is correct, then the narrow region of 18-19 A probably 
contains the hydrocarbon chains. The arrangement of 
the chains is not known; the wide-angle ring at 4-7 A 
does not support any particular arrangement. 

We find no evidence for a protein monolayer. The 
value of P= 0-38 electrons/A* suggests that, if protein is 
present, then it is overlapped radially with the polar 
ends of the lipid molecules and does not occur as a 
monolayer. 

A Fourier map computed using calculated structure 
factors from our model (1219 A, w=142 A, P=0-38 
eleetrons/À*, L=0-25 electrons/À*, d=388 A for 0-24 M 
sucrose and h=13) shows two nearly equal peaks of 
electron density in each membrane unit. The triple 
layered unit is not reconstructed perfectly because of the 
limited resolution. If an origin is chosen at the centre 
of the membrane pair then the inner and outer peaks 
occur at distances of 13 À and 59 À from the origin, the 
distance between inner and outer peaks is 46 A. We note 
that the centre of the non-lipid strip in our model is 13 À 
from the origin and the centre-to-centre separation 
distance of the non-lipid strips in each membrane unit 
is 45 

Our model with P=0-38 eleetrons/À* and L=0-25 
eleetrons/À? can be tested with our X-ray data from 
frog sciatic nerve myelin in Ringer solution using five 
orders of diffraction in regions I-III. Good agreement 
was obtained with 12:19 A and wx 156 A, the R value was 
10 per cent. 

We have previously recorded? X-ray evidence of 
particles in the plane of the frog retinal receptor disk 
membranes. These particles have been identified as the 
photopigment molecules*, Nerve myelin contains a much 
smaller percentage of non-lipid or protein than the disk 
membranes and, so far, we have failed to record any 
X-ray evidence of subunit-structure in the plane of the 
nerve myelin membranes. 
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Phytochrome as the Primary 
Photoregulator of the Synthesis of 
Calvin Cycle Enzymes in Etiolated 
Pea Seedlings 


MORPHOGENETIC changes induced by red light (660 nm) 
and mediated by the pigment-protein phytochrome are 
well documented!2, | Less is known, however, about 
phytochrome-mediated effects of red light at the cellular 
level. We show here that red light induces the develop- 
ment of etiolated apices of pea stems and that one con- 
sequence of this development is the net synthesis of a 
plastid-localized protein, namely fraction I protein, and 
an inerease in its associated enzyme activity, ribulose-1,5- 
bisphosphate (RuDP) carboxylase*. Two other enzymes 
of the Calvin cycle show similar increases in activity. The 
magnitude of these increases and their reversibility by 
irradiation with far-red light (730 nm) implicates phyto- 
chrome rather than protochlorophyllide as the primary 
photoregulator of the synthesis of these enzymes. 

Peas (Pisum sativum, variety “Green Feast’; Yates 
Seeds, Sydney) were germinated in the dark for 7 days 
at 25° C and then subjected to various light regimes. In 
order to determine changes in leaf proteins in response to 
the various light treatments, stem apices were excised 
immediately below the lowest leaf and samples containing 
2-5 g fresh weight of apices were ground in a pestle and 
mortar with buffer (0-005 M tris-0-04 M glycine, pH 8-3) 
at 0°-5° C, followed by homogenizing in a Ten Broeck 
hand homogenizer and diluting to 20 ml. with buffer. 
Seedlings illuminated with white light showed considerable 
leaf expansion and stem elongation and only the leaves 
and stipules corresponding to those present on apices 
of dark-grown or red-illuminated seedlings were used. 
The homogenates were centrifuged at 100,000g for 
30 min and the supernatant fluids were retained for 
analysis. Soluble protein was measured by the method 
of Lowry et al.‘; fraction I protein was measured after 
separation by polyacrylamide gel dise electrophoresis*. 
The bands of protein on the gel were made visible by 
staining with amido black 10B. Fraction I protein 
occurred as a distinct band which contained all the RuDP 
carboxylase activity on the gel. The amount of fraction I 
protein was determined by excision of the band and 
elution with 3 ml. of 1 N NaOH at 50? C for 2h. The 
absorbency of the extracted dye at 600 nm was linearly 
related to the amount of protein. 

Table 1 shows the growth response of pea stem apices, 
as measured by increases in fresh weight and soluble 
protein, after brief irradiation of etiolated seedlings with 
red light. Enzymes associated with respiratory metabo- 
lism such as enolase, NADP-isocitrate dehydrogenase and 
malate dehydrogenase increased three to four-fold (units 
of activity/stem apex). If the seedlings were illuminated 
with far-red light immediately following the red illumina- 
tion, the growth responses were smaller. Chlorophyll 
synthesis in the dark following the treatments with either 
red or far-red light was negligible. 

Stem apices of dark-grown seedlings contained very 
low activities of RuDP carboxylase, but illumination 
for 5 min with red light given at intervals of 24 h on five 
consecutive days increased the activity 91-fold (Table 2). 
Two other enzymes of the Calvin cycle, NADP-glycer- 


Table 1. GROWTH RESPONSES OF STEM APICES GF ETIOLATED PEA SEEDLINGS 
IN THE DARK AFTER BRIEF IRRADIATION WITH RED OR FAR-RED LIGHT 


Dark Red Red+Far-red Far-red 
Fresh weight (g/100 apices) 0:31 158(51) 0-77(2:5) 0-49 41-6} 
Soluble protein (mg/100 apices) 19-2 102(5.85) 51:497)  362(17) 


Seedlings grown for 7 daysin the dark were exposed to (1) red light (661 nm, 
72 KW jom?) for 5 min, or (2) red light for 5 min followed by far-red light (733 
nm, 20 uW/cm?) for 20 min or (3) far-red light for 20 min, ongeach of 5 
consecutive days and returned to the dark. Controls were maintained in the 
dark. Apices were excised 24 h after the final irradiation treatment. Values 
in brackets represent multiples of the dark values, 


Be 


Table 2. ACTIVITIES OF CALVIN CYCLE ENZYMES IN STEM APICES OF PEA 
SEEDLINGS IRRADIATED BRIEFLY WITH RED OR FAR-RED LIGHT 


Activity (umoles Multiples 
Enzyme Treatment substrate/min/ of dark 
100 apices) value 
Ribulose-1,5- Dark 0-012 =% 
bisphosphate Red 1-09 91 
carboxylase Red + far-red 0-43 35:8 (19.1) 
Far-red 0-20 16-7 
NADP-glyceraldehyde- Dark 0-26 . — 
3-phosphate Red 1-00 35. g 
dehydrogenase Red + far-red B7 18-5 G2- 8 
Far-red 1:14 57 
Alkaline fructose-1,6- Dark 014 -— 
bisphosphatase Red 231 15-0 i 
Red + far-red 0-44 2:315 (1:28) 
Far-red O27 1:93 


Enzyme activities were measured by procedures based on those of Fuller 
et al.* and Smillie’. The extent of reversibility of the effects of red light is 
shown by the values in parentheses which represent red 4 far-red treatment, 
less that of the far-red control, as a multiple of the dark value. 


Table 3. LEVELS OF RUDP CARBOXYLASE ATTAINED IN PEA STEM APICES 
AFTER VARIOUS LIGHT TREATMENTS 
umoles substrate/min per 

g Fresh 100 mg. sol- 00 

Treatment weight uble protein Apices 

Day 7 Dark 0311 0:16 0-035 
Red light 0-60 1-08 1-35 

Day 11 Dark 0:13 0.24 0-087 
Red light 0-83 1:54 460 
Continuous white light 0-90 2:00 11-25 
Intermittent white light 0-64 1-17 9-20 


Seedlings were grown in the dark for 7 days and then irradiated for 3 min 
with red light (see Table 1) on each of 7 consecutive days and returned to the 
dark. Samples of apices were taken from seedlings maintai ned in continuous 
darkness and from the rea-irradiated seedlings (Day 7). On day 7, batches 
of the red-irradiated seedlings were transferred to continuous or intermittent 
(16 h day/8 h night) white light (fluorescent “white”, 800 ft.-candles) at 25? C, 
Other bàtches continued to receive the red light for 3 min each day. On day 
11 samples were taken from all the seedlings subjected to the different 
treatments. In the plants receiving white illumination, the lowest (oldest) 
leaf, comprising the largest proportion of the sample, was fully expanded 
and chlorophyll development was complete. 


aldehyde-3-phosphate dehydrogenase and alkaline fruc- 
tose-1,6-biphosphatase showed large increases. The 


increases caused by red light were substantially reduced 


(see values in parentheses, Table 2) if illumination with 
far-red light immediately followed the red illumination. 

Brief illumination with red light also induced a net 
synthesis of fraction I protein, the increase over a period 
of 7 days being concomitant with the increase in RuDP 
carboxylase activity (Fig. 1). The amount of RuDP 
earboxylase synthesized in the dark following illumination 
with red light was compared with that attained in fully 
green, expanded leaves (Table 3). The level of RuDP 
carboxylase attained in apices subjected to only red 
illumination was a substantial proportion (between 0-4 
and 0-5 on a per 100 apices basis) of that attained in 
apices exposed to either continuous or intermittent 
white light. 
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Fig. 1. Relationship between RuDP carboxylase activity and fraction I 

protein after irradiation of etiolated pea seedlings with red light, The 

experimental conditions are deseribed in Table 3. The left-hand ordinate 

refers to fraction I protein, measured as described in the text, and the 

right-hand to RuDP carboxylase activity, both measurements being per 
100 apices. 
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The induction of protein synthesis by red light is 
probably not confined to the soluble proteins of the 
chloroplast because membrane-bound ferredoxin-NADP 
reductase (assayed as a NADPH-diaphorase) also showed a 
striking increase in activity in seedlings receiving the 
irradiation with red light. 

The synthesis of chlorophyll in leaves requires contin- 
uous illumination, the active photoacceptor being proto- 
ehlorophyllide*, Continuous illumination also induces 
synthesis of enzymes functioning in photosynthetic CO, 
fixation*-*! and it has often been assumed that the same 
photoacceptor is operative in regulating the production 
of these enzymes. Mego and Jagendorf!5 have shown, 
however, that exposure of etiolated bean seedlings to 
red light results in increases in the size and protein 
content of the leaf plastids during a subsequent dark 
period. The aetivity of NADP-glyceraldehyde-3-phos- 
phate dehydrogenase also increages'*!7 and there is a 
marginal increase in transhydrogenase activity!*. Our 
results show that following brief irradiation of etiolated 
pea seedlings with light of low intensity at 660 nm, 
substantial amounts of fraction I protein and enzymes 
in the Calvin cycle are synthesized in the dark and in the 
absence of any synthesis of chlorophyll. These increases 
are far in excess of the other growth parameters measured 
including fresh weight, total soluble protein and activities 
of respiratory enzymes. These effects of red light are 
partially reversed by a subsequent exposure to far-red light 
thus implicating the phytochrome system. 

Our recent experiments have provided evidence that 
enzymes of the Calvin cyele are synthesized within the 
chloroplasts!?. Whether the production of these enzymes 
is directly regulated by a phytochrome system, possibly 
localized in the chloroplasts, or whether the regulation 
18 an indirect one dependent on the rate of growth and 
stage of development of the cells, remains to be established. 
Etiolated rye seedlings, the leaves of which continue to 
expand even when kept in continuous darkness, contain 
relatively high levels of ribulose biphosphate carboxylase 
activity and show less than a three-fold increase in 
activity when irradiated with short periods of red light’, 
This suggests that the development of the plastid is much 
further advanced in dark-grown rye than is the case in 
etiolated pea seedlings. 

I thank Mrs J. Conroy for technical assistance. 
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Ribosome Sites and S Gene Action 


Iw homomorphie self-incompatible flowering-plants, con- 
trol of pollen behaviour is determined either sporo- 
phytieally or gametophytically. On the basis of evidence 
from forty-two genera of twenty-three families, Brew- 
baker’ pointed out correlations between type of control, 
pollen cytology and site of the incompatibility response, 
with some exceptions in the Gramineae. In general. 
species with sporophytie control have trinucleate grains, 
inhibition occurring in the stigma, while those with 
gametophytie control have binucleate grains, inhibition 
being delayed until the pollen tube has begun to grow. 
At least two other physiological differences characterize 
the classes*: binucleate pollen tends to show greater 
longevity in storage and a higher capacity for growth in 
vitro than trinucleate pollen. 

Brewbaker'? has suggested that the physiological dif- 
ferences can be explained by assuming that the second 
mitotic division deprives the pollen grain of reserves 
essential for germination, for prolonged life in storage 
and for growth into the style. Pandey? has argued that 
the basic factor is the time of action of the S gene— 
premeiotie in the sporophytie system and not earlier than 
telophase I in the gametophytie*5, According to this 
view, there is a precocious nuclear activation in the 
sporophytie system, involving premeiotic expression of the 
5 alleles and, subsequently, a more rapid completion of 
the pollen mitosis and the division of the generative 
nucleus. 

The correlation between type of incompatibility control 
and pollen cytology and physiology can now be re- 
examined in the light of the fact that a drastic reduction 
in the ribosome population of the pollen mother cell 
oceurs during the mid-prophase of meiosis*. This reduc- 
tion must mean that the mother cell is almost wholly 
deprived of protein making machinery (and probably 
also long-lived messengers) from zygotene at the latest, 
restoration not occurring until the meiotic mitoses have 
begun. Ribosome elimination was first observed in Lilium 
henryi and Trillium erectum, species with binucleate 
pollen, but preliminary cytochemical studies have indi- 
cated that a reduction of ribosomal RNA oceurs during 
the meiotie prophase also in the composite Cosmos 
bipinnatus-—a species with trinucleate pollen and sporo- 
phytie incompatibility!. 

If the findings of Mäkinen and Lewis’ on Oenothera 
organensis can be generalized, S protein must constitute 
a substantial part of the total mobile protein of the pollen 
grain. In Lilium, cytokinesis in the meiocyte is successive, 
a callose wall being formed after anaphase I (ref. 8). If, 
as Pandey? suggested, S gene action begins either in the 
dyad or early tetrad, synthesis of S proteins must reflect 
one of the first independent nuclear functions following 
segregation, and certainly this synthesis must be the 
first major one supported by the newly established ribo- 
some complement. There will therefore be a direct com- 
petition for ribosome sites for synthesis of other gameto- 
phytie proteins, including spindle proteins required for 
the pollen mitosis. Dr K. Mather has pointed out to me 
that Barber's observations on the pollen mitosis in 
aneuploid spores of Uvularia? provide good evidence that 
de novo nucleus-directed syntheses are required for this 
division. Deficient spores fail to reach pollen mitosis, but 
complementation oceurs when neighbouring grains with 
mutually compensating chromosome numbers remain in 
cytoplasmic contact. 

The subsequent chain of events suggests itself. The 
competition for ribosome sites delays the pollen mitosis, 
so that pollen maturation and the associated partial dor- 
maney ensue before the division of the generative nucleus 
has begun. Further growth of the gametophyte must then 
await the nuclear activation that follows germination”, 
and, accordingly, the division producing the gamete 
nuclei occurs in the tube, If it is further supposed that 
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the eompetition delays the attainment of effective levels 
of S protein until after germination, the late inhibition of 
tube growth is explained. That the syndrome of effects 
does depend on a displacement of timing is indicated by 
the fact that trinucleate grains may eventually appear in 
aged anthers of plants which usually have binucleate 
pollen? ^, 

Where incompatibility control is sporophytic, the 
haploid grain with its limited resources is relieved of a 
major synthesis, and the two mitoses are left as the chief 
preoceupations of the young gametophyte. The whole 
development ean thus be telescoped in time—accom- 
lished, in fact, before pollen maturation and the onset of 
dormancy. The sole remaining function is tube growth 
and gamete delivery, and it remains to be shown for 
trinucleate species that this process requires any gene 
activation at all. The reduced longevity and lower 
capacity for growth in vitro of trinucleate gametophytes 
inight be expected to follow naturally enough as a 
consequence of the aecelerated development. 

As for the synthesis of S protein in sporophytie species, 
more than one possibility is open. If, as Pandey? proposes, 
S gene action is in the pollen mother ccll. it must occur 
before zygotene when ribosome elimination begins. This 
implies that S protein synthesis is actually complete 
before this time, so that it is present in the meiocytes 
during late prophase and the meiotie mitoses, to be 
partitioned between the daughter spores in the tetrad. 
An alternative not considered by Pandey is that the 
synthesis of incompatibility substances is not a function 
of the meioeyte itself, but of associated maternal tissue, 
specifically the tapetum. Several constituents synthesized 
by the tapetum are transferred to the pollen grains in the 
late phase of pollen maturation, and some certainly 
become specifically associated with the exine (ref. 12 and 
my unpublished work). It has been suggested from time 
to time that the pollen wall is involved in the incom- 
patibility reaction, and it is perhaps significant that at 
least some species with sporophytically controlled incom- 
patibility systems have tegillate exines well equipped 
with cavities which could form the locus of accumulation 
of incompatibility substances from the tapetum—or 
indeed for other substances involved in germination and 
growth, including enzymes. In the later stages of tapetum 
funetion in Cosmos, the tissue intrudes into the anther 
loculus, and becomes intimately associated with the exine 
of the pollen grains during the period when the surface 
ornamentation is being formed. This would be the 
interval when macromolecular transfers might be expected. 
In certain Cruciferae some part is played in the sporo- 
phytieally controlled incompatibility reaction by an 
extra-cellular eutinase which enables the tube to penetrate 
the stigma by removing the cuticle’, and Linskens and 
Heinen! have shown that cruciferous pollens may rapidly 
release an active cutinase when incubated in vitro. It is 
conceivable that this enzyme is a tapetal product, trans- 
ferred to the grains late in their development and released 
on germination. This possibility is obviously open to 
experimental test, for it implies that cutinase, or an 
activatable eutinase precursor, should be deteetable in the 
tapetum during the last phase of its life. 

Both Pandey* and Brewbaker? have argued that the 
binucleate pollen grain was the primitive angiospermic 
type, from which the trinucleate has arisen in the course 
of evolution. If the binucleate state is causally linked 
with the gametophytie synthesis of incompatibility sub- 
stances in the physiological sense suggested here, then it 
follows that primitive angiosperms as a group had incom- 
patibility systems of the gametophytic kind’. 

J. HESLOP-HARRISON 
Institute of Plant Development, 
Birge Hall, 
University of Wisconsin, 
Madison, Wisconsin. 
Received February 15, 1968. 
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a-Mannosidase as a Zinc-dependent 
Enzyme 


CADMIUM has been reported to have a teratogenic effect 
in the golden hamster, which is reversed by zinc. This 
prompts us to draw attention to our recent observation* 
that zinc is an essential component of «-rmmannosidase. 
The active zinc-protein complex is readily dissociable at 
pH 5, the pH of optimum enzyme activity and the zine 
ion can be displaced by cadmium, cobalt and other bivalent 
ions, with almost complete loss of enzyme activity 
(Fig. 1) These observations apply equally to the 
enzyme from rat epididymis**, jack bean meal* and the 
limpet, Patella vulgata’. 

At pHs below neutrality, loss in activity occurs spon- 
taneously on storage at 0°C, and the enzyme becomes very 
unstable on dialysis. Inactivation is accelerated by 
ethylenediamine tetraacetic acid (EDTA) and prevented 
or reversed by zinc ion, At appropriate relative con- 
centrations, EDTA protects the enzyme against deleteri- 
ous ions, including traces already present in the prepara- 
tion. 

At pH 7, a4-31mannosidase is inactive as an enzyme, 
Preparations buffered to this pH are, however, relatively 
stable, and zine or EDTA has little effect on them. That 
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Fig. 1. Effect on a-mannosidase from jack bean meal of incubation 


in presence of: 10 «M Zn** and varying concentrations of Cd** (8; 

and 10 uM Cd** and varying concentrations of Zn?* t ) Incubation 

was for 3 h in 0-05 M acetate buffer, pH 5, at 37? C. After incubation, 

the enzyme was assayed in the usual way, Resulta are expressed 48 

percentage of the activity in an untreated control kept at 0° C and 

are shown on a semi-logarithmie scale: the broken line shows the 
activity for the untreated control after 3 h at 37* C. 
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zine is an integral component of the enzyme can still be 
demonstrated by displacement experiments of the kind 
illustrated in Fig. 1. 

Substrate slows the inactivation of 2-mannosidase. 
For this reason, the addition of zine or EDTA usually 
has no effect during the first hour of incubation of enzyme 
with substrate. Preparations that have already lost 
some activity do, however, respond to zine during the 
first hour of incubation with substrate. When the enzyme 
is purified, it begins to show a requirement for added 
albumin for stability, whether substrate is present or not. 
The action of albumin, which is additional to that of 
zine, is equally evident at pH 5 and 7. 

x-Mannosidase seems to be present in all mammalian 
tissues?*, Its activity is high in the male genital tract 
where it responds directly to androgens*?. Rather 
similar changes have been observed in the zine eontent of 
male genital tissues!*, It may be worth recalling that the 
zine content of many mammalian tissues is about 1 to 
2 mmoles/kg of moist weight. 

Table 1l. RELEASE OF MANNOSE AND N-ACETYLGLUCOSAMINE FROM OVALBU- 

MIN GLYCOPEPTIDES BY A RAT EPIDIDYMAL ENZYME PREPARATION 


Hexose : hexosamine 
in original 


Sugar residues liberated/5 Hexose 
Lactone present Lactone absent 


glycopeptide Mannose Mannose N-Acetyl- 
glueosamine 
5:41 0-8 2-7 3° 
5:29 09 391 2-2 


Ovalbumin glycopeptides, prepared and separated as previously described’? 
had molar ratios as shown for hexose : hexosamine, expressed on the basis 
of a constant figure of 5 for the M content. Incubation with the rat 
preparation was for 11 days at 37° C and pH 5-5 (acetate buffer); enzyme 
was renewed every 2 days, and at ‘the same time fresh N-ac etylglucosamino- 
nolactone was added to the appropriate tubes to give a concentration of 
0-5 mM. Liberated mannose and N-acetylglucosamine were separated from 
the digest on a charcoal-Celite column with 4 per cent ethanol and 
determined as before. 


«-Mannosidase from jack bean meal? and from the 
gastropod Charonia lampas!!, has been shown to remove 
terminal mannose residues from ovalbumin glycopeptide. 
Table 1 presents our results (previously unpublished) for 
the action of «-mannosidase from rat epididymis on 
ovalbumin glycopeptides". The enzyme preparation 
was impure and it was necessary to add N-acetylglucos- 
aminonolactone? to prevent simultaneous hydrolysis 
by the B-N-acetylglueosaminidase also present. When this 
was not done, it ean be seen that release of hexosamine 
laid more mannose open to attack. Because the need for 
added zinc was not known at that time, «-mannosidase 
had to be frequently replenished in these experiments. 
A mixed limpet enzyme preparation gave similar results 
for mannose and N-acetylglucosamine liberation. 

Ferm and Carpenter! postulate that the teratogenie 
effect of cadmium is exerted at the level of a zinc-activated 
enzyme. On the evidence presented here, x-mannosidase 
meets the requirements of one such enzyme. Not only 
does it display hormone-dependence in the male genital 
tract, but 1t may have an important role in the metabol- 
ism of glycoproteins. 

One of us (S. M. S.) is in receipt of a grant from the 
Medical Research Council. 
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Amount of Adenine and Uracil Base 
Pairs in E. coli 23S, 16S and 5S 
Ribosomal RNA 


ALTHOUGH ribosomes have been known since the early 
1950s, slow progress has been made in determining the 
structure of their RNA and protein components. Schles- 
singer! presented hyperchromicity data which indicated 
that the configuration of E. coli rRNA. in solution was 
identical with that in ribosomes. Similar results have 
been obtained by X.ray diffraetion? and optieal rotatory 
dispersion? studies. The idea that rRNA exists as à 
series of double helical “hair pin” loops, as first proposed 
by Doty et al.*, has been supported by other laboratories. 
From model experiments with synthetic polynucleotides? *. 
it has been concluded that the degree of base pairing in 
rRNA is approximately 60 per cent. Based on these data 
and their own experimental evidence Cotter et al have 
recently proposed a structural model of yeast ribosomes. 
Further optical rotatory dispersion studies have shown that 
E. coli rRNA contains predominantly guanine and cyto- 
sine (G-—C) base pairs*. Similar results have been reported 
for rabbit reticulocyte rRNA®. After the isolation, charac- 
terization’?! and base sequence determination!? of FS 
rRNA from E. coli, three possible ordered structures 
have been proposed for this RNA!-14, 

We report here quantitative data on the amount of 
adenine and uracil (A---U) base pairs in rRNA and FS 
rRNA, which have been obtained by the N-oxidation of 
the RNA species with monoperphthalie acid, Earlier 
experiments!5- have shown that monoperphthalic acid 
oxidizes to the 1-N-oxide only those adenine residues 
which are not base paired. 

708, 50S and 308 ribosomes were prepared by the 
method of Tissieres et al.5 from E. coli B (T2-r). The 
procedure developed by Kurland!? was then used to obtain 
a mixture of 238 and 16S rRNA from 70S ribosomes. 
93S and 16S rRNAs were separately prepared from 
50S and 30S ribosomal sub-units, respectively. The 
method of Reynier et a/.1' was employed for the prepara- 
tion of 5S rRNA. Unless otherwise stated, 2 mg of RNA 
in 0-5 ml. of 0:4 M phosphate buffer, pH 7-0, was oxidized 
with monoperphthalic acid at 20° C for 7-5 h. When the 
reaetion was complete, monoperphthalie and phthalie 
acid were removed by passing the reaction mixture through 
a column of ‘Sephadex G-50' (our unpublished work). 
The sedimentation behaviour of oxidized rRNA in an 
analytical ultracentrifuge indicated that no chain breakage 
has oceurred during oxidation. The base composition 
of the RNA molecules was determined on cation exchange 
columns by the method of Katz and Comb?*, This method 
was especially suited for our purposes, for we had found 
that 2’.3’-AMP-1-N-oxide is eluted together with 2'.3'- 
GMP, and therefore can be determined by the Holiday 
proeedure?, Because the 1-N-oxide of AMP has its 
absorption maximum at 232 my, which is where rRNA 
usually has its absorption minimum, the absorbancy 
ratio Ags. :Axgs9 reflects the extent to which the RNA 
can be oxidized (Fig. 1). 

Table 1 summarizes the base compositions and also 
shows the percentage of AMP which could be oxidized 
at 20? C. The data in Table 1 indicate that 56-5 per cent 
of all adenosine residues in rRNA are oxidizable and 
therefore not base paired. This in turn means that 43-5 
per cent of A is base paired. Considering only A—U base 
pairs, of the total nucleotides (A+U+G+4+C= 100 per 
cent) in rRNA only 20-4 per cent, namely 2x 10-2 per 
cent, exist as such base pairs. The maximum possible 
G—C base pairs is 44-4 per cent, because 7 RNA contains 
only 22-2 per cent CMP. This would mean that the 
maximum amount of base pairing in rRNA could only be 
64-8 per, cent (20-4 per cent A—U + 44-4 per cent G—C). 
The data of Bush and Scheraga? and Gould* also allow a 
prediction of the lower limit of G—C base pairing, for 
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according to their results there are more G—C pairs than 
A—U pairs (20-4 per cent). This would give a minimum 
base pairing of 40-8 per cent (20-4 per cent A—U+ 20-4 
per cent G—C) in rRNA. The data presented here also 
agree well with the predictions of the amount of base 
pairing in rRNA‘? and the ribosome model proposed by 
Cotter ef al.*. Our results for 238 and 168 rRNA indicate 
that both RNAs have about the same amount of A—U 
base pairs. 


Table 1, OXIDATION OF VARIOUS RIBOSOMAL RNAS 
Per- 
Base composition as percentage A centage 
Type of RNA of total bases ^33? of AMP 
UMP | GMP CMP AMP Ags oxidized 
rRNA (235 + 168) 215 32-9 22-2 23-4 118 56:5 
238 rRNA 20-8 32.8 22-2 241 119 56-8 
165 rRNA 218 334 21-6 23-2 113 53-5 
68 rRNA 17-6 34.9 28:9 187 0-86 43-7 


The oxidation of &S rRNA at 20° C showed that 43-7 
per cent of all adenosine residues can be oxidized. This 
would mean that ten out of twenty-three adenosines per 
58 rRNA molecule were oxidized. Such results are 
consistent with Cantor’s structure’, which shows ten 
adenine residues not base paired; in eontrast the model of 
Brownlee et adl? has nineteen unpaired adenines and 
Boedtker and Kelling? propose fifteen non-base paired 
adenine residues. 

Our melting curves for 55 rRNA also showed an inter- 
mediate plateau!! (Fig. 2). We therefore oxidized 55 


rRNA at the Z'm (47°) of this part of the melting curve. 
The results showed that at this temperature 70-3 per cent 
of adenine A could be oxidized, which corresponds to 
sixteen adenine residues per molecule. Assuming that at 


04 
0 6 12 18 24 30 36 42 
xmoles monoporphthalie acid/reaction mixture 


Oxidation of rRNA samples. (A) rRNA; (O) 235 rRNA: 
(9) 108 rRNA; (x) oS rRNA. 


Fig. 1. 
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* 
Melting curve for 58 rRNA, in 04 M phosphate buffer, pH 7-0. 


Fig. 2. 
Tm of 


Instrument: Gilford model 2000 with temperature attachment. 
part A of the curve: 47° C, 
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47° C only the short helical segments melt, the data once 
again only fit Cantor's model’. 

F. CRAMER 

V. A. ERDMANN 
Max-Planck-Institut fiir experimentelle Medizin, 
Abteilung Chemie, 
3400 Góttingen/Germany. 
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Effect of Aflatoxin on 
Transcription in Liver Cell 


AFLATOXIN, a metabolite synthesized by certain strains 
of Aspergillus flavus, is known for its hepatotoxicity and 
its high carcinogenic property (reviewed in ref. 1). Afla- 
toxin is a mixture of several related compounds: aflatoxin 
B, is considered to be the most active from a biological 
point of view?. 

In vivo, aflatoxin produces a marked inhibition of DNA 
and RNA synthesis in liver, particularly after partial 
hepateetomy?-*. Thirty minutes after administration of 
500 ug/kg of aflatoxin, there is 60 per cent inhibition of 
incorporation of *H-thymidine into DNA and 80 per cent 
inhibition of incorporation of !!C-orotie acid into RNA in 
a 36 h regenerating rat liver?5. Inhibition of transcription 
concerns primarily nuclear RNA and preferentially 
nucleolar RNA’. As early as 15 min after injection of 
500 ug/kg aflatoxin, the newly synthesized 455 RNA 
disappears (unpublished results), and at the ultrastrue- 
tural level, a segregation of the morphological components 
of nucleolus is seen to take place*. It has been shown that 
the inhibition is not a result of the reduction of the pre- 
cursors pool?. 

The action of aflatoxin on nucleic acid synthesis could 
be explained either by direct interaction of the drug with 
DNA and*RNA polymerases or by a modification of the 
template activity of the DNA. The latter seems more 
likely for the following reasons. On the one hand, altera- 
tion in the absorption spectrum of aflatoxin has been 
reported*:* in the presence of DNA which suggests binding 
of aflatoxin to DNA with subsequent. impairment of its 
eapaeityeto be “transcribed. Similar changes have been 
observed after administration of actinomycin D1. On the 
other hand, DNA polymerase of regenerating liver of 
rats injected with aflatoxin has been shown to be as aetive 
as normal enzyme in vitro with thymus DNA as primer, 
although in vivo, DNA synthesis is greatly reduced in 
these poisoned rats*. 
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We report here some results concerning the alteration of 
transcription by aflatoxin in liver cell in vitro and in vivo. 
Aflatoxin was injected intraperitoneally in solution in 
propylene glycol to male Wistar rats (Commentry strain). 
Nuclei were isolated from liver in 2-2 M sucrose. Nuclei 
from 7g of liver were resuspended in 4 ml. of 0-05 M tris- 
phosphate buffer, pH 7-4, containing 0-01 M B-mercapto- 
ethanol and tested for polymerase activity. 

The in vitro effect of aflatoxin on transcription was 
estimated in a system containing a template (a rat liver 
deoxyribonucleoprotein consisting of DNA and non- 
histone protein (DNP)) and a purified preparation of 
RNA polymerase of Micrococcus lysodeikticus'? obtained 
from the Miles Laboratories. 

DNP was prepared according to the method of Loeb!*; 
nuclei from 7g of liver were extracted four times with 14 
ml. of buffer (0-01 M tris-HCl, pH 7-8, 0-14 M NaCl and 
0-001 M Mg Cl,) then centrifuged for 10 min at 17,000 
r.p.m. (International PR centrifuge). The sediment was 
resuspended in 5 ml. of 2 M NaCl in a tightly fitted homo- 
genizer. After centrifugation for 60 min at 17,000 r.p.m., 
the viscous supernatant was overlayed on a discontinuous 
gradient of 9-5 ml. of 5 per cent, 12-5 per cent and 20 per 
cent sucrose in 2 M NaCl. The DNP was centrifuged at 
30,000 r.p.m. for 18 h (Spinco, rotor 30). The well-packed 
translucent pellet contained 80 per cent DNA and 20 per 
cent non-histone proteins; it was kept at — 50° C. After 
thawing it was suspended in 0-01 M tris-HCl, pH 7:8, at a 
final concentration of about 25 optical densities/ml. and 
used as a primer for assay of bacterial polymerase. 

The activity of RNA polymerase was determined by a 
modification of the technique of Busch et al.. The com- 
position of the incubation medium is given in Tables l 
and 2. Each assay was incubated for 10 min at 37? C; the 
reaetion was stopped with 3 ml. of 10 per cent trichloro- 
acetie aeid (TCA) and 2 mg of serum albumin were added 
as a carrier. After standing for 30 min at 0° C, the pre- 
cipitate was centrifuged, washed twice with 5 per cent 
TCA containing 0-02 M sodium pyrophosphate, then 
dissolved in 1 M sodium-ammonium phosphate at 37° C. 
After reprecipitation with 5 per cent TCA, the pellet was 
dissolved in 0-2 ml. of N NaOH at 50? C. After the addi- 
tion of 3 ml. of hyamine-hydroxide, 0-2 ml. of CH,COOH 
and 10 ml. of phosphor toluene mixture, the radioactivity 
was counted in a "Tricarb' liquid scintillation spectro- 
meter. 

We have estimated the activity of endogenous DNA 
dependent RNA polymerase of liver nuclei from rats 
treated with aflatoxin. Nuclei isolated from liver of rats 
injected with aflatoxin show a RNA polymerase activity 
less than that of control nuclei (Table 1), in agreement 
with the results of Gelboin e£ al.5*. Addition of thymus 
DNA does not enhance incorporation of “CTP in control 
and poisoned nuclei. Inhibition by aflatoxin is much 
greater in regenerating liver nuclei than in “normal” 
liver nuclei (Table 1). The block, however, is not defini- 
tive: enzyme activity is recovered in time which suggests 
that the inhibition is reversible (Table 1). 


Table 1. ACTIVITY OF ENDOGENOUS DNA DEPENDENT RNA POLYMERASE 
OF LIVER NUCLEI IN AFLATOXIN TREATED RATS 
ng Moles CTP incorporated — Percentage 
mg DNA . inhibi- 


Control Treated rats tion 

Injection 4 h before death 

1,000 ug/kg 816 392 52 

1,600 ng/kg 1,444 373 74 
Injection 14 h after partial hepatec- 

tomy and 2-5 h before death 

500 pg/kg 5.685 710 87 

500 ugikg 2,990 4.148 62 
Injection 20-5 h after partial hepatec- ki 

tomy and 2:5 h before death 

500 pg/kg of aflatoxin No. 4 1.530 750 83 
Injection 14 h after partial hepatec- 

tomy and 74 h before death 

500 ug/kg 1,895 1.440 24 


The complete system contained in 0-25 ml. : 45 moles of tris-HCl buffer. 
pH 7-9; 1 umole of MnSO,; 0:25 umoles each of unlabelled GTP, ATP. 
UTP: 0-25 umoles of “CTP (corresponding to 0-1 xe), and a suspension of 
nuclei (about 2 mg of proteins). Incubations were for 10 min at 377€ (rof, 145. 
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These results do not tell us whether aflatoxin specifically 
affects the DNA template or the enzyme itself. 

We have measured the in vitro effect of aflatoxin on the 
template with respect to transcription by the RNA poly- 
merase of Micrococcus lysodeikticus. The absorption 
spectrum of aflatoxin is changed in the presence of DNA®° 
and, furthermore, the degree of the spectral shift of various 
aflatoxins in the interaction with DNA is proportional to 
the extent of their in vitro inhibition of RNA synthesis in 
liver slices!*. To see whether the inhibitory effect of 
aflatoxin on transcription is related to its action on the 
priming ability of the template, an in vitro system was 
developed. The template used consisted of a liver DNP 
free of histones by saline extraction—a procedure much 
less drastic than phenol treatment. Purified RNA poly- 
merase from Micrococcus lysodeikticus, free of DNA, was 
used in the absence or presence of aflatoxin (or actino- 
mycin). 

(a) Normal liver DNP can prime transcription by bac- 
terial polymerase and the system strietly depends on the 
addition of DNP (Table 2). Propylene glyeol (up to 0-05 
ml.) does not inhibit transcription in vitro. (b) Liver 
DNPs prepared from rats treated with actinomycin D 
and aflatoxin have the same ability to promote transcrip- 
tion in vitro that normal liver DNPs have. This does not 
mean that DNA-bound drugs have been necessarily 
released by NaCl extraction, but that the removal of 
histones by saline treatment liberates many more sites on 
DNA than could be blocked in vivo by aflatoxin or actino- 
mycin. (c) Incorporation of “CTP into an acido-insoluble 
polynucleotide chain is completely inhibited by aetino- 
mycin D in vitro as well as in vivo (Table 2). Results for 
aflatoxin differ according to the degree of purity of the 
preparations. 


Table 2. In vitro EFFECT OF AFLATOXIN ON TRMPLATE IN TRANSCRIPTION BY 
RNA POLYMERASE OF Micrococcus lysodeikticus 


ujmoles CTP incorporated 


Preparations of aflatoxin Aflatoxin Percentage 
Control 40 ug inhibition 
No, 6: very impure 1,245 487 61 
27: Lis 57 
No. 3: impure 1,245 866 46 
No. 4: crystalline 275 262 5 
1,245 1.154 7 
No.9: B, 275 213 22 
548 455 17 
No. 10; crystalline from Unilever 275 235 15 
Standard assay 
Complete 225 
Omit ‘Spermidin’ 134 40 
Omit DNP 6 907 
} Complete 516 
i +40 ug of actinomycin 6 100 


The complete system contained in 0-36 ml.: 45 umoles of tris- HCl buffer, 
pH 7:8, 1 j mole of Mn80,, 0-7 mole of 'Spermidin', 4 of RNA polymerase 
of M. lysodeiktieus"*, liver DNP (about 40 ug of DNA). 


Crude aflatoxins inhibit transcription by bacterial 
polymerase and the greater the impurity of the prepara- 
tion the greater is the inhibition (Table 2). In contrast, 
pure aflatoxins only slightly inhibit the activity of the 
polymerase system. There is a negative effect with several 
pure preparations: crystalline aflatoxin (mixture of 
B,, B,, G, and G,), aflatoxin B, isolated by thin-layer chro- 
matography, and crystalline aflatoxin B, obtained from 





Unilever Research Laboratorium (Table 2). The bio- 
logical activity of the various pure preparations 


was always checked in vivo according to the following 
criteria: (a) assay of toxicity to 1 day old ducklings; (b) 
inhibition of RNA and DNA synthesis in regenerating 
liver; and (c) inhibition of the endogenous RNA polymer- 
ase of nuclei of peisoned rats. All preparations were found 
to be biologically active for the various tests. These 
findings agree with those of King and Nicholson". 

Similar results are obtained after the mixture DNP + 
aflatoxin has stood overnight before adding enzyme, or 
if calf thymus DNA is used instead of rat liver DNP. 

It is mteresting to note the same difference of effect. of 
various batches of aflatoxin on liver nuclei polymerase in 
vitro: crude preparations inhibit the activity of "aggre- 
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Table 3. ACTION OF AFLATOXIN AND ACTINOMYCIN in vitro ON LIVER RNA 
POLYMERASE 
uumoles of “CTP Percentage 
incorporated inhibition 
Control _ 302 
+40 ug of actinomycin D 54 82 
+40 ug of crude aflatoxin No. 6 205 32 
+40 ug of crystalline aflatoxin No. 4 290 4 
Experimental conditions were identical to those de seribed in Table | 





preparation obtained from normal liver 


iws contained an enzyme 
neubation mixture just before addition 


nuclei; the drugs were added to th 
of the enzyme, 

gate" enzyme whereas crystalline aflatoxin has no effeet. 
In the same conditions, actinomycin blocks the incor 
poration of “CTP but at a lesser extent than in vivo 
(Table 3). 

These experiments suggest that "pure" aflatoxin 
no effect on in vitro RNA synthesis by bacterial poly- 
merase with a liver DNA as primer. It is difficult to 
explain the difference in the action of aflatoxin on in vitro 
and in vivo transeription. 

One hypothesis is that in the artificial conditions of an 
in vitro assay, aflatoxin does not bind DNA at the same 
specific sites as in vivo. some of the sites corresponding to 
specific sites for trancription initiation, Another explana- 
tion is that aflatoxin inhibits mammalian polymerase 
itself, but is without effect on bacterial enzyme. The 
recent production of rat liver polymerase in a soluble 
form with a good yield’ should enable us to check this 
hypothesis. It remains possible that the active agent 1s 
a metabolite of aflatoxin. The presence of this derived 
compound in liver cells as well as in the crude preparations 
of aflatoxin could explain the results reported here. 

We thank Mrs N. Rousseau and Mr R. Guerry for 
technical assistance. This work was supported by a grant 
from the Institut National de la Santé et de la Recherche 
Médicale. 
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PHYSIOLOGY 


Fibre Groups in the Auditory 
Nerve of the Locust 


I HAVE shown that the tympanal nerve of the male 
migratory locust (Locusta migratoria) contains 
dissimilar groups of fibres, which can be distinguished by 
their conduction velocities and by the sensitivities of 
the receptors from which they derive. 


two 


The two groups were discovered by analysis of the 
whole-nerve click-response of the first tergal nerve 
the metathoracie ganglion, one branch of which innervates 
the tympanal organ. 
obtained from a 
placed under the nerve about 0-5 mm 
Potentials were led off by means ot 


Records of these responses wert 
steel hook electrode 


from 


single stainless 


where it 
enters the ganglion. 
an a.c. coupled preamplifier to an oscilloscope for 
transients (CAT 


direct 


viewing, and to a computer of average 


Each averaged record presented here is the sum of 500 
sequential responses, elicited at the rate of 2/s 
Fig. | shows typical averaged responses to clicks t 


of stimulation, the 
first 


Because 


intensities. At low levels 
response 18 @ single triphasic wave of activity, the 
deflexion of which begins 4-5 ms after the click 
individual unit firings (seen in the 
stimulation) also seem to be triphasic, this wave u dicates 


various 


absence of overt 


the more or less synchronous firing of a number of iud 
tory fibres. 

As the click strength is increased, more fibres partici 
pate in the and additional 
aetivity appear. At the same time, the lateney of th: 
first. low-threshold. wave decreases, and its amplitud: 


response several waves o 


increases. 

Because unit potentials seem to be triphasic. I 
decomposed the click-response complex into a sum of 
2. Each compo! 


have 


triphasic components. as shown in Fig 
ent 18 supposed to represent the near synchronous firing 
of a group of fibres. We here restrict our attention to the 
first two components, labelled Na and Np. These tw 





various intensities 


Averaged neural responses to clicks of 
Click levels in dB peak sound pressure level (SPL) relative to 0-0002 


Fig. 1. 


dynes/cm*, Time scale: 2 ms/division. 


Ny X 


Add 
these 
wave 


Notch 


Sum 





Notch 


Fig. 2. Proposed decomposition of the averaged click response 
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waves of activity result from firings in distinct groups of 


axons, 

The first evidence supporting the hypothesis of distinct 
groups of fibres comes from paired-click experiments, in 
which a weak conditioning click is followed by a stronger 
test click. The intensity of the conditioning click is ad- 
justed to excite only the N, wave, but the test click 
elicits both the Ng and N, waves. Then, as shown in 
Fig. 3a with appropriate click strengths and timings. the 
conditioning click depresses the N» component of the 


response to the test click, but does not affect the size of 


the Na component. Presumably the decrement in the N, 
component results from refractoriness in the V p-producing 
fibres caused by the conditioning eliek. Were the Na 
component produced by the same elements that produce 
the N, wave, we would expect Na to exhibit 
refraetory effects 


similar 


Comparable evidence comes from experiments in which 
the click stimulus is masked by a weak background tone. 
Fig. 3b shows that the background tone, if properly 
adjusted, can almost abolish the N, component of the 
click response, while leaving the Na component unaltered. 
If the intensity of the masking tone is sufficiently high, 
After the tone 
ceases, the click response recovers gradually during several 
that its 
both 


it will depress the entire click response, 


minutes, indicating depression IS. Caused by 


masking 


induced by the 


adaptation or fatigue or 





Fig. 3. a, Averaged responses to test click alone (3) and paired clicks (p) 
Conditioning click at 55 4H peak SPL, test click at 75 dB peak SPL. Time 
75 dB peak SPL elick 


scale: 2 ms/division. b, Tonal masking of a 





Top line: averaged response to click alone. Middle line: averaged 
response to click plus 45 dB SPL, 10 kHz tone. Bottom line: aver 
response to click plus 55 dB SP 10 kHz ton lime scales: 2 
division 
L 
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tone. Moreover, the masking tone probably reduces the 


number of fibres “available” at any given time. 

These results indicate that the elements responsible 
for the Na wave are not affected by a weak masking tone 
which eliminates the N, wave. I conclude that the two 
components arise from distinet groups of fibres. 

Records made with a hook electrode placed on the 
tympanal nerve near its exit from the tympanal organ 
do not show distinet Na and N, components. It has been 
verified (by destroying the tympanum) that the Na and 
N,y fibres tympanum; moreover, the 
dissection required for recording from this peripheral 
position does not eliminate the Na or N, wave from the 
click response of the first tergal nerve. Thus it seems that 
the neurones of the two groups have similar lateneies of 
spike initiation. It would follow that the timing differences 
centrally are 
conduetion times. 

The existence 
duction has 
electrodes from thi 


originate in the 


seen mor largely caused by differences in 


of differences in the velocities of con- 
confirmed by recording with 
first The N, 

traverse the between the 
eleetrodes than does the Na wave, which indicates that 
the Na fibres conduct at a faster rate, N, fibres conduct at 


two 
wave 


been 
tergal nerve. 


takes longer to distance two 


roughly two m/s, and Na fibres conduct at around 3-5 m/s. 
Anatomical studies by Gray! show that the sense-cells 
of the auditory end-organ are distributed in distinct 
anatomical Gray found four 
one of which oecurs in a projection (the fusiform body} 
l had hoped 
or N, group of fibres to an origin 
in the fusiform body; however, its destruction caused no 
Na or N, of the 
Thus no principal fraction of the Ng or 
N» fibres arises from the receptors in this body. 
Michelsen? has recently shown that cells in the auditory 
end-organ of 


groupings. such groups 
away from the main mass of the end-organ. 
to trace either the N, 
significant changes in the components 


click response. 


Schistocerca gregaria fall into two classes 
on the basis of frequeney sensitivity, and that the re- 
ceptors of one fusiform body. 
jecause neither the Na nor N,» fibres originate primarily 
in the fusiform body, it is unlikely that the fibres of the 
two systematically distinguished on the 
basis of frequency response, 
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Burrowing Habit and the Early 
Evolution of Body Cavities 


RECENT researches on burrowing! have substantiated 
Clark's suggestion that the method of penetration into a 
soft is essentially the same in all soft-bodied 
animals?, (Fig. 1) is the 


anchors, first by 


substrate 
The 
formation of two types of 
part of the body above the distal extremity to form what 
may be termed the 
the distension of the extremity, the 


basis of this mechanism 


dilation of 
penetration anchor", and second, by 
terminal anchor”. 
These terms are here introduced to describe the anchor- 
ages trom a functional aspect in all soft-bodied animals 
and respectively supersede terms used in previous accounts 
of animals?! When the circular 


for restricted groups 
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muscles contract, the tip of the animal elongates and the 
penetration anchor enables this to be extended downwards 
by preventing the animal from being thrust upwards 
out of the sand. The terminal anchor, which is formed by 
part of the body-wall at the lower extremity of the animal 
pressing outwards against the substrate, allows the upper 
part to be drawn into the burrow by the contraction of 
longitudinal or retractor muscles. These anchorages are 
successively applied until burial is complete. Before 
the animal has entered the burrow, the penetration anchor 
cannot be applied and the animal is only prevented from 
being pushed backwards by its weight, while making 
rather weak penetrative or scraping movements. 

This mechanism occurs in such diverse soft-bodied 
burrowing animals as, for example, the anemone, 
Peachia*, the polychaete worms, Arenicola? and Nephtys*, 
a variety of molluscs including Ensis’, Dentalium*, 
Natica®, the holothurian, Thione and Sipunculus*. Most 
of these animals are circular in cross-section, a shape 
that is ideally suited for burrowing because the body 
wall is in contact with the substrate on all sides and 
all muscles may contribute to the locomotory force. 
With such a shape the existence of a true fluid skeleton 
enables an animal to make powerful movements so as to 
be able to burrow into the substratum. The pedal 
haemocoele of burrowing molluses (Fig. 2b), the haemo- 
coele of geophilomorph centipedes'^ and the coelom of 





PW 





Fig. 1. Diagrams showing two pone stages in the burrowing 
process of a generalized soft-bodied animal (a, b) and of the anemone, 
Peachia hastata (rc, d). a, Formation of penetration anchor (PA, arrow- 
heads) which holds the animal when the distal region is elongated 
(P) by contraction of circular (CM) or transverse muscles, b, Dilation 
of distal region producing a terminal anchor (TA) which allows contrac- 
tion of longitudinal or retractor muscles (RM) to pull the animal into the 
substrate (A, ——*). Maximum pressures are developed in the fluid 
muscle system at this stage. c, iversion of the base of the column 
with displacement of sand (E) and further penetration of the sub- 
strate (P). The penetration anchor (PA) is formed by slight dilation 
of the column after the passage of a peristaltic wave (PW) and by 
adhesive rugae, d, The base of the column swells to form the terminal 
anchor (TA) with tentaclesinfolded and mouth closed allowing the retrac- 
tor muscles to pull the anemone into the sand. At the same time, the 
base becomes inverted, the Varus wave having nearly reached 
the tip. 
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Fig.2. Diagrams of (a) Arenicola (longitudinal section), and (b) a bivalve 
molluse (transverse section) with the terminal anchor applied (TA) 
during movement into the burrow (A, —-). Terminal dilation is caused 
by the hydrostatic pressure developed within the body cavity by contrac- 
tion in a of the longitudinal (LM) and in 6 adductor (AM) and retractor 
RM) muscles. In b, adduction of the valves also causes jets of water 
rom the mantle cavity (W, arrow) loosening the sand adjacent to the 
shell. C, Coelom, effectively continuous throughout the trunk region; 
CM, circular muscle; G, gut; H, pedal haemocoele; M, mantle cavity; 
TM, transverse pedal muscles, 


lugworm (Fig. 2a) all serve as hydraulic organs. Force, 
developed by tension in muscles remote from the point of 
application, is transferred by means of the fluid of the 
body cavity to the lower extremity where it causes the 
formation of the terminal anchor with accompanying 
local relaxation of circular or transverse muscle fibres. 
These body cavities have evolved as adaptations for 
burrowing, for the possession of larger fluid-filled cavities 
permits faster and greater forces to bear on the substrate. 
The more extensive the body cavity the more powerful 
the burrowing. 

The same principles also apply to the sand dwelling 
anemone, Peachia, in which a third important type of 
body cavity, the coelenteron, occurs’. Various researches 
have clearly demonstrated the hydrostatic role of the 
coelenteron!! but until recently there was little evidence 
of its function in burrowing. In Peachia, penetration 
of the substrate proceeds with peristaltic contractions of 
the body-wall which pass down the column causing exten- 
sion and eversion of its base (Fig. 1c). As the peristaltic 
wave passes down, the lower part of the column becomes 
dilated so that contraction of the longitudinal muscles 
causes the anemone to be pulled into the sand with inver- 
sion of the base of the column. As in more advanced 
animals, maximum fluid pressures are developed when 
the terminal anchor is formed, although of much smaller 
amplitude in Peachia. Measurements showed a standing 
pressure within the coelenteron of about 0-1 em of water 
and a rhythmical increase with the passage of each peristal- 
tic wave to 0:3 em, while at retraction into the substrate 
a maximum of 5 em was recorded. 

Clark? aggues convincingly that both haemocoele and 
coelom served primarily as hydrostatic organs which 
evolved as adaptations to the burrowing habit and, if 
this is accepted, the possibility of its validity in respect 
of the coelenteron should be envisaged. It is possible 
that at an early stage in the evolution of the Metazoa, 
a mouth,and gut were evolved in a planula-like animal 
living on a substratum. Adoption of a burrowing habit 
could then have led to an enlargement of the gut to pro- 
duce a fluid-filled cavity, and a circular cross-sectional 
shape. This would permit contact with the substrate 
on all sides, peristaltic movements and the development 
of powerful longitudinal muscles to pull the animal 
downwards. 
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This mode of life would readily account for the external 
radial symmetry characteristic of anemones which has 
often been considered as a by-product of a sessile habit. 
Once the coelenteron had evolved as a large fluid-filled 
cavity then consequent liberation from the substrate 
may have led to the diversification of the group. An 
alternative hypothesis is that a large enteron developed 
primarily so as to produce a greater surface area for the 
ingestion of food and that this acquired the functions of a 
hydrostatic skeleton, which in some anemones may have 
led to the subsequent exploitation of a burrowing mode 
of life. Recent work on the relationship of different body 
cavities to burrowing, outlined here, suggests, however, 
that consideration should be given to the view that the 
hydrostatic function of the coelenteron may have evolved 
in response to a burrowing habit. 

Whatever the origin of the coelenteron, the disadvan- 
tages of mixing hydrostatie and alimentary functions and 
of having the mouth closed during changes of shape have 
allowed its utilization as a fluid skeleton to meet with only 
limited success. The development of a haemocoele or 
coelom allows the gut to be freed of the effects of change 
in shape of the body wall, while the coelom additionally 
separates the circulatory and hydrostatic systems. Both 
the latter are more successful hydraulic organs than the 
coelenteron but all function in a similar manner and 
exhibit maximal development in respect of the burrowing 
habit. 
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PATHOLOGY 


Pressure Effects on Survival of Mice 
with Transplantable Leukaemia 


EXTERNALLY applied pressures have been shown to in- 
hibit cell division in vitro!-* and to inhibit the growth of 
transplanted and spontaneous solid tumours in mice’), 
It has been proposed that animal cells have internal 
pressure gradients which are susceptible to external pres- 
sures’. The experiments reported in this paper were 
designed to study the effects of a range of pjessures at 
varying O, tensions on the growth of a transplanted mouse 
leukaemia. 

Eighty CBA/Ki mice of both sexes were used at 8-10 
weeks of age in a series of six experiments. Sixty mice 
received an intraperitoneal injection of 105 viable spleen 
cells from donors bearing CBA No. 3639 leukaemia. 
Twenty more mice served as uninjected controls. This 
transplantable leukaemia developed in a CBA mouse 
bearing a transplanted methyleholanthrene-induced hepat- 
oma, and has been classified as a histiocytic leukaemia. 
It has been maintained by serial transplantation in our 
laboratory for 5 yr and an intraperitoneal injection of a 
cell suspension produces a generalized disease with a 
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characteristic hepatosplenomegaly in all 
cipients. 

The pressure chambers and the auxiliary apparatus 
were designed and built by one of us (K. D.). The steel 
chambers were 16 in. long and had an outer diameter of 
6-5 in. with 3 in. ‘Plexiglas’ view windows at each end, 
and the chambers were divided mid-way with a screen 
floor. The design of the equipment permitted pressures 
of up to 1,000 Ib./in.? gauge. All gas mixtures of helium 
and oxygen, helium, nitrogen and oxygen, and nitrogen 
and oxygen were premixed at the factory. After exposure 
for several days to a nitrogen-oxygen environment at 
100 Ib./in.? gauge and 200 Ib./in.? gauge, CBA mice de- 
veloped ataxia. At these pressures with a helium-nitro- 
gen-oxygen environment, the mice had normal co-ordina- 
tion and habits, but ataxia developed at 300 ]b./in.? 
gauge. At 300 1b./in.* gauge and 500 Ib./in.? gauge, there 
was no observable ataxia of the mice when they were in 
a helium-oxygen environment. 

Compression of mice proceeded at the rate of 20 Ib. jin? 
gauge/min and decompression at 2 Ib./in.? gauge/min. At 
zero gauge pressure, which represents normal atmospheric 
pressure, there was no compression in the chamber, Flow 
regulation kept the CO, eontent below 7 per cent when 
converted to 1 atm. The gas percentages throughout this 
report refer to the condition at 1 atm. and they are 
calculated by applying the simple gas law, P, Vo=KP,V,, 
where K is the compressibility factor of the gas. 

One uninjected and three injected mice with access at all 
times to water and to Purina mouse chow pellets occupied 
the upper half of the chamber; CaCl, and deodorizing 
pellets were in the lower half. An uninjected control 
mouse always accompanied the three injected mice in the 
chamber to detect any adverse effects of the pressure on 
normal tissues. All pressurized, uninjected mice survived 
the experiments with no ill effeets and were placed in the 
colony for observation after the injected leukaemia mice 
died. One uninjected and three injected mice were 
observed under colony conditions in the laboratory as 
untreated controls for each experiment. The temperature 
range was 22*-25* C in a N, environment and 329-35? C 
in a He environment. The relative humidity range was 
50-70 per cent. Mice stayed in the chamber for 3 days at 
a given pressure, were decompressed and placed in the 
colony for 12-16 h. The protocol was repeated by re- 
cycling until all the injected mice died. All injected mice 
received the first exposure to pressure at approximately 
6 h after transplantation of the leukaemic cells. Body 
weights and leucoeyte counts were taken after each 
decompression up to the time of death. All mice were 
observed until death and then autopsied. 

Table 1 shows that the mean survival times of the 
injected mice exposed to pressures of 0 and 100 lb./in.? 
gauge at O, levels ranging from 12 per cent to 70 per cent 
do not vary significantly from the survival times of un- 
treated leukaemie controls, Leukaemie mice exposed to 
200 Ib./in.* gauge at 70 per cent O, died 5 days earlier than 
the untreated controls, and 8 days earlier than the animals 
exposed to the same pressure with 20 per cent and 40 per 
cent O, contents. Of greater significance was the finding 
that injected mice exposed to 300 Ib./in.? gauge at 20 per 
cent O, lived an average of 18 days longer than leukaemic 
controls, and 19 and 16 days longer than the mice exposed 
to the same pressure with 40 per cent and 70 per cent O,. 
This finding that low O, content with pressures of 200 Ib./ 
in. gauge and more prolonged survival time was also 
true of leukaemic mice exposed to 500 lb./in.? gauge at 
15 per cent O,. These data indicate that high pressure 
combined with low O, gas mixtures prolonged the survival 
times of the leukaemie mice. 

A loss of weight of 5-10 per cent occurred in all injected 
and uninjected mice subjected to pressures greater than 
100 lb.An.* gauge. yet all animals were observed to eat 
while in the chambers. The weight was rapidly regained 
during the time they remained outside the chamber. 


injected re- 
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This phenomenon of loss of weight, as well as food intake 
measurements, is being studied more extensively in 
normal mice. Non-leukaemie controls showed no overtly 
adverse effects from the pressures other than the body 
weight fluctuations. In the pressure ranges 200, 300 and 
500 lb./in. gauge the leucocyte values for the treated 
leukaemic mice were lower than those for untreated 
leukaemic mice; for example, on the eleventh day after 
transplantation, means of 7,600 and 250,000 + leuco- 
eytes/mm? were found in 500 Ib./in.* gauge treated and 
untreated leukaemic mice, respectively. The leucocyte 
values of all treated leukaemic animals increased at a 
slower rate than that of the untreated leukaemic controls. 
One leukaemic mouse in experiment 6 showed a normal 
peripheral leucocyte count after 31 days of treatment 
and further treatment was stopped. The mouse subse- 
quently developed peripheral leucocytosis and died after 
42 days with the typical autopsy finding of leukaemia. 


Table 1. GAS CONDITIONS AND SURVIVAL TIMES FOR LEUKAEMIC MICE 
TREATED WITH INCREASED PRESSURES 
Per- 
Experi- — 4 Per- centage Survivaltimet 
ment Cham- I{b,/in.* Inert gas used centage Oz (days after 
No. ber* gauge in mixture 0: (rel, at transplantation) 
used latm.) Mean Range 
H 1 0 N; 21 21 14 (11-15) 
2 0 N. 40 40 14 (14-14) 
3 0 N: 70 70 14 (13-14) 
Controls 14 (14-14) 
(n.i.c.) 
2 1 0 N; 12 12 17 (15-19 
Controls 17 (16-318) 
(n.i.c.) 
3 2 100 1/2He-1/2N, 27 21 13 (13-13) 
3 100 1/2He-1/2N, 83 65 13 (13-13) 
Controls 13 (13-13) 
(n.i.c.) 
4 1 200 1/2He-1/2N, 14 20 20 (18-21) 
2 200 1/2He+1/2N, 28 40 20 (18-23) 
3 200 1/2He+1/2N, 48 7 12 { 8-14) 
Controls 17 (16-18) 
(n.i.c.) 
5 1 300 He 0-949 20 33 (27-38) 
2 300 He 1-99 40 14 (13-17) 
3 300 He 3-49 70 17 (17-17) 
Controls 15 (13-17) 
(n.i.c.) 
6 2 500 He 0:445 15 (31-42) 
3 500 He 0-592 20 16 (16-16) 
Controls 12 (12-12) 
(n.i.e.) 


n.i.e., Not in chamber. 

* Four miee/chamber (three injected with 100,000 viable celis; one 
uninjected control). 

t Survival time given for leukaemic mice only. 


Our results indicate that beginning at 200 Ib./in.* gauge, 
high pressure conditions with low oxygen content lengthen 
the survival time of mice bearing a transplantable histio- 
cytic leukaemia. Studies are in progress to determine the 
response of spontaneous and transplanted mouse lym- 
phatic leukaemias to hyperbarie conditions. 

This work was supported by US Publie Health Service 
research grants from the National Cancer Institute and 
an American Cancer Society Institutional grant. 
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Analysis of the Mucopolysaccharide 
of a Myxoma of the Mandible 


Myxomas are composed of a single component of stellate 
fibroblast-like cells dispersed in a metachromatic ground- 
substance. The largest number occur in the heart, skin 
and subcutaneous tissues. In the skeleton they are almost 
exclusively confined to the jaw bones and microscopically 
are identical with the soft tissue tumours. The histo- 
logical structure gives no indication of their behaviour 
which is somewhat variable. Those in the jaws can invade 
and destroy large areas of bone and invade contiguous 
structures. Myxomas are not known to metastasize. 

The nature of the mucopolysaccharide secreted by the 
tumour cells has not been established. Knowledge of the 
character of the mucopolysaccharide might throw some 
light on the histogenesis of the neoplasm and at the same 
time be interesting in relation to chemical aspects of 
fibrogenesis, because the myxoma is relatively sparse in 
collagen fibres but contains a large amount of ground- 
substance. Stout! and Pearce et al.? assumed the presence 
of hyaluronic acid, but Grishman?, Tighe and Meachim* 
and Tighe’, who carried out histochemical studies, sug- 
gested that the mucopolysaccharide is chondroitin sul- 
phate. Histochemical analysis of a jaw myxoma suggested 
that it contained either hyaluronic acid or chondroitin 
sulphate®, No chemical analysis of a myxoma seems to 
have been undertaken. 

In this study, a myxoma (5-0x 4-0 em) from the 
mandible of a girl aged fourteen was submitted to both 
chemical and histochemical analyses. Half the tissue was 
stored at —15° C for chemical analysis and the rest was 
fixed in buffered formol-saline for histological and histo- 
chemical studies. 

The tissue for chemical analysis was homogenized and 
extracted with sodium acetate, the extract was acidified 
and mucopolysaccharides were precipitated with ethyl 
alcohol. A portion of the mucopolysaccharide material 
was analysed by electrophoresis and found to contain 
both hyaluronic acid and chondroitin sulphate. The tissue 
residue remaining after extraction with sodium acetate 
was digested with pepsin and a further mucopolysac- 
charide sample obtained: this was shown by electro- 
phoresis to be hyaluronic acid. The mucopolysaecharide 
specimens were purified and separated by ion exchange 
on DEAE-'Sephadex". Separation was checked by electro- 
phoresis and the samples were quantitated by uronic acid 
analysis??. The analysis of 4-30 g of tumour tissue sub- 
jected to extraction with sodium acetate gave 2.50 mg 
of hyaluronic acid and 1:10 mg of chondroitin sulphate 
plus 2-00 mg of hyaluronie acid after pepsin digestion. 
These results show that both sulphated and non-sulphated 
mucopolysaccharide are present and, of the total, 80 
per cent was hyaluronie acid and 20 per cent chondroitin 
sulphate. 

Histochemical studies were carried out on paraffin 
sections from various parts of the tumour using stains 
for acid mucopolysaccharide on untreated sections and 
on sections incubated for 3 h at 37? C in bovine testicular 
hyaluronidase and staphylococcal hyaluronidase (1 mg/ 
ml.); control slides were ineubated in normal saline. The 
stains used to identify acid mucopolysaccharide were 
azure A, fleian blue, toluidine blue and Hale's dialysed 
iron method. Sections of mature umbilical cord and 
salivary gland mucin were used as controls for the methods 
described. The results showed that the acid mucopoly- 
saccharide was completely removed with testicular hyal- 
uronidase, but with staphylococcal hyaluronidase there 
was onlf a reduction in the amount of mucopolysac- 
charide stained, both visually and after photographic 
comparison. The positive staining with the metachromatic 
and other dyes, and the complete digestion by bovine 
hyaluronidase strongly suggested the presence of acid 
mucopolysaccharide. The reduction in staining after 
digestion by the bacterial enzyme suggested that the 
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hyaluronic acid had been removed because this enzyme 
does not affect sulphated mucopolysaecharides!^:!, The 
chemical analysis, which was carried out independently, 
confirms the qualitative results of the histochemical tests. 

Our results confirm Stout's original suggestion that the 
mucopolysaccharide of the myxoma, is hyaluronic acid, 
but this is not its sole component; they are at variance 
with the suggestion that tumours of mesodermal origin 
produce only one type of mucopolysaccharide!?. The 
finding of a high hyaluronic acid component does not 
support the concept of Tighe and Meachim!, that the 
stellate cells of myxomatous tissue produce sulphated 
mucopolysaccharides but fail to form pre-collagen result- 
ing in a relative failure of collagen fibre production. We 
believe that the excessive production of hyaluronic acid 
may account for the paucity of collagen production and 
that perhaps this represents a severe metabolic disturbance 
in the stellate cell and is possibly concerned in its neoplastic 
behaviour. The cell concerned is probably a metabolically 
disturbed mesenchymal cell producing hyaluronate but 
little or no pre-eollagen. The old term **myxoblast" for 
such a cell would distinguish it, at least metabolically if 
not morphologically, from the collagen producing fibro- 
blast. Abnormal mucin production occurs in inflammatory 
tissue and the stroma of various neoplasms but in the 
myxoma the myxoblastic tissue assumes an aggressive 
and apparently neoplastic behaviour. 

We thank Professor W. Bartley for advice on the 
chemical analysis, and Organon Laboratories, Ltd, for 
the gift of the staphylococcal hyaluronidase. 

R. E. S. Prout 
Department of Biochemistry, 
University of Sheffield. 

J.J. Hopson 
Department of Oral Pathology, 
University of Sheffield. 


Received March 1, 1968. 

! Stout, A. P., Ann. Surg., 197, 706 (1948). 

? Pearce, A, E., Weller, R. W., and Steinberg, N., Arch. Surg.. 64. 835 (1952). 

! Grishman, E., Cancer, Philad., 5, 700 (1952). 

‘ Tighe, J. R., and Meachim, G., J. Pathol. Bact., 88, 195 (1962). 

‘Tighe, J. R., J. Pathol. Bact., 86, 141 (1963). 

* Bedano, H, O., and Gorlin, R, J., Areh. Oral Biol., 10, 727 (1965). 

* Schmidt, M., Biochim. Biophys. Acta, 68, 346 (1962). 

* Dische, Z., J. Biol. Chem., 167, 189 (1947). 

* Bitter, T., and Muir, H. M., Anal. Biochem., 4, 330 (1962). 

‘ Meyer, K., Physiol. Rev., 27, 335 (1947). 

" Linker, A., Hoffman, P., Meyer, K., Sampson. P., and Korn, E. D., J. Biol. 
Chem., 235, 3061 (1960). 


'* Meyer, K., Davidson, E., Linker, A., and Hoffman, P., Biochim. Biophys. 
Acta, 21, 506 (1956). 


IMMUNOLOGY 


Antibody Response obtained by 
Vaccination with the Influenza 

A/Equi 2 Virus in Man 

Tue distribution with age of antibodies against human 
and animal influenza viruses in man seems to be in- 
creasingly important in the interpretation ef the epi- 
demiology of influenza A. Findings with the recently 
isolated equine influenza A virus suggest that this virus 
has been responsible for the influenza epidemics near the 
beginning of this century!, about 10 yr after the 1889- 
1890 influenza pandemie, which was probably caused by 
the influenza 42 virus?. * 

The findings reported here suggest a relationship between 
the human influenza 42 virus which has been prevalent 
since 1957 and the influenza A/Equi 2 virus. Marois et al.? 
found an antigenie relationship between the equine ? 
strain and the human 42 virus using the haemagglutina- 
tion-inhibition test with guinea-pig sera. Kasel et al: 
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showed a clear anamnestie recall of antibodios against the 
human 42 virus in three of five sera from volunteers 
infected with the 1963 equine virus. 

Masurel and Mulder! demonstrated by eross-infection 
in ferrets that the equine 2 virus and the human 42 
virus share minor antigens. We have tried to analyse this 
phenomenon on the assumption that the equine 2 influenza 
virus may be a variant of the influenza 42 virus!, Volun- 
teers of different ages were vaccinated with the influenza 
strain A/Equi 2/Miami/63, and a control group was 
vaccinated with the human 42 virus. Both virus strains 
were mouse-adapted. Vaccination was carried out in the 
summer of 1967, and the last influenza 42 epidemic in 
the Netherlands was in the winter of 1965-1966. The 
volunteers had never been vaccinated before with an 
influenza virus vaccine. 300 CCA (chiek cell agglutination) 
units of virus/ml. of aqueous vaecine were used. The 
virus suspensions were inactivated with B-propiolactone. 
A dose (1 ml.) of vaccine was given subcutaneously in the 
left arm. Serum antibodies were measured by routine 
haemagglutination-inhibition tests with paired sera 
collected just before and 14 days after immunization. 

Table 1 shows the antibody response in sera from volun- 
teers vaccinated with the horse influenza virus isolated 
in 1963. Against equine 2 virus the pre-immunization 
sera from subjects aged 60-69 yr contained antibodies 
in 17 per cent of cases and those from subjects aged 70 yr 
and more contained antibodies in 45 per cent of cases. 
There was no antibody in sera from subjects younger than 
60. These results agree with previous findings'. The 
equine 2 virus vaccine caused an appearance of antibody 
to the homologous virus in subjects of all age groups but 
those with the highest titres and the greatest number in 
which antibody appeared were in the youngest age 
group (titre «9/150, number 3/6) or were older than 
60 (titre < 9/145, number 13/22). 

The subjects whose sera showed equine virus antibody 
after vaccination had no measurable pre-vaceination 
antibody in the first serum, except in one serum from a 
man aged 70 (1/12). The antibodies to the human in- 
fluenza virus 42/England/66 present before vaccination 
increased in the post-vaccination sera from subjects of all 
age groups and in many whose sera failed to respond to 
antibodies to equine 2 virus. The largest number showing 
an increase and the highest mean geometric titre was 
obtained for the group aged 17-23 yr. In this age group 
equine 2 vaccine produced a serological response in four 
out of six subjects and four of them possessed a titre of 
antibody less than 1/100 in the sera collected before 
immunization. The mean geometric titre of the pre- 
vaccination sera from subjects whose post-vaccination 
serum showed an increase, was about the same for each 
age group. The mean titres in all age groups, except the 
50-59 yr group, showed at least an eight-fold response. 
The heterologous A2 response seems to be independent of 
the antibody response against the homologous strain 
A/Equi 2/ Miami/63. 

Table 2 shows the results for the control group vaccin- 
ated with the human 42 virus. In each age group the 
vaceine produced a large serological response against this 
virus. The mean geometric titres in sera from subjects 
who responded increased at least ten-fold in each age group. 
In contrast only two subjects aged 53 and 67 developed 
antibody against the heterologous influenza virus .4 / 
Equi 2/Miami/63, and in each case serum collected before 
immunization contained no antibody against the equine 
virus. 

Tables 1 and 2 show that antibodies against A /Swine 
and Al viruses increased in four and one, respectively, of 
all those receiving the equine 2 vaccine. In the fifty-three 
subjects who received the A2 vaccine there was an increase 
in antibodies against A/Swine and Al viruses in three 
and two subjects, respectively. 

The equine 2 vaccine and the 42 vaccine caused the 
best serological response in nineteen out of thirty-five 
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No. of volunteers showing increase (24x) or 
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Age group No. appearance of antibody e 
(yr) vaccinated A/Equi 2/ A?i AjSwine 15/ Al: Aj Equi 2; Ad) 
Miami/63 England/66 USA/30 Netherland /56 Miami/63 Netherland; 56 
17-23 6 3 4 1 ü < 9/150 
30-39 8 1 5 i 9 < 9/180 
40-49 12 1 5 0 0 < 90/40 — v 
50-59 4 1 1 1 C « 9/45 410/2.300 — 
60-60 12 T 5 1 1 « 9/150 200/13,000 5/34 
>70 10 6 2 0 0 9/140 — 





* The numerator is the mean geometric titre of pre-vaecination sera and the denominator the mean geometric titre of post- vaccination sera. 


Table 2. 


No. of volunteers showing increase (24x) 


VACCINATION RESULTS WITH HUMAN INFLUENZA A2 


Mean geometrie titre of human sera showing 





Age group No. or appearance of antibody ! increase (= 4x)* 
(yr) vaccinated AI AilEqui2/  A/Swine 15/ Al} A2/ A/Equi 2/ Ajswine 15/ Al! 
England/66 Miami/63 USA/30 Netherland/56 England/66 Miami/63 USA/30 Netherland /56 
10-29 9 8 0 0 0 75/1,200 — — — 
30-39 8 5 0 6 0 75/850 — x EM 
40-49 5 3 0 0 0 25/850 — — — 
50-59 & 7 1 1 H 80/6,200 < 9/45 1,600/9,200 « 9/120 
60-60 17 13 1 2 1 25/810 = 50/380 < 9/05 
>70 6 4 0 9 0 20/670 < 9/85 — — 


* The numerator is the mean geometrie titre of pre-vaecination sera and the denominator the mean geometric titres of post-vaccination sera. 


and twenty-eight out of thirty-four subjects, respectively, 
who had a pre-vaccination serum titre of antibody of less 
than 1/100 against the influenza A2/England/66 virus. 
When there was a pre-vaccination serum titre of anti- 
body 1/100 and more, the response was found in three 
out of seventeen and twelve out of nineteen volunteers. 


Table 3. MEAN GEOMETRIC TITRE OF SERA FROM ALL VOLUNTEERS MEASURED 
AGAINST A2/ENGLAND/66 


Vaecine 
Age group (yr) A/Equi 2/Miami/66 A2/England/66 

17-23 85/1,150 — 
19-29 — 85/1,150 
30-39 40/170 110/490 
40-49 120/310 45/500 
50-59 20/40 80/3.700 
60-69 80/250 30/470 

>70 45/85 25/360 
Total 65/210 50/350 


The numerator is the mean geometric titre of antibody in sera collected just 
before vaccination and the denominator is the mean geometric titre of anti- 
body 14 days after vaccination. 


The mean geometric titre of A2 antibody in sera from 
subjects in the youngest age group is the same after 
immunization with equine 2 or 42 vaccines, as Table 3 
shows. This table also shows that the sera of volunteers 
aged 30-39 give a four-fold increase of the mean titres of 
40 to 170 and 110 to 490, respectively. with both vaccines. 

The age groups of subjects older than 40, however. 
show a greater response of antibody after vaccination with 
the A2 virus. 

The homologous antibody response to the equine 2 
vaccine in subjects aged 60 and more suggests that this 
age group was probably exposed to the dominant antigen 
of the equine 2 strain during childhood. This agrees with 
the “antigenic sin" theory of Davenport, but this theory 
does not explain the antibody response to the equine 2 
vaccine in subjects aged 17 to 23 yr. Vaccine experiments 
in young ehildren aged 2 to 12 yr may help solve this 
problem. The observation that there is a large inerease 
of the heterologous A2 antibodies in man after immuniza- 
tion with equine 2 vaccine remains obscure. 'This last 
observation, together with earlier data on equine influenza 
virus antibodies in human sera! may be very important 
for influenza vaccination schemes in the near future. 

N. MasUREL 
WHO Influenza Centre for the Netherlands, 
Department of Respiratory Virology, 
Academisch Ziekenhuis. 
Leiden. 
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Non-cross-reacting Resistance to Virus 
Induced Mouse Mammary Tumours 
in Virus Infected C3H Mice 


CHEMICALLY induced tumours usually tend to have 
individually distinct, non-cross-reacting antigens, while 
different tumours induced by the same virus will cross-react 
antigenically when tested in syngeneic hosts'. 

In the mouse mammary tumour system, antigenic 
reactivity?-* and cross-reactivity^? have been demon- 
strated in MT'V-free isogenic hosts where the MTY, 
common to all virus induced mouse mammary tumours’, 
and a virus controlled cell product or both probably 
constitutes the cross-reacting antigen(s). In contrast, 
C3H mice, neonatally infected with MT'V, have been 
shown to be immunologically tolerant of the M'TV*", 
and ean eonsequently be used to detect any mammary 
tumour antigens other than the virus, and tumour cell 
produets or both controlled by the viral genome. 

In the tests for cross-reactivity reported here, four 
spontaneous mammary tumours were used whieh had 
previously been shown to be immunogenic in C3H mice!*, 
Mice of the C3H and the MTV.free C3Hf'* lines were 
immunized against a given tumour by a subeutaneous 
implant of living tumour tissue in the right flank. After 
the tumour implants had grown to approximately 1 em?, 
they were surgically removed. At the time of removal of 
the immunizing implants, 10° living cells prepared from 
the implanted tumour and 10° living cells prepared from 
another of the tumours were injected subcutancously 
into the same hosts at the left shoulder and hip, respec- 
tively. Groups of normal eontrol mice were injected simul- 
taneously with the same tumour cell suspensions, the 
preparation of which has been described elsewhere!*. The 
incidence of tumours at the two injection sites was then 
checked at weekly intervals. 

Table 1 shows the results of several such tests. Tests 
1, 2 and 3 show that individually distinct. anti-tumour 
reactivity without cross-reactivity was expressed in 
MT V-infected C3H hosts, while the same tumours 
induced a cross-reacting resistance in MT V-free C3Hf 
hosts. From test 1 it can be seen that tumour 5410 
induced a specific resistance in MT V-infected C3H mice 
which protected against challenge with tumour 5410, 
but not against challenge with tumour 4849, Conversely, 
test 2 shows that tumour 4849 induced resistance against 
itself, but not against tumour 5410. Test 3 shows that the 
resistanee induced by tumour 9118 was specifie, and did 
not protect against challenge with tumour 4849. 

In each of these three tests, the tumour used for 
immunization grew as frequently in pretreated hosts as 
in control animals; furthermore. both the tumour used 
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for pretreatment and the other tumour grew with equal 
frequency in untreated control animals. It thus seems 
that resistance was specifically directed against the tumour 
used to immunize. In contrast, MTV-free C3Hf mice 
immunized with tumour 5410 rejected challenge with 
both tumour 5410 and tumour 4849, and seven out of nine 
C3Hf mice immunized with tumour 9118 rejected challenge 
with both tumours 9118 and 4849. 

Tests 4 and 5 show that tumour 2794 and tumour 5410 
did cross-react in MT V-infected C3H mice. Hither 
tumour, when used to immunize, protected against 
challenge with both. As expected, MT V -free C3Hf mice 
pretreated with tumour 2794 rejected challenge with 
both tumour 2794 and tumour 5410. 


Table 1. TESTS FOR CROSS-REACTIVITY OF SPONTANEOUS MT V-INDUCED 
C3H MOUSE MAMMARY CARCINOMAS IN MT V-INFECTED C3H AND IN MTV- 
FREE C3Hf HOSTS 


Pretreatment 





Challenge* 


Test Host of hosts with No, with tumours/Total No. of mice 
No. animals implants of Tumour 5410 Tumour 4849 
‘Lest 1 
C3H ‘Tumour 5410 2/16 13/16 
C3H None 18/22 17/22 
C3aHf Tumour 5410 0/7 0/7 


Significance: 2/16 against 13/16 P «0-001; 2/16 against 16/22 P «0-001: 
13/16 against 17/22 N.S. 
"Test 2 


Tumour 4849 Tumour 5410 


C3H Tumour 4849 2/12 10/12 
CaH None 4/6 1/6 


Significance: 2/12 against 10/12 P «0005; 2/12 against 4/6 P «0-100: 
10/12 against 4/6 N.5. 








Test 3 Tumour 9118 Tumour 4849 
C3H Tumour 9118 22/27 
C3H None 23/25 
C3Hf Tumour 9118 ¢ 2/9 
Significance: against 22/27 P «60-001; 7/27 against 25/25 P «0:001; 
22/27 against 23/25 N.S. 
Test 4 ‘Tumour 2794 Tumour 5410 
CaH Tumour 2794 2/20 5/20 
C3H None 12/30 23/30 
C3Hr Tumour 2794 0/10 0/10 
Significance: 2/20 against 5/20 N,S,; 2/20 against 12/30 P «0-05; 5/20 


against 23/30 P < 0-001. 


Test 5 Tumour 5410 Tumour 2794 


COH Tumour 5410 10/36 10/36 
C3H None 13/16 12/16 
Significance: 10/36 against 13/16 P « 0-001; 10/36 against 12/16 P < 0-001. 
* Test animals were sensitized by subcutaneous implants of one tumour in 
the right side. They were challenged by simultaneous subcutaneous implan- 
tation of 105 living cells derived from the s»nsitizing tumour and 10* living 
cella derived from another tumour at the left hip and shoulder, respectively, 
at the time of removal of the immunizing implants. 


It would therefore seem that the antigens of tumours 
5410 and 4849 which are immunogenie but not cross- 
reactive in MT V-tolerant C3H hosts (tests 1 and 2), 
are different from those antigens of the same tumours 
which cross-react in the MT V-responsive C3Hf hosts (test 
1). The same supposition applies to the antigens of 
tumour 9118 which was tested for cross-reactivity to 
tumour 4849 (test 3). Tumours 2794 and 5410 did cross- 
react in C3H hosts, and presumably possess similar 
tumour-specific, non-viral antigens (tests 4 and 5). The 
same tumours also induced cross-reacting resistance in 
C3Hf hosts (tests 1 and 4). 

Considering the previous reports of cross-reactivity 
between MTV containing mammary tumours in MTY -free 
mice" and the present tests on cross-reactivity, two 
tentative conclusions are suggested: (a) all MTV infected 
tumours contain at least one common component which 
is antigenic in the isogenie MT V-free mice but not in the 
isogenic MT V -infected animals. This antigenic component 
is most probably the MT V and a cellular prodact, or both, 
controlled by the viral genome; (b) some mammary 
tumours also contain one or more of a number of MTV- 
independent components which make them antigenic 
in MT V-tolerant mice. Depending on which component 
or components are present on the tumour cell surface, 
pairs of immunogenic tumours may or may fot cross- 
react. The lack of cross-reactivity indicates that these 
antigenic components are not MT V-associated. On the 
basis of these data it can therefore be suggested that 
virus induced tumours possess individually distinct 
antigens as well as those directly associated with the 
presence of the inducing virus or its products. 
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lt must be pointed out that an alternative explanation 
of these findings, although it seems remote, cannot be 
ruled out at this time: the "tumour-speeific", non-cross- 
reacting antigenicity of some of the C3H tumours could 
conceivably arise from infection of these neoplasms with 
unrecognized variants of the mammary tumour virus or 
from superinfection with an unrelated agent, resulting 
in the formation of new, immunizing struetures on the 
cell surface. 
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MICROBIOLOGY 


Detection of the Scrapie Agent in 
Tissues of Normal Mice and in 
Tumours of Tumour-bearing but 
Otherwise Normal Mice 


ScRAPIE has been reported in some goats inoculated 
intracerebrally with suspensions of tissues from some 
normal goats'?, and a summary? of these and other obser- 
vations made during a 9 yr period recorded five cases of 
scrapie among seventy-seven goats inoculated with four 
of twenty-one different normal goat brains, and in one of 
three goats inoculated with normal goat pancreas. As far 
as we know, the only other similar record in the literature 
is of the occurrence of scrapie in four of forty-four sheep 
inoculated with normal sheep brain‘. 

Serapie was transferred from goats to mice in 1961 (ref. 
5) and since then we have inoculated considerable numbers 
of mice with a wide variety of materials, including 109 
mice in thirteen experiments inoculated with 1/10 sus- 
pensions of normal mouse brain, 227 mice in twenty-three 
experiments inoculated with 1/10 suspensions of normal 
sheep, goat or human brain and 2,304 mice in 165 experi- 
ments inoculated with dilutions greater than 1/10 or with 
suspensions of tissues other than brain, without scrapie 
oeeurring in any instance. These animals were main- 
tained in a scrapie environment in that they were in the 
same rooms as scrapie-affected mice and were handled by 
personnel who were handling scrapie-affected mice. No 
spread of scrapie by eontaet was observed. 

We have presented evidence? that the transmissible agent 
of serapie may be, or may be associated with, a small 
basie protein (polypeptide) of the kind involved in the 
production of experimental allergic encephalomeylitis?. 
To examine this possibility further, tissues from serapie- 
affected mice were subjected to procedures that might 
be expected to release cellular components. The materials 
thus obtained were (a) a powder—referred to as ‘‘multiple- 
shake? powder—made by freeze-drying the pooled 
supernatants obtained by repeated shaking with water of 


NATURE. VOL. 218, APRIL 6. 1968 


Table 1. OCCURRENCE OF SCRAPIE IN MICE INOCULATED INTRACEREBRALLY 
WITH "MULTIPLE-SHAKE'" POWDERS PREPARED FROM POOLS OF BRAINS OF 
SCRAPIE-AFFECTED OR NORMAL MICE 





Powder . " T 
Experi- Powder prepared Strain Cases of scrapie: 
ment used from mice of mice amounts of powder (ug) 
No. of strain inoculated 100 10 1 
la  Serapie BSVS BSVS 12/12 6/6 6/6* 
ib Normal No. 1 BSVS BSVS 6/12t 0/6 — 
le Normal No. 2 BSVS BSVS 1/24 — — 
le Normal No. 2 BSVS BRVR 0/24 — — 
1d Normal No. 3 BRVR BSVS 2/24 — mE 
id Normal No. 3 BRVR BRVR 0/24 = T 


* Smaller amounts of this powder produced scrapie as follows: 6/6 at 0-1 
Bg; 2/8 at 0-01 ug; 0/6 at 0-001 ug. ; . 
+ Diagnosis was checked by a further passage in mice of one of these cases. 


tissue. previously treated with chloroform-methanol*, 
(b) histone fractions prepared from crude deoxyribonucleo- 
protein* and (c) cell nuclei prepared by method A (ref. 9) 
or method B (ref. 10). In all experiments in which these 
materials were obtained from the tissues of scrapie- 
affected mice, tissues from normal mice were similarly 
treated. 

In view of recent evidence that scrapie cells grow 
better than normal cells in tissue culture!! and organ 
culture’, with the inference that the scrapie cell may be 
in some way altered, spontaneously occurring mammary 
adenocarcinomas of tumour-bearing but otherwise healthy 
mice were examined for the presence of scrapie agent. 

The BS VS strain of mice was used in most experiments, 
with limited use of the BRVR strain (Table 1), both 
maintained as closed populations at this institute. The 
strain of BS V.S mice at Compton has an incidence of 
approximately 5 per cent of spontaneous adenocarcinomas, 
and the tumour-bearing but otherwise healthy mice from 
which tumour tissue was obtained were of this strain. The 
strain of serapie agent used'? has been passed exclusively 
through mice since 1961. Unfractionated tissue inocula 
were prepared from supernatants obtained by centri- 
fugation at 800g for 20 min of 10 per cent homogenized 
suspensions in physiological saline. The volumes of intra- 
cerebral and intraperitoneal inocula were 0-05 ml. and 
0-5 ml., respectively. Pools of tissue obtained from 
between 12 and 200 normal mice were the starting 
materials in different experiments, except when individual 
tumours were used. A positive diagnosis of scrapie was 
based on the occurrence of typical clinical signs, plus the 
presence in the brain of characteristic histological lesions® "4. 
Mice were observed until clinieal serapie developed, or 
for a minimum period of 7 months. Incubation periods 
for the occurrence of clinical scrapie were recorded to the 
nearest week. In the text and tables different experiment 
numbers denote the use of different starting materials. 

The results of experiment 1 are given in Table 1, from 
which it will be seen that serapie activity was detected in 
the “multiple shake” powder from scrapie brain, and also in 
each of the thrce powders prepared from normal brain but 
at a level far below that found in the scrapie brain powder. 

In experiment 2, an initial test in groups of six mice of 
ten-fold dilutions in physiological saline, of crude deoxy- 
ribonucleoprotein (DNP) from scrapie brain showed 
scrapie activity to a dilution of 10-*, but a similar test of 
DNP from normal brain failed to demonstrate any scrapie 
aetivity. When, however, histone fraetions were prepared 
from serapie or normal DNP, serapie activity was detected 
(Table 2) in all fractions except alkali-soluble (AS) and 


Table 2. OCCURRENCE OF SCRAPIE IN MICE INOCULATED WITH VARIOUS 
MATERIALS OBTAINED BY A HISTONE FRACTIONATION TECHNIQUE APPLIED 
TO POOLS OF BRAINS FROM SCRAPIE-AFFECTED OR NORMAL MICE 


Cases of scrapie produced by fraction: 


Alkali- 

] g Route soluble 

Experi- Material of plus Alkali- Residual 
ment obtained inocu- 2a4+3 2b+3 residual soluble protein 
No. from lation protein (AS) (RP) 

(AS + RP) 

2a  Serapie brain i.p. 5/6 6/6 6/6 — — 
2b  Normalbrain — i.p. 6/6 j5 6/6 — — 
2c — Serapie brain i.e. e ere 9/6 0/6 e 0/8 
2d Normal brsin — i.c. — — 2/12 0/8 0/6 


i.p., Intraperitoneal; i.c., intracerebral. 
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Table 3. OCCURRENCE OF SCRAPIE IN MICE INOCULATED INTRACEREBRALLY 
WITH WHOLE SCRAPIE MOUSE SPLEEN OR WITH NUCLEI PREPARED FROM 
THIS SPLEEN OR FROM NORMAL MOUSE SPLEEN BY METHOD A 


Experi- 
ment Inoculum Cases of serapie at dilution 
No. Undiluted * 10-* i04 197 
3a Serapie whole tissue — 6/6 5/6 0/5 
3 Serapie nuclei 5/5 86/6 1/8 0/6 
35 Normal nucleit 6/61 ee RR 


* The final sediment suspended in 2-0 ml. of sucrose : calcium chloride 


medium after processing | g of tissue. 

+ In twenty other experiments scrapie did not oceur in 216 mice inoculated 
with nuclei from normal brain or spleen. 

t Diagnosis was checked by a further passage in mice of two of these cases, 


residual protein (RP). An AS + RP fraction was prepared 
from two different pools of normal brains. In experiment 
2b, all six mice developed scrapie, but in experiment 2d 
only two of twelve developed serapie and the incubation 
period was longer. 

Table 3 gives the results of experiment 3 in which mice 
were inoculated with scrapie whole spleen, or with serapie 
or normal spleen nuclei. All six mice inoculated with 
normal nuclei developed scrapie. Attempts were made to 
confirm this finding by inoeulating groups of six or 
twelve mice with nuclei prepared from twenty different 
pools of either normal mouse spleen or brain. In all, 216 
mice were inoculated. None developed scrapie. 


Table 4. OCCURRENCE OF SCRAPIE IN MICE INOCULATED INTRACEREBRALLY 

WITH WHOLE MAMMARY TUMOUR TISSUE OBTAINED FROM TUMOUR- BEARING 

RUT OTHERWISE NORMAL MICE, OR WITH NUCLEI PREPARED FROM THIS TISSUE 
BY METHOD B 





Experiment Cases of Incubation 
No. Inoculum scrapie period (weeks} 
ta Whole tumour 0/6 — 
Tumour nuelei 6/6* 23 
4b Whole tumour 0/6 — 
Tumour nuclei 0/6 — 
de Whole tumour 0/12 ee 
Tumour nuclei 251 26 
Ad Whole tumour 7 27 
Tumour nuclei 5 23 


* Diagnosis was checked by a further passage in mice of one of these cases. 


The results of experiment 4 in Table 4 show that scrapie 
oceurred in mice inoculated with tumour nuclei but not 
with whole tumour tissue in two experiments, and in mice 
inoculated with either nuclei or whole tissue in one 
experiment. In one experiment neither nuclei nor whole 
tissue produced disease. 

There is a close relationship between the amount of 
scrapie agent in an inoculum and the incubation period 
for the occurrence of clinical scrapie’. In Table 5 the 
results of experiments 1, 2 and 3 have been grouped to 
compare the incubation periods for scrapie produced by 
materials obtained from normal mice with those for similar 
materials from scrapie mice. It is clear that in experiments 
la-1d, and in experiments 2c and 2d, there was much less 
scrapie activity in materials from normal than from 
scrapie mice. In experiments 2a and b, and 3a and b, there 
was, however, an indication that the amount of serapie 
activity might be approximately the same in materials 
from normal as from serapie mice. The results presented 
indicate that although unfractionated tissue inocula (with 
the exception of the tumour in experiment 4d) prepared 
from normal mice did not produce serapie, other inocula 
derived from normal tissue but prepared by techniques 
Table 5. INCUBATION PERIODS FOR THE OCCURRENCE OF CLINICAL SCRAPIE 


IN MICE INOCULATED WITH VARIOUS MATERIALS OBTAINED FROM XECRAPIE- 
AFFECTED OR NORMAL MICE 





*. 
Íneuba- 
Experi- Routeof Cases tion 
ment Inocuium inocula- 3 period 
No. tion scrapie {weeks} 
Scrapie “multiple shake” powder i.c. 12/12 iT 
Normal “multiple shake” powder No. 1 i.c. 6/12 





la 

16 

le Normal "multiple shake" powder No. 2 
id Normal "multiple shake" powder No.3 
2a  Scrapie brain fraction 2a +3 

2b | Normal brain fraction 2a +3 
2, 
25 
2a 
2b 










Scrapie brain fraction 2h 4 3 
Normal brain fraction 2b +3 
Serapie brain fraction +RP 
Normal brain fraction AS + RP 
2e — Serapie brain fraction AS + RP 
2d Normal brain fraction AS + RP 
3a — Serapie spleen nuclei 
3b Normal spleen nuclei 











104 


that would be expected to release cellular components, 
did sometimes produce the disease. The occurrence of 
scrapie after the use of such inocula, however, was 
irregular and varied from experiment to experiment. In 
these circumstances, it must be emphasized that confirma- 
tory work with other strains of mice in other laboratories 
is highly desirable. Thus the presence of a low grade 
serapie infection in the Compton strain of mice could 
explain the results obtained in this work’. We do not 
subseribe to this view, but because the scrapie agent has 
not been identified we appreciate that others might thus 
interpret our results. 

If, however, it is assumed that scrapie is not caused by 
a conventional infective agent and that our interpretation 
of the results is valid, our conelusion is that the agent is 
present in some, possibly all, normal mice. None of the 
cell-breaking techniques used was particularly efficient 
in releasing the agent, but in certain conditions (possibly 
in experiments 2a and b, and 3a and b) there was an 
indication that normal tissue may contain as much scrapie 
agent as serapie tissue. In experiment 4, there were in- 
dications that the agent may be more readily released 
from tumour tissue than from normal tissue. 

As far as we know, no author has doubted that the 
serapie agent can replicate itself, because the disease can 
be passed indefinitely through animals in series, and 
because the amount of agent in the tissues of an inoculated 
animal apparently increases as the disease progresses. 
Jt has been difficult, however, to explain by what method 
this self-replieation could occur, because the scrapie agent 
does not apparently contain nucleic acid!9U. This 
impasse has been discussed recently'*"*, and a replication 
hypothesis has been presented suggesting that the deter- 
mining factor in scrapie pathogenesis is a re-arrangement 
in the sugar or oligosaccharide residues attached to cell 
membrane?, If, however, the possibility is considered 
that the scrapie agent is present in an inhibited form in 
normal tissue and in a released form in scrapie tissue, such 
unmasking would provide an alternative explanation to 
self-replication. 

We thank Miss Jean Waite, Miss Mary Sheard and Mr 
P. F. Dennis for technical assistance, Mr F. H. Howard 
for care of the animals, and Dr R. H. Kimberlin and 
Dr R. A. Gibbons for helpful discussions. This work was 
financed in part by a grant from the US Department of 
Agriculture. 

I. H. Parrison 
KATHARINE M. JONES 
ARC Institute for Research on Animal Diseases, 
Compton, 
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Peripheral Self-stimulation as a Reward 


SEVERAL species have been shown to operate switching 
devices spontaneously, as a result of which mild electric 
currents are delivered to selected parts of the brain 
through implanted electrodes. During the course of 
experiments with the rabbit, designed to determine the 
factors regulating this form of behaviour, evidence has 
been obtained which suggests that the rate of response is 
modified by peripheral stimuli. Attempts to confirm this 
finding by use of operant techniques involving electrical 
stimulation of peripheral organs such as the scrotum and 
cervix have, however, proved difficult in this species. In 
an alternative approach fish have been used in which 
peripheral receptors can be stimulated by an electric 
current passing through the water, thus obviating the 
need for implanted electrodes. 

Tn an aquarium of volume 8,000 em? a pair of platinum 
wire electrodes was sited vertieally near one corner, 
bounding 22 per cent of the total volume. The electrodes 
were connected to a stimulator providing alternating 
current at 1-10 V, 50 Hz. Nine fish, each of a different. 
species, were used in the first. part of the study: Barbus 
cumingi, Gymnocorymbus ternetzi, Lebistes reticulatus, 
Labeo bicolor, Trichogaster trichopterus, Hyphessobrycon 
serpae, Morulius chrysophekadion, Barbus tetrazona tetra- 
zona and Cichlasoma severum. In a series of fifty-two 
trials each lasting 10 min the fish were allowed to swim 
separately in the aquarium in the absence of the stimu- 
latory eurrent and the mean time spent in the corner 
bounded by the electrodes (stimulated area) was measured 
as 19+3 per cent of the total test time. In a further 
seventy-three trials the stimulator was activated manually 
for approximately 0:25 s/s when the fish were in the test 
area. The mean percentage of time spent in the stimula- 
ted area in these trials was 62+ 6 per cent, differing from 
the non-stimulated trials at a level of P « 0-001. 

To determine if the fish were responding to the 
activation of peripheral receptors, sixteen similar trials 
using six fish were given in water containing xylo- 
caine (6 p.p.m.). In spite of an unchanged level of general 
activity, the proportion of time spent in the stimulated 
area was of the same order (22+6) as that observed in 
the absenee of stimulation. On the other hand, in the 
absence of the anaesthetic, the same six fish spent 66 + 7 per 
cent of the test period in the stimulated area during fifty- 
four trials, an increase significant at the level of P « 0-001. 
_ When the stimulus was applied as the result of the fish 
interrupting a beam of light (diameter 2 em) which crossed 
the tank near the electrodes, six fish learned to operate 
the system during the first trial. Three of the fish inter- 
rupted the beam by swimming to and fro across it. The 
other three minimized their effort by hovering near the 
beam and waving the dorsal or caudal fin. In forty-cight 
trials in which stimulation was automatically applied by 
this operant technique, the fish spent 75+5 per cent of 
the test periods near the electrodes. This is significantly 
larger (P<0-05) than the figure obtained with manual 
stimulation and suggests that, in operant conditions, 
the fish were able to optimize the strength and duration 
of stimulation by selecting the position at which they 
interrupted the light beam, and by varying the amount 
of time the light was cut off. The ineffectiveness of the 
beam of light alone as a behaviour-directing stimulus is 
emphasized by the finding that, in forty-four operant 
trials using six fish, the mean number of times the beam 
of light was traversed was 24 + 6 in the absence of stimula- 
tion. When the stimulator was activated by the fish 
(sixty-two trials; the figure rose to 59+9, an increase 
significant at the level of P « 0-005. 

From these results it would seem that self-stimulation 
of peripheral receptors may function as a reward in a 
manner not yet distinguishable from direct self-stimula- 
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on of brain regions. Grossman's? two-factor theory of 
tivation provides for the elicitation of non-homoeo- 
atic drives by specific external stimuli as opposed to the 
eration of homoeostatie drives by internal stimuli. 
'minance of the non-homoeostatic reward of intra- 
anial self-stimulation over homoeostatie rewards is well 
nown*. The present studies suggest that non-homoeo- 
atie drives may arise from the non-specific need of 
mtral structures (probably limbic) for sensory input. 
his supports the view that normal drives are non- 
cific, sensation-seeking activities and that patho- 
ically reduced reactivity of central mechanisms to 
eripheral stimulation leads to psychopathic activity’. 


H. J. CAMPBELL 
astitute of Psychiatry, 
e Crespigny Park, 
ondon. 
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APPLIED SCIENCE 


:lectrical Potential Measurements 
m Clays 


‘w1s communication describes the application in research 
n clay minerals of an electrical potential method, first 
sed for research on glass-crystalline systems'. Clay 
iinerals undergo a number of changes during heating, 
esulting in changes in the electrical potential at the 
ontact surface between the clay and a suitable reference 
aaterial. The changes are caused by one or more of the 
allowing: (a) loss of interlayer or crystalline water; 
5). breakdown of the clay mineral lattice; (c) disappear- 
nee or formation of crystalline phases; (d) formation 
f glassy phases. 

Fig. 1 is a sketch of the system of measurement, essen- 
ially the same as that used by Borisov and Zadumin!. 
‘hin sintered alumina substrates (98 per cent A1;0;) 
pproximately 0-4 mm in thickness were used as the inert 
eference material and similar plates were prepared from 
he clay slips. The dried clay and alumina plates were 
laced together and clamped between two platinum 
leetrodes. 'To avoid induction effects from the furnace 
rindings, the electrodes were shielded with earthed 
latinum foil. The temperature and the E.M.F. were 
eeorded on a compensating recorder. 

Because of the high internal resistance of the holder 
ssembly, it was necessary to use a diode amplifier with 
. high input resistance in the circuit (input resistance 
033 ohm and voltage amplification 1:1). The changes 
a electrical potential between sample and alumina during 
wating at a heating rate of 6? C per min were recorded. 





Fig. 1. Platinum 


Diagrammatic sketch of measuring circuit. — a, 
electrodes; b, sample; c, reference material; d, amplifier; e, recorder. 
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Fig. 2. Differential thermal analysis and potential difference analysis 


curves of standard montmorillonite from Wyoming (4.P.1. No. 28). 


Several clay minerals were examined, but only mont- 
morillonite will be considered here. The potential 
difference analysis curve is shown in Fig. 2, together with 
the differential thermal analysis curve. The curves were 
obtained with a standard montmorillonite sample from 
Wyoming (A.P.1. No. 26). 

Below 350? C the eurve shows a sharp drop in potential 
as a result of the removal of interlayer and sorbed water. 
Loss of crystalline water begins at about 480° C. The 
expulsion of the erystalline water for the temperature 
range in which dehydroxylation takes place seems to be 
a stepwise process, judging from the appearance of 
several small peaks on the curve. The last dehydration 
step starts only at about 760? C. From about 850^ C the 
E.M.F. increases, indicating a transition from a more 
ordered to a less ordered structure. The formation of 
spinel results in a decrease in E.M.F. above 980^ C. From 
about 1,130? C, glass is formed. The solution of the 
spinel in the glass phase results in another deerease in 
E.M.F. at 1,210? C. 

Thus it seems that the measurement of potential 
differences between clays and an inert referenee material 
can be applied to the study of the physieal and chemical 
changes of clays during heating. The method ean also be 
used for the identification of various clay minerals. 

The sensitivity of the method surpasses, in some 
respects, that of differential thermal analysis and it can 
detect the steplike dehydroxylation of montmorillonite. 
The use of the*method for quantitative purposes is as yet 
uncertain. A small difference in sample thickness, for 
example, ehanges peak heights and if the sample is too 
thick, the resulting curve is flattened out. Better sample 
preparation and instrumentation will therefore be neces. 
sary for quantitative determinations. 

. K. A. G. TAUBER 
E. R. SCHMIDT 
National Building Research Institute, 
CSIR, 
Pretoria, South Africa. 
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CORRESPONDENCE 


Voltes Face 


Sir,—In a recent issue of Nature (217, 903; 1968), vour 
Moleeular Biology Correspondent is kind enough to 
mention a paper recently published by Ullmann, Gold- 
berg, Perrin and Monod (Biochemistry, 7, 261; 1968). He 
congratulates us on having “rediscovered on this side of 
the Atlantie" the widely used method of studying the 
sub-unit strueture of proteins in guanidine hydrochloride 
solutions. 

May I point out that we have neither discovered nor 
rediscovered anything ? Our modest work simply amounts 
to an empirical determination of the partial specific 
volume to be used in the Svedberg equation for poly- 
peptide chains in 6 M guanidine solutions. Your corre- 
spondent is apparently unaware of the fact that, in the 
absence of proper data concerning the partial specific 
volume of a molecule, it is impossible to obtain its moleeu- 
lar weight by centrifugation (performed on e:ther side of 
the Atlantie). For instance, Marler and Tanford (J. Mol. 
Biol., 239, 4217; 1964) estimated the molecular weight of 
the glutamic dehydrogenase protomer to he between 44,000 
and 53,000 “depending on the value assumed for v". 

May I also point out that in the same note vour 
correspondent makes two other errors: 

1. He apparently thinks that Weber's recent results 
contradict and correct the interpretation proposed by 
Changeux, Gerhart and Schachman, and by Gerhart and 
Schachman, of the sub-unit structure of aspartate trans- 
carbamylase. Actually, Weber's results very clearly and 
strongly confirm the previous authors’ interpretation of 
this enzyme structure as being made up of four protomers, 
each containing two different sub-units. 

2. From Weber’s results, your correspondent concludes 
that aspartate transcarbamylase is an “octamer” when, of 
course, it should be considered as a tetramer, for which 
Changeux, Gerhart and Schachman have proposed a 
rather appealing schematic structure, This structure has 
already found its way into elementary textbooks of 
biochemistry which your correspondent might study 
profitably (see Structure and Function of Enzymes, by 
Sydney Bernhard, edit. by W. A. Benjamin, 1968). 


Yours faithfully, 


Jacques Monop 
Institut Pasteur, 
25 rue du Doeteur Roux, 
Paris. 


Our Molecular Biology Correspondent writes: I apologize 
if I have credited Professor Monod and his collaborators 
with the wrong rediscovery: I am bound to agree that the 
rediscovery of the apparent partial specific volume is of 
almost comparable magnitude. Professor Monod des- 
eribes his contribution as modest, and T ane quite content 
to let his own evaluation stand as the last word. I would 
merely add that the most searching analysis of the rela- 
tion between partial specifie volume and apparent partial 
specifie volume in mixed solvent systems is to be found in 
the paper by Hade and Tanford (J. Amer. Chem. Soc., 89, 
5034; 1967). (The seeming confusion in Professor Monod's 
letter between these two functions, and indeed between 
sedimentation equilibrium and the Svedberg equation, I 
take to reflect only a double slip of the pen.) If Professor 
Monod cares to consult this article, he will discover there 
also the basis of the empirieal equation given in his paper. 

I do not wish to dwell on Professor Monod's second 
point, because I hope still to retain the freedom to discuss 
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molecular weights of proteins without being drawn int 
the quicksands of allosterism. My only comment is tha 
he has apparently read both my mind and my articl 
incorrectly. Tt was not concerned with allosteric theo: 
izing, only with the number of sub-units in the enzyme 
which Changeux, Gerhart and Schachman stated to b 
six (four regulatory and two catalytic), and Weber foun 
to be eight (four of each kind). 

The last point is of a subtlety which is, I fear, beyont 
my grasp. The breathtaking assertion that the octame 
should “of course" be regarded as a tetramer leaves m 
defenceless. To the unprepared mind an octamer is ai 
octamer, and the species which Professor Monod observe 
in his guanidine hydrochloride solutions are monomers 
rather than hemimers or even demihemimers. My perusa 
of the elementary biochemistry textbooks which Professo. 
Monod recommends has not so far led me to an explana 
tion of his dialectic. Is it, I wonder, Professor Monod’ 
real purpose to acquaint us with a new definition of 1 
monomer——or monodmer perhaps—-elusive, but adaptable 


Urban Pollution 


Str,—The yellow lines denoting parking restrictions ir 
our cities contain a chromate pigment, as can be shown by 
simple qualitative tests. According to Browning! 
hexavalent chromium in dust is a cause of dermatitis 
ulceration of the skin, inflammation of the nasal mucose 
and larynx and of lung cancer. It is obvious that the rats 
of pulverization of the material used for yellow lines i: 
rapid in conditions of heavy traffic. The purpose of thi 
note is to draw attention to this new source of pollution o 
the urban atmosphere, and to hope that some less harmfu 
pigment can be substituted for chromate. 


Yours faithfully, 


H. J. M. Bowen 
Department of Chemistry, 
The University, 
Whiteknights Park, 
Reading. 


! Browning, E., in Toriciy of Industrial Metals (Butterworths, 1961), 


Erratum. The following changes should be made in the 
article “Markovian Models of Dialogic Time Patterns" 
by J. Jaffe, S. Feldstein and L. Cassotta (Nature, 216 
93; 1968): the expression l-gẹ iu the first row, first 
column of the matrix in equation (2) should be enclosec 
within parentheses. The last line of the second paragrapt 
following equation (2) reads: ... estimates for the q, anc 
ri are... This should read: . estimates for the q; anc 
riare... The equation following should therefore read 
qdicpüu-pu and ric pig pig (=O, 1, 2, 3). 





Erratum. In the article "Control of Growth in Two 
Populations of Elephant Seals". by M. M. Bryden (Nature 
217, 1106; 1968), reference 4, Bryden, M. M., Austral. J 
Biol, Sci. (in the press) should read Bryden, M. M. 
thesis, Univ. Sydney. 


Erratum. In the communication "Erythropoietit 
Enhancing Factor in Serum of a Calf with Primary 
Familial Polyeythaemia", by D. Van Dyke, M. L. Noh 
and B. Tennant (Nature, 217, 1027; 1968), it was noi 
made clear that the incubation of erythropoietin witl 
renal erythropoietic factor was carried out by Dr E 
Zanjani. 


Erratum. In the note “Where to put it" (Nature, 21' 
1199; 1968) describing the CERN site evaluation pane 
report, the overall ratings of the Doberdó and Le Lu: 
sites were reversed. In fact, Le Lue, not Doberdd. is th 
most suitable site. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 8 


MEDICAL RESEARCH COUNCIL (at the National Institute for Medical 
esenrch, Mill Hill, London, NW7), at 4.30 p.m.— Professor A. G. Ogston, 
RS (Australian National University. Canberra): "Some Aspeets of Inter- 
tions Between Macromolecules”. 

INSTITUTION OF CIVIL ENGINEERS, PILING COMMITTEE (at Great George 
reet, Westminster, London, SW1), at 5.30 p.m.—lInformal Discussion on 
Tee of In situ Diaphragms--Continuous Bored Pile—Shury Trench—Thin 
iaphragm". P» 
INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C2), 
5.30 pam.-~Mr E. A. Lloyd: “Eddy Currents and Automatic Inspection". 


Monday, April 8S—Tuesday, April 9 

BIOLOGICAL CoUNCIL (in the Edward Lewis Theatre, Middlesex Hospital 
edical School, Cleveland Street, London, W1)—Symposium on "Scientific 
asis of Drug Dependence", 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS; INSTITUTION OF 
LECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Imperial College, 
ondon, SW7), at 9 a.m. daily-—Joint Conference on “Thick Film Tech- 
ology”. 





Tuesday, April 9 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy. Place, London, WC2). 
t 2,30 p.m.—-Colloquium on ‘Gyrators—Theory and Practice”. 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
ark, London, NW1), at 5 p.m.-—Scientific Papers, 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
irdeage Walk, Westminster, London, SW1), at 6 p.m.— Mr G. K. Martlew: 
Fire Engines"; Mr P. 8. London: “Ambulance Design”. 


Wednesday, April 10 


PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (nt 17 Bloomsbury Squares 
ondon, WC1), at 7 p.m.—Mr A. J. Wood: “The World of Drug Depen- 
ence", 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
ates mentioned: 

RESEARCH ASSISTANT IN BOTANY to work with Dr Margaret E. Bradshaw 
n the population dynamics of selected species in Upper Teesdale— The 
ecretary, University of Durham, Old Shire Hall, Durham (April 13). 

ASSISTANT LECTURER or LECTURER at the Tidal Institute and Observatory, 
Hdeton, Birkenhead, Cheshire, to engage in research in numerical analysis, 
rith particular reference to tidal and other geophysical time series—The 
tegistrar, The University, Liverpool, quoting Ref. RV/415/N (April 15). 

EAD OF THE CROP HUSBANDRY DIVISION OF THE NORTH OF SCOTLAND 
'OLLEGE OF AGRICULTURE AND DEPARTMENT OF AGRICULTURE, UNIVERSITY 
F ABERDEEN, with responsibilities for specialist advisory work and College 
nd University studies—The Secretary, North of Seotland College of Agri- 
ulture, 414 Union Street, Aberdeen, Scotland (April 15). 

LEVERHULME RESEARCH FELLOW in the HISTORY OF TECHNOLOGY—The 
reg Imperial College of Science and Technology, London, 8W7 
April 15). 

UFFIRLD SENIOR RESEARCH FELLOW IN PHYSICS (fields of departmental 
agearch include nuclear structure, nuclear particle and applied nuclear 
hysics; various branches of solid-state and low-temperature physics)— 
‘he Assistant Registrar (S), University of Birmingham, P.O. Box 363, 
sirmingham, 15 (April 18). 

LEOTURER (with experience in modern approaches to mathematics teach- 
ag) in the TEACHING OF MATHEMATICS in the DEPARTMENT AND COLLEGIATE 
'ACULTY OF EDUCATION— The Registrar, University College, Cardiff, 
SFISNR (April 19). 

ASSISTANT LECTURER in APPLIED MATHEMATICS—The Secretary, The 
jueen’s University, Belfast, Northern Ireland (April 20). 

ASSISTANT LECTURER or LECTURER (PHYSIOLOGIST) at the Marine Biologi- 
al Station, Port Erin, Isle of Man—The Registrar, The University, Liver- 
ool, quoting Ref, RV/424 (April 23). 

ASSISTANT LECTURER (with a special interest in engineering geology 
nd/or petrology) IN GEOLOGY--The Secretary, The University, Dundee, 
cotland (April 27). 

LECTURER IN BroLoay at the Royal University of Malta—The Inter- 
Tniversity Council, 33 Bedford Place, London, WC1 (April 29). 

SENIOR RESEARCH FELLOW and/or JUNIOR RESEARCH FELLOW IN 
OCIOLOGY in the DEPARTMENT OF SOCIAL THEORY AND INSTITUTIONS— The 
anion and Secretary, University of Durham, Old Shire Hall, Durham 

ril 29). 

LECTURER/AsSISTANT LECTURER (with a special interest in genetics and 
iological statistics, and preferably some postgraduate experience) in the 
YEPARTMENT OF AGRICULTURAL BOTANY—The Registrar, University College 
f Wales, Aberystwyth (April 30). 

LECTURER IN ORGANIC CHEMISTRY-—The Secretary to the University 
court, The University, Glasgow (April 30). 

LECTURER in SOIL SCIENCE at the University of Queensland, Australia, 
-The Association of Commonwealth Universities (Branch Office), Marl- 
orough House, Pall Mall, London, SW! (London and Brisbane, Apri! 30). 

LECTURER (with considerable field experience of geology and preferably 
‘ith principal interests in stratigraphy and palacontology) in GEOLOGY and 
{INERALOGY-—The Secretary, The University, Aberdeen (April 30). 

LECTURERS (2) (honours graduates in electronics, electrical engineering or 
hysics and with interests in one of the following fields: automatic control, 
ircuit theory, pulse techniques) in the DEPARTMENT OF ELECTRONIC ENGIN- 
ERING— The Registrar, The University Hull (April 30). 

READER or SENIOR LECTURER IN MICROBIOLOGY at the University of 
‘asmania—The Association of Commonwealth Universities (Branch Office), 
larinorongh House, Pall Mall, London, SW1 (Australia and Lorfion, 
pri . 

RESEARCH ASSISTANT in the WELLCOME LABORATORIES for EXPERIMENTAL 
'ARASITOLOGY to work on the nutrition of tapeworms— Dr C. A. Hopkins, 
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University 
(April 30). 
RESEARCH FELLOW or JUNIOR RESEARCH FELLOW (with a degree in agri- 
culture. agricultural science or equivalent qualification. preferably with 
postgraduate experience and experience of tropical soils and agriculture) in 
the FACULTY OF AGRICULTURE, University of the West Indies, Trinidad. —The 
Inter-University Council, 33 Bedford Place. London. WC1 (April 30). 

SENIOR LECTURER or LECTURER IN MATHEMATIOS at Soche Hill College of 
Education which is an integral part of the University of Malawi ‘he Inter- 
University Council, 33 Bedford Place, London, WC1 (May 3). 

LECTURER IN PHILOSOPHY at the University of Sydney, Australia —The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (Australia and London, May 10). : 

_ LECTURER/SENIOR LECTURER in the BassER COMPUTING DEPARTMENT, 
University of Sydney, Australia— The Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, SW) 
(Australia and London, May 10). 

SECOND CHAIR OF MATHEMATICS at the University of Canterbur 
church, New Zealand—The Association of Commonwealth U 
(Branch Office}, Marlborough House, Pall Mall, London. SW1 (New 
and London, May 13). 

CHAIR OF PSYCHOLOGY at the University of Otago, Dunedin, New Zealand 
—The Secretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SWI (New Zealand and 
London, May 15). 

CHAIR OF ENGINEERING (without restriction as to field). —T 
University of Lancaster, University House, Bailrigg, 
Ref. L.304/A (May 18). ni 

SENIOR LECTURERS/ LECTURERS IN CHEMISTRY (in any field) at Macquarie 
University, Sydney. Australia—The Association of Commonwealth Uni- 
versities (Branch Office). Marlborough House, Pall Mall, London, SWI, or 
The Registrar, Macquarie University, Eastwood, New South Wales, 2122. 
Australia (Australia and London, May 24). 

SENIOR LECTURER/LECTURER in PHARMACOLOGY at the University of 
Hong Kong—The Association of Commonwealth Universit. Branch Office), 
Marlborough House, Pall Mall, London, SW1; or The Registrar, University 
of Hong Kong (May 25). 

CHAIR OF PURE MATHEMATICS at Monash University, Melbourne--The 
Secretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1; or The Academic 
Registrar of the University, Clayton, Victoria, 3168, Australia (Australia and 
London, June 3). 

ANIMAL TECHNICIAN for the College Animal House—Mr L, Foster, Chelsca 
College of Science and Technology, Animal House, Manresa Road, London, 

3. 

ASSISTANT LECTURER in PHYSICS, associated with the Low TEMPERATURE 
GROUP under Professor H, E. Hall—The Registrar, The University of Man- 
chester, Manchester, 13, quoting Ref. 41/68/Na. 

ASSISTANT LECTURER (with a good honours degree in engineering cheme 
istry, mathematics or physics, together with a Ph.D, or suitable postgraduate 
or industrial experience) in the following sections: CHEMICAL ENGINEERING; 
CHEMICAL PHYSICS (Ionic Melts or Detonation); COMBUSTION; NUCLEAR 
TECHNOLOGY—-Professor A. R. Ubbelohde, FRS, Department of (Chemical 
Engineering and Chemical Technology, Imperial College, London, SWT, 

MASTER to teach physics at all levels including the Sixth Form--The 
Master, Dulwich College, London, SE21. 

RESEARCH ASSISTANT in the DEPARTMENT OF PSYCHOLOGY to assist with, 
and carry out experiments on, problema of auditory and visual detection and 
perception— The Assistant Bursar (Personnel, University of Reading, 
Reading, Berkshire, quoting Ref. M.40. 

RESEARCH WORKER (with an interest in animal! behaviour, and preferably 
a background in zoology or physiological psychology or an interest in social 
organization) to work on the problems of communication within à primate 
group— Dr Richard P. Michael, Primate Research Centre, Bethlem Royal 
Hospital, Monks Orchard Road, Beckenham, Kent. 

SENIOR LECTURER IN STATISTICS or COMPUTER SCIENCE-—The Secretary. 
Royal Holloway College, Englefield Green, Surrey 

TEMPORARY RESEARCH ASSISTANT (with a degree in mathematics or similar 
professional qualification, and preferably à knowledge of statistics and/or 
computing) in the DEPARTMENT OF BIOMATHEMATICS, to assist in a statistical 
research project supervised by the Professor of Biomathematics—The Pro- 
erae Biomathematics, Department of Biomathematies, The University, 

xford. 

VICE-CHANCELLOR-—Sir Joseph Hunt, MBE, Pro-Chancellor, The Uni- 
versity of Aston in Birmingham. Gosta Green, Birmingham, 4. 


Veterinary Hospital, Bearsden Road. Bearsden. Glasgow 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Building Research Station Digest 89 (Second Series): Sulphate Attack on 
Brickwork. Pp. 6. (London: H.M. Stationery Office, 1963.) 4d. £181 
The BBC and the Arts. (Based on a recent study made by the BBC for 
its General Advisory Council) Pp. 28. (London: British Broadcasting 


Corporation, 1968.) {191 
Sixtieth Annual Report of the National Museum of Wales, 1966-07, 
Pp. 92+4 plates. (Cardiff: National Museum of Wales, 1967.) [igi 
University of Cambridge School of Agriculture Memoirs. No. 39: A 


summary of the research in progress and papers published by the members of 
the Staff of the School of Agriculture and its Associated Research Organiza- 
tions during the period October Ist, 1066-September 30th, 1967, Review 
Series No. 22: Investigations in Animal Husbandry at Cambridge, Pp. 28. 
(Cambridge: University of Cambridge School of Agriculture, 1968.) 3s, (191 
Royal Observatory Bulletins. No. 134: Annual Values of Geomagnetic 
Elements since 1941. Pp. D321-D502. (London: H.M. Stationery Office, 
1967.) 35s. net. 221 
Freshwater Biabogical Association. Scientific Publication No. 17: A Key 
to the Adults and Nymphs of the British Stoneflies (Plecoptera), with Notes 
By Dr H. B. Hynes. Second revised 

Pp. 91. 


Department of Education and Science. 

















edition. 


University Teachers’ Super- 


annuation— Report of a Working Party. Pp. vi+69. (London: H.M. 
Stationery Office, 1968.) 6s, 6d. net. [231 


Department of Education and Science. Central Advisory Council for 
Education (Wales). Primary Education in Wales. Pp. xxxvi + 646-- 32 
plates. (London: H.M. Stationery Office, 1967.) 32x, 6d. net. 
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Flora cf Tropical East Africa. 


Edited by E. Milne-Redhead and R. M. 
Polhill. Basellaceae. 


By Dr B. Verdeourt. Pp. 4. 1s, Opiliaceae. By 











G. Ll Lu Pp. 6. Is. 6d. Sonneratiaceae, By G. R. Williams Gangai, 
Pp. 3. $ Salvadorace By Dr B. Verdcourt. Pp. 9. 2s. 6d. 
Mallpghiaceae, By E. Launer Pp. 26. 35. 6d, Arabaceae. By J. R. 
Tennant. Pp, 22. 38. 3d. O1 rede, By G. Li, Luea Pp. 15. 2s. 6d. 











Cactaceae, By D. R. Hunt. Pp. € öd. (London: Crown Agents for 
Oversea Governments and Administrations, 196%, Obtainable from H. M. 
Stationery Office.) [241 
Diagnosis of Thyroid Disorders Using Radioactive Iodine. By William R. 
Greig, 1. T. Boyle and James A. Boyie, Pp. 36, (Amersham: The 
Radiochemical Centre, 1968.) f 
Water Resources Board. Metrication, 
(Reading: Water Resources Board, 1967.) 
United States Information Service, 1967 iu Review. Developments in the 
USA relating to Cultural Affairs. Pp. 20. Developments in the USA relating 
to Domestic Affairs. Pp. 24, Developments in the USA relating to Foreign 
Affairs, Pp. 189. (London: United States Information Service, 196: 









[ 
By A. Gérard Boulton. Pp. 













Falkland Islands Dependencies Survey. Scientifie Reports, No. 25: The 
Geology of the South Orkney Islands. Signy Island. By Dr D. H. 
Matthews and Dr D. H. Maling. Pp. 3245 plates. (London: H.M. 


Stationery Office, 1967. Published for the Commonwealth Office.) GAL 
net, 261 

Ministry of Technology. Report of Warren Spring Laboratory 1966: 
Report of the Warren Spring Laboratory Steering Committee and Report of 
the Director of Warren Spring Laboratory for 1966. Pp, vi+74. (London: 
H.M. Stationery Office, 1968.) 8s, 6d. net. [261 

Ministry of Transport: Road Research Laboratory. RRL Report LT 
111: The Damping Properties of Plain Concrete— Effect of Composition and 
Relations with Elasticity and Strength. By R. Jones and G. B. Welch. 
Pp. if+16. (Crowthorne: Road Research Laboratory, 1967.) Gratis. [261 

Ambassade de France, Service de Press et d'Information. The Liberties 
of the Citizen in France. Pp. 18. (London: Ambassade de France, Service 
de Press et d'Information, 1968.) [132 

Proceedings of the Second British Pest Control Conference, April 3-5, 
1967, University of Nottingham. Pp. ii461, (London: Industrial Pest 








Control Association. 18968.) 25s. [142 

Natural Environment Researeh Council, Nature Conservancy. Nature 
Trials. Pp. 22. (London and New York: Frederick Warne and Co., Ltd., 
1968.) ds. net. [152 


Library Association. Annual Report 1967. Pp. 34. (London: Library 
Associztion, 1968.) [152 
Philosophical Transactions of the Royal Society of London, Series A: 
Mathematical and Physical Sciences. No. 1131, Vol. 262 (15 February 1968): 
The Quaternary Deposits of Central Leicestershire, By R. J. Rice, Pp. 
159-509, (London: The Royal Society, 1968.) 21s; 82.75. (152 


Other Countries 


Norsk Polarinstitutt. Arbok 1966. Pp. 165. (Oslo: Norsk Polarinstitutt, 
1968.) [132 

South Australia. 29th Annual Report of the Council of the Institute of 
Medical and Veterinary Science, July 1965-June 1966. Pp. 72, (Adelaide: 
Institute of Medical and Veterinary Science, 1967.) (132 

Deutsche Akademie der Wissenschaften zu Berlin, Geoditisches Institut 
Potsdam. Arbeiten als dem Geodátischen Institut Potsdam Nr. 16: Zur 
Definition der Mittleren PolhGhe. Von Werner Uhink. Der Einfluss Ver- 
schiedener Instrumententypen-—Astrolab Danjon und Passageinstrumente— 
auf die Genauigkeit des Potsdamer Zeitsystems 1958-1064. Von Hans 
Kirschner. Pp. 68. (Potsdam, DDR.: Geodiitisches Institut Potsdam, 
1967.) [132 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada, Paper 66-19: Triassic Stratigraphy of Northern Yukon Territory. 
By Eric W. Mountjoy. Pp. v--44. $2. Paper 66-36: Surficial Geology of 
the Waterhen-Grand-Rapids Area, Manitoba. By R. W. Klassen. Pp. 
v+6. $1.50. Paper 07-7: Some Silurian Stromatoporoids from North- 
western Baffin Island, District of Franklin. By A. A. Petryk. Pp. iv 51 (4 
plates) $2. Paper 68-1: Report of Activities. Part A: May to Oetober, 
1907. Pp, xv +230, $2. (Ottawa: Queen's Printer, 1967 and 1963.) [142 

Institut de France. Académie des Sciences—Annuaire pour 1968. Pp. 236. 
(Paris: Gauthier-Villars, 1968.) [142 

Transvaal Museum. Report for the year ending 31st March. 1967, Pp. 30. 
(Pretoria: Transvaal Museum, 1967.) [142 

Cimbebasia (SWA Research). Ser, A. Vol. 1, No. 1: A New Grasshopper 
Allied to Shelferdites Karny from South West Africa (Orthoptera: Acri- 
doidea), By H. Dick Brown, Pp. 22 (4 plates). Memoir No. 1: The Pre- 
European Pottery of South West Africa. By W. Sydow. Pp. 744110 
illustrations, (Windhoek, S.W.A.: State Museum, 1967.) [142 

U The Skopje Earthquake of 26 July 1963— Report of the Unesco 
Assistance Mission. Pp. 152, (Paris: Unesco, 1468.) 30 francs: 
.50. [142 
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What has Happened to Hippocrates ? 


Tus report of Lord Todd’s commission on medical 
education (see page 121) is a courageous and persuasive 
document which is bound to exert a profound influence 
on the pattern of medical teaching in Britain in the 
years ahead. Even those who may resent its reasonable 
proposals for reform will have to react so vigorously in 
defence of the existing state of affairs that the comfort- 
able arrangements which have developed in the past 
two centuries will never be quite the same again. At 
the same time, however, it is only honest to acknow- 
ledge that this report is far from being a radical 
document. Although the commission is entirely resolute 
in tackling the problems which are the most obvious 
impediments to the effective teaching of medicine in 
Britain, it consistently fights shy of some long neglected. 
questions about medical education. By its pragmatic 
tactfulness, the commission has probably made sure 
of a good hearing for its sober reforms. In the cireum- 
stances, there may be few who will regret that the 
commission has done comparatively little to ensure 
that the changes which it would set in train will be the 
first steps in a continuing process. 

The proposed reform of the curriculum is the hard 
core of what the commission has to say, which is 
entirely as it should be. For all the practical problems 
which afflict the health services in Britain, and in spite 
of what threatens to be a continuing shortage of doc- 
tors, the plain truth is that the steadily widening gulf 
between the technology of medicine and the scientific 
disciplines from which it springs has been the most 
worrying of all the tendencies of the past few years. 
A part of the trouble goes all the way back to the 
classical teachers of medicine, and in particular to the 
tradition that a medical training must resemble an 
apprenticeship. That can only be half the truth. But 
there is also a great deal in present patterns of medical 
education which stems directly from the inconsistencies 
which abound within the British educational system. 
People must specialize too soon. There are too many 
examinations. Selection of students is carried out 
somewhat haphazardly, and the numbers selected are 
only a small proportion of those that would like to be 
selected. Too often, the object of the whole exercise 
is forgotten. 

On all these issues, the Todd Commission has its 
heart in the right place. What it has to say about the 
social bias among entrants to medical schools is par- 
ticularly welcome, if only because it is a little un- 
expected (which does not mean that the commission 
is not entirely within its rights to ask that medical 
students should be reeruited from a wider population 
distribution). It remains, of course, to be seen whether 
the implications of all this will be appreciated by the 
medical schools and, perhaps more important, by the 


British Government that will ultimately have to foot 
the bill for any drastic change. The commission is also 
entirely right to emphasize the importance of break. 
ing down the barriers between clinical and pre-clinical 
teaching. A report on the medical curriculum at 
Harvard University a year ago provided a powerful 
argument for such a move—it is important somehow 
to capitalize on and not to stifle the compassion 
which usually plays a part in persuading students 
to take up medical careers. What Lord Todd’s 
commission: has to say about the introduction of 
medical students to clinical work in what are at present 
called the pre-clinical years is sensible and workable, 
and it will be hard if the medical schools do not 
promptly follow the advice which they have been given. 
It would at the same time have been interesting to 
know what the Todd Commission thought of the pros- 
pects in Britain for schemes like that operated at the 
Johns Hopkins University, where medical students 
assume from the beginning a measure of responsibility 
for the health of one family in the neighbourhood. 
And what about late entrants? There is a case for 
encouraging and not just permitting the entry into 
medical schools of people with first degrees in other 
subjects. It would also be good to know to what 
extent the first few years of the Todd curriculum could 
be used not merely for training doctors but as a pres 
paration for other kinds of careers in subjects related 
to medicine. 

The Todd Commission has come to a correct analysis 
of yet another of the problems afflicting medicine in 
Britain—the anomalous relationship between the full. 
time staffs of teaching hospitals and the part-time 
consultants who do some teaching and at the same time 
use the hospitals as bases for private practice. There 
are all kinds of reasons for asking that more of the 
consultants should be more deeply engaged in teaching 
or, alternatively, that they should rely exclusively on 
other hospitals. As things are, the dominance of the 
consultants, particularly in the London teaching 
hospitals, diminishes the opportunities for research, 
creates a situation in which medical students are some- 
times deprived of first-hand contact with what is 
happening Mh research laboratories and at the same time 
often makes it seem that matters of academie policy 
are controlled by people with only the most cursory 
allegiance to the academic community where they work. 
The commission has acknowledged that there is a good 
deal in thése criticisms. It remains to be seen whether 
the proposal that in future consultants should spend at 
least eight-elevenths of their time in teaching hospitals 
if they wish to practise there will be a sufficiently 
radical reform, although the proposal will go a long way 
to remove the resentment of academic staff towards 
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their consultant colleagues. It might have been better 
to go the whole hog and ask that all those who teach 
in teaching hospitals should have the same status. 
What the Todd Commission has to say about the 
reorganization of the teaching hospitals in London is 
almost certain to produce the most noticeable protests, 
if only because it will now be necessary to think of 
amalgamating institutions which have for years 
thrived on their jealous sense of independence. This 
has its roots in the doctrine of medical education by 
apprenticeship, and it is undeniable that the sense of 
individuality which the medical schools have enjoyed 
has given British medicine a good deal of its strength. 
But now that teaching needs roots in the laboratories, 
the medical schools are plainly hopelessly too small 
and too fragmented. Most probably the proposal 
that the twelve colleges in London should be amalgam- 
ated into six is that best calculated to win acceptance, 
but here, again, there is at least a possibility that a 
still more radical solution might have been preferable. 
Is it, for example, entirely beyond the bounds of good 
sense that all twelve medical schools in London should 
be amalgamated into one? Those who shrink from 
the ructions that lie ahead will naturally shrink from 
that suggestion and if what matters is to get things 
done, and they are probably right. That is the hallmark 
of the Todd Report—it is enlightened but practical. 
The sooner its proposals are adopted, however, the 
sooner another Royal Commission will be necessary. 


British Computer Boom 


DELIVERIES of computers by firms in Britain were a 
record in 1967—an optimistic omen for the newly 
formed International Computers, Ltd. Computers 
and associated equipment made in the United 
Kingdom and delivered last year were worth £96-1 
million, an increase of 23 per cent on the 1966 figure. 
The home market absorbed £60-5 million of this, an 
increase of 30 per cent on the previous year, and £35-6 
million was exported, up by 12 per cent on 1966. On 
the other hand, deliveries of factored machines— 
machines sold by firms other than the manufacturer— 
fell by 15 per cent to £31-1 million. Most of the 
factored equipment was imported material for the 
home market. 

These statistics are from a Ministry of Technology 
survey of the computer market in the United Kingdom, 





Table 1l. DELIVERIES OF BRITISH-MADE DIGITAL COMPUTING 
SYSTEMS AND INDUSTRIAL ELECTRONIC CONTROL EQUIPMENT 
Tháustrial 
Digital eleetronic 
computing control 
equipment 
d £0008 
Total Total Export 
1966 lst quarter 10,494 3,294 74s 32 
2nd quarter 11,434 4,387 1,398 140 
3rd quarter 13,094 4,477 1,094 158 
4th quarter 10,416 — 3,009 923 39 
1967 lst quarter 12,381 4,645 716 31 
2nd quarter 14,539 — 5,1090 795 80 
3rd quarter 17,635 6,198 612 14 
4th quarter 17,826 5,464 428 148 
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and are based on enquiries to the computer industry. 
The figures issued by the ministry include a breakdown 
showing how the total deliveries were made up of 
digital computing systems, analogue and hybrid com- 
puters, data transmission equipment, industrial elec- 
tronie control equipment, and peripheral equipment. 
The figures are available for each quarter in 1966 and 
1967, and according to the ministry include rentals. 

At first sight, the statistics provide a useful survey 
of the state of the British computer industry. The 
manufacturers are not so impressed, however. They: 
point out that without definitions of exactly what the 
ministry understands by the several classes into which 
Britain's computer output is divided the figures are 
meaningless. 

The decision to publish quarterly statisties for thc 
delivery, import and export of computers reflects the 
growing tendency to judge a nation’s standing in 
technology by the extent it is using computers. "There 
are dangers in this, of course. As Dr Jeremy Bray, 
Joint Parliamentary Secretary, Ministry of Technology. 
pointed out in January, the figures vary greatly 
from quarter to quarter because of the nature of the 
industry, and therefore cannot be taken as indicating 
a trend. 

Nevertheless the figures are published and at first 
sight look encouraging. The difficulty is to know to 
what extent the introduction of highly expensive digital 
computing systems, which seem to be largely respon- 
sible for the increase in deliveries last year, gives a 
true indication of technological progress. The table 
Shows their contribution to computer sales for the 
period when statistics are available. These large off-line 
machines are chiefly for aceountaney and documenta- 
tion applications, and are not direetly concerned with 
the improvement of manufacturing processes. More 
important is the increasing use of computers for the 
scheduling of produetion on the shop floor and the 
control of stock. Although systems for this kind of 
work are cheaper than the large machines used in 
accountancy, their economic worth may prove to be 
just as great. For this reason the drop in deliveries of 
industrial electronic control equipment to the home 
market. revealed by the ministry's survey, is ominous. 


Foot and Mouth in Europe 


AT the fifteenth session of the European Commission 
on the Control of Foot and Mouth Disease of the FAO, 
held in Rome from March 26-28, a Russian observer 
allayed the fears of representatives from elsewhere in 
Europe that the strain of foot and mouth virus now 
active in the Soviet Union (422) would spread. Dr 
M. A. Khoudiakov insisted that in 1967, there were only 
sporadic outbreaks of the disease, and that they were 
being contained by a combination of slaughter. 
vaccination and quarantine. 

The commission, which consists of veterinarians from 
the seventeen member nations which contribute to its 
meagre budget, was set up in 1963-64 to organize 
the control of foot and mouth disease in Europe. The 
Soviet Union, together with the other countries of 
Eastern Europe and France, Germany and Spain, is not 
a member and has not previously sent an observer to 
the meetings. But the epizootic in Britain and the 
publicity given in December to outbreaks of 422 in 
the Soviet Union following the visit of Dr G. M. Bol- 
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drini, the secretary of the commission, to the infected 
areas, have no doubt prompted the sending of a 
representative this year. By mutual agreement, a 
vaceinated buffer zone is being maintained along the 
common frontier of Russia with Poland, Czechoslovakia 
and Rumania. The Baltic states are completely free 
from the disease, and Dr Khoudiakov emphasized that 
there is strict inspection of meat for export. The 
Rumanian observer confirmed that there was excellent 
co-operation with the Soviet Union in maintaining 
vaccination in the buffer zone, with the result that 
Rumania was completely free of foot and mouth in 1907. 

The vaccination campaigns which the commission 
has mounted over the past six years have prevented 
exotic strains of the disease from spreading from 
Africa and the Middle East across the Bosphorus and 
into south-east Europe——422 and the African strain 
SAT have not won a foothold, for example. In the 
circumstances it is unfortunate that wealthy nations 
such as France, Germany and the Soviet Union 
choose not to join the commission and contribute to 
its finances, which are very small at present. 

At the opening of the session, the Director-General 
of the FAO, A. H. Boerma, congratulated the British 
veterinary services on their energy, self-sacrifice and 
endurance during the epizootie. lronically enough, he 
went on to say "The steady improvement in vaccine 
production techniques and the increase of production 
capacity, as well as the extension of the application 
of systematic vaccination programmes in various 
countries, have resulted in the successful protection of 
the cattle population distributed over large European 
areas". 


Demand for Further Education 


OvzR three million students in Britain were enrolled 
on courses of further education in 1966, aecording to 
statistics compiled by the Department of Education 
and Science. This represents a 5 per cent increase 
since 1965. 

The demand for further education has shifted from 
evening classes to full-time courses. The number of 
students taking advanced level courses leading to a 
qualification increased by 8-5 per cent between 1965 
and 1966 and there was a substantial growth in enrol- 
ments for CNAA first degree courses. 

The levies and grants of the Industrial Training Act 
were doubtless one factor behind the 39,000 students 
released by their employers for block release courses, 
as against 33,000 in 1965, and the 625,000 students 
who went on day release. The Department of Educa- 
tion and Science has drawn up a league table showing 
the relative performances of various industries in terms 
of the number of employees under 18 years who were 
granted day release. The league table is topped by 
sueh industries as mining, engineering, shipbuilding 
and ear making, which sent nearly 50 per cent or more 
of such employees on day release. Insurance, banking 
and finance come firmly bottom of the league with a 
mere 3-l per cent. 

The department comments on the "continued reluc- 
tance of employers in many sectors of industry to grant 
day release for women as freely as they do for men". 
On present figures a man under 18 has four times as 
great a chance of being sent on day release as a woman 
under 18. 


More Flying 


THE number of passengers using the airports in Britain 
exceeded 24 million in 1967, according to figures just 
issued by the Board of Trade. Although this represents 
an increase of 6 per cent over 1966, the growth rate in 
1967 was lower than the average for the last four vears, 
which has been 11 per cent. This decline was caused 
by a sharp fall in the number of passengers during the 
summer holiday season. During the second and third 
quarters of 1967, the increases over 1066 were 2 per 
cent and 5 per cent respectively, compared with 13 
per cent in the first quarter and 8 per cent in the last. 
As in the past, well over half—14-5 million —of the air 
passengers in 1967 used airports servicing London. 
This is very close to the 14-3 million predicted in the 
report on the Third London Airport published in May 
1967. The total weight of freight landing and leaving 
British airports dropped to 490,000 tons, 6 per 
cent less than in 1966 but still 17 per cent more than 
in 1965. Again over half of this traffic was at 
London. 


Victory on Points 


THE argument over the kind of decimal marker to be 
used when Britain adopts the decimal system in cur- 
rency and the metric system in units has been resolved 
in favour of the decimal point. A difference of opinion 
had arisen between the British Standards Institution, 
which favoured the use of the decimal comma, and the 
Decimal Currency Board, which favoured the decimal 
point (Nature, 217, 995; 1968). In the absence of an 
international agreement, the Ministry of Technology 
Joint Committee on Metrication went along with the 
decimal currency board. Although the BSI had already 
stated its preference, and the construction industry 
had already begun the process of metrication on the 
basis of the decimal comma, the BSI has now backed 
down. 

Last week the BSI said that industry had no alter- 
native but to adopt the decimal board’s recommenda- 
tion. But it made it clear that the decision had been 
taken with regret, against its better judgment. 
Actually, the decision was a finely balanced one—- 
although the comma is used in Europe, it is by no means 
universal. The use of two systems, although it does 
detract somewhat from the elegance of the inter- 
national system, is unlikely to cause ambiguity. 
But if international agreement is reached to use the 
decimal comma after Britain has changed both money 
and units on the basis of the decimal point, it could 
then be much harder—and more expensive-—for 
Britain to change. 


Coal Board Merger 


Tur National Coal Board has announced a plan 
to merge the activities of the Mining Research Estab- 
lishment at Isleworth, Middlesex, and the Central 
Engineering Establishment at Stanhope Bretby, near 
Burton-on-Trent. The object of the merger is to in- 
crease the efficiency of research and development work 
and to prevent any overlap. 

The Mining Research Establishment was set up in 
1952 for the investigation of underground problems 
and was made the responsibility of the board’s scientific 
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member. The Central Engineering Establishment, on 
the other hand, was the responsibility of the board 
member for production. It was set up in 1953 for the 
development and testing of new machinery. In 1962, 
a change in departmental responsibilities was made 
which brought both establishments under the director- 
general of production, with the intention of co-ordinat- 
ing all research and development in the mining field. 
The present director-general is Mr N. Siddall. 

According to the new plan, staff at Isleworth will be 
moved to the establishment at Bretby, which will in 
future be known as the National Coal Board Mining 
Research and Development Establishment. There are 
some 685 staff members at Bretby and 310 at Isle- 
worth. Starting in about six months time, members 
of the two hundred scientific staff at Isleworth will be 
asked to transfer, although it is, of course, realized 
that some may in fact be unwilling to leave the 
area. Clerical and industrial staff will not be asked 
to move, but the board says that efforts will be made 
to find alternative employment for them. The 
move is expected to be completed by the end of 
1970. 

'The first step towards unification in 1969 will be the 
introduction of a single planned programme for research 
and development instead of one for each subject. 
Work being undertaken in each establishment will be 
combined in a number of main divisions incorporating 
mining techniques, mechanical engineering, coal prepar- 
ation, design and construction, electrical engineering. 
testing, physies and administration. 


Move for Insect Physiology 


THe Agricultural Research Council has agreed to 
finance a new group to study insect physiology at the 
Imperial College research station at Silwood, near 
Ascot. The group has been set up as a direct conse- 
quence of the dissolution of the ARC Unit of Insect 
Physiology at Cambridge, on the retirement of Profes- 
sor Sir Vincent. Wigglesworth, its director. 

The new unit has been set up within the depart- 
ment of zoology and applied entomology of Imperial 
College, which is headed by Professor T. R. E. South- 
wood. It is to be led by two former members of the 
Cambridge unit, Dr J. S. Kennedy and Dr A. D. Lees. 
Dr Kennedy, who has been appointed professor of 
animal behaviour by the University of London, is 
now at Silwood Park working on the organization of the 
new unit, and Dr Lees will be joining him very soon. 
They will have a supporting staff of five and newly 
equipped laboratories for research on insect photo- 
periodism and behaviour. 

Professor Kennedy and Dr Lees, who have been 
appointed honorary lecturers at Imperjal College, 
have had extensive experience in insect physiology and 
behaviour. Before Professor Kennedy joined the ARC 
unit in Cambridge in 1946, he had worked on locust 
behaviour in the Anglo-Egyptian Sudan and the 
Middle East, and on mosquito behaviour at the London 
School of Hygiene and Tropical Medicine and at the 
Wellcome Entomological Field Laboratories in Esher. 
He also spent a year at the Malaria Research Laboratory, 
Tirana, Albania. His work contributed much to the 
understanding of insect migration, host selection and 
behaviour. Dr Lees joined the ARC unit shortly after 
its inoeption and moved with it to Cambridge in 
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1945. His work on arthropod physiology has included 
in particular study of the cuticle and water relations 
of ticks and mites, diapause and polymorphism and 
photoperiodism in aphids. 


Field Studies 


Many former students must have pleasant memories 
of field courses at one or more of the centres of the 
Field Studies Council. Dr J. D. Carthy, the scientific 
direetor of the council, points out, however, in the 
council's annual report just published, that the teach- 
ing at the centres is not restricted to sixth-form classes, 
students and teachers. It was mainly for the amateur 
naturalist that the council was originally founded, and 
the council hopes for increasing interest from this 
group of persons. The interest of the general public 
was shown by the enthusiastic reception for the lectures 
to holiday-makers in the Pembrokeshire Coast National 
Park during the past two summers. 

Much was done in the past year to establish the two 
new field centres in North Wales and Somerset. The 
first students arrived at the Drapers' Field Centre in 
Caernarvonshire to attend courses at the beginning of 
August last year, but the centre will not be formally 
opened until this month. Courses began at the other 
new centre, the Leonard Wills Field Centre at Nettle- 
combe Court, Taunton, at the end of February, al- 
though in the year under report building work was still 
in progress there. 

Plans are also being made for the erection of the 
long awaited biological laboratory at the Dale Fort 





Nettlecombe Court and the thirteenth century church 
(copyright : H. Hole). 


Field Centre within the next twelve months, and the 
council is also negotiating for the freehold of the 
Preston Montford Estate as a prelude to long-term 
improvements at that centre. 

''he total number of student weeks at eight out of 
the nine centres taking students last year was again a 
record—12,538— but, without those at the Drapers’ 
Field Centre, there was a slight fall in numbers attend- 
ing the other centres. This reduction may have been 
a result of the cancellation of bookings, often at such 
a late stage that it was impossible to fill the vacant 
places. 

The main function of the centres is the teaching of 
the various aspects of the environment, but some long- 
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term research investigations are run, and the council is 
pleased to announce the employment of full-time re- 
search assistants at Preston Montford and Orielton. 
The programmes of the different centres are full as 
usual. Courses offered this year range from "Energy 
Relations in an Aquatic Ecosystem" at Slapton Ley 
from July 17-24, to “Some Aspects of Geomorphology” 
at Orielton from July 31-August 7. "There are also 
arrangements for independent groups to work at the 
centres. 


Congress and the ‘Hidden War" 


ONE of the powerful committees of the US Congress 
has taken up the International Biological Programme 
(IBP) in a big way. The Sub- committee on Science, 
Research and Development (led by House Representa- 
tive Emilio P. Daddario) of the Committee on Science 
and. Astronautics may seem a strange forum for discus- 
sion of the IBP to those not learned in the infra-struc- 
ture of congressional committees, but, after all, the 
Earth is a planet like any other and more like than 
unlike in its capacity for sustaining biologically 
irreversible damage from the casual activities of 
man. 

This is the theme of what is certain to be called the 

Daddario report (“The International Biological Pro- 
gram, its Meaning and Needs", published March 20, 
1968). American participation in the IBP is seen 
as the major opportunity for breakout from a position 
of siege in “conflict between man and nature in a 
‘hidden war’ with possibly disastrous consequences . . . 
which may be of a magnitude to dwarf any military 
war yet fought on Earth and of a scope to reduce any 
conventional type of combat to relative unimportance’’. 
The report spells out some of the potential disasters 
ahead if total environment (ecological) effects are dis- 
regarded, and makes recommendations on what can 
be done about it. In sum, this congressional group 
does not want to be part of a civilization which may go 
down in history "as an elegant technological society 
struck down by biological disintegration for lack of 
ecological understanding". 

The seriousness of the situation and the importance 
of ecology in providing answers have so far escaped both 
the administration and general public. Representative 
Daddario points out that '*. . . this is the most restric- 
tive element which faces US. participation in the IBP. 

. . Such concern as has been evidenced thus far by the 
Government—and that concern is relatively mild— 
seems to have been fostered more by the conditioned 
response of Government to the prestige of the scientific 
community than to an understanding of the problem 
itself. This situation must change—or the IBP is 
not likely to get off the ground." "This could well be 
echoed for the IBP as a whole. 

Seven danger areas or practices are cited in the 
report: thermal pollution from the nuclear power 
programme, which is expected to supply as much 
electricity as serviced the whole of the United States 
25 years ago and for whieh all the large freshwater 
flow sites have already been tagged for possible nuclear 
plant eooling; the rise in heat production through 
urbanization and population increase; radical changes 
in the atmospherie balance through similar causes 
plus jet travel; upset of the oxygen/carbon dioxide 
cycle through defoliation practices (like those employed 
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in Vietnam) and general reduction in global plant 
cover; the ruining of freshwater reserves by waste 
pollution—it is estimated that 500 years would be 
required to restore Lake Erie to the condition of only 
25 years ago if all human polluting activity were 
halted immediately; loss of useful wildlife species—- 
"the prospect . . . of man living alone on his planet 
except for domesticated food animals and pets seems 
rather a dreary one"; the uncertainties of "human 
quality control" opened up by genetic advances. 
“New data on a total environmental system of the type 
proposed by the IBP are apparently the only way out 
of the present dilemma which pits alarm versus indiffer- 
ence", the report comments. 

The sub-committee criticizes both the organization 
and funding of the IBP in the United States. It recom- 
mends an adequate full-time staff and tighter mana- 
gerial control and urges that the present ad hoc funding 
methods be dropped. Estimates of the cost of the US 
IBP programme (pee eei 842; 1967) have ranged 
from $50 million to $200 million. The sub-committee 
does not consider that the programme is sufficiently 
advanced to justify the $11 million proposed for the 
first operational year (1969 in this case), but recom- 
mends the Federal Government to provide not less 
than $3 million and not more than $5 million for this 
period. Current rethinking may have the effect of 
consolidating the major US IBP projects into a single 
programme consistent with the theme of ecosystem 
analysis, with a consequent fall in "new money" 
demands to as little as $30 million. “To accomplish a 
great deal with $30 million may in the end not accom- 
plish enough.” 


Unrest among French Scientists 
from our Paris Correspondent 


Some 250 French scientists, together with representa- 
tives of several political parties, virtuously gave up 
the first Sunday of spring in order to hold in Paris a 
National Research Symposia. Even if the problems 
discussed were not defined particularly clearly and the 
solutions envisaged were in many cases vague or unreal- 
istie, this event is in itself extremely significant. In 
effect, it marks an important stage in a development 
which seems to have been slower to take place in France 
than elsewhere. This is the consciousness of research 
workers that they belong to a single community which 
ought, in the face of publie and government opinion, 
to define its objectives. 

The speeches made were somewhat disparate, but 
there was a measure of agreement. Professors Kouril- 
Sky, Hamburger and Mathé, for example, deplored the 
way in which medical research in faculties of medicine 
and univereity teaching hospitals is run by the teachers 
and clinieal workers, who enjoy a higher status than 
the rest. They traced a comparison (which was 
flattering for Great Britain) between conditions on 
either side of the Channel For the rest, two pre- 
occupations seemed to dominate most of the speeches— 
the need "for a more coherent organization and for a 
more efficient deployment of research facilities. On 
both these themes there was a wide range of opinions, 
from highly technical discussions to political debates. 

But the political contributions were generaHy domin- 
ant, and not all were on a happy note. Some of the 
outbursts from university factions wavered between a 
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narrow preoceupation with such matters as old age 
pensions, promotion and the like, and ritualistic de- 
nunciations of American imperialism or of the docility 
of the Government in the face of capitalist enterprise. 
Limiting himself to one particular and important point, 
M. Pierre Aigrain, general delegate for technical and 
scientifie research, who was attending as an observer, 
announced that a working party was to be appointed 
to study the alarming problem of the mobility—or 
rather, immobility-—of research workers. The Govern- 
ment, whieh has made some fairly ill-considered deci- 
sions in this field (see Nature, 217. 796; 1968), is now 
anxious to rationalize its strategy and see how a more 
fluid transition from research to teaching or to the 
industrial sector could be encouraged. 

Two speeches created a special interest. M. Pierre 
Juquin, the Communist deputy, who announced that 
his party would soon be laying before Parliament 
a bill on the organization of research, outlined its 
main aspects. A representative of the SNIRS (the 
Independent National Union for Scientific Research) 
also introduced a plan for reorganization. "They both 
offered, therefore, a valid response to what seems to be 
a great preoccupation among French research workers 
—that of assuring democratization of the decision- 
making procedure. To judge from opinions culled 
recently from politicians of all persuasions, the ranks 
of the opposition, both right wing and left wing, seem 
to be agreed on the necessity for creating a widely 
representative council whose job it is to guide the 
Government and provide Parliament with information 
on matters of scientific policy and which would replace 
the authoritarian machinery at present operative, or 
would at least contain it. 

The scientists engaged on basic research have the 
feeling that they are the mere tools of a few big power- 
hungry "bosses", working hand in glove with a few 
technocrats. But are the scientists fully aware of the 
responsibilities which they wish to acquire ? One has 
frequently had the impression that they lack know- 
ledge of the economic facts of life, among other things. 
Industrial problems, in particular, were frequently 
mentioned, but the speakers and their audience— 
consisting mainly of people from the universities 
seemed to be paying lip service to a noble if somewhat 
vague cause. It is curious, for example, that no special 
attention has been given to the mysterious ANVAR 
(National Bureau for Research Evaluation), the setting 
up of which was decided 18 months ago and is still 
no more than a plan. This organization, whose job it 
would be to ensure the vigorous utilization of inventions 
made at the National Scientific Research Centre or 
in the universities, has not yet found a director, 
apparently for financial reasons. The French Govern- 
ment, after much hesitation, is preparing, it seems, to 
appoint M. Maurice Ponte, a member of the institute 
and former president of the Compagnie Générale de 
Télégraphie sans Fil. This appointment will probably 
arouse only mild enthusiasm, because of the age of 
M. Ponte and his lack of success at the head of the 
CSF which he left in a critical financial eposition. 
French scientists should at least be concerned about 
ANVAR, and try to do something about its future 
activity. There is still time. 

This first session was an interesting if somewhat 
confused attempt which smacked as much of a huge 
psychological drama as of a working meeting. It 
ought to help in organizing seriously in 1969 a more 
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constructive meeting. For the time being, reseaich 
workers in France, as elsewhere, are aware of the 
necessity for a more active participation in the running 
of society but are still anxious to retain the academic 
purity of their work. They are torn between a nostalgia 
for the priestly pursuit of science and the intoxicating 
thought of a boundless civil service. Neither mystics 
nor commission members, they are trying first of all to 
discover themselves. 


Parliament in Britain 


from our Parliamentary Correspondent 


Renal Transplants 

On April 5 Sir Gerald Nabarro moved the Second 
Reading of the Renal Transplantation Bill permitting 
“removal from the body of a human person, duly 
certified as dead, of any kidney or kidneys required 
for medical purposes, unless there is reason to believe 
that the deceased during his lifetime had instructed 
otherwise’. He pointed out that the need for this 
Bill—which is really an amendment of the Human 
Tissue Act, 1961—has arisen as a result of the near- 
perfection of the technique of transplanting kidneys. 
He referred to the 1961 Act, according to which 
kidneys cannot be removed without the permission of 
the next of kin. Because kidneys are valueless for 
transplants unless chilled or refrigerated one hour after 
removal from a dead body, Sir Gerald maintained that 
at present it is impossible to obtain permission in time. 
But the Bill would permit kidney banks. Sir Gerald 
Nabarro also drew attention to the provision that, 
before kidneys can be removed, a death certificate 
must be signed by two doctors other than the surgeon 
performing the operation. 

Mr Laurence Pavit supported the Bill, saying that 
Britain has more kidney machines per head of popula- 
tion than any other country. He suggested that the 
Bill was necessary for dialysis work, because successful 
dialysis on renal failure must be complemented by a 
transplant programme. 

Mr Kenneth Robinson, the Minister of Health, 
applauded Sir Gerald's motives, but stressed the im- 
portance of safeguards to prevent unnecessary affront. 
The Bill was read a second time. (Debate, April 5.) 


Orfordness 

Mr J. E. B. Hirr asked the Secretary of State for 
Defence what the radius will be from the radio station 
at Orfordness within which there could be a hazard 
from radiation, and what steps he intends to take to 
safeguard fishermen and yachtsmen from this danger. 
Mr Rees replied that the zone in which radiation could 
create a hazard does not reach the sea, that the site 
is a prohibited area and that warning notices will be 
erected. In reply to a question from Mr Goodhew, Mr 
Rees said that discussions between the Governments 
of the United States and Britain about the Anglo- 
American radar station to be built began in October 
1966, and agreement was reached in June 1967. Mr 
Goodhew wanted to know to what extent the radio 
station would result in Great Britain having greater 
warning of attack by missiles. Hedging a little, Mr 
Rees replied that the station would carry out radio 
research, some of which would have a bearing on 
methods of early warning of missile attacks. (Written 
answers, April 1.) 
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NEWS AND VIEWS 


The Distribution of Jelly-fish 


Accounts of material collected by the Carlsberg 
Foundation’s Oceanographical Expedition round the 
world in 1928-30, and the earlier Dana" expeditions 
under the leadership of the late Professor Johannes 
Schmidt are still being published. The latest report 
is by P. L. Kramp of the Zoological Museum, Copen- 
hagen, on "The Hydromedusae of the Pacific and 
Indian Oceans", sections 2 and 3 (Dana Report, No. 
72; 1968). This report is a sequel to the first section 
issued in 1963 (Dana Report, No. 63). A companion 
volume by the same author on the Hydromedusae of 
the Atlantic Ocean collected by the same expedition 
appeared in 1959 (Dana Report, No. 46). 

The latest report consists of descriptions, figures and 
keys for the identification of all the Hydromedusae 
from the Indian and Pacifie Oceans, a detailed discus- 
sion of their zoogeography and a comparison with the 
Hydromedusae collected from the Atlantic. As 
before, Kramp attempts to explain the distribu. 
tion of these jelly-fish. "They are divided into three 
ecological groups; neritic species, slope species and 
oceanic species. The oceanic species are further divided 
into those which are epipelagie (belonging to the upper 
water layers down to about 150-250 metres below the 
surface) and the bathypelagie forms in intermediate 
and deep water layers below the epipelagic zone. There 
are also a few oceanic species which are eurybathic, 
that is, they are found at all depths in the oceans. 

The neritic region is the pelagic region above the 
continental shelves usually at depths within about 200 
metres. The Hydromedusae in this region are mainly 
meropelagic Leptolina which are usually freed from 
hydroids attached to objects on the bottom within the 
shelf region, Kramp has found that the distribution of 
neritic Hydromedusae follows in general Ekman’s 
division of the shelf fauna into zoogeographical regions 
and sub-regions (Zoogeography of the Sea, 1953), al- 
though the limits are less sharp for these pelagic 
animals, There are in fact characteristic differences in 
the composition of Hydromedusae in the different 
regions, but some interchange of species between the 
regions takes place naturally. 

There are a number of species which are neither 
neritic or oceanic. They occur mainly in the deeper 
water layers but are presumably meropelagie as they 
are derived from hydroids attached to the bottom of 
the continental slopes outside the neritic areas. These 
"slope species" do not constitute a sharply defined 
ecological group because many of them may be found 
in the upper layers partieularly near the coasts, where 
upwelling of water from the deeper layers occurs. 
Their geographical distribution, however, cannot be 
explained by the movements of the currents in the 
upper layers. Eleven species of Anthomedusae and 
Leptomedusae and one Trachymedusa are included in 
this category. 


Oceanie species are carried along with currents, and 
they may also be caught by descending or upwelling 
water masses. The majority of oceanic species are the 
holopelagie Traehymedusae and Narcomedusae which 
are not directly dependent on the coastal shelves. There 
are also, however, a few meropelagic Anthomedusae 
and Leptomedusae which for various reasons may 
spread widely over the oceans. The epipelagic species 
are partly exposed to the same currents as the neritic 
species, but the zoogeographical regions are more 
simplified; they can be divided into arctic, north- 
temperate, warm-water, south-temperate and antarctic. 
The oceanic bathypelagic fauna consists of forty 
species, one of which is endemic in the Mediterranean. 
With the exception of the arctic basins (with three 
endemic species) there is free communication between 
the deep water in the oceans; the ridges between the 
deep basins do not form a barrier to the medusae as 
they drift with the slowly moving currents in the deep 
water. 

Professor Kramp writes at some length on the inter- 
change of faunas between the Atlantic and the Indian 
and Pacifie Oceans. An explanation for the distribution 
of neritic Hydromedusae is more difficult than for the 
oceanie faunas. Kramp is able, however, to reach some 
conclusions: (1) no species of recent Hydromedusae has 
been dispersed from one ocean to another through the 
Tertiary Tethys Sea; (2) the populations of Indo- 
Pacifie and Atlantic neritic Hydromedusae in the warm- 
water regions have developed independently since the 
end of the Tertiary; in the Quaternary a limited inter- 
change of species has taken place around South Africa 
in both directions; (3) there has been an interchange 
of oceanie epipelagie species mainly south of Africa, 
and many have a cireumglobal distribution. Some 
species have originated in separate Pacifie, Malayan 
or Atlantic areas and have given rise to local popula- 
tions without being dispersed to other oceans; (4) the 
bathypelagic fauna of Hydromedusae is entirely of 
Atlantic origin. 


Molecular Biology of Viruses 
from our Cell Biology Correspondent 

Tus sympósium on “The Molecular Biology of Viruses 
which the Society of General Microbiology held at 
Imperial College, London, on April 2 and 3 was quite 
an ambitious affair. The idea was to discuss what is 
known, at the molecular level, about the functioning of 
viruses—t&he whole gamut of plant, animal and bacterial 
viruses. The society hoped that by bringing under 
one roof specialists working on all three classes of 
viruses, there would be a cross-fertilization of ideas. 
The organizers recognized that the molecular biology 
of baeteriophages is far better understood than that 
of the more complex animal and plant viruses, but they 
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believed that, even at the present level of ignorance 
lessons might be learnt by comparing the three groups. 
And with eight of the sixteen contributors from abroad, 
four from the United States and four from Europe. 
the discussion ranged over a much wider range of 
topies than would otherwise have been possible. 

Everyone, of course, knew most of what was going to 
be said by the contributors because—as usual with the 
society’s symposia—the papers were published before 
the symposium took place. In this case, as a result of 
the efforts of Dr L. V. Crawford and Professor M. G. P. 
Stoker of the University of Glasgow, the volume was 
out a full month before the meeting so everyone had a 
genuine opportunity to read the papers. The theory 
is that this allows more time for discussion and for 
contributors to dwell on the very latest developments. 
The disadvantage is that all this discussion is never 
published. 

The first session was opened by W. Hayes, who made 
a survey of the trends and methods used in virology. 
He was followed by E. M. Martin and I. M. Kerr, 
who surveyed the murky subject of the changes 
induced in the metabolism of mammalian cells after 
infection with small RNA viruses. The conclusion 
seems to be that the effects of proteins, specified by 
viral genomes on host metabolism, varies according to 
the particular virus and host cell system. R. L. 
Sinsheimer gave an explicit description of the current 
ideas on replication of 9X774 DNA. The take-home 
message seemed to be that if the replication of such a 
small DNA molecule is so complex, then what can be 
expected of the replication of DNA of animal viruses 
and their hosts ? This was an example of what emerged 
as the main theme of the symposium. The molecular 
biology of viruses is beginning to look increasingly 
complex; the simple ideas of a vear or so ago are being 
disproved. J. B. Bancroft, for example, discussed recent 
evidence suggesting that the molecular weight of the 
coat protein of tobaeco necrosis satellite virus is only 
half the accepted value, which means that the satellite 
virus contains enough RNA to code for a second protein 
in addition to coat protein. Russel pointed out that 
the assembly of phages is probably more complex, 
involving more genes, than originally thought. And 
from J. Svoboda's paper and the ensuing discussion it 
was clear that defective Rous sarcoma viruses can in 
fact reproduce in the absence of a helper virus if the 
right host cell is used. 

As well as inviting speakers from abroad, the organ- 
izers took advantage of the fact that Lodish and 
Argetsinger-Steitz are currently working at the MRC 
Molecular Biology Laboratory at Cambridge and asked 
them to take part. Lodish spoke about the replica- 
tion of RNA bacteriophages after L. Montagnier had 
made the interesting claim that double stranded RNA 
molecules occur in uninfected mammdlian cells. 
Argetsinger-Steitz described the reconstruction of 
R17 after Leberman’s paper on the disaggregation and 
assembly of simple viruses. It is a pity that these 
discussions were not in the published symposium. 


*. 


Winds in the Thermosphere 
from our Upper Atmosphere Correspondent 


THERE is still considerable uncertainty about the 
nature of the winds of the upper atmosphere, which 
can be studied by radar observations of the drift of 
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meteor trails between 80 and 100 kilometres and 
photographie measurements of the drift of vapour 
trails released from rockets between 65 kilometres and 
200 kilometres. With the introduction of trimethyl 
aluminium, it is no longer necessary to confine the 
observation of artificial vapour trails to the twilight 
hours. Evidence of the movement of the neutral 
atmosphere above 200 kilometres has recently also 
been obtained from records of changes in the inclination 
of satellite orbits. 

What seems to be the prevailing component of the 
upper atmosphere wind varies only slowly and is 
predominantly zonal, blowing east or west. Accom- 
panying this is a more rapidly variable component 
consisting of a periodic part with periods of 8, 12 and 
24 hours and a noise-like part. Studies of meteor drifts 
suggested to Greenhow and Neufeld (Phil. Mag., 1, 
1157; 1956) that the periodie motions are driven by 
solar tides and heating. As would be expected, the 
tidal wind vector rotates clockwise (viewed from above) 
in the northern hemisphere and anti-clockwise in the 
southern hemisphere. The irregular components of 
the wind are predominantly horizontal and are some- 
times attributed to turbulence, sometimes to the 
effects of randomly superposed internal atmospheric 
gravity waves and occasionally to combinations of 
these effects. 

Some years ago, meteor studies at Adelaide suggested 
(Roper and Elford, Nature, 197, 963; 1963) a correla- 
tion between seasonal variation of the 24 hour tidal 
wind and seasonal changes in the rate of dissipation 
of turbulent energy, which in turn suggested that 
turbulence in the lower thermosphere might be pro- 
duced by gravity waves propagating from below 
which had themselves been produced by tidal oscilla- 
tions. This interpretation appears, however, to be 
contradicted by results obtained at Sheffield by Müller 
(Planet. Space Sci., 16, 61; 1968). Even though Müller 
obtained no significant correlation between the 24 hour 
tidal wind energy and the observed occurrence of 
wind shears, he did find that the total wind energy 
correlates well with the wind shear magnitude. Be- 
cause gravity waves appear to produce the wind shears, 
Müller suggests that tidal effects are not the main 
source of energy for the production of gravity waves 
in the meteor region. 

In another recent paper, Bedinger, Knaflich, Man- 
ring and Layzer (Planet. Space Sci., 16, 159; 1968) 
reject the usual assumption that the non-prevailing 
wind component can be separated into two physically 
distinct parts. They reached this conclusion after 
analysing photographs of vapour trails, chieflv at 
heights between 80 and 140 km above Wallops Island, 
Virginia. The horizontal wind profiles appeared 
markedly stratified, with changes in the vertical 
gradient of the horizontal wind concentrated in narrow 
layers sometimes less than 0-1 km thick.  Bedinger 
et al. believe that the observed profiles indicate a 
strongly non-linear wind system. The transition layers 
are taken to represent physical surfaces of discon- 
tinuity with the same relation to gravity waves as 
shock waves have to acoustio waves in ordinary 
compressible flow. It is suggested that the non- 
prevailing components are driven by tide-generating 
forees.of solar origin, being coupled to the system of 
prevailing winds by non-linear terms in the equations 
of motion. 
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It seems that there is still considerable uncertainty 
about the interpretation of upper atmosphere wind 
data, although most authors now accept that internal 
atmospheric gravity waves play an important part at 
heights between 80 and 150 kilometres. Before a better 
understanding can be obtained of the dynamics of 
this very important region of the atmosphere, further 
observational data are required. As noted by Bedinger 
et al., existing techniques could be used to make 
measurements throughout the night and also to in- 
vestigate horizontal variations in the vertical profile 
using a series of observing sites. The measurement of 
daytime winds above the meteor region requires the 
development of new techniques. Analysis of satellite 
orbits indicates that the atmosphere is, on the average, 
rotating faster than the Earth at heights above about 
200 km (King-Hele and Allan, Space Sci. Revs., 6, 
248; 1966). This technique has not revealed fine 
structure, and the average speed is usually weighted 
towards daytime conditions. In view of the high 
rotational speeds obtained, however, direct experi- 
mental evidence of the winds is highly desirable; this 
would also require the development of new techniques. 


Solid-Solid Interfaces 
from a Correspondent 

THERE are numerous phenomena in ceramic and metal- 
lurgical studies which can be traced back either to the 
intrinsic nature of interfaces (for example, the cohesive 
strength) or to secondary effects such as the equilibrium 
segregation of other species. These phenomena formed 
the framework of a conference held on April 2 and 3 
at the National Physical Laboratory and sponsored 
jointly by the laboratory and the Materials Testing 
Group of the Institute of Physics. The meeting was 
attended by about 150 participants of whom about 
30 came from other European countries. Several 
invited review papers were presented, with emphasis 
on the structural, kinetic, energetic and applied aspects 
of solid-solid interfaces. 

Direct visual evidence from field ion microscopy 
now confirms that the width of a grain boundary in 
metals is about one to two atoms. D. McLean (NPL) 
emphasized the important part that imperfections like 
kinks and dislocations in grain boundaries may play 
in phenomena such as the initiation of creep cavities 
and grain boundary sliding. Electron microscopy 
shows that, in both iron and nickel, cold working 
increases the number of grain boundary dislocations, 
and discussion centred on how the multiplication of 
grain boundary dislocations occurred. 

R. B. Nicholson (University of Manchester) spoke 
on the nature of precipitate-matrix interfaces and 
showed that coherency was related to the type and 
distribution of interfacial dislocations. Elegant trans- 
mission electron microscopy by G. Weatherley demon- 
strated how coherency could be lost by a variety of 
processes, such as the attraction of dislocations of 
suitable Burgers vectors from the matrix, these disloca- 
tions having the role of accommodating the misfit at 
the interface. 

Solute segregation at interfaces was referred to by 
a number of speakers. E. D. Hondros (NPL) proposed, 
on the basis of a Gibbs adsorption analysis of the fall 
in grain boundary energy with solute content, that the 
equilibrium segregation in a number of binary systems 
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could be accounted for by levels of enrichment of the 
order of a monolayer at the grain boundary. By 
measuring the work of adhesion of metal sessile drops 
on ceramic substrates, M. Nicholas (AERE, Harwell) 
showed that minor additions of reactive elements such 
as titanium and zirconium had a profound strengthening 
effect. Electron mieroprobe analysis showed that the 
segregated zone extended up to seventy microns across 
the interface, which indicates a different type of segre- 
gation. Similarly, Haworth (University of Sheffield) 
not only proved beyond doubt that the microhardness 
in the vicinity of grain boundaries in dilute alloys was 
increased, but also that the width of the affected 
zone was of the order of microns. The severity of this 
effect depended on the heat treatment and could be 
best observed at indentation loads of the order of 
one gram. It was pointed out in the discussion that a 
possible mechanism for this effect was the blocking of 
disloeation sources at grain boundaries by segregated 
solute atoms. 

Theoretical difficulties connected with diffusion down 
grain boundaries were analysed by G. M. Leak (Univer- 
sity of Manchester), who also suggested that observed 
high temperature internal friction peaks might be 
associated with grain boundary sliding on a large scale. 

A considerable interest in solid-solid interfaces is 
connected with the possibility of their being preferred 
paths for the propagation of fracture. D. Hull (Univer- 
sity of Liverpool) noted, however, that this is so only 
in è number of well-established cases. He emphasized 
that a large number of interrelated factors was involved 
in the failure at interfaces in metals and it was not 
simply a matter of surface energies. In particular, he 
noted the possible importance of the ratio between the 
maximum theoretical tensile strength and the theoreti- 
cal shear stress. 

The conference coneluded on a practical note with a 
paper by P. Bartle (Welding Institute, Cambridge) 
on diffusion bonding of solids, a process in which the 
joint is made under pressure at high temperature and 
in which the condition of the mating surfaces is very 
important. Very strong joints can be produced in this 
manner and it is regrettable that the process, first 
discovered in the Bronze Age, has never been commer- 
cially exploited outside the United States and the 
Soviet Union. 


Symposium on Tribology 
from a Correspondent 

THE first Tribology Liaison Meeting proposed by the 
Ministry of Technology Committee on Tribology was 
held in the Institute of Tribology at the University 
of Leeds on Thursday, April 4. About 140 delegates 
from local industry and academic institutions attended. 
The meeting was jointly sponsored by the Ministry of 
Technology, the Institute of Tribology at the Univer- 
sitv of Leeds, and the North Midlands branch of the 
Institution of Mechanical Engineers. 

Mr H. P. Jost provided the background to the word 
and subject of "tribology" in his opening lecture. 
He explained the great economie importance of the 
subject and the neglect it has suffered in education, 
research and industry in the past. The word tribology, 
which has introduced an essential unity in the fields 
of lubrication, friction and wear, was introduced 
in a Department of Education and Science report 
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published in March 1966. The same report suggested 
that savings of about £500 million a year could be 
achieved in the United Kingdom by greater attention 
to edueation and research in the subject. 

The types of tribological failures which were res- 
ponsible for some of the losses accounting for the 
£500 million were deseribed by Mr L. S. Hall. He drew 
attention to the need for an understanding of surfaces 
and the mechanism of lubrieation, friction and wear 
in different types of machinery, and explained that 
many of the failures attributed to bearings are not 
caused primarily by a mechanical failure of the bearing 
system but by such factors as faulty storage, incorrect 
handling, lack of cleanliness and corrosion. 

The possibility of avoiding many failures by careful 
tribological design was discussed by Mr M. J. Neale. 
Careful consideration of the design problem, selection 
of the most appropriate bearing and the use of modern 
bearing design procedures were factors considered. 
Mr Hall had noted that contamination of the processed 
material by oil could be a problem in the food industry, 
and Mr Neale remarked that a solution to this type of 
situation could often be found by designing the bearing 
to use the processed material as the lubricant. 

The meeting was held during the week of the official 
opening of the new Industrial Unit of Tribology at 
the University of Leeds, and in the final lecture the 
Director of the Institute, Professor D. Dowson, 
outlined the tribological services available in the region. 
The Bradford Technical College is now co-operating 
with the Institute of Tribology at the University of 
Leeds to enable the two establishments to offer a 
wide range of courses at all levels. These cover the 
requirements of operatives, Higher National Certifi- 
cate and City and Guilds level courses at Bradford, 
together with undergraduate and MSc courses at 
Leeds. The institute offers three main services: 
advanced courses, fundamental research and an indus- 
trial service. The first MSc course covering tribology 
was started at Leeds in 1964, and is now providing a 
steady stream of specialists. 

The new industrial unit offers an advisory, consul- 
tancy, bearing design and contract research and 
development service to industry on a commercial 
basis. Similar services are available at Swansea and 
Risley and each centre has a special national responsi- 
bility. The unit at Leeds will specialize in a bearing 
selection and design service. 


Biological Semiconductors 
from a Correspondent 


A TOTAL of about seventy people from eleven different 
countries attended the first international meeting 
entirely devoted to biological semiconductors which 
was held by the British Biophysical Society at. Notting- 
ham from April 1 to 3. 

The general tenor of the discussion may be briefly 
summarized. It is nowadays realized that to secure 
reliable values for p.c. dark conductivity and activation 
energies, biomolecules such as proteins and nucleic 
acids must be examined in a definite state of hydration 
(or dehydration). Even then, some problems of 
reproducibility remain as, for example, in the photo- 
conduction activation spectrum for DNA. Self-con- 
sistent field molecular orbital caleulations may be 
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made, but the activation energies caleulated are 
frequently greater than those observed experimentally. 
At the meeting Dr Rosenberg suggested that the 
ealeulations were neglecting polarization energies. 
The most detailed picture for organic substances 
relates to photoconduction in anthracene, where band- 
to-band transitions are not found, and exciton 
states are the normal precursors to photoconduction. 
Attempts to modeleytochrome systems by mixed erystal 
co-ordinate complexes give activation energies for 
dark conduction notably higher than those observed 
in nature. Radiofrequency loss measurements for 
solid DNA lead to much lower activation energies than 
those observed with p.c. However, dielectric and 
electro-optical studies on dilute aqueous solutions of 
DNA offer promise of distinguishing proton and other 
ionic contributions, which completely swamp any 
electronic effects in this environment. Measurements 
of Hall coefficients at microwave frequencies yield 
the sign and mobility of charge carriers, around 
1 em?V-!s-! for proteins and DNA, which has so far 
eluded conventional p.c. and a.c. techniques. Un- 
fortunately, Dr E. M. Trukhan (Moscow) was not 
present to give his paper describing these results. 
Similar values for protonie conduction in ice have, 
however, been derived by conventional methods. 
Charge-transfer complexes show catalytic activity for 
simple hydrogen reactions, which may reflect a biological 
role. 

In the section dealing with organized systems, one 
paper dealt with the analogies between f-carotene 
photoconduction and photovoltaic effects and the 
S potentials of the retina, which suggest interesting 
speculations on colour vision. Studies of photoactivated 
electron transfer from a pair of cytochromes to bacteria 
chlorophyll show zero activation energy over 4-2 to 
140° K, but its slowness (a half time of 2-3 ms) points 
to a short range tunnelling mechanism. Convincing 
evidence was produced for a potential at the fracture 
surface of bone leading to the onset of fresh bone 
growth. A final very stimulating lecture outlined the 
processes of calcification in crustacean cuticles by 
electron transport through a tanned protein-quinone 
membrane. 


Stanford comes into Line 


from our High-energy Physics Correspondent 


A RECENT study of elastic electron-proton scattering 
(Phys. Rev. Lett., 20, 202; 1968) performed by collabor- 
ation between groups from the Stanford Linear Acceler- 
ator Center, Massaehusetts Institute of Technology 
and the California Institute of Technology has greatly 
extended the range of information on the electro- 
magnetie structure of the proton. 

The standard assumption in experiments like 
this is that the scattered electron provides a single 
photon which probes the charge and magnetic moment 
distributions of the proton. Relativistic invariance and 
the conserved nature of the electromagnetic current 
then ensure that the number of particles seattered 
at a particular angle and energy is indeed given in 
terms of only two functions of the square of this 
invariant four momentum transfer. If this momentum 
transfer (which roughly measures the inverse of the 
depth to which the proton is probed) is kept constant 
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while the energy and angle are changed, these two 
functions, or form factors as they are called, can be 
measured. Unfortunately such complications as recoil 
effects and Lorentz contraction do not allow for an 
unambiguous connexion between the charge and 
magnetic moment distributions and suitable combina- 
tions of the measured form factors. The modern 
canonical identification is made by considering the 
experiment from a frame of reference in which the 
proton is seen to move with the same speed before 
and after the interaction (thus at least balancing out 
Lorentz contraction effects) and distinguishing between 
spin-flip (magnetic) and non-flip (electric) terms. This 
choice has the deliberately contrived effect of minimiz- 
ing error correlations in the measurements, and the 
unexpected simplifying feature (Barnes, Phys. Lett., 1, 
166; 1962) that the electric and magnetic form factors 
have the same shape. Despite several ambitious claims 
in the literature, this scaling law has never been satis- 
factorily explained from a theoretical point of view, 
but is by now extremely well verified experimentally. 

In the present experiment, where the momentum 
transfers are as high as 25 (Gev/c)?, only one of the form 
factors contributes significantly to the cross-section 
which is solow that as few as seven events in a day were 
recorded at the extreme of the energy range. Thus the 
scaling law could not be checked, but the results 
(assuming this relation) extrapolate smoothly from a 
previous phenomenological fit to the form factors. 
Once again experiment is ahead of theory, for there 
is so far no reasonable unambiguous theory leading to 
this particular shape, known as the dipole fit. The 
irony of the situation lies in the fact that theoretical 
fits to the very early data on form factors led to suc- 
cessful searches for spin-one mesons such as the p and 
w, but that these same apparently reasonable concepts 
seem completely incapable of explaining the new more 
detailed data, particularly at high energies. 

The new machine at the Stanford Linear Accelerator 
Center has a very much larger beam energy than any 
other electron machine in existence. So much greater 
is the eneigy that it has already forced a change in the 
units used by the experimenters (from the inverse fermi 
to Gev/c) which has long been advocated by many 
theoreticians, and which brings electron scattering 
into line with the other methods of studying the strongly 
interacting particles. It is now very much to be hoped 
that the detailed results of experiments such as this 
will force the theoreticians into much more significant 
progress, 


Drugs against Plasmodia 
from a Correspondent 


A NEW chapter in the history of malaria was opened 
in 1926 when Schulemann and his colleagues discovered 
plasmochin, the first synthetic anti-malarial drug, soon 
followed by atebrine (mepacrine). During the next 
quarter of a century, intensive research activity in 
France, Germany, the United Kingdom and the United 
States produced a small number of valuable compounds 
which appeared to meet all our needs. "These com- 
pounds were: amodiaquine, chloroquine, primaquine, 
proguanil and pyrimethamine. Recently the sulphones, 
sulphonamides and injectable triazines were added to 
the list. Some of these drugs are better for the treat- 
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ment of malaria, others for prevention of the infection, 
but it seemed that no new anti-malarial drugs were 
necessary. But with the prospect of malaria eradication, 
which relies to an increasing extent on chemotherapy 
in addition to the insectieidal attack on the vector, 
it became obvious that in developing countries, with 
their well-known shortages of basic health services, 
new drugs more suitable for large-scale administration 
were needed. In addition to this, the problem of resist- 
ance of malaria parasites to some drugs causes concern. 

Resistance of malaria parasites to proguanil or 
pyrimethamine, observed some 15 years ago, was of 
limited importance, but the more recent reports on 
resistance of P. falciparum to 4-amino-quinolines 
(chloroquine and amodiaquine) are of greater con- 
sequence since these are our most valuable drugs for 
treatment of acute malaria. The situation may become 
serious if the resistant strains spread more widely 
from South-East Asia and parts of South America 
where their presence has been confirmed during the 
past few years. 

Successful research on anti-malarial drugs depends on 
exploiting subtle differences between the metabolism 
of the plasmodium and of the tissue of the host; this 
is difficult as long as our knowledge of these processes 
at the cell level is meagre and unsatisfactory. Most 
of the previous successes were due to large scale 
screening of thousands of compounds prepared accord- 
ing to some more or less informed guesswork. This 
is a costly and time-consuming enterprise and the 
results are unpredictable. The final assessment of 
the value of anti-malarial drugs, released for medical 
use after a most careful screening on animals, can be 
made only on human infections usually seen in highly 
endemic areas of the world. 

A review of the present resources and needs of 
chemotherapy of malaria is necessary. The recent 
report of a scientific group convened by WHO to 
discuss the present situation of chemotherapy of malaria, 
and to advise on the most important problems covers 
this very wide field (Chemotherapy of Malaria, Technical 
Report Series No. 375). It summarizes the results of 
laboratory studies and of field trials and reassesses the 
place of various drugs in the prevention and treatment 
of malaria. It discusses the spectrum of response 
of malaria parasites to various compounds, indicates 
the geographical distribution of resistant strains and 
proposes new criteria and procedures for recognition 
of drug resistance in the field. 

Finally, the report provides some perspectives of 
future research and of field applications of new, 
promising compounds or their combinations. 

The authors of this report have succeeded in pre- 
senting in 90 pages (including 10 useful annexes) a 
comprehensive and balanced review of one of the most 
important problems of preventive and clinical medicine 
which is particularly relevant to those parts of the 
world where malaria eradication meets with serious 
technical and other obstacles. 


High Pressure Oxygen in Radiotherapy 
from a Radiobiology Correspondent 


THE results of treatment of malignant disease at many 
sites have shown a steady improvement with the passage 
of time. The main reasons are probably the accumula- 
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tion of clinical experience in the use of radiation, the 
advent of antibiotics, and the introduction of improved 
X-ray and gamma ray apparatus giving more penetra- 
ting beams. There is now a general feeling, however, 
that little further advance is to be expected along these 
lines. Patients with remote metastases at the time of 
treatment are not curable by radiotherapy alone. 
And there are still some patients whose local disease 
eannot be controlled, even with the most modern 
apparatus. 

One possible reason for this failure of local control 
may be the protection against radiation given by 
anoxia. Some tumours probably contain viable cells 
which are severely hypoxic because of their distance 
from a capillary, and these would be radioresistant 
compared with normal cells. Tumours of this type 
might be treated more effectively if the patient were 
breathing oxygen at high pressure during treatment. 
The radiosensitivity of normal tissues would hardly 
be affected by this procedure because radiosensiti- 
vity reaches a plateau at quite low oxygen 
tensions. 

This form of treatment has now been in use at a 
number of centres for several years. At a meeting held 
on January 18 at the British Institute of Radiology, 
an account was giver of two clinical trials in which 
patients were randomly divided into two groups, 
one treated with and the other without high pressure 
oxygen. In both trials the regime of fractionation was 
kept identical in the two groups. 

In one trial, concerned with carcinoma of the lung 
and bladder, treatments were given daily. No difference 
in survival was observed in the lung cancer series, 
while the bladder series suggested that the patients 
treated in high pressure oxygen were faring rather 
worse than those treated conventionally, although 
the difference was not statistically significant. At 
another centre the trial concerned cancer in various 
sites in the head and neck, and the patients were 
treated three times per week. These results suggested 
that treatment in high pressure oxygen improved 
the prospects for patients with secondary deposits 
in lymph nodes, but made no difference to those with- 
out involved nodes, but the differences were again 
not statistically significant. 

Treatment under high pressure oxygen greatly 
increases the burden both to the patient and to the 
staff, and scientific attempts to decide whether the 
use of oxygen leads to any improvement in results 
are to be welcomed. In view of the meagre results of 
the trials made so far, it is important that future 
trials should have the maximum chance of success. 
Carcinoma of the lung is a bad choice for such a trial 
because failure to contrel the primary is seldom the 
cause of death. There is a high rate of metastasis, 
and increasing the radiation dose actually reduces 
life expectancy because it causes greater damage to 
the lungs (Deeley, Brit. J. Radiol., 40, 801; 1967). 
A more general point concerns the regime of fractiona- 
tion. Daily treatment is customary, but treatment 
under high pressure oxygen is usually given once or 
twice a week, because of technical difficulties. — If 
daily treatment is dropped in a comparative trial 
because of difficulties in the oxygen series, the con- 
ventionally treated patients may be receiving a 
treatment that is less than the optimum. A trial of 
two methods of treatment would ideally compare the 
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best that can be done with each, without reducing 
the efficiency of one method for the sake of equalizing 
other factors. 


Frog Haemoglobins and Metamorphosis 
from our Cell Biology Correspondent 


At metamorphosis and the transition from a purely 
aquatic to semiterrestrial life, frog tadpoles undergo 
profound biochemical changes. Regulation of these 
events appears to be under hormonal control, and the 
most clear-cut and familiar example is the induction of 
adult haemoglobin synthesis by the thyroid hormone 
thyroxine. Herner and Frieden (1961) found that in 
the bullfrog (Rana catesbiana), replacement of tadpole 
by adult haemoglobins begins abruptly after admini- 
stering thyroxine to tadpoles. Moss and Ingram’s 
work (1965) suggests that the thyroxine induces de 
novo synthesis of adult haemoglobin polypeptide chains 
and simultaneously represses synthesis of tadpole 
haemoglobin. In two papers in the current issue of the 
Journal of Molecular Biology (82, 481 and 493; 1968) 
Moss and Ingram now report analyses of the tadpole 
and adult haemoglobins of R. catesbiana. 

Tadpole haemoglobin is resolved into five compon- 
ents, one major (60-70 per cent of the total) and four 
minor, by polyacrylamide gel electrophoresis. The 
amount of the minor components, which are not 
artefacts, varies among individual tadpoles, but it is 
impossible to determine the genetic basis of this varia- 
tion because inbred stocks are not available. Moss and 
Ingram isolated enough of the major components and of 
one of the minor components to do fingerprint analyses. 
The two haemoglobins each have two distinet polypep- 
tide chains and, moreover, the two chains of the major 
tadpole haemoglobin (N-terminal valine) are different 
from the two polypeptide chains (N-terminal glycine) 
of the major adult haemoglobin. The heterogencity 
of the tadpole haemoglobins indicates there are at least 
four or five different polypeptide chains. There are 
at least three distinct polypeptide chains in the adult 
haemoglobins, so that in the bullfrog there are at least 
seven or eight structural genes specifying haemoglobins. 

In the second paper, Moss and Ingram report that 
haemoglobin synthesized in vitro by erythrocytes 
from tadpoles treated with thyroxine is identical with 
the major haemoglobin in adult frogs. In natural 
metamorphosis, the transition from tadpole to adult 
haemoglobins is complete in froglets which still have 
small tail stumps. Autoradiography with Fe^? shows 
that the cells whieh synthesize adult haemoglobin 
after thyroxine treatment are immature judged by 
morphological criteria. Apparently the thyroxine 
stimulates synthesis of adult haemoglobins in young 
cells rather than in mature cells full of tadpole haemo- 
globins. This may well mean that the hormone does 
not act directly on the structural genes for haemoglobin 
but that, instead, it stimulates proliferation of an adult 
cell line while simultaneously repressing proliferation 
of the larval cell line. As yet, however, it is impossible 
to know whether thyroxine stimulates a clonal selec- 
tion mechanism. It is not known whether or not the 
stem cells which give rise to the adult cell line are 
clonally distinct from those which give rise to the 
larval cell line. 
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Reforms for British Medical Education 


by 
ANNE CLAYTON 


Some realistic and urgently needed measures have at last 
been proposed to reduce the rapidly growing shortage of 
doctors in Great Britain, which is likely to reach a peak 
of some 11,000 in 1975. What these measures are, and 
how they should be introduced, are set out in the report of 
the Royal Commission on Medieal Education, published 
on April 4 (Cmnd 3569, HMSO, £1-425). The cost of 
implementing the proposals will be great, but the report 
points out that “reform and expansion of medical educa- 
tion are already overdue and urgent action is necessary 
if Britain is to maintain its position in the van of medical 
progress". 

The commission was appointed in June 1965 under the 
ehairmanship of Lord Todd, professor of organic chemistry 
at the University of Cambridge. The commission met first 
in September 1965, and has taken evidence from more than 
400 organizations and individuals in Britain and abroad. 
Given the size of the task, the speed with which this com- 
mission has reported is not to be scorned. 

Frustrations and dissatisfaction have developed in the 
British medical profession over the past twenty years, 
not only because of the way medical education is organ- 
ized, but also because of the structure of the profession 
itself and the pattern of medical care. The first compre- 
hensive review of medical education in Great Britain was 
made by the Goodenough Committee in 1942-44. The 
changes initiated as a result of that committee's re- 
commendations have been slower and smaller than 
originally hoped, partly because of the effects of the 
National Health Service Act. 

The first major change proposed by the commission 
is that all doctors—general practitioners as well as con- 
sultants—should be specially trained for their work and 
all should rank as specialists in their particular fields. 
All this implies radical changes in medical education and 
especially in postgraduate training, which the commission 
considers to be unsatisfactory and haphazard at present. 
In 1967 a Central Committee for Postgraduate Medical 
Education was set up and this has been regarded as a 
welcome step in the right direction, but the commission 
thinks that doctors in every braneh of medicine need 
several years of postgraduate training. It proposes that 
after graduation the doctor should have an intern year, 
corresponding broadly to the present pre-registration 
year, during which he would begin to take responsibility 
for the management of patients. But there must be 
stricter supervision of training during this intern year than 
there is at present. This would be followed by general 
professional training lasting about three years, and would 
embrace the present grades of senior house officer and 
registrar in the hospital service. The final stage would 
either be continuation of training on a less intensive basis, 
merging into the responsibilities of & professional career, 
or else a few years of intensive advanced training to 
bring able doetors to the point at which they might be 
considered for consultant appointments. 

An essential feature of this scheme would be the trainee's 
progress through a planned series of six-month or twelve- 
month appointments, held within one geographical area 
to prevent annual job-hunting and upheavals. During the 


The report of the Todd Commission, published last week, is certain 
profoundly to influence the character of medical teaching in Britain. 
What follows is a summary of the principal proposals. 


three years, young doctors would be allowed to undertake 
worthwhile research without being penalized financially. 
The report acknowledges that these proposals would make 
heavy demands on the time of senior staff, so that more 
appointments will be necessary if both teaching and 
service responsibilities are to be met. 

Selection and appointment to general professional tram- 
ing posts should, aecording to the commission, be made 
by central and regional organizations made up of members 
from the universities, the National Health Service 
authorities and the professional colleges. Representatives 
of these regional organizations would constitute a central 
body—the Central Couneil for Postgraduate Medical 
Education and Training in Great Britain —with an inde- 
pendent chairman. 

As a corollary to this reform, the commission envisages 
the introduction of vocational registration organized by 
the General Medical Council. Such registration would 
signify that, in the opinion of the profession, the trainee 
was sufficiently competent to exercise independent 
clinical judgment in his chosen field. 

On undergraduate education, the commission starts 
from the principle that the object of undergraduate 
medical teaching is to produce educated people who can 
then be trained to become doctors. By this test, the 
commission considers that present arrangements are un- 
satisfactory. It also considers that the division of the 
medical training into a pre-clinical stage lasting five or 
six terms and a clinical stage usually lasting for three years 
is unfortunate. The commission would like to see a closer 
integration between the learning of scientific principles 
and their application in medicine. In this spirit, it suggests 
that there should be an undergraduate medical course 
lasting five years and including at least two years of clinical 
education. 

A course is therefore suggested offering two years of 
subjects common to all students, with a division later into 
medical and non-medical streams which would follow 
different options in the third year of study. A number 
of other students in other faculties, and who cannot 
transfer because of the rigidity of the present courses, 
might then be attracted into medicine. This scheme 
would have the advantage that it would enable the final 
choice of medicine to be deferred until the student had 
had some experience of university life. A further improve- 
ment would be a modular system like that of many univer- 
sity courses in the United States. Each module would 
represent a specified proportion of a year’s work and 
would count as an agreed number of course-units; the 
award of the degree in medical science would depend on 
completion of modules carrying credit for course-unite 
equivalent to three years work. 

In theeearliest stages of this scheme, the optional 
modules would include short intensive periods of instrus- 
tion in the traditional pre-medical subjects and mathe- 
matics. The clinical aspects of medicine would be intro- 
duced early on, and the optional modules available would 
enable the student either to extend the range of his 
knowledge by studying more than one subject or to go 
more deeply into a particular subject. The commission 
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suggests that such a flexible modular curriculum would 
not only be a practical proposition for a reasonably well 
equipped and organized medical school, but it would not 
make much greater demands on staff and accommodation 
than the traditional system. 

Traditionally, the clinical part of the undergraduate 
medical course has had to be used for vocational training. 
which the commission believes allows no opportunity for 
the student to extend the benefit of his previous education 
in the sciences basic to medicine. Having emphasized the 
need for integration of medical courses, group teaching 
and interdepartmental teaching, the commission recom- 
mends that the clinical stage should contain an elective 
period of about 10 weeks and that the student should be 
able to choose from a wide variety of elective topies, 
subject to the approval of the teaching committee. 

On the selection of medical students, the commission 
agrees with the common view that disproportionate 
weight is at present given to intending students from 
medical families. A survey quoted by the commission 
has apparently shown that the proportion of medical 
students from the higher social classes is growing rapidly, 
as is the percentage of students with one or more parents 
in the profession, whieh leads to the recommendation 
that entry requirements should be less rigid than at 
present. Among the innovations suggested is the investi- 
gation of complaints of unfair selection by bodies repre- 
senting the medical schools and the secondary schools. 
The commission also lends its weight to recent complaints 
about specialization in the schools, and comes out in 
favour of an arrangement in which a qualification at 
Advanced level in either chemistry or physical sciences 
would be a sufficient proof of scientific aptitude and 
training. 

In view of the shortage of 11,000 doctors likely to 
exist in 10 years, the commission concludes that the 
annual number of places, which in previous years has been 
150, should be increased to 200 in each medical school. 
After the memorandum which the commission addressed 
to the Minister of Health and the Secretary of State for 
Seotland in June 1966, steps were taken to accelerate 
the redevelopment of the medical school and the main 
teaching hospital at Leeds, which had not been expected 
to begin until after 1971. In March 1967 the commission 
also recommended that a new medical school should be 
established quiekly at Southampton. 

Looking ahead, the commission recommends that the 
annual intake of medical schools should be doubled by 
1990. It hopes that the rebuilding of existing medical 
schools will continue between 1975 and 1990 until they 
have reached the maximum capacity possible in their 
present localities. At least a further 200 places should be 
made available at Glasgow, Birmingham and Manchester, 
and the intake of the London medical schools should have 
reached 1,200 by 1990. The commission considers that 
on the basis of population, and because medical schools 
should be an integral part of a flourishing university, 
Southampton, Leicester, Swansea and Nottingham would 
be suitable sites for new medical schools. The new medical 
school at Nottingham will soon admit its first student; 
Leicester could perhaps be ready for its first intake by 
1972; Southampton will probably start in 1971. By the 
mid-seventies these new medical schools shout be able to 
add nearly 300 à year between them to the present intake. 
A total of 3,700 places annually could be made available 
by 1975. 

The commission has tried to find out the cost of medical 
education in Britain; it estimates that recurrent univer- 
sity expenditure in this field increased from £5-3 million 
in 1954-55 to £12-4 million in 1963-64. Recurrent 
expenditure for each medical student rose from £404-6 
to £068.75 between 1954-55 and 1963-64. The total 
cost of educating a single medical student is about 
£10,000. As there are about 11,000 medical students 
at present, according to the commission's calculations, 
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Sample curriculum for First degree in medical sciences, 
Full course of 3 years provides 81 units. 


Compulsory Subjects No. of units 
Celi Biology 
Man and Environment 
Anatomy and Physiology 
Biochemistry 
Behavioural Sciences 
Pathology and Pharmacology 
Clinical Method 

Limited Alternatives 


(a) Further Biochemistry, Physiology or ord 
[ 
} 


fat 
NINES 


(b) Experimental Pharmacology, Pathology or 
Biology 
(e) Genetics and Statistics 
(d) Further Psychology and Sociology 
Optional Subjects 
At least two subjects ranging from Modern Į 


i 


Languages to Electronics j 17 


they were costing the country at least £30-35 million a 
year at 1965 prices. On balance, the commission thinks 
that Britain’s total annual expenditure on undergraduate 
medical education in 1990 will be at least £80 million (at 
1965 prices) if its recommendations are implemented. 
The costs of postgraduate medical education, professional 
training and continuing medical education are more 
difficult to estimate. 

The twelve medical schools in London admit between 
them more than one-third of the students who enter pre- 
clinical courses in Britain, and by providing clinical 
education for many additional students from other univer- 
sities they teach nearly half of those who graduate in 
British universities. The commission points out, however, 
that their growth has been haphazard; they vary in size 
and they are semi-autonomous bodies. The existence of 
twelve medical schools, each with a separate teaching hos- 
pital and without any direct contact with a single multi- 
faculty college of the University of London, is not accept- 
able to the commission. It recommends a series of mergers 
to reduce the number of medical schools to six, hoping that 
each will eventually become the faculty of medicine in 
one of the university’s colleges. The medical schools 
would be combined as follows: St Bartholomew’s Hospital 
Medical College with the London Hospital Medical College; 
University College Hospital Medical School with the Royal 
Free Hospital School of Medicine; St Mary's Hospital 
Medical School with the Middlesex Hospital Medical 
School; Guy’s Hospital Medical School with King’s Col- 
lege Hospital Medical School; Westminster Medical 
School with Charing Cross Hospital Medical School; St 
Thomas’s Hospital Medical School with St George’s 
Hospital Medical School. 

The six schools should have a single governing body 
and academic board, and the amalgamations should be 
made as soon as possible. Under this scheme, each of the 
medical schools would have an annual pre-clinical intake 
of about 200 students. The commission also recommends 
that, in view of the small size of the many postgraduate 
hospitals in London, postgraduate institutes should be 
linked to and would eventually become a part of the 
combined medical schools and that their associated post- 
graduate teaching hospitals should be brought as soon as 
possible into physical proximity to general teaching 
hospitals. 

The commission acknowledges that in the amalgamated 
medical schools teaching programmes will need to be 
carefully devised: they could be arranged on an inter- 
hospital basis and in each main subject or group of subjects 
there should be a chairman of the department responsible 
for the detailed arrangements for that subject. The report 
also proposes that each of the teaching groups should 
quickly receive a full complement of clinical professorial 
chairs. Consultants play a large part in teaching part. 
time in London medical schools, and the commission 
recommends that, in all future appointments of part-time 
clinieal staff to teaching hospitals, the number of weekly 
sessions undertaken for the National Health Service at 
the teaching hospital should be not less than eight, 
equivalent to four full days. 
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Pulsed Radio Sources 


by 
F. HOYLE 
J, NARLIKAR 


Institute of Theoretical Astronomy, 
University of Cambridge 


Tuer recent discovery! of rapidly pulsed radio sources 
and the further detailed observations? of the source 
CP 1919 + 22 raise remarkable problems. Undoubtedly the 
theory which requires the least change in our concepts 
is that of a pulsating white dwarf. As long ago as 1952, 
Mestel® pointed out that nuclear fuel in the outer regions 
of a white dwarf can cause an explosive instability. 
There is therefore no diffieulty in understanding how an 
oscillatory state might be set up. It is also possible that 
oscillations could be self-sustaining. 

The first problem this theory has to face is that the 
oscillation period of CP 1919+ 22 is remarkably short— 
1-337 s. Periods of more than 10 s were rather to be 
expected’. Recently, however, Thorne and Ipser* have 
argued that fundamental periods as low as 3 s might well 
occur in some white dwarfs, and they remark that an 
overtone period as low as 0-2s is possible. This lower 
limit is close to the period of 0:253 s reported in this issue of 
Nature by Pilkington et al. for the source CP 0950+ 08. 
It seems therefore that the theory of white dwarfs is 
just about able to accommodate the shortest period so far 
observed. The accommodation is, however, uncomfort- 
ably tight, particularly because the time constant of 
0-1 s used in the first Cambridge survey would have pre- 
vented the discovery of appreciably shorter periods. 

The second problem is that the radio pulse occupies only 
à small fraction of the cycle, only about 40 ms in 1:33 s 
for CP 1919-- 22. Moreover, the pulse rise is exceedingly 
steep—the rise time is <1 ms in this source. The dis- 
turbance leading to the radio pulse would have to be 
released at a sharply defined phase of each cycle and, to 
within a small margin, the same phase in every cycle. We 
could imagine a shock wave that reached the surface of the 
star always at a particularly defined phase, for example. 
The sharpness of the shock defines the steep rise of the 
pulse, while the pulse length is determined by the time 
difference between the arrival at the Earth of radiation 
from the centre of the disk and from the limb. Suppose 
the radiation from the centre of the disk arrives at time 
T. If R is the radius of the star, the radiation from the 
limb arrives at time T + Rje, thus giving a pulse length 
Rje. The pulse shape in the range T xtx TT-- R/c can 
be determined in the following way. The radiation 
arriving at time ¢ comes from the rim of a spherical cap 
of solid angle 2x(1— cos 0) where 0 is the angle between 
the radius vector to the rim and the direction to the 
Earth. Clearly 


tT (1—cos0)R/c (1) 


If the radiation is emitted isotropically, the amount 
received in time dé is proportional to 


2z sin 0 dð. cos 0 (2) 


where the factor cos 0 arises from projection of the area 
normal to the line of sight. From equations (1) and (2) 
we see that the pulse shape is given by 


R ` 
—K 1 

Jo - K.(T ty =t) (3) 
where K is a constant. Thus a triangular pulse shape with 
a steep rise and linear fall is expected for isotropic 

emission. 
The pulse length of CP 1919+22 is about 40 ms and 
requires R~ 1:2 x 10° em. This is too large to correspond 
to the short period models of Meltzer and Thorne‘. The 


Pulses of energy may be emitted by collapsing supernovae in suitable 
circumstances. 


difficulty is resolved if we argue that the observation 
really represents a series of pulses each of shorter length. 
The published pulse shapes? suggest that this might be so, 
In the shock wave model, this would imply a series of 
shock waves occurring over ~40 ms in each cycle of 
CP 1919+ 22. 

The third problem is to understand how such a precise 
timing of the pulses can be combined with the great 
fluctuations in their amplitudes. How can such a very 
regular phenomenon be consistent with large amplitude 
variations, even over as short a time as a few minutes ? 

While these difficulties do not rule out the white dwarf 
explanation they make it reasonable to look for other 
explanations. One other possibility has recently been 
put forward by Saslaw, Faulkner and Strittmatter*. 

It is our chief concern in this communication to point 
out that a time constant of ~ 1 s follows from the collapse 
time of a supernova, According to previous ideas" a 
supernova is triggered by the endoergic nuclear reaction 
55Fe— 132a 4- 4n at the centre of an evolving massive star. 
The density and temperature at which collapse occurs 
have been calculated for various stellar masses. For 
masses in the range 10 Mo to 30 Mo the density was 
found to be ~107 g em-*. Because the implosion time is 
[32/32G c]! 2, this is ~ 2/3 s when we set g= 10" g em^*. 

The fate of such a collapsing core has always been 
somewhat uncertain. Collapse into a gravitational 
singularity is one possibility, but it has always been 
thought more probable that the core will contrive to 
“bounce”, in which case it will oscillate back to more or 
less the radius it had at the onset of collapse, about 
10? em. The time for a complete oscillation is essentially 
twice that estimated in the previous paragraph, namely, 
^ 4/3 s, very close to the observed period of CP 1919+ 22, 
and close to 1-27 s for CP 0834+07 and to 119 s for 
CP 1133417, but longer than the period 0-253 s of 
CP 0950+08. A shorter observed period, however, does 
not necessarily present a serious difficulty, because 
damping processes—for example, neutrino-emission— 
shorten the theoretical period. 

At this stage we can follow one or other of two lines of 
development. 

(a) The object continues to oscillate between a maxi- 
mum radius Rmax~ 10° em and a minimum radius E min 
Rmax. The value of Rmax determines the pulse repetition 
rate, while the phase of Rmin—corresponding to the 
greatest compression of the object—determines the 
moment of pulse emission in relation to the eycle. The 
pulse could arise from the compression of a magnetic 
field, for example’. 

(b) The explosion of nuclear fuel in the outer regions 
of the star! reduces the total mass to less than the upper 
limit of a sfhble white dwarf. After the supernova explo- 
sion has taken place, the core then springs back to a white 
dwarf configuration. 

Possibility (a) is new, while (b) connects with the white 
dwarf theory. It is not necessarily an objection to (d) 
that oscillations with Rmin «Ema would rapidly be 
damped—for example, by neutrino emission—because it 
is possible for the object to divide into a number of pieces 
which maintain constant high density, the oscillation 
being confined to the pieces—the pieces moving inwards 
together and outward together. Indeed, the theory of 
Saslaw, Faulkner and Strittmatter* can be incorporated 
into this possibility because it can be regarded as a ease 
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in which the core possesses appreciable angular momen- 
tum. In such a case it is possible for division to occur 
into two dense pieces in binary motion about each other. 

The advantage of (b) in relation to the white dwarf, 
theory is that it provides a natural explanation of the 
periodicity of ~1 s. As we have already noted, periods 
of this order represent the shortest periods which it is 
possible for white dwarfs to have. Such stars are at the 
margin of stability. Inerease the mass slightly and 
collapse occurs into the kind of object considered in (a). 
By working from above, however, by reducing the mass 
towards stability, we obtain an understanding of why the 
pulsed sources tend to lie near the margin of stability. 

The dynamical energy in case (a) is ~ 105! ergs (ref. 7), 
enormous compared with the energy requirements of the 
pulsed sources, which amount to only ~ 10% ergs s-!, 
&t any rate so far as the radio emission is concerned. 
This would seem to us & disadvantage of (a) because we 
would expect such a large energy source would manifest 
itself in à much more dramatic form. On the other 
hand, it is perhaps easier to understand the rapid varia- 
tions of shape and amplitude of the pulses in case (a). 
This is especially so if the object divides into a number of 
pieces. However well the pieces maintain an organized 
in-and-out motion, we cannot expect the detailed arrange- 
ment of the pieces to be exactly the same at minimum 
radius, Rmin Rmax, in each cycle. Variations over a 
few cycles or even from cycle to cycle might be expected 
and could provide the explanation of the remarkable 
changes of amplitude of the radio pulses. 

Next we remark on the likely composition of the white 
dwarf corresponding to ease (b). Hoyle and Fowler’ con- 


Linear Polarization in Pu 
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University of Manchester, high degree 
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Tur mechanism of emission from the pulsating radio 
sources reported by Hewish et al.! seems to be quite 
different from that of any other celestial radio source, 
particularly because of the wide frequency band over 
which intense radiation is emitted simultaneously?. An 
analogy may be found, however, in the radio pulse emitted 
by a cosmic ray shower?*, in which a sheet of particles 
moving relativistically may emit linearly polarized radia- 
tion when they are deflected by the Earth's magnetic 
field. It seemed appropriate therefore to search for linear 
polarization in the pulsating stars, and we here report 
the successful detection of linear polarization in all of the 
four known sources. 

Initial tests on the first source CP 1919 at a= 19h 19m 
$—21? 47’ were disappointing. Two orthogonal dipoles 
in the Mark I radio telescope were connected to separate 
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sidered that most of the helium produced by **Fe—13a« + 
4n did not recombine. On this view, the white dwarf 
would be largely helium, as suggested by Thorne and 
Ipser*. Some helium would combine to form !*C and 
higher elements, however, while the free neutrons would 
eventually decay to protons. It is interesting that 
PC(p.y)N(B*)C provides a source of "C. Together 
with the « particles, C has the very temperature sensitive 
reaction, ™C(a.n)!*C, This reaction has been considered 
as a source of instability in stars. The possibility suggests 
itself that this same reaction might be the source of white 
dwarf oscillations. 

Finally, we note that an active lifetime of at least 
3x 10° years is necessary for the supernova residue in 
both cases (a) and (b). In 3x 10* years we expect about 
105 supernovae to occur of which ~10 would lie within 
100 pe. This is of the order of the density of pulsed sources 
suggested by the Cambridge survey. Because there are 
7 10!* cycles in 3x 10* years, it is therefore necessary 
that the secular change of period per period should not 
be more than about one part in 10. This indeed seems 
to be the case (F. G. Smith, private communication). 
Received Apri! 8, 1968, 
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Isating Radio Sources 


all the known radio sources are linearly polarized. The 
seem to be made up of separate components showing a 
of polarization. 


receivers at 408 MHz, and the strength of the recorded 
pulse averaged over 1 min was compared in the two 
receiver channels. No significant difference was found, 
although observations were made at several different 
position angles. It was realized, however, that the vari- 
able amplitude of the pulse might be confusing the 
observations, and that the complex structure of the 
pulse might imply different origins for different parts of 
the pulses so that polarization would only be observed 
during the rare occasions when individual pulses are strong 
enough for the structure to be resolved in some detail. 
The pulses from the source, at « = 09h 50m, § = 8° 4’, 
are usually stronger and simpler, and seem to have fewer 
separate components. A recording of individual pulses 
from this source immediately showed a very high degree 
of linear polarization. Fast galvanometer recordings of 
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Fast galvanometer recordings of the outputs of two receivers at 151 MHz connected to orthogonal dipoles at the focus of the Mark 1 
These were made on the source at a=o9h 50M, 6=8° 15’ on April 1, 1968. The change of relative amplitudes in the two 


channels indieates a linear polarizatien in these pulses. 
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Fig. 9. Fast galvanometer recordings of the outputs of two receivers at 408 MHz connected to orthogonal dipoles at the focus of the Mark 1 


telescope. 


the two receiver outputs at 408 MHz showed a ratio which 
changed substantially over a period of 5 min, and which 
also showed changes from pulse to pulse. The ratio is 
occasionally so high that the polarization must be almost 
completely linear. The observations were repeated at 
151 MHz, and again the pulses appeared to be almost 
completely linearly polarized, because the ratio of intensi- 
ties in the two receiver channels changed from 4:1 to 
0:2 : 1 over a period of 20 min (Fig. 1). This rotation of 
the angle of polarization is consistent with Faraday 
rotation in the ionosphere. 

Further observations at 408 MHz showed also that the 
pulses from the source at x-11h 33m, 3—16? 09’ are 
also highly linearly polarized. The pulses from this 
source often show several diserete components, and on 
one oceasion when the pulse was strong these separate 
components were visible on fast galvanometer recordings 
of both receiver outputs, as shown in Fig. 2. It is evident 
that all the components are highly linearly polarized, 
but that the angle of polarization is different for the differ- 
ent components. 

There is evidence that the polarization angles of these 
individual features in the pulses remain nearly constant 
over periods of minutes. 

The existence of several components in a single pulse, 
each polarized at a different angle, may account for the 
lack of polarization in the source CP 1919 in our initial 
observations. A more careful examination, using the 
same technique in which pulses were averaged over 1 min, 
showed a ratio of average intensities in the two channels 
which changed from 2:1 to 05:1 over a period of 1 h, 
indieating at least a 50 per cent polarization averaged 
over the whole pulse. A similar result was obtained 
for the source at «-— 08h 34m, 3—6* 18'. We conclude 
that in these sources the radiation is also linearly polar- 


These were made on the source at a- 11h 339m, 6=16° 09^ on April 3, 1968. 


ized, possibly again to a high degree in individual com- 
ponents. 

Possible theories of the pulse emission include a sequen- 
tial excitation of radiation from regions in which the 
frequency is determined by local conditions, such as the 
plasma density or the gyrofrequency. It has also been 
suggested that the radiation is actually continuous, and 
that the pulses are caused by a gravitational focusing in 
a binary neutron star®, Both these theories should be 
tested by more detailed investigations of the shape of 
the pulses, but it seems that neither can account satis- 
factorily for the existence of linear polarization. 

It is clear, on any theory, that the radiation must be 
from a coherent mechanism. ‘The observed brightness 
temperature T' during the pulse of CP 1919 is in excess of 
10?! ^K at 151 MHz if we assume that the distance of the 
star is 60 pe and that the diameter of the emitting region 
is 10* km, the diameter of a white dwarf. A brightness 
temperature of 10% ^K cannot be the result. of incoherent 
radiation because the corresponding energy of an electron 
is at least 10% eV. Synchrotron radiation from such high 
energy eleg@rons in a magnetic field of only 1 gauss would 
extend up to gamma-ray frequencies rather than show the 
observed cut-off in the region of 1,000 MHz. On the other 
hand, ineoherent radiation from electrons with lower 
energies would suffer self-absorption, and could not reach 
such high brightness temperatures. 

We therefore suggest that the radiation originates in a 
region with at least one dimension smaller than 10 em, 
to allow for coherence at frequencies up to 1,000 MHz. 
This region may travel towards the observer with relativis- 
tie velocities. "Transfer of the energy from a mechanieal 
impulse to electromagnetic waves seems necessarily to 
involve a magnetic field, and the radiation will therefore 
be linearly polarized. Because there is frequently observed 
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to be a high degree of polarization in a series of separate 
components, each with its own position angle, the radia- 
tion at any one time must be from a limited region, 
which may be replaced by another a few seconds or 
minutes later. 

The duration of the whole pulse then seems to be determ- 
ined mainly by the dimensions of the source. Individual 
components are separated by up to 30 ms in the pulses 
from all four sources, suggesting that the radius of the 
star cannot be much less than 9,000 km. If this interpre- 
tation is correct, coherent radiation is being received from 
near the limb of the star, at a wide angle to the normal. 
A coherent mechanism is necessarily directive, and a 
detailed theory of emission must then allow for emission 
in a suitable direction, 

Finally, we note that the discovery of linear polarization 
opens up the possibility of measuring the Faraday ro- 
tation in the interstellar medium, which can then be com- 
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bined with the measure of the electron content already 
available from the frequency dispersion of the arrival time 
of the pulses, to give a very direct measure of the inter- 
stellar magnetic field. Preliminary results of this measure- 
ment will be reported in a separate communication. 

We thank Dr A. Hewish for advance information on 
the positions of three pulsating radio stars; we have also 
been helped by discussions on radiation mechanisms with 
Professor F. D. Kahn. 
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Observations of some further Pulsed 


Radio Sources 
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IN a recent communication! an account was given of the 
discovery of a new class of radio source characterized by 
the emission of short pulses of radiation having an ex- 
tremely constant repetition frequeney. The records on 
which the source was first detected were taken during a 
survey for the investigation of compact radio sources 
using the method of interplanetary scintillation. Follow- 

ing the recognition of the first pulsed source the survey 
records, which covered the region —08°<8<44° were 
examined for evidence of further similar sources. Where 
these records indicated that the intensity fluctuations of 
a particular source were more impulsive than those caused 
by interplanetary scintillation, further observations were 
made. These led to the discovery of three additional 
pulsed sources. Even though each area of sky was observed 
on about twenty separate occasions during this survey. 





Seconds 


+~ Time increasing 


Pulses observed with a recording time constant of about 0-03 s 
(a) CP.0834. (b) C P,0950, during a period of intense 
activity. (e) CP.1133. 


Fig. 1. 
on March 21, 1968. 


Details are now given of three of the four pulsating radio sources 
discovered at Cambridge. 








Seconds 
Fig, 2. A continuous set of observations of CP.0950 at a time of strong 
activity, showing the irregular variations of intensity from pulse to 
pulse. The deflexions change sign as the source moves through the 
interference pattern of the aerial. Recording time constant 0-18. 





the large day-to-day variations of flux density from the 
known sources indicate that this programme should not 
be regarded as an exhaustive search of the entire region, 
and observations are continuing. 

'The three sources and the original one have been given 
numbers of the form C P.1919 to indicate the Cambridge 
pulsed source at a= 19h 19m, 


NATURE. VOL. 218, APRIL 13. 1968 





T 


CPII33 CPOB34 


cCPO9SO 





Fig. 3. The day-to-day variation of pulse arrival time. 


The three additional sources emit pulses which are 
remarkably similar to those from the first source, and 
their characteristics have been obtained by similar 
methods. Examples of the observed pulses are shown in 
Figs. 1 and 2. All the measurements were made at a 
frequency of 81:5 MHz with a bandwidth of 1 MHz, 
using the 470 mx 45 m north-south phased array and 
the 470 m x 20 m east-west phased array at the Mullard 
Radio Astronomy Observatory. 

The approximate positions of the sources were derived 
from the response of the aerial systems. The position of 
C P.0950 has been determined with greater precision from 
observations at 408 MHz with the one-mile telescope 
(following communication) using the same method as 
previously employed? for locating CP.1919. The best 
available positions for all four sources are given in Table 1. 

The periodicity of the pulses was determined in the 
same way as previously reported!. The time of occurrence 
of & pulse at approximately the same sidereal time each 
day was determined, and the incremental time interval 
between this pulse and a standard time differing by 
suecessive units of 23h 56 m 04s was plotted as shown 
in Fig. 3. 

In this way the variation of periodicity caused by the 
motion of the Earth has been compared with the expected 
variation, and found to be consistent in each ease. The 
true periods P, in solar seconds are given in Table 1. 

The rate of change of frequeney during the pulse and 
the intrinsie pulse duration have been derived, as before, 
from observations in whieh the signal from one aerial of 
the interferometer was delayed relative to the other by 
passage through an additional length of cable. In the case 
of CP.0950 it was found that the results were often in- 








consistent with the emission of a broad-band 
pulse; individual pulses sometimes oceurred 
in which nearly all the energy received 
within a receiver bandwidth of 1 MHz was 
confined to a band of less than 0-3 MHz. 
This feature will be discussed in more detail 
later’. 

The frequency sweep can be interpreted 
in terms of dispersion in the intervening 
medium, and the integrated electron density 
Nlis given in Table 1. The smaller disper- 
sion of C P.0950 suggests that for an assumed 
value of N0-1-0-2 em the distance is 
likely to be only 15-30 pe. 

The short pulse lengths of all the sources 
indicate physical dimensions in the range 
3,000-10,000 km. The variations im the 
peak pulse amplitude observed from day 
to day are shown in Fig. 4. 

The similarity in the quantities given in 
Table 1 shows that pulsating sources are, 
indeed, a new class of object in which the 
intrinsic powers, pulse widths, variability 
and periodicities are similar. Although 
C P.0950 has a periodicity somewhat shorter 
than the other three, and it would be difficult 
to detect still shorter pulse periods with the 
present system, there are no observational 
selection effects whieh would reduce the 
probability of detecting sources having 
periodicities as long as 10 s. The limited range in 
periodicity clearly has great significance in relation to the 
nature of the sources, and the shorter period of C P.0950 
may make it more difficult to account for them without 
invoking the very high densities of neutron stars. 

All the sources are characterized by a period of emission 
which is very much shorter than the repetition period 
and which occurs at a precisely defined phase of the eyele. 
This places limitations on the eccentricity of the orbits 
in a binary neutron star model! because of precession of 
the perihelion; in the case of CP.0950 the eccentricity 
must be less than about 0-1. 

All the sources show an extremely variable flux density 
both from pulse to pulse and on a longer time scale. In 
the first communication! it was suggested that the rapid 
variation from pulse to pulse might be caused by inter- 
planetary scintillation. The recent observations were, 
however, carried out during the night when interplanetary 
scintillation is known to be small, and it seems that the 
rapid variations in flux density must be interpreted in 
terms of the source; the pulse to pulse variation cannot be 
attributed to interstellar scintillation (unpublished resulta 
of P. A. G. Scheuer). 

Using the approximate distances given by the measured 
dispersion, we may conclude that the local density of 
pulsating sources is ~ 10- pe~*. The lifetime during which 
radio pulses are emitted from each source will depend on 
the supply of energy and on the mechanism by which it 
is converted into radio pulses; there may be many other 
"dead" sources which are no longer observable. If the 
sources are associated with superdense stars of mass 
~ M o an@if they emit radio pulses for P years, the total 
number which have occurred over a period of ~ 10!" years 


March 1968 


Table 1. CHARACTERISTICS OF THE FOUR PULSED RADIO SOURCES 
C P.0834 CP.0950 CP.1133 CP A9I9 
(1950-0) O8 34% O78 + 158 09^ 50 288-95 + 08-7 11^ 33° 328 + 208 195 19" 379-0 + O82 
$(1950-0) 07? 00' + 45" 08" 10 +1" 17° 00' + 45" 21° 47' 02" x 107 
P, (8) 1-27879 + 0-00008 0-253071 + 0-000008, 1-1880 x 0-0004 1:3372795 + 0-0000020 
dr 

(e) at 81-5 MHz (MHz s) 53205 2025 11£3 5-15 2 603 (ref. 6) 
Integrated electron density NZ 1241 $2208 642 12-55 £000 (ref, 6) 

(cm-* po) 
ors pulse duration (Gaussian) 35 x10 «10 1244 16 x4 

(ms) 
Mean flux density at 81-5 MHz v3 0-8 0-3 94 

(1075 W m-* Hz-!) 
ir 220° 230° 240^ 56 
p 26* 44^ 70° Lu 
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Fig, 4. The day-to-day variation of peak pulse energy, ‘The ordinates are in units of 10-55 J m-* Hr, (a) C P.0834, (b) CP.0950, (e) CP.1133. 
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will give a local density of matter of 
16019 


w — e 


104° Mo pe^ 


Oort? has derived an upper limit of 0-14 Mo pe” for all 
matter in the solar neighbourhood, and we must therefore 
conclude that the radio pulses must be emitted for a 
period of at least 6 x 10* years. 

If the source of energy is the vibrational modes of a 
white dwarf or neutron star, a conversion efficiency much 
higher than those occurring in solar flares must occur. 
Alternatively some other source model must be found in 
which a larger supply of energy is available. 

We thank Professor Sir Martin Ryle for his eneourage- 
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ment and Dr P. A. G. Scheuer for helpful discussions. One 
of us (J. D. H. P.) thanks ICI for a research fellowship; 
S.J. B. and T. W.C. acknowledge maintenance awards 
from the Northern Ireland Ministry of Education and 
CSIRO, respectively. 
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IN the preceding communication, Pilkington et al. have 
reported the discovery of three more pulsed radio sources 
of the type recently described by Hewish et al.'. One of 
these sources, C P.0950, is particularly interesting because 
its period, 0-25307 s, is considerably shorter than those 
of the other three. This source also shows a much more 
rapid frequency sweep in the pulse suggesting that the 
dispersion introduced by the intervening medium is 
smaller; using a reasonable value (N,— 0-1 em-?) for the 
interstellar eleetron density it seems probable that the 


The Cambridge one-mile telescope has been used to fix the position 
of a second pulsed radio source. There is no obvious identification 
with an optical source. 


distance of C P.0950 does not exceed 30 pe. The source 
lies at a high galactic latitude (bI! = 44^) so there is there- 
fore a much better possibility of identifying it with an 
intrinsically faint star than for the case of C P.1919 which 
lies at b= 4^, 

Observations have therefore been made with the Cam- 
bridge one-mile radio telescope at a frequency of 408 MHz, 
using the same technique as previously described by Ryle 
and Bailey? for the observation of CP.1919. The source 
shows larger variations of flux density than CP.1919 and 





Fig. l. Enlargements of sections of both red and blue nous from the Palomar Sky Survey, 
position of CP, 0950; its size indicates the probabie errors of measurement in each co-ordinate. 
Observatory Sky Survey.) 


posed rectangle is centred on the 
‘© 2 057 atin Geographic Society Palomar 
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Fig. 2. Finding chart for CP.0950 taken from the north-east corner 
of Sky Survey Print H-233. 


also lies at à lower declination (where the resolution in 
declination is worse), but the observations allowed the 
following position to be obtained: 
&(1950-0) = 09h 50m 288-95 + 08-7 
8(1950-0) = 08? 10^ +1 
A search has been made using an overlay technique? 
to locate the position of the source on prints of the 
Palomar Sky Survey and enlargements of both red and 
blue prints are shown in Fig. 1. A finding chart for the 
area is given in Fig. 2. 
These photographs show that just within the error 
rectangle there is a very faint (219m) red object barely 
visible on the blue print. Apart from this object there is 


li 
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no other image brighter than ~20m-5 which can be 
associated with the radio source, even when account is 
taken of proper motion which may have oceurred since 
the epoch of the Sky Survey. 

New measurements of proper motion and parallax 
should readily show whether the 19m object is at a 
sufficiently small distance to be associated with the radio 
source. 

Tt has been suggested that the pulsed radio sources 
may be associated with either white dwarf or neutron 
stars. It is therefore interesting to compare the apparent 
magnitude of the observed objeet with that expected for 
a white dwarf at a distance of ~ 30 pe. 

Allen* gives the range of absolute magnitudes of white 
dwarfs as 10 to 15 (spectral types B, to K,), so that at a 
distance of 30 pe they would have apparent magnitudes 
in the range 12-5-17-5. It is thus clear that, if the 19m 
object is in faet associated with the radio pulses, its 
absolute magnitude is at least 1m-5 fainter than that of 
normal white dwarfs. If measurements of proper motion 
and parallax reveal that this object cannot be associated 
with the radio source, the discrepancy is still greater. 

The pulsation of this radio source ean therefore only 
bo attributed to a harmonie of radial oscillations of à 
white dwarf—or indeed to any other mechanism associated 
with a white dwarf—if its absolute magnitude is greater 
than 16-5, corresponding to a spectral type substantially 
later than K. These results would also presumably be 
compatible with a phenomenon associated with a neutron 
star. a 

We thank Mr B. Elsmore for his assistance in making 
the observations. 
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Tae fibrinogen molecule from many mammalian species 

consists of three pairs of polypeptide chains, «(A), 6(B) 

and y* (refs. 1-7). During the transformation of fibrinogen 

to fibrin in the presence of thrombin, fibrinopeptides "A" 
e 


* This nomenclature for the three chains has been recommended by the 
International Committee on Haemostasis and Thrombosis (Washington, 
1967). The nomenclature: A, B and C chain has earlier been used by us for 
a(A), ACB) and y-chain, respectively. A and B are reserved for designation of 
the peptides released by thrombin from the N-terminal ends of the a(^A") 
and B(B) chains, respectively. There are small amounts of two analogues of 
the A peptide also released by the action of thrombin from human fibrinogen, 
Fibrinopeptide AY, earlier designated Y, has the same amino-acid sequence 
as fibrinopeptide A less the N-terminalalanine; AP is fibrinopeptide A having 
a phosphoserine residue replacing serine at position 3 from the N-terminal 
end. "A" refers to A - AP -- Y. 


The three peptide chains in fibinogen are cross-linked at the N- 
terminal end of the molecule in a firm disulphide knot. The fibrinogen 
molecule is probably a dimeric structure with two identical disulphide 
knots located at opposite poles perpendicular to an axis of symmetry. 


and B are split off from the N.terminal ends of the 
zx('A") and 8(B) chains, respeetively*-U. The proteo- 
lytically altered fibrinogen units then polymerize or 
aggregate to form fibrin. 

After cleavage of methionyl bonds in human fibrinogen 
with cyanogen bromide (CNBr) a fraction containing 
N-terminal fragments of the «(A), 6(B) and y-chains has 
been obtained". Following reduction and alkylation of 
this fraction, individual fragments of the three chains 
have been separated and their partial amino-acid sequences 
determined (refs. 12 and 13 and our unpublished work). 

The observation that the N-terminal portions of all 
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three peptide chains in fibrinogen were present in the 
same fraction of CNBr-treated fibrinogen, and the facts 
that these chains contain a number of half-cystine residues 
and are released on reduction and alkylation, suggest 
that the peptide chains in fibrinogen are joined together 
at the N-terminal end of the fibrinogen molecule in a 
firm “disulphide knot'''?. We now report the purification 
and characterization of the N-terminal “disulphide knot" 
from human fibrinogen which gives further support for 
this view. 

Fibrinogen was prepared as described earlier!*^!5, A 
1 per cent fibrinogen solution in 70 per cent formic acid was 
dialysed overnight at 5° C against 70 per cent formic acid 
and was then treated with CNBr'*:!5, 1-3 g/100 ml. solu- 
tion, for 20-25 h at room temperature to cleave the 
methionyl bonds. After removal of excess reagents by 
rotary film evaporation (at 35°-40° C) and freeze-drying 
the peptide products were separated on a column of 
‘Sephadex G-100' (Fig. 1). The fractions eluted from the 
column were lyophilized. "Table 1 shows the yield of 
material in the fractions of the experiment shown in 
Fig. 1. The different fractions were subsequently analysed 
for their content of covalently linked fibrinopeptides “A” 
(A, AP and Y) and B, by digestion with human or bovine 
thrombin*!?:?, Fractions which released these peptides 
must have contained N-terminal fragments of the «(**A") 
and B(B)-chain of fibrinogen. For these digestions ] per 
cent protein in 0-2 M ammonium bicarbonate, adjusted to 
pH 8-5, was digested with thrombin for 1 h at 37? C. 
After lyophilization the digest was redissolved in slightly 
&mmoniacal water. Human thrombin" (2,400 NIH 
u/mg) was used at a concentration of 28 NIH v/ml. 
and bovine thrombin! (350 NIH v/mg) at 32 NIH v/ml. 
of mixture. The “A’’-peptides were demonstrated by 
paper electrophoresis (1 mg of digest applied) or on thin- 
layer (0-5-0-75 mm) cellulose (Whatman CC41) plates 
(0-1 mg of digest applied) at pH 5-5 in pyridine-acetate 
buffer'?; the B-peptide was demonstrated by chromato- 
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graphy on the latter medium in n-butanol—pyridine—acetic 
acid—water (75 : 50 : 15 : 60, compare refs 6 and 12) or on 
thin-layer siliea gel plates in n-propanol-water (70 : 30, 
compare ref. 6). The presence of the a(A)-chain was 
confirmed by the release of the tripeptide, Gly-Pro-Arg'*, 
which gives a yellow ninhydrin positive spot with cathodic 
mobility on electrophoresis at pH 5-5. "This tripeptide 
constitutes the N-terminal portion of the a-chain of 
fibrin (compare Fig. 5). 


Table 1. RECOVERY OF MATERIAL AND DISTRIBUTION OF HALF-OYSTINS 
RESIDUES IN FRACTIONS OF CNBr-TREATED FIBRINOGEN (COMPARE FIG. 1) 
Half-cystine 
Fraction Weight per cent of total 
No. (g) in fibrinogen 
1 0-05 3-1 
2 0-48 37-4 
3 0:17 1344 
4 0:13 10-9 
5 0:13 73 
6 0:46 12:1 
7 0-30 40 
8 ^36 Trace 
9 0:74 12:0 
10 0-10 0-0 


The recovery of material was 96 per cent of that applied to the column, 


The “A”, B and Gly-Pro-Arg peptides were always 
released from material emerging from the column close 
to the void volume, that is, fraction 2 and to some extent 
fraction 3 (Fig. 1). The release of these peptides was the 
same with human or bovine thrombin. Except for 
fractions 2 and 3, no other fraction in the chromatogram 
of fibrinogen was susceptible to thrombin digestion. 

The rate of release of the tripeptide is much slower than 
the release of “A” and B peptides; with thrombin at a 
concentration of 3 NIH v/ml. appreciable amounts of the 
"A"-peptides appeared within 10 min and their release 
was essentially complete after 30 min incubation, whereas 
traces of the tripeptide (Gly-Pro-Arg) were first discernible 
after 180 min incubation with the enzyme. 

Fraction 2 (Fig. 1) of CNBr-treated fibrinogen was 
further purified on a column of ‘Sephadex G-200' (Fig. 2). 








90 110 130 150 
Tube No. (5-5 ml, fractions) 
Separation of N-terminal fragment on ‘Sephadex G-200’. Column: 20cm*x 73cm. A sample of 150 mg of the protein was dissolved 
Rate of flow was 22 mL/h. The dashed 
line indicates the likely distribution of principal peaks in the material. 


Fig. 


2. 
in 6 ml. of 10 per cent acetic acid and applied to the column equilibrated with the same solvent, 
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Fig. 3. N-terminal amino-acid pattern of “disulphide knot". The 

phenylthiohydantoins were developed in solvent E of Edman und 

SjOquist® on thin-layer silica gel plates containing starch. The spots 
were made visible by spraying with the iodine-azide reagent”. 


The effluent fractions from the column were pooled and 
subsequently lyophilized. The fibrinopeptides "A" and B 
and the tripeptide, Gly-Pro-Arg, were released, on digestion 
with thrombin, from fractions | to 4, with maximum 
amounts from fractions 2 and 3. Qualitative N-terminal 
analysis, with the phenyl-iso-thiocyanate method (refs. 29- 
31, compare 6) of the fractions showed alanine and tyrosine 
to be the main N-terminals in fraction 3. In the other 
fractions, appreciable amounts of additional amino-acids 
were found. In order to remove contaminating peptides 
fraction 3 was rechromatographed on ‘Sephadex 6G-200'. 
The middle fractions of the rechromatographed material 
showed only one band on electrophoresis at pH 4-1, 5:5 
and 8-6 on cellulose acetate strips or on starch gel eleetro- 
phoresis at pH 4-5. The first fractions in addition con- 
tained trailing material. N-terminal analyses (Fig. 3), with 
the Edman procedure, of the rechromatographed material 
showed that the middle protein fractions (fraction 3 and 
4 in Fig. 3) contained alanine and tyrosine as main 
N-terminal amino-acids with small amounts of aspartic 
acid and traces of some other amino-acids. Table 2 shows 
the result of the quantitative analysis of this fraction. 
These experiments indicate that the fraction chiefly con- 
sists of the N-terminal part of the humar” fibrinogen 
moleeule, which is known to have N-terminal tyrosine, 
alanine and aspartic acid residues in an average molar 
ratio of 1:0: 0-7: 0-2 (refs. 1 and 6 and compare 27). 
Alanine is the N-terminal residue of the «(A) and «(AP)- 
chains and tyrosine the N-terminal residue of the y-chain 
of fibrinogen. The aspartic acid is the N-terminal residue 
of the x(A) analogue; the x(AY) chain is one amino-acid 
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residue shorter at the N-terminal end (compare footnote, 
page 130). The sum of alanine and aspartic acid represents 
the total number of «(*‘A’’)-chains in the molecule. To 
obtain information about the number of (B) chains 
(which have blocked N-terminals) N-terminal analysis 
was performed on the fraction after digestion with 
thrombin. In addition to alanine and tyrosine, glycine 
and valine were found as N-terminals in the digest (Table 
2). The molar ratio of tyrosine to glycine is close to 1 : 2. 
This is what would be expected if fibrinopeptide B had 
been released by thrombin in equimolar amounts with the 
fibrinopeptide *A"'^* because an arginyl-glycine bond is 
cleaved at the release of both fibrinopeptide “A” and B 
from the «("A") and (B) chains':*, The valine must 
result from additional cleavage of an arginyl-valine bond 
during the release of the tripeptide, Gly-Pro-Arg, from 
the x(*A") chain fragment'*. The presence of two alanine 
residues for every tyrosine instead of the expected one 
alanine shows that thrombin has split the N-terminal 
disulphide knot at one more bond than is revealed by 
electrophoretic methods only. This additional bond is 
most likely in the @(B) or y-chain fragments. 

Table 2. N-TERMINAL AMINO-ACIDS OF THE “DISULPHIDE KNOT" BEFORE 

AND AFTER DIGESTION WITH THROMBIN 
N-terminal amino-acids, moles/10* g 


Sample Ala Tyr Gly Val Asp 
Disulphide knot 2-7 (0:87) 3-1 (1-00) — — 0-8 (0-26 
The same after 4-6 (1:70) 2.7(100) 48(178) 2-0(0.74) 1-1 (0:41 

treatment. with 
thrombin 


The N-terminal amino-acid analysis was performed with the phenyl-iso- 
thiocyanate procedure in its three stage form (refs. 29 and 30, compare 6). 
The figures were corrected according to the yield of free amino-acids in the 
analysis, The yields are: Ala 76 per cent, Tyr 73 per cent and Gly 72 per 
cent, The yield of valine was not determined but was assumed to be about 
the same as for the other amino-acids, that is, 74 per cent, About 0:3 umoles 
of sample or free amino-acid was used in the analyses. The figures within 
parentheses give the ratios to tyrosine, In the digestion experiments 1 per 
oeni pepan solution was digested with bovine thrombin at 52 NIH t/ml. 
or 6 h. 


'The N-terminal fragment contained several half-cystine 
residues (Table 3) but only traces of free-SH groups could 
be demonstrated with the 5,5’-dithiobis (2-nitrobenzoic 
acid) reagent!* in the presence of 5 M urea. The chain 
fragments were therefore probably held together by 
disulphide bridges. The essentially homogeneous N- 
terminal fragment was reduced with mercaptoethanol 
and alkylated with iodoacetie acid!?:/*, After removal of 
excess reagents by gel filtration on 'Sephadex G-10' the 
S-carboxymethylated peptides were fractionated on 
‘Sephadex 6-75' (Fig. 4). Two principal peptide fractions 
(3 and 4) were obtained. Fraction 4 has alanine as the 
main N-terminal residue; it is therefore the N-terminal part 
of the x(* A") chain. Furthermore, it releases the fibrino- 
peptides "A" and the tripeptide Gly-Pro-Arg on digestion 
with human or bovine thrombin. Tyrosine was the main 
N-terminal amino-acid of fraction 3 and on digestion 
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Fig. 4. Separation of chains from the reduced and carboxymethylated 


Z inal “disulphide knot". Column: ‘Sephadex G-75', 5 cm* x 03 

A engine with 0:1 M NH, HCO,, pH 80; 45:4 mg was applied 

Yields of fractions: (1) 21 mg; (2) 3-0 mg; (3) 22-9 mg; (4) 5:1 mg; 

(5) 0-3 mg. Rate of flow was 32:3 ml./h. V»- Void volume of the column; 
Vt total volume of the column. 
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Fig, 5. 
with thrombin (Th). 


. 
Model of the arrangement of the N-terminal “disulphide knots” in the fibrinogen molecule. 


The arrows indicate the cleavage sites 


F denotes the fast reaction when peptide “A” is released and S the slow reaction when the tripeptide, Gly-Pro-Arg, 


is released. 


this fraetion contains the N-terminal ends of both the 
&(B) and y-chains of fibrinogen. Fractions 1 and 2, minor 
components with other N-terminals, may represent con- 
taminants. The fragments of the (B) and y-chains of 
fibrinogen contained in fraction 3 have been separated 
by chromatography on a carboxymethyl-cellulose column 
(our unpublished work). The column was equilibrated 
with 6 M ures containing 0:05 M sodium acetate, pH 4-0, 
and gradient elution (exponential) with 0-2 M sodium 
acetate in 6 M urea, pH 5:5, was used. The identification 
of the «(A) and B(B)-chain fragments was further supported 
by "fingerprint" analysis of tryptic digests and amino- 
acid analysis irefs. 12 and 13 and our unpublished work). 
The identification of the y-chain fragment is, in addition 
to the presence of N-terminal tyrosine, based on ‘‘finger- 
print" analysis of tryptic hydrolysates (our unpublished 
work) and on the fact that the N-terminal sequence is 
identical with the sequence of six amino-acid residues 
obtained for this chain by stepwise degradation on whole 
fibrinogen (our unpublished work) or on isolated whole 


Table 3. AMINO-ACID COMPOSITION OF N-TERMINAL “DISULPHIDE KNOT" 
AND ITS ISOLATED CHAIN FRAGMENTS 
Amino- Amino-scid residues per mole 
acid a(A) * 
Disulphide knot a(A)-chain — B(B)-chain y-chain BB -v 
Cys/2 87° (9) 8-1 (4) 1-6 (2) 3-5 (4) 10 
Asp 21-5 (22 6-2 (6) 5:4 (6) 9-7 (11) 23 
Thr 77> (8) 0:5 (0)§ 1-3 (1-2 56 (7) 8-9 
Ser 13:1 + (13) 4:1 (5) 3-6 (4) 44 (0 15 
Met 24: (3) 0-8 (1) 0-6 (1) 06 (1) 3 
Glu 22-7 (23) 6-3 (5) 7-6 (8) 9-5 (10) 23 
Pro 12 12) 2-5 (3) 4-5 (5) 2-3 (3) 11 
Gly 13-0 (13) 6'4 (7) 4-8 (5) 2-0 (2) 14 
Ala 12:5 (13) 3-1 (3) 5-7 (6) 2-8 (3) 12 
Val 9-6 (10) 8-1 (3) 2-7 (3) $6 (4) 10 
Ilo 58 (6) 0-4 (0)$ 1-0 (1) 43 (5) 6 
Leu 128 (13) 1:7 (1) 424) 64 (7) 12 
T 2 (5) 1-0 (1) 0-6(1) 8-3 (4) 6 
P 4+7 (5) 1-9 (2) 1:4 (2) 21 (2 8 
Lys 10-6 (11) 2:4 (2) 2-9 (3) 5-7 (6) 11 
is 30 (3) 1-0 (1) 1:0 (1) 10 (1) 3 
Arg 100 (10) 3:5 (4) 4:0 (4) r9 (2) 10 
Trp 20 (2) 2:0 (2) 0-0 0:0 2 
Total 50 57-58 78 185-186 
residues 
NH, 27 — — — 


Technicon autoanalyser was used for the amino-acid analyses, The 
hydrolyses were performed in 5:7 N HCl at 110° C in vacuo. The disulphide 
knot was hydrolysed for both 22 and 48 h. The integer obtained for the 
different amino-acid residues ia based on the assumption that there are three 
histidines in the molecule, that is, one in each ehain fragment. The isolated 
fragments of the (A), /(B) and y-chains were only hydrolysed for 22 h. 
The values in parentheses indicate the most probable number of residues, 
For the chain fragments the latter numbers have been deduced from previous 
and contemporary analyses of 22, 48 and 72 h hydrolysates of the purified 
chain fragments obtained directly from fraction 2 of Fig. 1 by using different 
purification procedures (ref. 12 and our unpublished results), 

* Determined as sum of S-carboxymethyl cysteine, cysteic acid and cystine. 

Extrapolated value. 
Methionine was recovered as homoserine. This peak appeared in front 
of glutamic acid. 


The nce of threonine and isoleucine in the partially purified a(A)- 
chain is due to contamination with the »-chain and to some extent the A(B)- 
^ t. This will result in high values, especially for glutamic acid 

e, 


y-chain (personal communication from A. Henschen) of 
human fibrinogen. (This sequence is also identical with 
the y-chain of bovine fibrinogen?*.) Table 3 shows the 
amino-acid analyses of the isolated chain fragments. The 
sum of residues in the three chains agrees well with the 
number of residues in the N-terminal fragment before 
reduetion and alkylation. 

These results show that the three peptide chains in the 
fibrinogen molecule are firmly eross-linked close to the 
N-terminal end of the molecule. The linkages between 
the chains are probably disulphide bridges because 
N-terminal fragments of the three chains are released 
from the disulphide eontaining fraction by reduction and 
alkylation. 

The minimum molecular weight of the N-terminal 
“disulphide knot” from fibrinogen based on amino-acid 
analysis (Table 3) is 21,700. Because the y-chain fragment 
also contains a covalently linked sugar moiety (our unpub 
lished work, neutral sugars 8:9 per cent, glucosamine 3-0 
per cent and sialic acid 3-9 per cent) with an approximate 
residue weight of 2,000 the total molecular weight must 
be about 23,700. The N-terminal amino-acid analysis 
(Table 2) gives a minimum molecular weight of 28,500 
based on the sum of alanine and aspartic acid residues and 
a somewhat higher value if based on the N-terminal 
tyrosine. Sedimentation equilibrium analysis?! (in 2 M 
urea, 0-05 per cent EDTA) gives a moleeular weight of 
26,500 for the "disulphide knot". We can thus conclude 
that the most probable molecular weight of the N-terminal 
“disulphide knot” is around 26,000 and that it is a mono- 
meric unit, containing N-terminal fragments of one of 
each of the three chains of fibrinogen. In whole fibrinogen 
with a molecular weight of 340,000 (ref. 22), there are, 
however, two of each of the three chains present’. Our 
analysis thus indicates that in a fibrinogen molecule of 
340,000 unit weight there must be two identical N 
terminal “disulphide knots". 

There are fifty-six half-eystine residues per 340,000 
unit weight ®f fibrinogen?*, There are twenty half-cystine 
residues in the chain fragments contained in two "disul- 
phide knots" (Table 3) (ref. 12 and unpublished work). 
Thus 36 per cent of the half-eystine is present in only 
about 15 per cent of the molecule. As Table 1 shows, 50 
per cent of the half-cystine in fibrinogen is present in 
fractions 2*and 3 which are the only fractions containing 
the N-terminal part of the molecule. Thus most of the 
half-eystines in these fractions are constituents of the 
N-terminal disulphide knot. The distribution pattern of 
half-eystine (Table 1) also indicates that fibrinogen, like 
wool, contains highly disulphide cross-linked fragments 
as well as portions with low or no disulphide content 
(compare ref. 24). 
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Data obtained from chemiealt57, hydrodynamic? 
and X-ray diffraction analysis? suggest that the fibrinogen 
molecule is built up of two identical "sub-units" heving 
one axis of symmetry. In such a fibrinogen dimer, accord- 
ing to the measurements of Haschemeyer^, the N- 
terminals of the «(A)-chains would be located at opposite 
ends, equidistant from the centre but on the same side of 
the moleeule's longitudinal axis. Our data indicate 
that in the dimer the N-terminal ends of the B(B) and 
y-chains of fibrinogen are located in the same area of 
the molecule as the N-terminals of the o(A)-chains (Fig. 5). 
This symmetrical model for fibrinogen has some similarity 
to the divalent symmetrical model proposed for immuno- 
globulins. The regions of biological activity for both types 
of molecules may be presumed to reside at opposite poles 
perpendicular to an axis of symmetry. We speculate 
that in the three-nodule structure of fibrinogen deduced 
from the electron microscopic picture by Hall and Slayter? 
the end nodules contain the N-terminal disulphide knots. 
The middle nodule in the electron micrographs might 
represent the region where fibrinogen "monomers" of 
170,000 unit weight are joined together. 

We have established that the N-terminal disulphide 
knot maintains a conformation susceptible to the proteo- 
lytic action of thrombin. The structural elements of 
importance for the polymerization process during the 
fibrinogen-fibrin transformation may reside in this 
portion of the molecule. 
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Fibrinogen Detroit—a Molecular Defect in the N-terminal 
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e 
CONGENITAL dysfibrinogenaemia has so far been described 
in six families (refs. 1-8 and personal communication from 
M. Verstraete). The abnormal fibrinogen discussed here 
was encountered in a Detroit Negro family with an auto- 
somal dominant pattern of heredity?. The proband, an 
18 yr old woman, had a severe bleeding disorder. The 
fibrinogen in her plasma had a very low reactivity towards 
thrombin. This was the only coagulation abnormality®. 
Immuno-electrophoresis of the patient's fibrinogen showed 
a slightly higher cathodic mobility than normal*. Ultra- 
centrifugal studies revealed no apparent difference in 


* Permanent address: Department of Blood Coagulation Research, 


Karolinska Institutet, Stockholm, Sweden. 


Fibrinogen from a patient with a blood coagulation disorder has 
an amino-acid substitution (arginine to serine) in the vicinity of the 
bond split by thrombin during normal blood coagulation. 


molecular weight of the abnormal fibrinogen’. After 
sulphite cleavage the average molecular weight of the 
three chains in the molecule were also (within the experi- 
mental errors) the same as normal fibrinogen’. The 
amino-acid composition of normal and the patient's 
fibrinogen? were essentially the same. In the 22 h hydro- 
lysate of the patient's fibrinogen, however, lower values 
for lysine and valine were found’. Carbohydrate analyses 
of the patient’s fibrinogen showed significantly lower values 
for neutral sugars (orcinol-method), sialic acid and hexos- 
amines than for normal fibrinogen’. We now report a 
difference in amino-acid sequence of the «(A)-chain of 
fibrinogen Detroit. 
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Fig. 1. Amino-acid sequence of the a(A)-chain fragment of the N- 

terminal disulphide knot of normal human fibrinogen. This amino-acid 

sequence has already been reported'^", The numbers above the 

horizontal arrows refer to the peptide spots observed in the fingerprint 

of normal a(A)-chain fragment presented in Fig. 3a. T, Bond split by 

thrombin; TRY, bond split by pu: BrCN, bond split by cyanogen 
bromide treatment. 


Plasma (200 ml.) was obtained from the patient as well 
as from a healthy person. The fibrinogen in the plasma 
samples was enriched in Cohn's fraetion 1 (ref. 9) and further 
purified by precipitation with ammonium sulphate’. 
After removal of ammonium sulphate the fibrinogen was 
finally purified by fractional precipitation according to the 
glycine procedure", The coagulability of the normal 
fibrinogen after purification was 97 per cent. The abnor- 
mal fibrinogen did not form a clot under standard condi- 
tions for coagulability determinations (incubation for 
2 h at room temperature with thrombin (5 NIH units 
per ml.!*), The yield of protein was 167 mg from the 
patient and 212 mg from the normal person. 

The 205 mg of normal and the 163 mg of abnormal 
fibrinogen were dissolved in 70 per cent formie acid and 
treated with cyanogen bromide (CNBr) and the products 
from both fibrinogens separated, one after the other, on 
the same column of ‘Sephadex G-100' (ref. 13 and pre- 
ceding article). The fractions emerging from the column 
were reacted with human thrombin' and analysed for 
release of fibrinopeptide A and AP (peptides 1 and 3, 
Fig. 1) and for the release of the tripeptide Gly-Pro-Arg 
(peptide 9) from this chain. These peptides were identified 
after electrophoresis of the thrombie digest (0-1 mg in 2 ul.) 
on thin-layer (0:75) cellulose plates (compare first dimen- 
sion in legend to Fig 3). Fibrinopeptides isolated from 
pooled human fibrinogen were used as reference sub- 
stances!'*, After the electrophoresis the plates were dried 
and stained with ninhydrin. Fibrinopeptides A and AP 
were released from the same fraction (fraction 2, compare 
Fig. 1 in preceding article) of both fibrinogens. The 
tripeptide, Gly-Pro-Arg (peptide 9, Fig. 1), however, 
was not released from fraction 2 of the abnormal fibrino- 
gen. Even after digestion for 7 h at these high thrombin 
concentrations (28 NIH v/ml.) there was no trace of the 
tripeptide. 
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In order to establish if there was any significant differ- 
ence in the rate of release of fibrinopeptides A and AP, 
fraction 2 from normal and abnormal fibrinogen was 
digested at low thrombin concentrations (3 NIH v/ml.) 
for 10, 30, 60 and 180 min. (After the incubation with 
thrombin the reaction was inhibited by addition of acetic 
acid.) Partial release of fibrinopeptides A and AP from 
both the normal and the abnormal fibrinogen was observed 
even at the shortest incubation time and after 60 min it 
was essentially complete with both. This experiment 
therefore failed to reveal any difference in rate of release 
of fibrinopeptides A and AP. Incubation of fraction 2, 
from abnormal and normal fibrinogen, with high concen- 
trations of thrombin released fibrinopeptide B.  Fibrino- 
peptide B was isolated by two dimensional eleetrophoresis— 
chromatography (compare legend to Fig. 3) and identified 
by the Sakaguchi reaction!*, 

Samples of 14-2 and 23-3 mg of fraction 2 from abnormal 
and normal fibrinogen, respectively, were reduced with 
mercaptoethanol and alkylated with iodoacetie acid and 
again fractionated on a ‘Sephadex G-100' column (Fig. 2)". 
Table 1 shows the yield of the different fractions. The 
fractions were analysed for the presence of peptides A, AP, 
B and the Gly-Pro-Arg tripeptide as described here. 
Fibrinopeptides A and AP were released from fractions 
5 and 6 of both normal and abnormal fibrinogen, chiefly 
from fraction 6. The tripeptide was not released from the 
abnormal fibrinogen fractions during the incubation with 
thrombin. This agrees with the difference observed before 
reduction and alkylation. Fibrinopeptide B was released 
from fraction 4 of both normal and abnormal fibrinogen. 


Table 1. YIELD AND IDENTITY OF DIFFERENT FRACTIONS FROM REDUCED 
AND ALKYLATED PARTIALLY PURIFIED “DISULPHIDE KNOT" 
Weight (mg) N-Terminal chain fragment present 
Fractions Normal Patient Normal Patient 
1 04 0:1 Unknown Unknown 
2 0-8 0:4 Unknown Unknown 
3 6-2 21 Unknown Unknown 
4 11-7 67 y +8(B) Y +B(B) 
5 18 1-1 a(A)*t y a(A)* Y 
6 2-9 17 a(A)+(y) alA)+ (y) 
7+ 2-1 3-7 Unknown Unknown 
25-9 15:8 


Fraction 6, which contains chiefly the N-terminal 
a(A)-chain fragment (compare Fig. 1), from both types 
of fibrinogen was subjected to digestion with trypsin. 
The tryptic digests were applied to thin-layer cellulose 
plates for two-dimensional electrophoresis~chromato- 
graphy (Fig. 3). The “fingerprint” of fraction 6 from the 
normal control (Fig. 3a) had all the expected tryptic 
peptides'.'7, Peptide 9 (Figs. 1 and 3) gives a bright 
yellow colour with the ninhydrin reagent. This peptide 
was absent from the ''fingerprint" of fraction 6 from the 
abnormal fibrinogen (Fig. 3b). The peptide at the position 
of peptide 7 in the normal "fingerprint", however, was 
yellow instead of a purple-violet colour. This coloration 
suggests proline is present in the abnormal peptide. The 
fact that peptide 9 was missing and the change in colour 
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Fig. 2, Separation of peptides from the reduced and alkylated ''disu 
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Fiz. 3. Two dimensional Va pg (e>)-chromatography $ of tryptic digests of fraction 6 on thin-layer cellulose plates. 
. of 0:2 M NH,HCO, buffer, pH 8:5, 


digestion 0-3-0-5 mg in 30-50 u 
37°C. The weight ratio of enzyme to subatrate, 1 : 100. 
2-3 ul. was applied to the thin-layer plate. 
Electrophoresia was carried out in pyridine : acetic ac 
apparatus ( Brinkmann-Desaga) cooled with tap water. 


the jar for 70 min before the start, 


of peptide 7 indicated that peptide 7 of the abnormal 
"fingerprint" consisted of elements of both peptides 9 
and 7 from normal fibrinogen. The new peptide was 
almost neutral at pH 5:5. This strongly suggested that 
the new peptide consisted of amino-acid residues 17-23 
of the «(A)-chain of human fibrinogen except that the 
arginine at position 19 had probably been replaced with 
a neutral amino-acid. Such a substitution would explain 
both the change in electrophoretic mobility and the 
resistance of the new peptide towards the action of trypsin 
and thrombin. On mixing the tryptic digests from normal 
and abnormal fibrinogen all the tryptic peptides of the 
normal «(A)-chain fragment could be detected (Fig. 3c), 
but no additional peptide spot could be observed. Peptide 
No. 7 in the mixture had, however, a yellow-greenish 
colour which indicated that the peptide of the abnormal 
fibrinogen completely overlapped peptide 7 of normal 
fibrinogen. 

For further analysis peptide 7 of normal and abnormal 
fibrinogen was collected from three separate "finger- 
prints". To do this the area above the diagonal indicated 
in Fig. 3a was covered with a plastic sheet. before spray- 
ing. The lower part of the plates was then stained with 
ninhydrin and the colour allowed to develop at room 
temperature. Guided by the spots on the lower part of 
the plate, peptide 7 from both abnormal and normal 
fibrinogen was located. The cellulose powder from this 
part of the plate was then sucked onto a sintered glass 
filter and the peptides contained in the cellulose eluted 
(7-10 times) with 0*5 ml. portions of 10 per cent acetic 
acid. The eluates were pooled and evaporated on a rot ary 
film evaporator. The peptides wero finally taken up in 
57 N HCl and hydrolysed for 19-22 h at 110? C. Amino- 
acid analysis of the hydrolysate of the abnormal peptide 


Table 2, AMINO-ACID COMPOSITION OF ABNORMAL PEPTIDE 

Amino-acid i moles Re@dues 
Asp 0-0032 0:13 
Thr 00011 0:04 
Ser 0-0230 0-90 (1) 
Gla 0.0326 r27 (1) 
Pro 0-0237 0-93 (1) 
Gly 0:027: 1:00 (1) 
Ala 0.0025 0:10 
Val 0-0421 1-65 42 
Ile Trace Trace 
leu Trace Trace 
Tyr Trace Trace 
Phe Trace Trace 
Lys Trace Trace 
His Trace Trace 
Arg 0:0256 1:00 (1) 


The analysis was performed with a Technicon autoanalyser, Figures 


in parentheses indicate most probable number of residues. 


Then the preparation was dried for 42 min at 45° C. 


in n-butanol : pyridine : acetic acid : water (150 : 100 : 30 : 120 v/v) at room tem 
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For tryptic 
was digested with trypsin (Worthington TRL 50S 7J4) for 4 h at 


After digestion the samples were freeze dried and redissolved in 6-10 ul. of water, 
Glass po (20 x 20 cm) were covered with a (0-5 mm) layer of cellulose (Whatman CC 41). 
d : water (100 : 35 : 4-865 v/v); 


pH 5:5 buffer'*- at 300 V for 1 h 15 min in a horizontal 
Ascending chromatography was 


rature (20*-23* C). The plates were equilibrated in 


After chromatography the plates were dried for 20-25 min at 80°C and sprayed with ninhydrin**, 
a, Normal (2 u1.): b, patient (2 ul.); 


c, normal + patient (1 ul, +1 4l.). 


showed the composition shown in Table 2. Obviously 
the abnormal peptide contains all the residues of the 
normal peptides 9 and 7 but it also contained a 
serine residue. Quantitatively, the value for arginine is 
only half that which would have been expected for the 
sum of normal peptides 7 and 9. The amino-acid analysis 
of peptide 7 from normal fibrinogen showed the amino- 
acids of peptide 7 with expected ratios (Fig. 1). This 
peptide preparation was less homogeneous than the 
abnormal peptide as judged by the increased amounts of 
trace amino-acids (Asp, Thr, ete.) Serine was also 
present but in terms of residues only about one-third 
of the arginine. 

These results suggest that in the N-terminal part of 
the «(A)-chain of fibrinogen Detroit, arginine residue 
No. 19 is replaced by a neutral amino-acid, most likely 
serine. Replacement of arginine by serine could be 
achieved by a single base substitution in one of the RNA- 
codons for arginine'*. The total absence of normal 
peptide 9 suggests that the afflicted patient is homo- 
zygous for the fibrinogen Detroit trait. The substitution 
oecurs close to the bond number 16 which is split by 
thrombin during the fibrinogen-fibrin transition, but it 
has not, at least in CNBr-treated fibrinogen, appreciably 
altered the susceptibility of the arginyl bond at position 
16 to the action of thrombin. It is therefore likely that 
the substitution adversely influences the polymerization 
stage that follows the release of the fibrinopeptide A and 
thus results in a severe bleeding disorder. The replace- 
ment of a strongly basic amino-acid with a neutral 
hydroxy acid in the N-terminal portion of the «(A)- 
chain"? may result in considerable conformational changes 
in the N-terminal disulphide knot (see preceding article) 
of fibrinogen and these changes may direetly or indirectly 
affect the “active site" for polymerization. The lower 
carbohydrate content observed in fibrinogen Detroit* 
may be secondary to a change in primary and/or tertiary 
strueture of the protein. 
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Effects of 5-Hydroxytryptamine on Platelet Aggregation 
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5-Hydroxytryptamine produces reversible aggregation of human 
blood platelets and potentiates aggregation brought about by 
adrenaline and ADP. Within a wide range, these effects are inhibited 
in proportion to the logarithm of the time-interval between the 


addition of 5-hydroxytryptamine and the subsequent addition of 
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Broop platelets of many mammals, including man, 
contain high concentrations of 5-hydroxytryptamine the 
functions of which, if it has any, are still unknown. 
5.Hydroxytryptamine added to  platelet-rich plasma 
in vitro causes platelets to aggregate'. As demonstrated 
photometrically?, this aggregation is always small and 
soon reversed. The aggregation increases with the 5- 
hydroxytryptamine concentration from about 2x 10-* M 
to about 5x 10-* M; with higher concentrations aggrega- 
tion diminishes again; furthermore, a second dose of 
5-hydroxytryptamine added 2-30 min after the first does 
not cause aggregation®. Platelet aggregation by adenosine 
diphosphate (ADP) or by (-)-adrenaline is potentiated by 
low concentrations of 5-hydroxytryptamine (unpublished 
results of Mills and Roberts). 

We have already shown that platelets obtained from 
rabbits treated with 5-hydroxytryptamine are no longer 
aggregated by it or by the combination of 5-hydroxytrypt- 
amine with adrenalinet. Apparently platelets saturated 
with 5-hydroxytryptamine are no longer aggregated by 
it, a conelusion supported by experiments in which 
saturation was effected in vitro. Following this observa- 
tion, we have looked for and investigated similar effeets 
with human platelets. 

Blood was obtained from healthy volunteers of either 
sex. A stainless steel needle was inserted into the ante- 
cubital vein; freely-flowing blood was collected in 
polycarbonate centrifuge tubes containing 0:1 volume 
of a 3-8 per cent solution of trisodium citrate. The blood 
was gently mixed with the citrate by inverting the tubes 
six times against parafilm and centrifuged at room 
temperature for 10 min at 250g to sediment the red cells. 
The supernatant platelet-rich plasma was transferred to 
a plastic container and kept at room temperature for the 
2 h or so during which samples were used for aggregation 
experiments. 'lhe concentration of platelets was deter- 
mined with a Coulter counter Model F before these 
experiments and again after about 1 and 3 h. 

The aggregation of platelets in the plasma was measured 
with the photometric method? as used by Mills and 
Roberts*, Samples (1 ml.) were warmed to 37? € for 5 min 
in siliconized glass tubes which were then placed in the 


another aggregating agent or of 5-hydroxytryptamine again. The 
evidence suggests that these actions are due to an association of 
5-hydroxytryptamine with specific receptors on the platelet mem- 


cell compartment, also maintained at 37° C, of an EEL 
absorptiometer model No. 4. Light transmittance through 
the tube was recorded continuously on à 10 mV recorder 
(W--W Electronie, Basle) at a chart speed of 5 em/min. 
The recorder scale was calibrated by adjusting the 
sensitivity and the zero to give nearly full-scale deflection 
between platelet-rich plasma and plasma after maximal 
aggregation produced by 10 uM ADP*, Reagents to 
produce concentrations up to 100 uM were added with 
microsyringes (Samplejector, Guild Corporation) in vol- 
umes up to 10 ul; for higher concentrations, pipettes 
were used delivering up to 0-1 ml. The concentrations 
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Fig. 1. Measurements of first and second phase aggregation and dis- 

Aggregation as tangents to the ateepest slopes of the light transmittance 

records, expressed as velocities in mm/min, For comparison. adrenaline 

(5 uM) and 5-hydroxytryptamine (5 4M) were added separately. a, 

Velocity of first phase aggregation; b, velocity of second phase aggrega- 
tion; c. velocity of disaggregation. 


to be shown in brackets are final concentrations in the 
plasma. 

The rate of platelet aggregation was measured as the 
tangent to the steepest slope in the light transmittance 
records? during the first and second phases of aggregation®:* 
and expressed as aggregation velocity in mm/min (Fig. 1). 
The rate of disaggregation was measured similarly. In 
this way each experiment provided one, two or three 
velocities so that, as shown in subsequent figures, the 
concentration or time dependencies of the first and 
second phases of aggregation and disaggregation could 
be demonstrated. The following substances were used: 
ADP (sodium salt) and 5-hydroxytryptamine creatinine 
sulphate from Sigma Chemical Corporation; and (-)- 
adrenaline dihydrogen tartrate from Fluka AG (Buchs 
SG, Switzerland). 


Aggregation by 5-Hydroxytryptamine 

Aggregation by 5-hydroxytryptamine was small and 
soon reversed (Fig. 1) and never entered the second phase 
of aggregation which is associated with the release of 
5-hydroxytryptamine and of ADP from the platelets®. 
The log dose-response curves of the aggregation by 5- 
hydroxytryptamine of the platelets of three different 
individuals are shown in Fig. 2. The curves are very similar. 
The velocities of both aggregation and disaggregation 
passed through maxima when the concentration of 5- 
hydroxytryptamine was 5-10 uM. Higher concentrations 
diminished both velocities. The log dose-response curves 
were nearly symmetrical about the 10 uM abscissa, 


Aggregation by Adrenaline 


Adrenaline caused aggregation? which was quite 
different from that produced by 5-hydroxytryptamine. 
Aggregation by adrenaline showed two distinct phases. 
The velocity of the first phase increased with the concentra- 
tion of adrenaline. This phase did not reverse but, with 
all except the lowest concentrations, passed into a second 
phase (Fig. 1). In most plasmas this phase was separated 
from the first by a clearly defined decline in aggregation 
velocity; consequently the velocities of the first and 
second phases could be measured separately. Fig. 3 
shows that the velocity of the first phase passed through 
a maximum when the adrenaline concentration was 
20-100 uM, that is, about ten times higher than the 
concentration of 5-hydroxytryptamine which produced 
its maximal velocity. With higher concentrations of 
adrenaline the velocity of aggregation decreased. 

The velocity of the second phase also depended on the 
concentration of adrenaline (Fig. 3) and passed through 
a maximum with an adrenaline concentration lower than 
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Fig. 2. Aggregation and disaggregation of platelets brought about by 
5-hydroxytryptamine in platelet-rich plasma of three healthy donors 
(O, L.C., d, 3:35 x 10* platelets/ml.; @, W.B., g, 2-20 x 10° platelets/ml.; 
&, C.M., 2, 3:18 x 10" plateleta/ml.). In this and the following figures 
the horizontal lines through some of the points indicate individual 
measurements, the corresponding points being their means, 
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Fig.3. First (above) and second (below) phases of aggregation produced 

by adrenaline in platelet-rich plasma of three healthy donors (O, L.C.. 

d. $39 x 10* platelets/ml.; 6, A.S., 4$, 2-40 x 10" aweegekee €. 

G.R., d, 4:00 x 10* platelets/ml.). With one donor (G. R.) the velocity of 

aggregation showed no diminution between the first and the second 

phases; consequently the velocity x the second phase was not measur- 
able, 


that which produced maximal velocity in the first phase. 
Furthermore, the diminution in velocity produced by 
higher concentrations was more marked in the second 
than in the first phase. 


Time Dependence of Potentiating and Inhibiting Effects 


We have now established that the potentiation of 
aggregation by 5-hydroxytryptamine is greatest when 
added immediately before or together with adrenaline 
or ADP or, indeed, ancther dose of 5-hydroxytryptamine 
itself. This potentiation depends on the concentrations 
of 5-hydroxytryptamine and the other aggregating agent. 
Furthermore, as the time interval between the addition 
of 5-hydroxytryptamine and the subsequent addition of a 
second dose of this or another agent is increased, the 
velocity of aggregation is progressively diminished. 
For a wide range, this diminution is proportional to 
the logarithm of the time. Aggregation velocities were 
determined with each aggregating agent added by itself 
and at increasing time intervals after the addition of 
5-hydroxytryptamine (0-25-50 uM). Control experiments 
showed that stirring the plasmas at 37° C for these times 
without 5-hydroxytryptamine did not significantly dimin- 
ish the effectiveness of the aggregating agents. All 
the results to be deseribed were similar with platelet-rich 
plasmas from at least three different donors, 

Fig. 4 shows the potentiating and inhibiting effects of 
5-hydroxytryptamine on aggregation by 5-hydroxytrypt- 
amine itself, In this experiment, 0:25 uM 5-hydroxytrypt- 
amine produced an aggregation velocity of 42 mm/min; 
this is shown at the left side of the figure. When a second 
dose of 5-hydroxytryptamine (1 uM) was added 6 s later, 
the velocity was 104 mm/min which was a little greater 
than the velocity produced by 1 uM 5-hydroxytryptamine 
alone. When this second dose was added at increasing 
times after the first, the velocity decreased in proportion 
to the logarithm of the time intervals until, after 4 min, 
it was zero. The figure also shows that, with a preceding 
dose of 5 uM 5-hydroxytryptamine, the potentiating 
effect of the second dose (1 uM) was small because 5 
uM 5-hydroxytryptamine alone produced maximal velocity 
of aggregation (Fig. 2). On the other hand, the time de- 
pendent inhibition increased more rapidly than that caused 
by the smaller dose and was total already after | min 
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Fig. 5 shows the velocities of the first and second phases 
of aggregation and disaggregation by 5-hydroxytryptamine 
and adrenaline separately (left) and plotted against the 
logarithm of the time interval between the additions of 
5-hydroxytryptamine and adrenaline. When adrenaline 
was added 6 s after 5-hydroxytryptamine the velocity 
of the first phase was greatly potentiated, whereas the 
velocity of the second phase was unchanged. With 
increasing time intervals the aggregation velocities of 
both phases decreased progressively, but only that of the 
first phase decreased in proportion to the logarithm of 
time. With intervals of 8 min or longer the second phase 
was abolished and so was the potentiation of the first phase. 

5-Hydroxytryptamine had similar potentiating and 
inhibiting effects on platelet aggregation produced by 
ADP (Fig. 6). When the interval was greater than 1 min 
the velocity of aggregation was increasingly inhibited in 
proportion to log time. Furthermore, with intervals of 
1-20 min aggregation became reversible, as shown by 
the points which represent disaggregation. Lastly, when 
aggregation was brought about by the combination of 
ADP plus adrenaline, 5-hydroxytryptamine had a similar 
inhibiting but no potentiating effect. 


Hypothesis 


Our earlier work with rabbits‘ was based on the idea that 
the comparative ineffectiveness of 5-hydroxytryptamine 
as an aggregating agent was connected with its high 
concentrations in normal platelets. Our results with 
human platelets show that 5-hydroxytryptamine causes 
both potentiation and inhibition of aggregation by three 
different agents. These facts suggest à common under- 
lying mechanism and permit a more precise and extended 
hypothesis to account for these as well as for other 
findings. Our hypothesis, whieh is shown in Fig. 7. pro- 
poses that 5-hydroxytryptamine produces its effects on 
aggregation by combining with specifie receptors on the 
platelet membrane which are identical with the receptors 
concerned in its active uptake!?, Aggregation and poten- 
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tiation occur as long as a sufficient proportion of the 
receptors is free to react with molecules of 5-hydroxy- 
tryptamine. Because the platelets swell when exposed to 
5-hydroxytryptamine, its combination with the recep- 
tors may induce a conformational change in the platelet 
surface similar to that postulated to occur with ADP?*. 
The receptors transport the 5-hydroxytryptamine rapidly 
through the membrane where the amine-receptor com- 
plex dissociates. The amine diffuses through the eyto- 
plasm and is taken up into storage organelles??-!* while the 
receptor returns empty and free to react once more, With 
increasing exposure to 5-hydroxytryptamine two things 
happen. While there is still net movement of 5-hydroxy- 
tryptamine into the platelet the 5-hydroxytryptamine 
in the storage system increasingly exchanges with 
5-hydroxytryptamine in the medium via the active 
transport receptors in the membrane (for the evidence, 
see ref. 15); in consequence a diminishing proportion 
of membrane receptors return free to react. At the same 
time 5-hydroxytryptamine increasingly exerts a stabilizing 
effect on the membrane. The stabilization of the mem- 
brane and the inability of the receptors to react cause the 
inhibitory effect of 5-hydroxytryptamine on aggregation. 


Supporting Evidence 


This hypothesis therefore involves the specific mech- 
anism by which platelets aceumulate 5-hydroxytryptamine 


Aggregation 
160 
eo 


First phase 





LA 
0 e o ccm eee 
& 
-40 
CASN EEE 
Disaggregation 
Aggregation 
c 80 e e Second phase 
i cee 
g 
= 40 
E 
= e. ^ 


: 


0:1 1 10 20 
Log time interval (min) after 


the proosas addition of 
5-hydroxytryptamine (5 4M) 


»-Hydroxytry ptamine (5 uM) 
(—- Adrenaline. (5 4M) 


Für 5. First and second phases of aggregation produced by (—)-adren- 
aline (5 uM) at different time intervals after the preceding addition ot 
5-hydroxvtryptamine (5 4M). For comparison, first and second phases 
of aggregation and disaggregation brought about by 5-hydroxytrypt- 
amine alone and by adrenaline alone are indicated to the left of the 
figure. Ordinate: velocities (mm/min) of firat phase of ageregation and 
of disaggregation (above) and of second phase of aggregation (below): 
abscissa: logarithm of time interval (min) after the preceding addition of 
5-hydroxytryptamine (5 4M). 
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Fig. 6. Affgren don and disaggregation of platelets produced by ADP 
(1 uM) at different time intervals after a preceding addition of 5-hydroxy- 
tryptamine (5 #M). For comparison, aggregation and disaggregaticn 
brought about by 5-hydroxytryptamine alone and by ADP alone are 
indicated on the left of the figure. Ordinate: velocities (mm/min) of 
aggregation and disaggregation; abscissa: log time interval (min) 
after the preceding addition of 5-hydroxytryptamine (5 4M). 


to account for its effects on aggregation. "The following 
are some of the observations and deductions which are 
accounted for by this hypothesis. 

(1) The aggregation of human platelets occurs in two 
phases*. During the first phase loose aggregates are formed 
in which the platelets are swollen but intact; during the 
second the aggregates become more compact while the 
platelets release some of their contents including 
ADP and 5-hydroxytryptamine**, 5-Hydroxytryptamine 
caused immediate aggregation which consisted of the first 
phase only. The potentiating effect of 5-hydroxytrypta- 
mune on aggregation by adrenaline or ADP also occurred 
very rapidly (within 1 min) and was therefore exerted 
on the first phase which passed into the second phase 
only if the potentiation was great enough. The rapidity 
of aggregation and potentiation by 5-hydroxytryptamine 
suggests that these effects are manifestations of a reaction 
between the amine and a receptor for it on the surface 
membrane of the platelets. Earlier work on the mechanism 
of the active uptake of 5-hydroxytryptamine by platelets 
had indicated the existence of such receptors numbering 
about 10* per platelet". The present results are most 
simply explained on the assumption that the effects of 
5-hydroxytryptamine on aggregation involve its reaction 
with the same receptors. E 

(2) This conclusion is strongly supported by the fact 
that the concentration of 5-hydroxytryptamine (0-3-0-4 
uM) which causes its active uptake to proceed at half the 
maximal velocity’ is very similar to that (about 0:5 uM) 
which causes half maximal velocity of aggregation (for 
maximal velocities the concentrations are about, 3-5 and 
5 uM, respectively). Even this small difference can be 
explained by assuming that 5-hydroxytryptamine was 
already exerting its inhibitory effect on aggregation 
while its velocity was being measured. 

(3) Aggregation by 5-hydroxytryptamine is inhibited 
by imipramine (unpublished results) at concentrations 
which also inhibit the active uptake of 5-hydroxytrypta- 
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mine!*"*, Apparently, the uptake is inhibited because 
imipramine combines with 5-hydroxytryptamine receptors 
on the platelet membrane*9.?!, 

(4) 5-Hydroxytryptamine itself possessed an inhibitory 
effect on aggregation brought about by adrenaline, by 
ADP or, indeed, by 5-hydroxytryptamine itself. This 
inhibition was not only eoncentration-dependent but also 
time-dependent, that is proportional to the logarithm of 
the time interval between the addition of 5-hydroxy- 
tryptamine and the subsequent addition of the aggregating 
agent. Furthermore, the inhibition affected both phases 
of aggregation. When adrenaline alone produced both 
phases, 5-hydroxytryptamine inhibited the second phase 
at a time when the first was still potentiated, and inhibition 
of the second phase was complete just as inhibition of 
the first began (eompare the 8 min interval in Fig. 5). 
This analysis of the inhibitory effect of 5-hydroxytrypta- 
mine showed that it has something in common with 
imipramine and similar substances which inhibit the 
second phase of aggregation caused by adrenaline or ADP*. 
The inhibition by imipramine also inereases slightly with 
time (unpublished results) and is weaker than that by 
5-hydroxytryptamine when fully developed (for example, 
50 uM desmethylimipramine inhibits similarly to 5 uM 
5-hydroxytryptamine after 8 min). Imipramine, chlor- 
promazine and similar drugs have a "stabilizing" effect 
on biological membranes. Our results provide evidence 
that 5-hydroxytryptamine has a similar stabilizing effeet 
on the platelet membrane. This explains why aggregation 
by 5-hydroxytryptamine itself never shows a second 
phase. Furthermore, the possibility that 5-hydroxy- 
tryptamine has a similar stabilizing action on the mem- 
branes of other cells would explain some curious effects 
such as the potentiation by 5-hydroxytryptamine of 
barbiturate hypnosis. 
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Fig. 7. Hypothesis to explain the effects of 5-hydroxytryptamine on 
platelet aggregation (see text), The symbols are as follows: @, mole- 
cule of 5-hydroxytryptamine and ::, of its metabolites; x, molecule 
of imipramine and ©, membrane receptor. (4) Normal condition, 
that is unaggregated. The first phase of aggregation ia caused or 
pose ogee when (B) 5-hydroxytryptamine (5 4M) is added alone or 
ogether with other aggregating agents; and when (C) 5-hydroxytrypt- 
amine (5 4M) is added a few seconds to a few minutes before. The first and 
second phases of aguregation are inhibited when (7) 5-hydroxytrypt- 
amine pen is added some minutes to 1 h before; when (E) 5-hydroxy- 
tryptamine (1.000 4M) is added a few seconds to a few minutes before: 
and when ( F) imipramine (10 uM) is added some minutes to 1 h before. 
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The proportionality to log time of the inhibiting effect 
produced by 5-hydroxytryptamine suggests the inactiva- 
tion of a common component by its increasing saturation 
with the amine. As the platelets accumulate 5-hydroxy- 
tryptamine the storage system becomes saturated!* 
but not as rapidly as the inhibition of aggregation. 

ith their increasing saturation, 5-hydroxytryptamine 
in the platelets exchanges with 5-hydroxytryptamine in 
the medium at a rate similar to that of the active uptake!*. 
Because diffusion is much slower. this shows that the 
uptake receptors now transport 5-hydroxytryptamine 
across the membrane in both directions. If aggregation 
ean only oceur when these receptors return free, as our 
hypothesis proposes, their failure to do so would account 
for first phase inhibition by 5-hydroxytryptamine. 

(5) There is evidence that the platelet membrane carries 
other receptors which are specific for ADP??? and that 
these number about 10° per platelet!??*, If the number of 
receptors for ADP is indeed one order of magnitude greater 
than that for 5-hydroxytryptamine an explanation would 
be provided for the difference between the concentration of 
ADP (30-100 pM) and that of 5-hydroxytryptamine 
(5-10 uM) which causes maximal velocities of aggregation 
(the maximal velocity with ADP being about three 
times greater than that with 5-hydroxytryptamine). 

Our results explain apparently contradietory reports 
about the effect of 5-hydroxytryptamine on the formation 
of platelet thrombi in vivo. When a solution of 5-hydroxy- 
iryptamine was dribbled onto slightly injured vessels on 
the cerebral cortex of anaesthetized rabbits, the frequency 
at which platelet thrombi embolized from them increased**. 
When rabbits were injected with 5-hydroxytryptamine 
(10 mg/kg) 17 and 1 h before a minor injury to the ear 
vein, the formation of platelet thrombi was inhibited**. 
Clearly, the former experiments demonstrated the immedi- 
ate potentiating action of 5-hydroxytryptamine and the 
latter its subsequent inhibitory effect. Low doses of 
reserpine (0-2-0:5 mg/kg) inhibit platelet aggregation and 
accelerate disaggregation; this can be explained by the 
release of 5-hydroxytryptamine from the storage organ- 
elles and its concomitant occupation of the receptors in 
the membrane. Large doses of reserpine (3-5 mg/kg), 
whieh empty rabbit platelets almost completely of 
5-hydroxytryptamine, inhibit neither the aggregation of 
these platelets in vitro! nor the formation of platelet 
thrombi in vivo. 

All these observations suggest a new speculation about 
the biological purpose of the 5-hydroxytryptamine in 
blood platelets. The principal physiological function of 
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platelets in haemostasis involves their adhesion and 
aggregation on sites of injury in blood vessels. 5-Hydroxy- 
iryptamine released from these platelets would at first 
enhance and later inhibit these processes and so promote 
the formation of the haemostatie plug but limit intra- 
vaseular aggregation. The uptake mechanism is required 
for providing the platelets with 5-hydroxytryptamine and 
it also prevents the platelet surfaces from becoming 
saturated with 5-hydroxyiryptamine when they are 
exposed to it, thereby maintaining the platelets in the 
condition in which they can be induced to adhere and to 
aggregate. 

The inhibiting effect of 5-hydroxytryptamine which 
can also be demonstrated in vivo suggests that a new 
approach to the prophylaxis of thrombotic diseases could 
make use of the diminution in the reactivity of blood 
platelets by their exposure to 5-hydroxytryptamine. 
This approach might be particularly effective by virtue 
of the antagonism of 5-hydroxytryptamine towards the 
potentiation of platelet aggregation by adrenaline. 
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Induction by Allogeneic Extracts of Liver-specific 
Precipitating Autoantibodies in the Mouse 


by 


Certain strains of mice immunized with liver extracts from other 
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strains of mice produced precipitating antibody against an antigen 
present in the livers of all mice and many other mammals. Immuniza- 


tion with liver extracts from the same inbred strain did not induce 
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Desrrre the fact that autoantibodies react with body 
constituents of the animals that produce them, they are 
best induced by immunization with cross-reacting antigen 
from a foreign (xenogeneic) species'-?. This seems to be 


antibody formation. The situation can be analysed genetically. 


particularly true of soluble antigens, whereas autoanti- 
bodies to particulate cellular structures have been success- 
fully induced by autologous stimulation’. We have come 
across a situation in which a liver-specific autoantibody is 
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regularly induced in mice by immunization with antigen 
from the same species, although not from the same inbred 
strain. This phenomenon offers a unique opportunity 
for genetic analysis of immunogenic and *''tolerogenie" 
functions of an antigen. 

Mice of inbred strains A/J, A2G, BALB/c, CBA, C3H 
and DBA/2 were obtained from breeding nuclei obtained 
in 1965 from the Laboratory Animals Centre, Carshalton, 
Surrey, the Zentralinstitut für Versuchstierzucht, Han- 
nover, and the Centre Suisse de Recherches Expérimen- 
tales sur le Cancer, Lausanne. Adult mice were immunized 
by weckly intraperitoneal injections of 0-2 ml. of aqueous 
mouse liver extracts mixed with Freund's complete 
adjuvant (Difco). To prepare the extracts, livers from 
inbred mice were homogenized with an equal weight of 
water and centrifuged. The supernatant was then shaken 
with chloroform and the aqueous phase, stored at — 20° C 
until used, provided antigen both for immunization and 
gel-precipitation. Treatment with chloroform was not 
essential but proved convenient. Six to seven days after 
the third and subsequent injections of antigen, trial 
bleedings were taken from the orbit. Sera from individual 
mice were allowed to react in double-diffusion gel- 
precipitation tests with various antigens. In some strains 
the repeated intraperitoneal injeetions induced the forma- 
tion of ascites’. Where this occurred, the ascites were 
tapped periodically. Similar quantities of antibody, 
when present, appeared both in the serum and in the 
ascitic fluid. 





Fig. 1, Anti-F antibodies from various mouse strains, Centre well: 
CBA liver extract; peripheral wells: (A) serum of an A2G mouse 
immunized by five injections of CBA liver; (B) normal CBA serum; 
(C) serum of a CBA mouse immunized with two injections of BALB/c 
liver; (D) serum of à CBA mouse immunized with four injections of 
BALB/c liver; (E) serum of an A/J mouse immunized with five injec- 
tions of CBA liver; (F) serum of a C3H mouse immunized with five 
injections of BALB/e liver. 


In the first experiment, ten CBA mice were immunized 
with liver extract from BALB/c mice. By the fifth con- 
secutive injection every mouse in this group had formed 
antibody which, when tested by gel-diffusion, gavg: a strong 
line of precipitation with BALB/c liver extract (Fig. 1). 
To make sure that this antigen-antibody reaction was 
not caused by some microbial eontamination of our mice, 
we repeated the experiment with CBAfC FW/Lac mice 
freshly purchased from the Laboratory Animals Centre, 
Carshalton, which we immunized with extracts from 
frozen BALB/c livers obtained from the Jackson “Labora- 
tory, Bar Harbor, Maine. The results were identical. 
Faint precipitation lines were detectable after the third, 
and antibody was present in all mice after the fourth. 
injection of antigen. 

The antibody proved to be a liver-specific autoantibody. 
Not only did it react with liver extraets from all mouse 
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strains tested, including CBA, but individual sera pre- 
cipitated extracts prepared from the liver of the anti- 
body donor. In gel-diffusion tests, reactions of identity 
developed between all antibody-containing sera and mouse 
liver antigens. Aqueous extraets similarly prepared from 
other mouse organs, including spleen, lung, heart, brain. 
gut, uterus, testis and seminal vesicles showed no reaction. 
Mouse kidney extracts consistently gave a weak precipita- 
tion line. Liver extracts from various mammals (rat, 
hamster, rabbit, guinea-pig, dog, cat, sheep, cow, horse 
and man) also gave clear lines of precipitation with the 
mouse antisera, with reactions of partial identity indicated 
by spur formation (Fig. 2). We propose to call the anti- 
body "anti-F" and the antigen it defines, *F antigen". 


Table 1. INDUCTION OF ANTI-F BY LIVER EXTRACTS FROM SIX INBRED MOUSE 
STRAINS 
Strain Liver extracts from strain 
immunized Ald A26 BALBic CBA CMM DBA 2 

Ald -* - ++ " 4 
A2G - + + 4 
BALBJe - - $a - 
CBA + + * - - - 
O3H + + t - = - 
DHBA/2 - - - - - - 


* —, No animal formed detectable antibody after à minimum of eight 
injections. 


t +, Every animal formed anti-F antibody after fewer than six injections. 


We also wanted to 
could be stimulated to 


know if other mouse strains 

form anti-F, and if mouse 
liver extracts from other strains could serve as the 
immunizing stimulus. Liver extracts from six inbred 
strains were prepared and each extract was used to immun- 
ize a minimum of five mice from each strain. Table 1 
shows the results of this experiment. There was a sharp 
distinction between combinations yielding antibody and 
combinations vielding none. In each case either every 
mouse or no mouse in a group formed antibody. All 
antibodies obtained were compared with anti-F from our 
first experiment and found to be identical as evaluated 
by gel-diffusion. 

Table 1 shows a few striking regularities. First, stimu- 
lation with syngeneic extracts did not induce antibody 
formation. In an additional experiment we injected forty 
CBA mice with CBA liver extraets. No mouse had formed 
antibody by the twelfth injection. Syngeneic extracts 
were also unable to boost an antibody level previously 
induced by an appropriate allogeneic extract. Second, 
there were two groups within which two strains behaved 





z5 1 + 


Fig. 2. Cross-reactions of anti-F antibody with liver extracts from 

various species. Centre well: serum of a CBA mouse immunized with 

tive injections of BALB/c liver. Peripheral wells: liver extracts from 
(A) calf, (B) mouse, (C) rat, (D) pig, (E) mouse, (F) rabbit. 
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identically. It will facilitate further discussion if we 
introduce the following abbreviated group symbols 
Abbreviated Inbred 
group symbol strains 
A AjJ, A2G 
B BALB/c 
C CBA, C3H 
D DBAJZ 


Using these abbreviated symbols, Table 1 can be re- 
written as Table la: 


Table 1a 
. Strain Liver extracts from strain 
immunized A [^ D 
A ~- - * * 
B = E = M 
c * * - 
D B - = = 
We could thus distinguish four phenotypes with 


respect to induction and production of anti-F. Strains 
of group A yielded extracts which were immunogenic for 
C, but not for B or D, whereas strains from group C 
yielded extracts immunogenic for A but not for B or D. 
Strains of groups B and D were apparently unable to 
form anti-F, Extracts from B induced anti-F in C, and 
extracts from D similarly induced anti-F in A. 

Several hypotheses could account for the reaction 
pattern shown in Table 1. At this early stage of our work 
the simplest possible assumptions will do. Let us assume 
that each molecule of the antigen F carries three functions, 
which for want of better terms we shall call (1) the anti- 
body binding function, (2) the immunogenic function, and 
(3) the "tolerogenie" function. The antibody binding 
funetion—the chemieal configuration recognized by the 
antibody anti-F——seems to be identical in all six strains 
of mice studied; we shall call it f". We shall call “a” the 
immunogenie funetion of strains belonging to group 4. 
Because syngeneic stimulation never led to antibody 
production, we have to assume that strains of group A 
are tolerant of their own immunogenic function a. Simi- 
larly, strains of group C may be thought of as carrying the 
immunogenie function “c”, and as being tolerant of c. 

Strain B was immunogenic for C but not for A. The 
simplest assumption is that it carries the same immuno- 
genic function as strains A, namely a. Because neither 
extracts A nor C indueed anti-F in B, however, this 
strain must be tolerant of both « and c. Similarly strain 
D can be thought of as carrying the immunogenie function 
e, and as being tolerant of both a and c. Table 2 will make 
the argument clearer. 

It can be appreciated that there are no contradictions 
between this concept and the facts presented in Table 1. 
A dichotomy between the determinants through which 
antibody formation is initiated and the determinants 
with which the antibody combines has been postulated 
before*. It is also plausible that mice which have a certain 
immunogenic function should also be tolerant of it. The 
only unusual feature is perhaps the idea that the reverse 
need not be true, that is, animals may be tolerant of 
something for which they are not immunogenic. This, 
however, could be readily explained. For example, the 
presence of large amounts of the tolerogen might be 
restricted to the embryonic period, or to organ systems 
different from the liver. Liver extracts of adult animals 
might not contain enough of the *'tolerogenie" function to 
act as immunogen on injection into different strains. 

Because the ability or inability of a strain to respond 
to a given stimulus with the production of anti-F, or the 
capacity of its extract to induce anti-F in another strain, 
is obviously under genetic control, we have to complement 
our hypothesis by proposing a genetic mechanism by 
whieh immunogenic and *tolerogenie" functions are in- 


Table 2 : 
Abbreviated Immunogenic ""Polerogenic " 
group symbol function function 
A a a 
B a ae 
c e c 
D t ale 


Lek 


Table 3. HYPOTHESIS DESCRIBING THE MODE OF INHERITANCE OF THREE 
FUNCTIONS OF THE ANTIGEN F 
Hypothetical function Mouse strains 
Postulated Antibody “Tolero- carrying 
allele combining Immunogenic genic” the allele 
Fa f a Ald, A2G 
Fe f a ae BALBIe 
Fe f e e CBA, C8H 
Fe c q,e DBA!2 


herited. According to the simplest assumption, we can 
postulate the existence of a single locus F with four co- 
dominant alleles. Table 3 lists the four postulated alleles, 
the hypothetical functions they induce and the strams 
in which they are represented in homozygous form. 

The crude hypothesis presented here would be utterly 
useless were it not for certain predictions on the outcome 
of crosses that can be derived from it and that can be 
tested. Thus one would expect that a cross between A 
and C would yield F, hybrids capable of inducing anti-F 
in both parental strains and incapable of forming anti-F 
on stimulation by parental extraets. Similarly (C x B) 
F, hybrids should be incapable of inducing anti-P in 
B or D but capable of inducing it in A and ©. Predictions 
can also be made on the behaviour of F, aud backeross 
generations. The tests performed so far have been in 
agreement with our very elementary hypothesis’. 

The following example may serve to illustrate this 
approach: F, mice were obtained from a cross of 426 with 
CBA. Liver extracts from these mice proved immuno- 
genic for CBA and A2G as required by the hypothesis. 
The F, hybrids themselves did not form anti-F on 
stimulation with 42G or CBA extracts, again in accordance 
with the hypothesis. An F, generation was raised; forty 
F, mice were immunized with 42G extracts of which 
eight formed anti-F, and forty with CBA extracts of 
which ten formed anti-F; the hypothesis would require 
25 per cent in each case. 

We have assumed that the same genetic locus governs 
the development of three functions, the antibody com- 
bining function, the immunogenic function and the 
“tolerogenic” function. This need not be so. The antibody 
combining function might well be something like a hapten, 
a prosthetic group linked to a carrier protein’, Its enzy- 
matie synthesis would then be controlled by genes 
different from the gene(s) coding for the carrier. The 
essential features of the hypothesis could nevertheless 
remain unchanged. 

A greater threat to our hypothesis is the possibility that 
failure to form antibody might not involve tolerance at all. 
Thus the unresponsiveness of certain strains of mice to 
immunization by synthetic polypeptides has been attri- 
buted to a polygenie mechanism without explicit reference 
to tolerance’. 

The role of tolerance in shaping the antibody response 
has, however, been argued convincingly?. If we accept this 
idea it would seem likely that one locus only is involved 
in immunogenicity and "tolerogenicity ". For were this 
not so, one would expect the two functions to become: 
frequently dissociated so as to yield mice which would not: 
be tolerant of their own immunogen. We have yet to 
come across this situation. It is interesting to speculate 
that even a single locus might be complex and large 
enough toeallow a rare crossing over or a deletion to have 
oceurred within its boundaries. It might therefore bo re- 
warding to search for mouse strains in which anti-F could 
be induced by syngeneic extracts. Such anomalies might 
conceivably be associated with autoimmune disorders. 
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Fate of Angiotensin | in the Circulation 


by 
K. K. F. NG The blood-bathed organ technique has been used to demonstrate 
J. R. VANE that angiotensin | is converted to angiotensin Il in the lungs, but not 
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in other vascular beds. The results do not support hypotheses which 
suggest a completely intra-renal role for the renin-angiotensin 
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system. 
Wn have shown that the comparatively inactive deca- 
peptide, angiotensin I, is converted to the active octa- 
peptide angiotensin II on passage through the pulmonary 
circulation of the dog'. In the circulating blood the 
conversion was slow and presumably of less physiological 
importance. The work was carried out with angiotensin I 
made by Skeggs* from horse plasma and the results have 
since been confirmed in rat and rabbit (Biron, personal 
eommunication). Angiotensin II disappears from the 
circulation as it passes through peripheral vascular beds?**; 
wo have now investigated the fate of a synthetic angio- 
tensin I in these beds. The Ileu*-angiotensin I was syn- 
thesized by Dr S. Wilkinson of the Welleome Foundation 
by means of the solid phase method of Merrifield*. 

The concentration of circulating angiotensin was 
measured continuously both in the venous and in the 
arterial side of the circulation by the blood-bathed organ 
technique’. Two banks of assay tissues were therefore 
used: in each a strip of rat stomach? and two rat colons® 
were suspended in polypropylene chambers and super- 
fused? in series with Krebs solution while the dog was 
being prepared. The longitudinal movements of the tissues 
were transduced with ‘Ether’ strain gauges attached to 
&uxotonie levers and recorded on a Beckmann-Offner 8 
channel dynograph. The initial load on the assay tissues 
was 1-3 g. The rat colons were much more strongly 
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contracted by angiotensin than were the rat stomach 
strips. Two rat colons were used in each bank, to obtain 
duplieate results; the tracings were always similar and 
therefore only one from each bank is shown in the figures. 
The strips of rat stomach were included to detect catechol- 
amines but, in faet, none appeared in the blood during 
any of the experiments. 

Dogs of either sex, weighing 10-30 kg, were anaesthet- 
ized with halothane delivered from a Goldman vaporizer; 
anaesthesia was maintained with ehloralose (100 mg/kg 
given intravenously) and supplemented when necessary 
with pentobarbitone (5-10 mg/kg, given either intra- 
muscularly or intravenously). The trachea was can- 
nulated and the lungs were ventilated mechanically. One 
bank of assay tissues was superfused with venous blood 
obtained through a polyethylene catheter which was 
passed down the right external jugular vein until its tip 
lay in the right ventricle, as indicated by the pulse pres- 
sure recorded through the catheter. The second bank of 
assay tissues was superfused with arterial blood obtained 
through à polvethylene catheter which was passed down 
the left carotid artery until the pulse pressure recorded 
through it showed that its tip lay in the left ventricle. 
The catheter was then withdrawn until the change in 
pulse pressure showed that the tip was just above the 
aortic valves in the ascending aorta. Mean arterial blood 
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Conversion of anziotensin I to angiotensin II in the lungs. : t 
intravenous infusions (IV) were given into the femoral vein and blood was sampled at 10 ml/min from both sides of the pul- 
The top tracing is of contractions of à rat colon bathed in venous blood, the middle 


Fig. 1. 
experiment: t 
monary eirculation for assay on the rat colons. 


Dog No, 9 (12 kg). 


‘The diagram on the left shows the plan of the 


tracing of a rat colon bathed in arterial blood, and the bottom tracing of the carotid blood pressure measured from the side arm of the 


arterial cannula. 


Angiotensin II passes through the lungs without any loss and was used to calibrate the rat colons. 


Angiotensin I had 


30 per cent of the activity of angiotensin H in the venous blood, for the contraction produced by 2-0 ugjmin was intermediate between 


those produced by angiotensin IT (0-4 ug/min and 0-8 ug/miu). 


After passage through the lungs, however, the infusion of angiotensin I 


. i ced 60 per cent of the activity of angiotensin II, for the contraction was equal to that of 0-4 yg/min of angiotensin IT. This 
(00s eves the activity of angiotensin I across the lungs was a result of the conversion of angiotensin I to angiotensin TI in the 


pulmonary circulation. 


Time, 10 min; vertical scales, 5 cm and mm of mercury. 
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pressure was recorded on the dynograph with a Statham 
P23Db transducer attached to a cannula in a femoral 
artery. 

Heparin (1,000 1u/kg) was injected intravenously and 
each bank of assay organs was then superfused with blood 
at a rate of 10 ml/min delivered by separate channels of 
a constant-output roller pump. The blood was collected 
in a reservoir and returned continuously to the dog 
through a catheter in a femoral vein. The assay system 
was calibrated by infusions of angiotensin I or angiotensin 
II into the streams of blood after they had left the dog or 
by intravenous or intra-arterial infusions into the dog, as 
described later. All infusions were made until steady state 
conditions were reached (4-8 min) as shown by the main- 
tained contractions of the rat colons and by the rise in 
blood pressure. The activity of angiotensin I was com- 
pared with that of angiotensin II by a bracketing assay. 
The two peptides were infused alternately at rates which 
produced similar contractions of the rat colons. From 
these comparisons the rates which would have produced 
identical contractions were calculated and the results 
expressed as a percentage of the potency of angiotensin II. 


Activity of Angiotensin | in Krebs Solution 


In five experiments (Table 1), the inherent activity of 
synthetic angiotensin I was compared with that of angio- 
tensin II amide (‘Hypertensin’, Ciba) on rat colons bathed 
in Krebs solution. Angiotensin I had 2-10 per cent of the 
activity of angiotensin II (mean S.E. of mean - 5-0 
0-58). The activity of horse angiotensin I of Skeggs was 
15 per cent of that of angiotensin II when measured with 
rat colons bathed in Krebs solution!. 


Conversion of Angiotensin | to Il in Blood Alone 


In three experiments, the conversion of synthetie angio- 
tensin I to angiotensin II in blood was measured in an 
external circuit to assess the activity of circulating con- 
verting enzyme. "Table 1 shows that the conversion of 
synthetic angiotensin I to angiotensin II in 30 s increased 
the activity to 17 per cent, whether in venous or arterial 
blood. With natural angiotensin I there was a similar 
slow conversion in blood!. It is difficult to estimate the 
true rate of conversion of angiotensin I to angiotensin IT 
in cireulating blood, for angiotensin II (and perhaps also 
angiotensin I) is undergoing destruction at the same time. 
Assay on blood-bathed rat colons, however, measures the 
net result of all these processes in terms of biological 
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activity. In an attempt to allow for simultaneous de- 
gradation, Val*-angiotensin Il amide was infused at com- 
parable points in the infusion circuit. This substance has 
a half-life in dog's blood of 110 s whereas Ileu*-angiotensin 
II has a half-life of 180 s (ref. 4). Thus the rate of con- 
version of Ileu*-angiotensin I to II in this and in the 
previous paper! has probably been overestimated, for the 
lleu*-angiotensin II formed would have been destroyed 
at à rate somewhat slower than tbat estimated. 


Conversion of Synthetic Angiotensin | to Il in the Lungs 

As with the horse angiotensin I, the conversion of 
synthetic angiotensin I to angiotensin II occurred in the 
pulmonary circulation. This was shown by infusing 
angiotensin I and II intravenously and comparing the con- 
tractions of the rat colons in the venous and arterial sides 
of the circulation. A typical experiment is shown in 
Fig. 1. With intravenous infusions, angiotensin I (0-66 
ug/min) produced a contraction of the rat colon bathed in 
venous blood which was much less than that produced by 
angiotensin IT (0-4 ug/min); however, the contractions of 
the rat colon bathed in arterial blood were equal. This 
activation across the lungs was even more strikingly 
illustrated with the next two infusions. With angiotensin 
I (2-0 ug/min given intravenously) there was less effect on 
the rat colon bathed in venous blood than with angiotensin 
TI (0-8 ug/min given intravenously). On the arterial side of 
the circulation, however, there was a greater effect than 
with angiotensin II. There was also a greater effect on 
the blood pressure. Thus the activity of angiotensin I 
relative to that of angiotensin 1I increased when it passed 
through the pulmonary circulation. Angiotensin IT sur- 
vives passage through the pulmonary circulation without. 
losst; the increase in activity must therefore have been 
a result of the conversion of angiotensin I to angiotensin 
II. Similar results were obtained in fourteen other dogs; 
after infusion of angiotensin I, the relative activity on the 
arterial side of the circulation was approximately double 
that on the venous side. 

The contractor activity detected for the rat colons 
bathed in venous blood is a result not only of the inherent. 
activity of infused angiotensin I but also of the recircula- 
tion of a proportion (40-50 per cent) of angiotensin TI 
that is formed from it‘. When this factor is considered, 
the doubling of the relative activity detected across the 
lungs during the intravenous infusion of angiotensin I 
probably representa its complete conversion to angiotensin 
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Fig. 2. Dog No. 10 (13 kg). Similar experiment to that in Fig. 1. 


E l 1 0 The dotted lines across the tracing indicate the height of contractions of 
the rat colons to two intravenous infusions of angiotensin IT (0-4 ug/min and 0-8 ugimin). 


Angiotensin F had 45 per cent of the activity 


of anciotensin II on the venous side, for the response induced by 1-33 ug/min of angiotensin I was between those of 0-4 Hgimin and 0-8 pe/min of 


angiotensin IT, 


The contractions of the rat colon in arterial blood showed that the activity of angiotensin I was increased to about 80 per cent 


of that of angiotensin II, for angiotensin I (0-33 ug/min) gave a similar response to that of angiotensin TI (0-4 ug/min). Dog renin (12 v/min) 


was infused intravenously until equilibrium was established, as shown by the plateau contractions of the rat colons. 


The activity detected on 


the venous side of the circulation was less than 0-4 ug/min of angiotensin II, whereas the activity detected on the arterial side of the 


circulation was close to 0-8 ug/min of angiotensin II. 


i 8 n i Hi. Thus endogenous angiotensin I, formed by the interaction of renin and the substrate 
in the circulation, was converted to angiotensin IT in passing through the lings. 


Time, 10 min; vertical scales. 10 em and mm of mercury. 
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Dog No, 21 (18 kg). 
both sides of the pulmonary circulation were first calibrated against 





Conversion of endogenous angiotensin I to angiotensin II in the lungs. 


NATURE, VOL. 218. APRIL 13. 1968 


10 min 


10 cm 





1 
| 100 mm Hg 


L intra-aortic 
Balloon inflation 


The rat colons bathed in blood from 


ind; intravenous (IV) infusions of angiotensin I and angiotensin II. The dott 
lines indicate the contractions produced by EV angiotensin II (0-3 ( glo and angiotensin 1e dotted 


t : ug/min). 
that of angiotensin II (0-3 ug/min) on the venous side of the circulation, whereas th 


had passed through the lungs. Renin was 
aorta above the origin of the renal arteries. 


Angiotensin I (0-66 ug|/min) induced a smaller contraction than 
e response was similar to that of angiotensin TI after it 


released from the kidneys by lowering the renal arterial pressure by inflation of a balloon in the 
The rat colon bathed in venous blood showed tha. 


t 1 t less than 0:3 ug/min of angiotensin I1 was 
present, whereas the rat colon bathed in arteria! blood showed more than 0:3 ug/min of angiote y as f 


angiotensin I was converted to angiotensin II in passing through the lungs. T 


II in one circulation through the pulmonary vascular bed. 

These results with the synthetic peptide wholly confirm 
those obtained’ with natural angiotensin I. The activity 
of the synthetic angiotensin I, in vivo, when compared 
with the synthetic angiotensin IT amide either on the rat 
colons (Table 1) or on the blood pressure (Figs. 1 and 2), 
was a little less than 40 per cent. Theoretically, with 
complete and rapid conversion, angiotensin I and angio- 
tensin II should be equally potent on a molar basis and 
the horse angiotensin I had indeed about 80 per cent of 
the activity of angiotensin II. This low biological activity 
of the synthetie angiotensin I (also found on the rat blood 
pressure; Wilkinson, personal communication) prompted 
a re-investigation of the purity of the sample. It was 
found that the sample contained three components, the 
principal one being identified as angiotensin I. One of the 
impurities may be the nonapeptide corresponding to angio- 
tensin I without the iso-leucyl residue in position 5 
(Wilkinson, personal communication). It is not known 
whether such a compound has angiotensin-like activity, 
ether before or after reaction with converting enzyme 
(if indeed it is a substrate for this enzyme). The fact that 
the activity of the mixture was only 40 per cent of the 
theoretical value, however, suggests that the contaminant 
was inactive. Such contamination would also account for 
the relatively low activity of the synthetic angiotensin I on 
the preparation of rat colon bathed in Krebs solution, as 
compared with the natural horse angiotensin I. 


Conversion of Endogenous Angiotensin | to*ll in the 

Lungs 

When dog renin is mixed with blood in an incubation 
circuit and infused into a dog, angiotensin I is generated; 
this is then converted to angiotensin II on passage through 
the lungs'. In three experiments, we have infused dog 
renin intravenously; the contractions of the rat colons 
bathed in venous and arterial blood show that, in these 
conditions also, angiotensin I is generated on the venous 
aide of the circulation and converted to angiotensin IT in 
the lungs (Fig. 2). Graded contractions of the rat colons 
bathed in venous and arterial blood were produced by 
intravenous infusions of angiotensin II (0-4 ug/min and 


j ! nsin II was present. "Therefore endogenous 
ime, 10min; vertical scales, 10 cm and mm of mercury. 


0-8 ug/min) Intravenous infusions of angiotensin I 
(0-33 ug/min and 1:33 ug/min) gave relatively smaller 
contractions of the rat colon bathed in venous blood than 
of that bathed in arterial blood. Dog renin!® (12 v/min) 
was then infused intravenously and this caused a genera- 
tion of angiotensin in the circulation. The contraction of 
the rat colon bathed in venous blood corresponded to a 
generation rate of angiotensin II of less than 0-4 ug/min 
whereas that in the arterial blood corresponded to a rate of 
almost 0-8 yg/min. After infusions of either angiotensin 
I or of dog renin, there was therefore about twice as much 
angiotensin IT on the arterial side of the hings than on the 
venous side. This experiment showed that natural 
angiotensin I, formed in the dog by infusing renin, is 
converted to angiotensin II on passage through the 
pulmonary cireulation. 

Partially purified dog renin may behave differently 
from that which is naturally released. To test this pos- 
sibility, kidneys of anaesthetized dogs were made to 
secrete renin by lowering the arterial blood pressure to 
the kidneys!'U. A polyethylene catheter’? was inserted 
through a femoral artery so that its tip lay in the aorta 
2-4 cm above the origin of the renal arteries. The catheter 
was 30—40 em long and had an external diameter of 2 mm. 
It had a small hole near the tip over which was tied 1-5 
em of thin silicone rubber tubing. This tubing could be 
inflated by the injection of 1-2 ml. of saline, thereby caus- 


Table 1. CONTRACTOR ACTIVITY OF ANGIOTENSIN I OX RAT COLONS (EX- 

PRESSED AS PERCENTAGE OF ACTIVITY OF ANGIOTENSIN II AMIDE) IN KREBS 

SOLUTION; AFTER INCUBATION IN BLOOD FOR 30 s, AND ON BOTH SIDES OF 
THE PULMONARY CIRCULATION AFTER INTRAVENOUS INFUSIONS 


Rat Krebs solution Blood (30 s) Lungs 
Dog colon Bank Bank? Vein Artery Vein Artery 
E A 2 3 3 5 8 20 
B 2 3 6 6 8 20 
4 A Ei — 30 30 10 22 
B & 6 30 30 10 22 
5 A — 10 — 15 23 46 
B — 16 15 15 23 46 
6 A 5 5 m — 19 30 
B 5 — -— -— 19 30 
7 A 3 E — — 30 60 
B a 3 — — 30 60 
Mean + S.E.M. 50406 16-841-4 18-0413 35-641-8 


The word vein refers to venous blood sampled from the right ventricle 
and the word artery to arterial blood from the ascending aorta or carotid 
artery. 
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‘Table 2. PERCENTAGE DISAPPEARANCE OF ANGIOTENSIN I AND ANGIOTENSIN I| AFTER INTRA-ARTERIAL INFUSIONS INTO VARIOUS VASCULAR BEDE 
Percentage disappearance of angiotensin I Percentage disappearance of angiotensin IL- 
Dog Rat Total peripheral Head Kidneys Lower limb Total peripheral Kidneys Lower limb 
solon vascular beds vascular beds " 
Vein Artery Vein Artery Vein Artery Vein Artery Vein Artery Vein Artery Vein = Artery 
1 A — 65 65 -— — 9m - 
B — — — — 65 65 — — 
2 A — — — — 60 60 — — — 
B -—— — — — — ~ — 60 $0 — — - eem 
3 A 50 50 — — — ~ — — = — -— 
B 50 50 B 2 — M ies = m MN E 
4 A 63 63 — — — -— — = 65 65 — - : 
B 83 63 — — — — — — 65 65 — = — 
5 A 75 75 — — — = — — — — - 
B 75 75 — — — f = = E = = 
& A 75 75 — — — — — -— — — ~ — 
B — 75 HM ie E: EN E EH x — n ES 
10 A — 67 — — — — — -= — — — —_ x 
B a 7 xs NN mE Ww Es uet e a M" Hr 
ry A 50 63 -— 50 - — — 62 a — 
B 63 63 — 50 — — — $2 — — -— — - -— 
* A — ~ 40 40 ex E — Ps = — — - 
B — — 40 40 — — E z= wie = E ~ - 
14 A — — 50 50 -— — 90 90 — — - = 
B — = 50 50 -— — 90 90 — -— - me 
13 A — Es — ~ — _ 80 — E "s — 0 3 
B — — o a -— 80 = BS = -— 90 
H A — - -— = 90 90 — — — — 75 80 -— 
B — B ES ES 90 90 — - € RO 80 es - 
Ww A = — — — 80 80 — ~ — — 66 66 — m 
80 6 





B — — — — 80 1 - - 66 66 
Mean + S.E.M.627 416 65512 45-041-7 467 £13 85-041-7 85017 850£ L7 7060+28 623209 62:3:200 71.819 7302 20 90 ~- 
. The figures were obtained by comparing the contractions of the rat colons bathed in venous blood (vein) from the right ventricle and arterial blood (artery) 
from the ascending aorta with those produced by intravenous infusions of angiotensin I or angiotensin I. 


ing partial obstruction of the aorta. Femoral blood 
pressure was recorded as an indication of the reduction in 
renal blood pressure. A tracing from one of eight similar 
experiments is shown in Fig. 3. First the sensitivity of the 
blood-bathed organs to angiotensin I and angiotensin II 
was determined. Inflation of the balloon reduced the 
renal blood pressure by 120 mm of mercury. The rat 
colons contracted, showing that angiotensin was forming 
in the circulation through the secretion of renin from the 
kidneys!?, The inflation was maintained until the con- 
tractions of the rat colons reached a plateau. At this time 
the contraction of the rat colon bathed in venous blood 
showed that there was less angiotensin II in venous than 
in arterial blood. The release of renin in vivo therefore 
leads to the generation of angiotensin I on the venous 
side of the cireulation, followed by conversion to angio- 
tensin II on passage through the lungs. 


Conversion of Angiotensin | to Il in Other Organs 


Thurau ef al:?* have proposed that the release of 
renin varies directly with the concentration of sodium in 





the macula densa. They used a micropipette to injeet 
isotonie sodium chloride or bromide into the early distal 
tubule and observed rapid collapse of the proximal tubule 
of the same nephron. They attributed this effect to the 
local generation of angiotensin IT, after the local release 
of renin. This and other hypotheses! which postulate an 
intra-renal role for the renin-angiotensin system depend 
on the presence of converting enzyme in the walls of the 
afferent arterioles of the kidney". It is therefore im. 
portant to know whether the ability of the pulmonary 
circulation to convert angiotensin I to angiotensin II is 
shared by other regions in the body and particularly by 
the kidney. To discover what happens to angiotensin I 
in peripheral vascular beds, infusions were made into a 
renal, a carotid and a femoral artery. Other infusions 
were made into the ascending aorta through a coaxial 
polyethylene catheter!* placed so that the tip of the inner 
catheter lay just above the aortic valves. Blood for 
supplying the arterial assay circuit was withdrawn through 
this catheter; angiotensin was infused into the outer 
catheter which was about 2cm shorter and therefore 
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Fig. 4. Dog No. 4 (11 kg). 


Disappearance of angiotensin I in one circulation through the entire peripheral vascular beds. 


$31 191 V 
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Venous blood 


o6! 
iv 


was sampled from the right ventricle and arterial blood from the ascending aorta. Intra-aortic (LA) infusions were given so that the infusions 
mixed with the total cardiac output after the arterial blood had been sampled for assay; intravenous infusions (IV) were given into a femoral 


vein. The first and the last contractions were produced by angiotensin H (0-3 «g/min and 0-6 ug/min). 


infusions of angiotensin I (2 


When compared with the intravenous 


g/min and 4 ug/min) the rat colons bathed in both venous and arterial blood showed that approximately 60 per 


cent of the angiotensin I infused intra-aortically (4 ug/min and 8 ug/min) had disappeared in one passage through the peripheral vaseular 
beds, The similarity of effects on both sides of the lungs to those of intravenous infusions of angiotensin I shows that the peptide which survived 
passage through the vascular beds was angiotensin I. Time, 10 min; vertical scales, 10 cm and mm of mercury. 
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Table 3. COMPARISON OF THE CONTRACTOR ACTIVITY OF ANGIOTENSIN I (EXPRESSED AS PERCENTAGE OF THE ACTIVITY OF ANGIOTENSIN II AMIDE) ON THE 
RAT OOLONS BATHED IN VENOUS BLOOD (VEIN) FROM THE RIGHT VENTRICLE AND ARTERIAL BLOOD (ARTERY) FROM THE ASCENDING AORTA 


Total peripheral 





Dog Rat colon Lungs vascular beds Head Kidneys Lower limb 
Vein Artery Vein Artery Vein Artery Vein Artery Vein Artery 
3 A 8 20 5 8 — > - = 
B 8 20 5 8 - . ^ : 
4 A 10 22 4 8 ~ ^ ~ ~ 
B 10 22 4 8 . - : 
$ A 23 46 8 15 ~ = ~ . 
B 23 46 8 15 — — ~ — — = 
8 A 15 30 5 8 ll 15 wm 6 12 
B 15 30 5 11 1i 20 -— — 6 12 
9 A 80 60 10 26 ~ — — = 
B 30 80 — 10 20 — — — 
11 A 19 38 — == 5 10 — — 
B 19 38 — - 5 10 — 
13 A 15 30 — — — 3 6 — — 
B 15 30 — E 6 — es 
Mean + S. E.M. l7irLb) G351rzlaà 5:5t0-6 10-1:0:0 165405 18841-1 4:04 068 Bt 10 6.0 12-0 


The comparisons were first made with intravenous infusions into the lungs. Infusions of angiotensin I were then given into the arterial supply of the 
vascular beds and the activity of the peptide that escaped into the venous effluent was then compared on both sides of the pulmonary circulation with 
intravenous infusions of angiotensin Il. The peptide which came through the vascular beds was increased in activity in the lungs, 


opened downstream with respect to the inner one. The 
infusions mixed with the blood in the ascending aorta 
just after it had been sampled, so that the angiotensin 
passed through the peripheral vascular beds before being 
assayed on both the venous and arterial side of the 
eirculation. The effects of infusions of angiotensin I 
made in this way or into the different vascular beds were 
compared with the effects of intravenous infusions, thus 
allowing the loss of angiotensin I in a single passage to be 
caleulated. Table 2 shows that from half to three-quarters 
of the activity disappeared on passage through all the 
beds. The corresponding disappearance of angiotensin IT 
was remarkably similar and agreed with previous results‘. 
The disappearance of angiotensin I in the renal circulation 
was 80-90 per cent; in the hind legs 60-90 per cent; and 
in the head 40-50 per cent. Both angiotensin I and 
angiotensin IT contract the rat colon, and so these results 
alone do not show whether any angiotensin I was converted 
to angiotensin IT in these peripheral beds. Any such 
conversion would mean that even more of the angiotensin 











I had disappeared because angiotensin II has a stronger 
contractor activity on the rat colon. Tt can be deduced, 
however, that most if not all of the activity that appears 
in the venous outflows is angiotensin Y. This is because 
the angiotensin whieh survived these passages was in- 
creased in activity by the pulmonary circulation to an 
extent similar to intravenously infused angiotensin I. An 
experiment is shown in Fig. 4. First, angiotensin II 
(0.3 ug/min) infused intravenously induced a slightly 
smaller contraction of the rat colon bathed in arterial 
blood than did angiotensin I (2 ug/min given intra- 
venously). 'The effect of the infusion of angiotensin I on 
the venous side of the cireulation was much less than that 
of angiotensin IT. Angiotensin I was then infused through 
the coaxial catheter. When the infusion rate was 8 ug/min, 
approximately 40 per cent reached the venous side of the 
circulation. The correspondence between the effects on 
the rat colons bathed in venous blood and the effects on 
those bathed in arterial blood showed that what came 
through to the venous side was angiotensin I. Had there 
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Fig. 5. Dog No. 25 (13 kg). 


Effects of angiotensin I and angiotensin II on renal blood flow and urine output. 


The tracings from top to 


bottom show contractions of a rat colon bathed in carotid arterial blood, changes in right renal blood How, urine output and mean carotid blood 

pressure. Intravenous injections (IV) were given into the external jugular vein; intra-aortic injections (1A) were given into the aorta above 

the origin of the renal artery, Intravenous injections of angiotensin H (1-0 ug) and angiotensin I (2-0 ag) had similar effects on the rat colon. 

on renal blood flow, urine output and blood pressure. Intra-aortic injection of angiotensin IJ (0-5 ug) stopped renal blood flow and urine 

production for several minutes, but intra-aortic injection of angiotensin I (1-33 ug) produced little effect on renal blood flow and urine output, 

showing that angiotensin I was not converted to angiotensin IL in the kidney. The rat colon showed that only a fraction of the TA injections 
of angiotensin I and H recireulated, Time, 5 min: vertical scales, 5 em, ml/min. and mm of mereury, 
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been conversion to angiotensin II in peripheral vascular 
beds, the contraction of the rat colon bathed in venous 
blood would have been greater, as shown by the next 
infusion of angiotensin IT (0-6 ug/min). The results in 
eight other experiments were similar (Table 3). 

It is possible that some of the angiotensin I which 
disappears is converted to angiotensin IT in the vascular 
bed, has an effect there and is then destroyed without 
reaching the venous side of the circulation. This was 
investigated as follows. An electromagnetic flow probe 
was placed around the renal artery to measure blood flow 
and the ureter was cannulated to measure urine output. 
The other kidney was removed and a fine-bore polyethyl- 
ene catheter was pushed up the aorta from the femoral 
artery so that its tip lay above the origin of the renal 
artery. Injections through this catheter reached the lower 
parts of the dog, including the kidney. Two rat colons 
and a strip of rat stomach were superfused with blood 
from a carotid artery to detect recirculating angiotensin IT. 
An intravenous injection of angiotensin II (1 ug) induced 
a fall in renal blood flow and in urine output, together 
with a rise in blood pressure (Fig. 5). À similar but smaller 
effect was produced by intravenous angiotensin I (2 ug). 
The contraction of the rat colon showed that there was 
proportionately less angiotensin II in the circulation. 
Next, angiotensin IT was injected in a smaller dose (0-5 ug) 
intra-arterially. This had so great an effect on the kidney 
that the blood flow and urine output stopped and did not 
fully recover for several minutes. Only a little of the 
injection recirculated, as shown by the small effect on the 
rat colon. An intra-arterial injection of angiotensin I in 
almost three times the dose (1-33 ug) had minimal effects 
on renal flow and urine output. Had there been conversion 
of angiotensin I in the kidney, a much larger effect would 
have been expected. Another part of the same experiment 
is shown in Fig. 6. Angiotensin IT (0-2 ug and 0-1 yg) 
injected intra-arterially induced graded diminutions in 
renal blood flow and urine output. No recirculation of 
angiotensin was detected. Angiotensin I was then injected 
intra-arterially in an attempt to match the renal effects of 
0-2 ug angiotensin II. Even with doses up to twenty 
times larger, angiotensin I (4 ug) did not produce equiva- 
lent effects in spite of considerable recireulation of angio- 
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Fig. 6. 
renal artery. 
graded reductions in renal blood flow and urine output. 
the amount of angiotensin I had to be given intra-aortically. 


Same experiment as shown in Fig. 5. 


by recirculating angiotensin IT, for an injection of angiotensin II intravenously (1-0 ug) produced a similar effect. 
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tensin II. The next injection of angiotensin I (8 pg) gave 
an even larger effect and more recirculating angiotensin IT. 
Finally, an intravenous injection of angiotensin IT showed 
that most if not all of the apparent effects of angiotensin H 
on the kidney were caused by recirculating angiotensin Tr. 

In another experiment, infusions were made into a 
catheter placed so that its tip lay directly in the renal 
artery of one kidney, and renal blood flow and urine output 
were measured in both kidneys. The result was similar to 
that just described; intra-arterial infusions of angiotensin 
I only produced effects on the kidney into which the in- 
fusion was made when the infusion rate was sufficiently 
large to cause similar effects in the other kidney. Both 
experiments showed that blood flow and urine production 
in the kidney can be influenced by angiotensin I only after 
its passage through the pulmonary circulation and con- 
version within it to angiotensin Il. These experiments 
therefore offer no support for the hypotheses which 
propose a wholly intra-renal function for the renin- 
angiotensin system. 

Two further experiments showed also that there was 
no detectable conversion of angiotensin I to angiotensin IT 
in the vaseulature of the hind leg. Similar decreases in 
femoral blood flow to intra-arterial infusions were caused 
by twenty to thirty times mere angiotensin I than 
angiotensin IT. 


Dynamics of Renin-induced Production of Angiotensin 

| and Il 

It is now possible to draw a fairly complete picture of 
the dynamics of the generation of angiotensin I and IT 
in the dog after the injection or release of renin into the 
blood stream. Renin has a long half-life (15 min, ref. 17) 
in eomparison with a single cireulation time (15-30 s, 
ref. 18). It therefore recireulates again and again; the 
gradual decrease in its concentration is probably a result 
of inactivation in the liver. By its action on angio- 
tensinogen in the blood renin generates angiotensin I 
throughout the circulation. Angiotensin I formed on the 
venous side of the circulation is relatively stable in the 
blood, but is completely converted to the more active 
angiotensin II on passing through the lungs. Angiotensin 
I formed on the arterial side remains unconverted and 
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Angiotensin IT (0-2 ug and 0-1 ug) was injected Íntra-aortically (TA) above the origin of the 
The rat colon bathed in carotid arterial blood showed that no angiotensin II recireulated from the injections, but there were 
To match these effects with angiotensin I, twenty to forty times (4-0 pug and 8-0 ug 
The contraction of the rat colon, however, showed that these effects were caused 


Time, 5 min: vertical 


scales, 5 om, ml./min, and mm of mercury. 
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most of it (50-70 per cent) disappears in the peripheral 
vascular beds; our results indicate that in none of those 
so far studied is angiotensin I converted to angiotensin II. 
The 30-50 per cent of angiotensin I which survives passage 
through peripheral vascular beds mixes with that being 
newly formed in the veins and is then converted to angio- 
tensin IT in the lungs. It is not known how quickly the 
angiotensinases in blood degrade angiotensin I but any 
such degradation is probably slow. Angiotensin II formed 
in the lungs is stable in blood (half-life = 3 min) compared 
with its disappearance (50-60 per cent) in a single passage 
through peripheral vascular beds. That which survives 
recireulates, for angiotensin II passes through the pul. 
monary circulation without loss*. 

Two further points warrant discussion. First, what 
type of process terminates the action of angiotensin II in 
peripheral beds? The f-aspartyl form of angiotensin 
resists the action of aminopeptidases in blood**, but shows 
the same 50 per cent disappearance as a-aspartyl angio- 
tensin II when passing through peripheral vascular beds 
(Biron, Mayer and Panisset, personal communication). 
This suggests that the process responsible for removing 
angiotensin IT in these beds is not associated with amino- 
peptidase aetivity. 

Second, “converting enzyme” in blood is an endo- 
peptidase which splits the phenylalanyl-histidine link in 
angiotensin I to form angiotensin II and a histidyl-leucine 
residue?! This blood enzyme is too inactive to account 
for the rapid conversion of angiotensin I to II in vivo. The 
rapid conversion in the lungs suggests either that the 
blood enzyme is activated in some way in the pulmonary 
circulation or that there is a much more active enzyme 
on or in the pulmonary cells. Such a pulmonary enzyme 
may not be an endopeptidase but a carboxypeptidase, 
removing first the terminal leucine and then the exposed 
histidine from angiotensin I. Bradykinin, like angiotensin 
I, disappears almost completely in a single passage through 
the pulmonary circulation?*; this inactivation may be 
caused by a carboxypeptidase®? which removes the C- 
terminal arginine. "The product of the action of this 
carboxypeptidase on bradykinin has a prolylphenylalanine 
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link as the C-terminus, as does angiotensin IL. It is 
therefore possible that the inactivation of bradykinin 
and the formation of angiotensin II from angiotensin T 
in the lungs are eaused by the same enzyme. 
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and French, Ltd, for the loan of a double channel electro- 
magnetic flowmeter and for his assistance in the experi- 
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Localized Damage of Metal Crystals by Laser Irradiation 


by 


T. J. BASTON 
F. P. BOWDEN 


Cavendish Laboratory, 
University of Cambridge 


surface. 


In an investigation of the surface and sub-surface de- 
formation of metal single crystals by intense ruby laser 
pulses, we have been making a study of the discrete 
microcraters which may, in appropriate conditions, be 
formed in the metal. The observation of small craters, 
particularly those formed in a steel surface, has been 
previously reported! 

The materials irradiated were high purity nickel and 
copper in both single erystal and fine grained polyerystal- 
line forms; also low purity (workshop grade) copper and 
silver steel. The specimens were prepared in Wisk shape 
with a thickness always greater than 2 mm. The surfaces 
were mechanically polished to a ly diamond powder 
finish but given no further treatment. The irradiations 
were done with a rotating prism Q switched ruby laser 
which gave an output of 5 J of linearly polarized light 
distributed typically in three short pulses occurring over 


Isolated and highly symmetrical craters about lOu in diameter 
can be formed on metal crystals by intense pulses of light from a 
laser. They may be caused by a localized plasma discharge at the 


a total time interval of about 1 us. The laser output was 
focused onto the specimen with a simple lens of 6 em 
focal length. The power density at the metal surface was 
varied by moving the specimen relative to the focus. 
The irradiated surfaces were examined with a scanning 
electron microscope and by a miero-probe technique. 
The results described were obtained at atmospheric 
pressure but were found to be unaffected by repeating the 
experiment in a vacuum of 5x 10-5 torr. 

A typical view of an irradiated metal surface is given 
in Fig. 1, which shows the damage on the (111) face of a 
high purity Ni (99-99 per cent) single crystal placed 7 mm 
from the lens focus. A reasonably well defined region of 
continuous damage is observed ringed by a number of 
diserete microcraters about 10% in diameter. A close 
examination of the continuous damage region on this and 
other specimens of similar and different materials sug- 
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Fig. 1. Optical micrograph of laser damage on the (111) face of a high 
purity nickel crystal, showing central region of intense damage and 
isolated microcraters, 


gests that the region may be a closely spaced and often 
overlapping agglomeration of microcraters. When the 
specimen was irradiated at the focus of the lens—the 
position at which the surface received maximum power 
density—no discrete craters were observed but only a 
well defined region of continuous damage. Conversely, at 
lower power densities, there was no region of continuous 
damage, but only isolated microcraters. 

A typical microcrater formed on the (111) face of a 
high purity (99-99 per cent) nickel crystal is shown in 
Fig. 2. These microcraters show a remarkable symmetry 
and their appearance suggests that they are due to a 
highly localized eruption from the surface and that molten 
metal has flowed to form the rim of the crater. The 
maximum depths of some of the craters on the nickel 
crystal have been measured directly in the scanning 
electron microscope by lowering a tapered tungsten stylus 
with a shaft diameter eonsiderably less than the crater 
throat diameter into the hole under zero load and 
measuring directly how far it went in. This was achieved 
by means of a technique developed by Gane (unpublished 
results), In Fig. 3a the stylus is shown resting on the 
bottom of a typical erater. The dimensions of this erater 
are given schematically in Fig. 3b. In general the depths 





Fig. 2. Scanning electron micrograph of a symmetrical microcrater on 


the (111) face of a high purity nickel crystal. 
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of the eraters on the nickel erystal were approximately 
equal to the crater throat diameter. From this and 
similar measurements, an estimate can be made in each 
case of the volume of the crater below the surface and of 
the material above the surface forming the rim. There is 
usually a clear net deficit of material showing that metal 
from the eraters has been ejected from the surface in the 
form of a vapour or liquid jet. The mass of metal is 
about 10 ™ g., 





Fig. 3. a, Stylus resting on the bottom of n microcrater, b, Schematic 
diagram of the dimensions of the microcrater shown in a. 


The microcraters formed on the (111) faces of high 
purity (99-999 per cent) copper erystals were usually more 
irregular and splashy in appearance (see Fig. 4), but their 
dimensions were similar. No significant differences could 
be detected in the number of craters formed on single 
crystal (NT and Cu) and polycrystalline material of the 
same purity. Apparently, erystal structure does not play 
a very important part in determining the cratering pro- 
cess. On the other hand, polyerystalline copper of low 
purity (workshop grade) exhibited a larger number of 
distinct craters after irradiation than the pure material. 
Another material which gave very extensive cratering 
was silver steel (1-0 per cent C). 

We have also carried out experiments in which part ot 
the surface was shielded from the laser radiation. The 
shield was a piece of 0-15 mm tungsten strip which was 
observed to be undamaged on the near side after irradia- 
tion. The experiments were carried out at varying 
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radiation intensities for all the metals discussed here. 
Special attention was paid to the low purity copper and 
steel specimens which had previously exhibited the most 
eratering in the direct beam. An optical microscope exam- 
mation ( x 540) showed that in each case there was always 
a very sharply defined boundary between the continuous 
damage region and completely undisturbed metal with no 
visible trace of cratering. This boundary coincided with the 
edge of the shield. This is contrary to the earlier observa- 
tions of Vogel and Backlund, who also carried out shielding 
experiments on the surface of low carbon (0-2 per cent) 
steel and found that craters were formed in the surface 
at distances of up to 150p. inside the edge of the shield. 
Our negative result is consistent with the observation 
that at low power densities microcraters form in isolation 
under the action of the incident light pulse. Furthermore, 
it would support the idea that the continuous damage 
region may be a closely spaced and overlapping cluster of 
independently formed craters. These experiments provide 
no evidence for the suggestion! that cratering occurs as a 
result of radial heat diffusion out of the central region 
causing explosions at superheated centres below the 
surface. 

We find a qualitative resemblance between the micro 
craters described previously and those formed by spark 
erosion when an electrical discharge passes across a 
paraffin dieleetrie during the normal spark machining 
process. An example of a spark discharge crater on 
mechanically polished high purity nickel surface is shown 
in Fig. 5. Each crater presumably represents the action 
of one spark and the general resemblance is apparent 
although the craters are not so deep. This similarity 
between the physical processes occurring in a pulsed 
discharge and the action of non-Q switched laser pulses 
on a metal surface has been discussed very recently by 
Grechikhin and Min'ko*, who also suggest that discrete 
mierojets of metal are emitted from the surface under 
intense laser irradiation. 

It is clear that in the conditions of these experiments, 
the energy from the laser is concentrated to form intense 
localized hot spots a few microns in diameter at the 
surface of the metal crystal. 'The energy is sufficient to 
blast out microcraters which are typically 10u in diameter 
and about the same in depth. If we assume that the metal 
is ejected in the form of a vapour jet, the energy required 
to vaporize this volume of metal would be of the order 
10-*-10-* J. 

It is unlikely that crater formation is due to the 
explosion of superheated high pressure gas bubbles or 
impurity clusters at a distance of 10u or less below the 
surface. As we have seen, microcraters are readily formed 
on high purity gas free single crystals. It is possible that 





Scanning electron micrograph of a microcrater on the (111) face 
of a high purity copper crystal. 


Fig, 4. 
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Fig. 5. Spark discharge crater in the (111) face of à high purity nickel 
crystal 


the incident laser beam has a filamentary structure (with 
filaments a few microns in diameter) due to self-trapping? 
in the ruby rod, or even conceivably in the glass of the 
lens. The formation of the hole could then proceed by 
evaporation in a manner similar to that described by 
Ready?*. Alternatively, Duguay et al.‘ have reported the 
presence of high power picosecond pulses in the output of 
Q switched ruby and neodymium lasers. Specifically, for 
ruby lasers Q switched by a rotary mirror, they report 
pulses of average duration 10 ps and maximum energy 
| mJ—a peak power of 100 MW. This energy would be 
sufficient to blast out a microcrater. Nothing, however, 
has yet been reported on the spatial distribution of these 
pulses. 

In view of the similarity between laser damage and the 
spark eroded craters, another possibility presents itself. 
It has been established by a number of workers (for ex- 
ample, ref. 5) that under the action of a high power laser 
pulse à hot dense highly ionized plasma forms at the 
metal surface. A localized micro-discharge within this 
plasma, perhaps at a surface irregularity or defect, could 
produce the discrete cratering which has been observed. 
Zach micro-discharge is pictured as blasting out a roughly 
eylindrical cavity which forms the central part of the 
crater. The molten material forming the rim is the result 
of peripheral heating by the electrical discharge or by the 
escaping microjet of metal vapour. 

Our experiments confirm the observation! that localized 
damage can occur preferentially at scratches in the sur- 
face. This would lend support to the mechanism already 
deseribed, for it shows that the localization of the 
energy can be associated with the structure of the metal 
surface rather than with any inhomogeneity in the 
incident laser beam. It is clear that further work is 
necessary to elucidate both the mechanism by which the 
energy is localized and also the physics of the microcrater 
formation. 

We thank Dr N. Gane and Miss J. Cox for assistance 
with the microprobe experiments, the Science Research 
Council for support of T. B., and E. I. du Pont de Nemours 
and Co., Ine., for a grant for equipment. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Origin of the Diffuse Interstellar 
Absorption Bands 


THERE has recently been renewed interest in the nature 
of interstellar grains. The model of a grain consisting 
of a graphite core surrounded by a dirty ice mantle 
adequately accounts for the wavelength dependence of 
interstellar extinction! and interstellar polarization?. The 
question of the source of the large number of diffuse (but 
discrete) interstellar absorption bands, however, remains. 
A number of theories have been proposed to account for 
these bands?-5, 

My purpose is to point out a similarity between the 
diffuse interstellar bands and absorption features observed 
in the spectra of various neutral atoms trapped in low 
temperature molecular crystals. The idea that the diffuse 
interstellar bands are caused by "matrix isolated" atoms 
or molecules has been proposed before*^?, although at 
that time little empirical information was available about 
the absorption spectra of neutral impurities in molecular 
erystals. I wish to re-examine this suggestion in the light 
of new experimental information*-!!, 

When an atomic impurity is trapped in a low tempera- 
ture matrix of one of the rare gases the absorption spec- 
trum resembles that of the gas phase atom, with several 
important reservations®. These are that (a) there is 
usually a shift of the atomie transition to higher or 
lower energies amounting to 22,000 cm~ in some 
systems! and (b) the transition is broadened. The 
amount of broadening depends on both the density of 
impurities and the temperature of the sample!!. Absorp- 
tion features in the spectra of rare gas matrices containing 
<1 per cent of atomic impurities typically have widths 
of 100-2,000 em-!. 

I suggest that the diffuse interstellar absorption bands 
may be caused by atomic impurities trapped in the 
dielectric mantles of interstellar grains. Grains of this 
sort with dirty ice mantles could act as powerful thermal- 
izers through impurity oscillations in the far infrared’. 
‘It is interesting to note that H atoms trapped in Ar 
matrices at 4-2? K are predicted to have optically active 
modes of oscillation in the ~ 200 cm- region?. Heavier 
impurities in matrices of low atomic weight would be 
expected to show resonances at much lower energies. 

There is a striking coincidence between the wavelength 
of the most infamous interstellar band at 4430 A and that 
of the resonance 4 18,->4 !P,? transition of Cal at 4226 A. 
It has also been shown that the ratio of interstellar Ca* 
to Na is normal in high velocity clouds of dust but is 
anomalously small in low velocity clouds, This indi- 
eates that much interstellar Ca is attached to interstellar 
grains. Furthermore, a correlation exists between the 
intensity of 4430 À and interstellar extinction which 
suggests that 4430 A arises in interstellar grains’. 

Fig. 1 shows the absorption spectrum of Ca atoms 
dispersed in a low temperature matrix of Xe. The 4226 A 
4 18,4 !P,? transition of Ca is shifted to about 4300 A 
and split into two components. The total width of this 
band is approximately 250 A although the width depends 
on two factors: the concentration of Ca atoms and the 
temperature of the sample. Similar spectra of Ca atoms 
trapped in an Ar matrix are more complex, depending 
strongly on deposition conditions and the presence of 
small concentrations of impurities. The principal feature 
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Fig.1. Absorption spectrum of Ca atoms dispersed in a low temperature 


matrix of Xe. 


of the spectrum is, however, a broad band, occasionally 
with strueture, located some 200 À further to the blue. 
Obviously the solid inert gases are à poor approximation 
to the dirty ice matrix in which Ca atoms would be 
expected to be trapped in interstellar space. These 
results show, however, that the resonance transition of 
Ca can be shifted and broadened sufficiently when Ca 
atoms are trapped in low temperature molecular crystals 
to account for both the wavelength and width of the 
4430 A interstellar band. We are continuing our experi- 
ments with a view to trapping Ca atoms in solid hydro- 
carbon matrices. 

It would be expected that other atoms could be trapped 
in the dielectric mantles of interstellar grains. This 
suggests that the other diffuse interstellar bands may 
also be eaused by matrix isolated atoms. In particular, 
one wonders whether the two diffuse interstellar bands at 
5780-6 A and 5795-1 A could be caused by matrix isolated 
Na atoms. 

W. W. DoreY 
Centre for Research in Experimental Space 
Science and Physics Department, 
York University. 
Toronto, Canada. 
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Counts of Radio Sources at 2,700 MHz 


Ow the basis of sorne new observations made at a frequency 
of 2,700 MHz, Shimmins, Bolton and Wall! have derived 
radio source counts having a slope of —1-4. They claim 
that these differ significantly from the Cambridge results 
and cast doubt on the validity of the interpretation of the 
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counts in terms of evolutionary cosmological models. 
We wish to point out that these doubts are unfounded, 
and that there is little discrepancy between the Australian 
observations and the Cambridge source-counts which have 
been made at 178 and 408 ME 

Gower? has published source-counts from the 3C, 4C 
and North Polar surveys, at 178 MHz; this work covers 
1<N «10, where N is the number of sources per steradian. 
Observations at 408 MHz (including the 5C surveys) have 
also been made?! and cover the range 1<N < 105. When 
suitably scaled in flux density, these two sets of results 
show no discrepancy greater than their statistical errors. 
In particular, the best line through the points at N — 300 
and 3,000 has a slope — 1-4, a value very similar to that 
of the curve presented by Shimmins et al. for sources 
observed at 2,700 MHz and covering the same range of 
N. The flattening of the log N-log S curve in this range 
of N was first inferred by Hewish® in 1961 from a statisti 
cal analysis of the 4€ records. 

In the region 1 < N < 100 the log N-log S curve becomes 
significantly steeper, with gradients of — 1-80 and 1-85 
at 178 and 408 MHz. A similar gradient has been found 
by Galt and Kennedy* at 1,420 MHz in areas of the sky 
well away from the galactic plane. 
Shimmins et al. seemed to contradict these results. The 
discrepancies between the 2,700 MHz data and the Cam- 
bridge source-counts may be caused by the statistical 
uncertainties arising from the small number of 
in the limited area of sky so far observed at 2,700 MHz. 
Fig. 2 of Shimmins et al. shows that there are four or five 
sources with unusual spectra; they could in fact account 
for the whole of the discrepancy. These 
certainly interesting in their own right, but they cannot 
be held responsible for the slope of —1-8 found in other 
surveys, Furthermore, there is good evidence that over 
a wide range of flux density there are no marked changes in 
the distribution of spectral indices, Observations’ at 
1,407 MHz show that for sources having S, y9;> 0-01 x 
10-** W m- Hz-! the distribution of spectral index differs 
very little from that of the 3C 
range of ~10* in flux density. A barely significant 
decrease in the mean spectral index x (Sc 12) was detected 
at the smallest flux densities, but this is in the opposite 
direction to that required to explain the discrepancy 
discussed by Shimmins et al. 

It is impossible to explain the excess of faint sources in 
terms of a population of sources with unusual spectra in 
To obtain with a 
1-5 it would be necessary® for the 





sources 


sources are 


sources in catalogue, a 


a steady state universe, source-counts 
gradient steeper than 
greater part of the source population to have a spectral 
index «< —2 No such source has yet been reported, 
and this is the steepest possible spectral cut-off that can 
be attributed to synchrotron self-absorption. 

A detailed comparison of the source-counts at different 
frequencies is of great interest, and may eventually lead 
to deductions about the spectral distribution of the various 
types of radio sources. It Inappropriate, 
however, to reinstate a steady state model of the universe 





seems quite 


on the present evidence. 


G. G. POOLEY 
o 
Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge. 
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PLANETARY SCIENCE 


Antarctic Sightings of Noctilucent and 
Nacreous Clouds 


A REGULAR watch was kept for noctilucent clouds from 
February 1966 to February 1967 at the Australian National 
Antarctic Research Expedition's Station, Mawson (67:6 
S. 62-9^ E.)  Noetilucent clouds were observed in the 
morning (bluish white waves and bands) and in the evening 
(bluish white, structureless) of August 11, and in the 
evening (faint blue bands) of August 14, 1966. These 
sightings met the necessary conditions for identification 
of noctilucent clouds given by Fogle'. Colour photo- 
graphs were taken of the August 14 display. Naereous 
clouds with marked irisation were observed on August 11, 
13 and 14. 

The auroral all sky camera (f/1-0) was operated during 
the sighting times of the evening displays of noetilucent 
clouds, both of which were clearly discernible on the 
10 s and particularly the 40 s exposures (see Fig. 1). 


14 





Fig. 1 All sky camera photograph of noctilucent cloud (NLC) on 


August 14, 1966 


These 


shower. 


during the Perseid 
have reported 

Table 1 lists all the known 
reliable noctilucent 
clouds, together with relevant meteor showers and their 
maximum rate dates, extreme limit dates and declinations. 

Six out of the eight displays (treating as one display any 
series of displays on near nights) occurred during a meteor 
The display of January 9 may 
close enough after the Quadrantids (January 1-4) to be 
related to it. The display of January 17, 18 and 20, 
however, cannot be related to any meteor activity. 

The excellent agre found on December 4-5, 
October 30, and February 8 and 12, August 11 and 14 
and in particular January 1-4, seems to imply some rela- 
tionship between these two phenomena; 


sightings occurred meteor 


Other 
clouds during meteor showers, 


workers noctilucent 


southern hemisphere sightings of 


shower. have occurred 





ement 


however, even 
among these showers the declinations are such that only 
the Phoenicids and the Taurids can be seen at the latitudes 
of the sightings. This, together with the display of January 
17, 18 and 20, makes it difficult to see there could be 
any relationship. 

This is in agreement with Fogle and Haurwitz* who, on 
the basis of noctilacent clouds in the northern hemisphere, 


how 
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Table 1. 
Date Place Meteor shower 
Dec. 4/5, 02 Ship 55? 5., 58-8° W. Phoenicids 
Oct. 30, 64 Mawson 67-6° 8., 69-3? E. N. Taurids 
S. Taurids 
Jan, 3: 2 Punta Arenas 53-1* 8., 71? W. — 
Feb, 12 p Mawson Aurigids 
bbs 
De E po Punta Arenas Ursids 
: an. 1, 66 
P4 
Jan 3 n Punta Arenas Quadrantids 
Jan. 4, 66 
Jan. 17, 66 
Jan. 18, 66 Punta Arenas — 
Jan. 20, 66 
Aug. 11, 66 (a.m.) 4 
Mawson Perseids 


Aug. 11, 66 (p.m.) 
Aug. 14, 66 d f 


coneluded that there was no relationship between meteor 
showers and noctilucent clouds. 
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VLF Phase Anomaly induced by a 
Nuclear Explosion 


Tue artificial disturbance of the upper atmosphere by 
nuclear explosions has been extensively studied. Investiga- 
tions subsequent to the Argus Project! have shown 
conclusively that the effects produced by such explosions 
are similar to those caused by solar flares?. The observa- 
tions described here concern the single nuclear explosion 
which occurred at Lop Nor, Sinkiang Province, China 
(lat. 45° 15' N., long. 82° 15' E.) on June 17, 1967, at 
00 : 19: 08 GMT. It is conjectured that this was a megaton- 
range, high-altitude nuclear explosion, but little reliable 
unclassified information is available. 

The apparatus used to monitor phase changes in the 
US standard frequency broadeast service (60 kHz) signal 
originating in the transmission path between Fort Collins, 
Colorado (lat. 40° 40’ N., long. 105° 3’ W.), and Calgary, 
Canada (lat. 50° 3° N., long. 114° 5° W.), consisted of a 


SOUTHERN HEMISPHERE NOCTILUCENT CLOUD SIGHTINGS 


Maximum Extreme limits Declination Reference 
Dec. 5 Dec. 5 -55 See Fogle? — 
Nov. 12 Oct, 17-Dec. 2 +21 Francia et al.* 
Nov. 1 Oct. 27-Nov, 22 +14 
= — — Fogle* 
Feb. 9 5 days ? +88 Francis et al.* 
Dee, 22 Dec. 22-23 +80 Fogle’ 
Jan. 3 dan, 1-4 +50 Fogle* 
pen cu Fogle 
Aug. 12 July 29-Aug. 17 +538 This paper 


Fluke model 207-5B VLF receiver/comparitor with a 
whip antenna and an external General Radio model 
1115-B secondary frequency standard. The phase differ- 
ence between a signal derived from the VLF transmission 
and the General Radio frequency standard was monitored 
on an external chart recorder with full seale deflexion 
corresponding to 10 us. During normal quiet daytime 
ionospherie conditions along the transmission path the 
slope of the phase difference record is a measure of the 
frequency offset of the local secondary standard from 
1 MHz. The change in slope is a measure of the frequency 
drift rate of the standard. Calibration of the chart 
recorder ean be checked using the 5 min duration 45^ 
phase advance which occurs on WWVB at 10 min after 
the hour. At 60 kHz a phase advance of 45° corresponds 
to a phase change of 2-083 us and shows clearly on the 
chart records in Fig. 1. The diurnal phase retardation 
occurring at sunset is very abrupt because the monitored 


transmission path is nearly south-north. The time 
constant of the receiver was 50 s. 

Table 1 
Time of explosion at Lop Nor 00:19: 08 GMT 


: 19: 08 MST) 

Time of phase anomaly commencement at Calgary 

Propagation time x 

Great Circle distance from Lop Nor to biseet Fort Collins- 
Calgary Great Circle 

Propagation speed 

Estimated total duration of disturbance* 

Duration of phase advance 

Rise time 

Maximum amplitude of phase advance 





^10 m 
~ 10 m/s 
42 min 





* The shape is oscillatory (the phase retardation portion is masked by the 
2-083 us transmitter phase advance that occurred during the latter portion of 
the anomaly). 


Table 1 summarizes the pertinent characteristics of 
the phase disturbance attributed to the nuclear explosion 
which oceurred on June 17, 1967. 
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Fig. 1. VLF phase record for June 17, 


1967. Dotted curve reconstructs the phase record to eliminate the effect of hourly phase advance. 
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Disruption of VLF propagation occurring immediately 
after a high-altitude nuclear explosion over Johnson 
Island has been reported by Zmuda, Shaw and Haave®4 
and Willard and Kenney* (hereafter WK63). — Such 
effects have been attributed by Crain and Tamarkin® to 
prompt neutrons deeaying at very high altitudes to 
protons and f-rays which are then carried along geo- 
magnetie field lines and subsequently produce ionization 
lower in the atmosphere. No such immediate effect was 
observed here because prompt neutrons emitted by the 
nuclear explosion could not deeay at the proper point 
for immediate injection of B-rays into the monitored 
transmission path. The observed VLF phase anomaly 


reported in this letter resulted from enhancement of 


ionization in the D layer caused by eleetrons precipitating 
from a drifting (west to east) artificial radiation belt 
formed by the explosion. "This is confirmed by the shape 
of the observed phase anomaly which is not as abrupt as 
that obtained when prompt effects are present. 

The record in Fig. 1 is in good agreement with that 
given by WK63, except that Fig. 1 shows an oscillatory 
effect not previously reported in the literature which was 
partially masked by the hourly 2:083 us phase advance 
oecurring during the latter portion of the effect. The 
(15 + 1) us increase in phase observed at 20 kHz by WK63 
is in good agreement with the value of +(45+ 0-5) us 
observed at 60 kHz reported in this eommunication. The 
45 min duration of the phase advance observed by WK63 
is longer than the value of (22+ 1) min reported here, as 
would be expected because the Boulder-Seattle trans- 
mission path monitored by them is more oblique to the 
geomagnetic meridian than is the Fort Collins-Calgary 
transmission path monitored by us. The total duration 
of the phase anomaly observed by us was (3942) min. 
WK63 estimated the time of the blast to be 10 min 
before the phase advance commenced using satellite data 
on the number of trapped electrons with energies in 
excess of 0-75 MeV and assuming that the energy spec- 
trum had a mean value of 2 MeV. 

Unfortunately, neither the exact location and altitude 
nor the yield of the Soviet nuclear test observed by WK63 
is available. The time delay observed by us was (17+ 1) 
min. Sen? reported that the eleven SEAs caused by 
Russian nuclear explosions at Novaya Zemblya, observed 
at various VLF frequencies in Calcutta, had a mean time 
delay of 16 min and that the mean duration was 27-5 min. 
He also reported that some SEAs exhibited an oscillatory 
behaviour and that a threshold yield of one megaton was 
necessary to produce a SEA. This oseillatory behaviour 
has been observed when the effect of prompt neutrons 
disturbs either a VLF transmission path?! or an ELF 
noise monitor’. 

It has been suggested* that the time of onset of any 
effect is a function of the explosion height and yield. 
This makes it very difficult to estimate the yield using 
VLF detection techniques without a detailed description 
of the test conditions. Zmuda et al.?? have discussed 
many aspects of this problem; most of their work, 
however, refers to VLF effects on transmission paths 
nearly parallel to the drift direction. of the trapped 
raciation. Their measurements were usually obtained 
during the night time when normal background*variations 
are most disturbed, making data reduction and interpreta- 
tion less reliable. The NBA-APL transmission path 
monitored by them does lie along a magnetie meridian 
and eonsequently is similar to the path monitored in our 
measurements. The geographie proximity of Johnson 
Island to Balboa complicates the similarity. « Prompt 
effects disturb that portion of the transmission path 
nearest to Balboa whereas drift effects disturb the 
remainder of the path. In our case, all portions of the 
transmission path are equally disturbed by drift effeets 
at the same time. 

Zmuda et al? have noted that the drift velocity for 
particles mirroring at various altitudes is essentially 
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independent of the altitude from 80-1,000 km. Using 
Fig. 2 (in ref. 9) and the times of commencement, maxi- 
mum and eessation of the phase advance it can be esti- 
mated that the electron energy distribution ranges from 
~0-2 to ~0-6 MeV. This result is consistent with Fig. 3 
(in ref. 9) which gives the energy spectrum of f-rays 
caused by the radioaetive decay of neutrons at rest. 
Similar results have been summarized by Sechrist!*. 
Crain and Tamarkin*, Williams!!, Crain and Booker!?, 
Crain? and Kenney and Willard" have all considered 
the theoretical aspects of the effeet of high-altitude 
nuclear tests on VLF, LF, MF, HF and VHF transmissions. 
It should be emphasized that the explosion reported in this 
communication is of unknown yield and occurred at an un- 
known altitude. Consequently, it is unwise to draw any 
definite conclusions other than noting the similarity of the 
observation with that of WK63 on the Russian test of 
November 1, 1962. Based on the observations of Sen?, it is 
reasonable to estimate that the yield of the June 17 explo- 
sion was in the low megaton range. "This estimate is sup- 
ported by our failure to detect any phase anomaly asso- 
ciated with the apparently kiloton-range explosion thought 
to have occurred at the Lop Nor testing site on December 
24, 1967, at about 12 : 00 GMT. 
We thank Dr I. B. MeDiarmid, Division of Pure 
Physies, National Research Council, Ottawa, Canada, for 
supplying the time that the explosion reached ground level. 
H. A. BUCKMASTER 
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Identification of Acoustic and Gravity- 
wave Modes associated with Travelling 
lonospheric Disturbances caused by 
Nuclear Explosions 


NATURALLY occurring travelling ionospheric disturbances 
(TIDs) have been detected and measured for about. 30 yr, 
and Martyn! suggested, about 17 yr ago, that they are 
propagating atmospheric gravity waves. Later a quanti- 
tative agreement was found between the observed speed 
distributions of TIDs and those that are expected theoreti- 
cally for ducted acoustic-gravity waves. Furthermore, 
there is agreement between theory and the observed 
speeds of TIDs caused by a nuclear detonation at Novaya 
Zemlya?-. Further data became available in 1967 
when Breitling et al. published a summary of measure- 
ments made on nuclear tests in the Pacific area. Their 
data also agree with theory and are accurate enough to 
permit resolution of the fine structure in the acoustic 
modes. 

Breitling’s data are summarized in Table 1. The first 
and second columns show the dates and observed speeds of 
ionospherie disturbanees generated by nuclear explosions 
and the theoretical speeds or speed ranges that correspond 
to fully dueted acoustic-gravity waves. The mode 


NATURE, VOL. 218. APRIL 13. 1968 


numbers corresponding to the various speeds are shown in 
the third column. In the fourth column are shown the 
differences, in per cent of the observed speed, between 
observation and theory for all modes except the Fmax- 
The differences for the F max mode, which are larger than 
all others, are listed separately because they are based 
on our estimate of a high-altitude cut-off for the atmo- 
spheric model’. For the 4G mode, as well as the F max 
mode, we show a range of speeds, rather than the most 
probable speed, because of the broad probability distribu- 
tions for such modes. In these two cases the differences 
represent only the amount that observation falls outside 
the expected speed range. 


Table 1. COMPARISON OF MEASURED SPEEDS AND THE MOST PROBABLE SPREDS 
OF DUCTED ACOUSTIC-GRAVITY WAVES 


Difference between Difference 
Most probable observed and between 
Observed speed (ms-)of Mode theoretical speeds, observed and 
speeds (ms^!) nearest ducted desig- in per cent of theoretical 
from Breitling mode, from nation observed speed, speeds for Fmax 
et al, Wickersham for all modes mode in 
except Fmax per cent 
Nov. 4, 62 
156 90-150 46 4 
226 230 1A 1-8 
278 270 2A 1d 
490 490 F 0 
Nov. 1, 68 
58-71 70 5G 0 
128 130 5G r6 
275 270 2A ro 
490 490 F 0 
910 750-800 Finas 12:1 
Oct. 26, 62 
105 90-150 4G 
~ 150 90-150 4G 0 
198 190 3G 40 
~ 455 490 F TT 
Oct. 20, 62 
150 90-150 4G 0 
186 190 3G 21 
340 (324) t (310) 1G* (4-3) 
366 (500) (490) (F) (2-0) 
945 750-800 Fmax I8: 
July 9, 62 
~11? 90-150 4G 
860 750-800 Fax TÓ 
Mean values 22 12-6 


* Tt ia more probable that this mode is detectable at ground level rather 
than at lonospheric heights. 
+ Entries in parentheses are alternative interpretations of the observations. 


In previous work, I summed all the probability distribu- 
tions for the acoustic modes and presented only the 
resultant because there were not sufficient data to resolve 
the slight speed differences between them. On examining 
Breitling’s data, however, it seems to be possible to 
resolve the acoustic modes. The theoretical speeds at 
which the acoustic modes separately have maximum 
probability of occurrence are: F, 250 ms~'; LA, 230 ms-'; 
2A, 270 ms-!; 3A, 250 ms-!; 4A, 250ms-!, The difference 
between the first and second acoustic modes is about 16 
per cent. In column 3 of Table 1. we see that these modes 
are identified with differences between measurement and 
theory of 1-8, 1-1 and 1-9 per cent. 

Although estimates of error have not been given by 
observers, it is reasonable to conclude that this is evidence 
of the acoustic-like nature of some of the observations. 
The remaining data agree well with the theoretically 
predicted speeds of fully ducted gravity modes, a result 
that was shown previously for the Novaya Zemlya data. 
The precision in agreement possibly results from an 
averaging of atmospheric fluctuations over long propaga- 
tion paths, this average being especially close to standard 
atmospheric values in the principal acoustic ducts. 

A. F. WIcKERSHAM, JUN. 
Radio Physics Laboratory, 
Stanford Research Institute. 
Menlo Park, California. 
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Oxidation of Olivines 


THE alteration of olivines by oxidation is well known in 
natural processes, and Haggerty and Baker! have recently 
shown that it is primarily responsible for high temperature 
alteration in lavas. They carried out heating experimenta 
in air on hand picked unaltered grains of compositi 
20 per cent fayalite (Fe,SiO,) at temperatures from 6007. 
1,000? C. We have made similar investigations on various 
members of the forsterite-fayalite series over a wider 
temperature range with a view to defining the structural 
changes that take place in the oxidative breakdown of an 
olivine and to establish the atomie mechanisms respon- 
sible. Our experiments, using X-ray single-erystal and 
powder methods, infrared spectroscopy and electron 
optical and diffraction techniques, reveal complexities 
not mentioned by Haggerty and Baker. 

Most stages of the reaction are topotactic with control 
of orientation of the breakdown products by the approx- 
imately close-packed oxygen layers of the host olivine, so 
that single-crystal studies are particularly advantageous. 
These clearly demonstrate the structural complexities of 
the oxidation process as a solid state reaction, and indicate 
that some caution is necessary in identifying the products 
with well characterized crystalline phases. With this 
limitation, the results of our investigations may be 
briefly summarized. 

At lower temperatures (500°-700° C), the chief product 
is a twinned haematite-like structure with 












Gol Cn. boil + [0L0]. cai) t [21-0] 


The description of the relative orientations of olivine and 
products follows that used by Gay and Le Maitre’. 

In the early stages of the reaction a twinned spinel-like 
phase. with 


ay (1t lsp-Pot! T (1124. čaji X [ITO lop 


is preferentially precipitated at the magnesium-rich end of 
the series. As the reaction proceeds, however, haematite 
becomes the more abundant precipitate. 

Diffraction studies show that the size and perfection 
of the regions of ex-solved ores differ at various stages 
in the process. Furthermore. in the early stages of pre- 
cipitation there are unusual diffraction effects associated 
with the host olivine, two of which are of particular sig- 
nificance in that they occur for all specimens though they 
are less marked for magnesium-rich olivines. In the first, 
streaks || c*gj develop joining maxima with (h+k) even 
and, if the iron content of the olivine is sufficiently high, 
these sharpen to triplet maxima associated with super- 
structure development. At the same time, host olivine 
maxima produce high angle streaks which sharpen inte 
satellites denoting a lattice modulation of wavelength 
approximately 100 Å. 

These effects occur only for a range of 407-50? C but 
are relatively stable within it. An extensive investigation 
of specimens with which they oecur has been carried out 
and this throws considerable light on the initial pre- 
cipitation mechanism. During the initial segregation of 
iron ators into regions coherent with the olivine matrix, 
intermediate structures are produced. From these regions, 
haematite is finally developed. The precipitation of a 
spinel phase requires a partial dislocation model similar 
to that in the transformation y-Fe,O,— œ -Fe,O, (ref. 3). 
With increasing temperature, the unusual diffraction 
effeets disappear and ore precipitation proeeeds more 
readily “from the nuclei which have been established. 

The mechanism for the ex-solution of the spinel phase 
prediets six further orientations and these have been 
identified in varying amounts, mostly at later stages of 
the breakdown at higher temperatures. At lower tem- 
peratures, most of the siliea produced in the iron-poor 
regions of the host is highlv disorganized and effectively 
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amorphous. Between about 850° and 1,000° 
C, however, a very small amount of this 
silica reacts with forsterite to form a pyrox- 
ene-like structure. Because this phase pro- 
duces only two very faint powder lines at E 
approximately d—3-2 A and d=2-9 A, it is dii 
difficult to characterize the structure with 
any certainty. We would be very reluctant 
to identify it with a recognized form of 
enstatite as suggested by Haggerty and 
Baker. At 1,100? C the poorly oriented 
pyroxene-type phase develops much more 
rapidly, and in an olivine containing approx- 
imately 50 per cent of forsterite the original 
olivine completely disappears. Even at this 
and higher temperatures, the nature of the 
structure is uncertain, but it probably 
resembles proto-enstatite rather than any 
other enstatite polymorph. Unlike Haggerty à 
and Baker, we find no evidence that the 
pyroxene is metastable: rather, it is the silica 
which is metastable in the presence of 
forsterite, 
At temperatures of about 900°-1,000° C. the dis- 
organized siliea acquires enough structural regularity to 
allow the recognition of quartz, tridymite and cristo- 
balite-like forms from their diffraetion patterns, Some 
evidence of embryonic forms of eristobalite is provided 
by infrared absorption spectroscopy and by a very faint 
diffuse band of reflexion whieh occurs on powder photo- 


graphs at about 4 A. The orientation of the high eristobalite 
is 


100 


0 








50 


100 


(LOO) | (HL Der bet Hx {110}, 


which again develops from the structural control of the 
original oxygen arrangement. Similar control occurs for 
tridymite, but the quartz is unoriented. In forsteritic 
olivines, however, this crystalline silica disappears with 
prolonged heating when it reacts with the forsterite to 
form more pyroxene. 
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PHYSICS 
36 GHz Travelling Wave Maser 


AMPLIFICATION of 6 dB has been obtained in a travelling 
wave maser at 36 GHz using Cr+? doped rutile (TiO,) as 
the active material. The slow wave Strueture,is a fully 
filled wave guide with the crystal orientation designed for 
push-pull pumping and double ion site operation. A 
superconducting magnet operating in the persistent mode 
provides the direct: current magnetic field. 

All four Zeeman energy levels of Cr+? are used. In the 
push-pull pumping scheme the pump frequency is applied 
to the 1-3 transition and the 2-4 transition Which are 
arranged to have the same energy. This overpopulates 
level 3 and depopulates level 2, producing the population 
inversion necessary for maser action. The ineoming 
signal, corresponding to the 3-2 transition, gains energy 
coherently by stimulated emission from level 3 to level 2 
(see Fig. 1). 
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Fig. 1. Push-pull energy levels in rutile. 

There are two possible operating points for a 36 GHz 
signal: a magnetic field of 1-7 kgauss with a pump fre- 
queney of 44 GHz or a 15:1 kgauss field with a 90 GHz 
pump. The latter combination is used because the higher 
pump frequency (larger inversion ratio) produces a higher 
maser gain per unit length. 

A net gain of approximately 5 dB per em of slow 
wave strueture with a bandwidth of 80 MHz is observed. 
'The net gain in the reverse direction, with no additional 
isolation, is zero, the amplification just equalling the 
paramagnetic absorption. 

The maser as constructed for testing purposes consisted 
of a 0-5 in. section of wave guide, cross-section 0-012 x 
0-045 in., filled with three TiO, erystals, each 0-012 x 
0-015 x 0-500 in. lying side by side. Two of the erystals 
were doped with Cr*? and the third was pure rutile. 
Matching to the open RG(96)/U guide was obtained 
through a tapered matching section containing a tapered 
rutile crystal. The 90 GHz pump energy was fed into the 
signal wave guide through a directional coupler. 

An operational maser amplifier under construction, 
designed for at least 20 dB of gain, will have 5 em of 
rutile filled wave guide which must be folded twice to fit 
within the superconducting magnet and to preserve the 
proper angular relationship between the direct current 
magnetic field, the radio frequency field and the crystal 
axes. 

The maser amplifier is to be used as a radio frequency 
preamplifier in radio astronomy. 

This research was supported by à grant from NASA, 
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Relationships between the Masses of 
Subatomic Particles 


Lgwis! has asserted that the so-ealled elementary par- 
tieles are not elementarv but are composed of tamaids 
and pions. Each elementary particle of mass greater than 
that of the pion consists ofa =-mesonas nucleus and tamaids 
either as a static conglomerate or rotating in various 
orbits around it. He has calculated the masses of the 
various neutral and charged particles on the basis of the 
equations 


M Neutral = 25:95 n + 134.97 (1) 
Th Charged = 25-76 n + 139.577 (2) 
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and has claimed an excellent agreement between theory 
and experiment. In this communication, we shall analyse 
his assertions. 

In equation (D. n can be either zero or a positive 
integer, so the maximum difference between the calculated 
and the observed mass of a neutral particle cannot be 
equal to or greater than 25:95 MeV. The difference 
between the experimental figures and calculated values 
should be checked in the light of the foregoing remark. 
Thus differences of +68 and —11-7 MeV (in 
Table 1 of ref. 1) between the experimental and calculated 





+63, 


masses of A, E’ and E° actually correspond to errors of 


24 per eent, 26 per cent and 44 per cent, respectively. 
This shows that the agreement between the results cal- 
eulated from the semi-empirical formula and experiment 
is extremely poor. In fact, for all masses in Table 1 of 
ref. 1 n can be adjusted so that the difference in the 
mass cannot be greater than 
This merely means that in the 


observed and calculated 
approximately 13 MeV. 
sense already mentioned the percentage errors would be 
doubled. This analysis is true for charged particles as 
well. 

Lewis tabulated the masses of only those particles for 
which, according to his own standards, the difference 
between the observed and caleulated small. 
The rest of the particles have been completely left out. 
One wonders to which value of n A(1670) and N(1670) 
would correspond if X,(1660) and N(1688) correspond 
to n=59 and n=60, respectively ! And how to explain 
the mass is 7/(958) and 8(965) on this theory? The 
masses of many other particles are evasive. 

Nuclear structure for n=1 to n=13 has been declared 


masses 15 


as forbidden. 
elementary particles and resonant states, however, shows 
that there are many more forbidden regions corresponding 
to different ranges of the values of n. For example, for 
n=17 to 21 we do not find any elementary particles or 
resonant state. In fact, we have so many elementary 
particles and resonant states that their masses ean be 
easily obtained by many such equations provided the 
forbidden regions are allowed. 

A theory developed on these lines can only be accept- 
able if not only the agreement theory and 
experiment is good but there are forbidden 
regions. 


between 
also no 
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THE SOLID STATE 
Thin Foils of WC-Co Hard Metal 


A POINT of interest concerning the microstructure of 
WC-Co hard metals is the question of the so-called con- 
tinuous carbide "skeleton". Some authors! claimed that 
the skeleton is necessary to explain the extremely high 
compressive strength and rigidity of such alloys. Electron 
microscopic observations on replicas and residual stresses 
present after sintering have also been looked on as proof 
of the skeleton theory??, On the other hand, the opinion 
was expressed'? that all the WC grains are surrounded 
by a very thin layer of the binder phase, that is, chiefly 
cobalt. A compromise between these two extremes was 
later put forward*. 

Transmission electron microscopy has now 
applied to a study of the boundaries between separate 
earbide grains and also of the interior of WC grains in 
regularly sintered hard metals. An example is shown in 


been 
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Fig. 1. Micrograph showing boundary between two WC grains, (4) and 


(B). Thin foil, * 75.000 


the micrograph in Fig. 1. The 
Coromant grade containing WC and 15:5 per cent Co by 


sample was taken from a 


volume. 
no binder phase layer exists between adjacent WC grains, 


From the micrograph it can be appreciated that 


at least not of a thickness observable with the technique 
used, 

The specimen was prepared’ by dissolving the binder 
phase somewhat more rapidly than the The 
holes between some of the grains where the foil was par- 
ticularly thin probably contained binder metal before the 
final thinning. If there had been a binder phase layer 
between the WC grains the latter would very probably 
have etched out during the last thinning 
procedure, 

The presence of WC and no other phase in the area 
studied has been shown by electron diffraction (Fig. 2) 
The boundary between WC grains has the characteristic 


carbide 


stage of the 


appearance of high-angle boundaries in transmussion elec- 


tron microscopy. In some carbide grains low-angle sub- 


grain boundaries have also been observed; these were 
formed by dislocations in a regular pattern. 
Because direct WC-WC contact areas exist, it seems 


safe to say that, at least in thoroughly sintered hard metal 
of the composition given, the binder phase does not 
necessarily appear around each WC grain. This does not, 
however, exclude the possibility of such a binder metal 
film existing in other circumstances, for example, during 
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Dislocation arrangement in 


Fig. 3. grain. Thin foil, x 64,000. 
an early stage of the sintering process or in alloys. with 
a higher Co content. 

A second point is that crystal defects can easily be 
seen within the WC grains. On the micrographs dis- 
locations can be seen passing through the foil and others 
forming tangles and loops (Fig. 3). Stacking faults* have 
also been observed’. The evidence of dislocations sup- 
ports the published observations?-!? of plastic deformation 
in WC erystals in which microhardness indentations were 
made. 

It has been found that the dislocation density is higher 
in severely cold-worked hard metal than in as-sintered 
material, proving that not only the comparatively soft 
binder phase but also the carbide is deformed under a 
sufficiently high load. The presence of n more or less 
continuous WC phase does not prevent the plastic 
deformation of hard metals aetually observed. 

I thank Mr B. Lehtinen for the experimental work 
and Mr S. Amberg for valuable discussion. 
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CHEMISTRY 


Photobleaching—a Common 
Phenomenon 


YELLOWING or darkening in sunlight is a common occur- 


rence. Ultraviolet light with photon energies in excess of 


bond energies disrupts molecules and produces coloured 
and/or reactive groups. Wool yellowing increases below 
365 mu; at 254 my greening and free radicals occur!*. 
Other materials form free radicals*. Skin reddens only 

below 320 my (ref. 4). Cellulose yellows in middle ultra- 
violet®. Yellowing is often caused by reactions after 
irradiation: wool did not yellow in Berkeley esunlight. 
unless liquid water was present during or after exposure}. 
Lignin did not yellow in near ultraviolet unless oxygen 
and water vapour were present’. 

Photobleaching is much less in evidence, although it 
was formerly used commercially for textiles, papers and 
so on. Wool is bleached by visible light!'?, by near ultra- 
violet after initial yellowing! and by full sunlight. whenever 
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the visible outweighs the ultraviolet'. Cotton and wood 
celluloses are bleached by near ultraviolet and visible 
light if heating is prevented*. Lignin bleaches in near 
ultraviolet in the absence of oxygen and moisture®. 

These examples led us to believe that photobleaching 
is not an unusual phenomenon but that coneurrent 
yellowing from a variety of effects often masks bleaching. 
Theoretically, bleaching presents more interesting prob- 
lems than yellowing, because it can occur in energy regions 
the photons of which are apparently too weak to break 
chemical bonds, and because the colour struetures are 
remcved by an unknown mechanism without the usual 
production of smaller coloured species. 

We found that photobleaching is a universal pheno- 
menon— no (organic) material we could think of failed 
to bleach. The visible spectrum of a 1,000 W water- 
cooled G.E. 4H-6 mereury lamp bleached cotton, wool, 
silk, nylon, wood, three kinds of paper, leather, old 
cellulose nitrate, rubber, macaroni flour (Triticum durum), 
polymethyl methacrylate and polyurethane plastics, 
rosin and iris we (Iridacae lilliales). Most of these are 
shown in Fig. 1; the last four were afterthoughts to be 
included in a future spectral study. The ultraviolet below 
398 my was removed with a Corning 3-74 glass filter 
mounted in a flowing-water glass cell to control filter and 
sample temperature, giving an incident intensity of 
180 mW cm. Each sample was held flat against the 
rear window of the water cell by a slab of aluminium 
cooled by an air blower, thus keeping the samples below 
30° C. The upper half of each specimen was exposed for 
24 h (3 h for rubber) and the lower half was masked by 
aluminium foil. This dose gave a contrast that could be 
photographed, although a few hours sufficed in some 
cases. Some samples were visibly bleached in a few 
minutes and all changes were measurable after a few 
minutes’ exposure. 

Most samples had their “natural” 
absolute* absorption curves, Fig. 2—wool, 
macaroni flour, corrugated pasteboard, silk, plastic, 


colours, shown by 
wood, rubber, 
news- 


MACARONI FLOUR 


RUBBER KRAFT PAPER 





Fip. 1. The bleaching of materials by visible light. 
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Fig. 2. Absolnte absorption spectra in the near ultraviolet and visible 


regions. 


paper and nylon. All were of commercial or natural 
origin except an unsized, solvent-extracted, cotton fabric 
and an unsized experimental paper made from cotton 
cloth. Leather was degreased, untanned cowhide. Natural 
rubber and polyurethane were pale yellow, foamed 
sheeting. Wool was described previously^?. Wood was 
old pine, freshly sanded. Nylon and silk ("raw" or 
"pongee") were from old garments. Leather, book paper 
and cotton fabric, too white for reliable study, were 
mildly "aged" in air at 1207-150? C. Some cotton fabric 
and book paper were yellowed by 254 and 300 my ultra- 
violet. Thus white materials became creamy yellow. 
Dyestuffs that fade (to distinguish from bleaching) were 
excluded, for their small molecules usually disrupt to give 
eoloured products which mask fundamental results. 
Yellowish rosin was ground to 1 em matte slabs and 
backed with white paper. The iris leaves were fresh, 
uniform and flat. Slightly daylight-darkened polymethyl 
methacrylate ‘Plexiglas’ was the only clear material 
further studied. 

The universal nature of photobleaching reveals a 
common fundamental behaviour pattern: light absorbers 
in solids are eliminated by the light they absorb, regard- 
less of chemical properties, type of chromophore and so 
on. Absorber elimination, a low-energy process, in effect 
competes with absorber production, which varies with 
photochemical stability. The wavelength relation between 
light and the absorber eliminated, already shown for 
wool, will be shown for the general case in the near future. 

I thank H. F. Schiefer and W. K. Wilson, of the US 
National Bureau of Standards, for the special cotton 
fabric and paper. 
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Spectral Conformity—a Widespread 
Effect of Light 


WooL!, bleaehed by light, aequires some of its colour, 
becoming bluer in blue light or greener in green light. 
Reflectance and transmittance rise near the wavelength 
of the light because photons eliminate their particular 
absorbers, leaving the remainder of the chromophore 
unchanged. This phenomenon, which we named “spectral 
conformity", was used, for example, in traditional wool 
bleaching by sunlight. Blue photons in daylight (speetral 
maximum in the blue?-5) eliminate the absorbers of blue 
photons that made the wool yellow, thus making it 
bluer, and looking “whiter”. Cotton, linen, paper and so 
on, used to be sun-bleached. The question arises: is 
speetral conformity general or is it an interesting peeu- 
liarity of wool ? 

To be widespread the phenomenon must be independent 
of individual chemical and physical properties. We have 
shown in the preceding communication that visible light 
eliminates visible absorbers regardless of chemical prop- 
erties, but no definite wavelength specificity was shown. 
Our objective now is to demonstrate that wavelength 
specificity occurs and therefore that spectral conformity 
is a common effect of light. 

To investigate this, the materials named in the figures 
(and described in the preceding communication) were 
irradiated with monochromatic light at three mercury 
wavelengths: 365, 436 and 546 mu, at intensities of 1-2, 
0-83 and 6-7 mW em-?, respectively. Some results were 
obtained with broad-band red light > 630 my at 32 mW 
em-*, Each was exposed for various periods and spectro- 
photometrically measured. Families of curves were 
obtained; typical ones are shown in Figs. 1, 2 and 3, 
corresponding to exposures of 0-5 to 2 h (except plastic 
sheet 17 h, silk 4 h, rubber 0-16 h) at 365 my, 20 to 50 h 
(except rubber 2 h, leather 7 h) at 446 my, 20 to 95 h 
(except rubber 6 h) at 446 my, and 5 to 8 days with red 
light. The few atypical eurves are shown in Fig. 4. 

Changes in diffuse reflectance (transmittance for the 
plastic sheet) were measured from 320 to 700 mp with a 
Beekman DB speetrophotometer. The slit width was 
manually controlled at 5 my band width. Measurements 
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Fig. 1. Spectral conformity shown by wood, silk and two kinds of 
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rubber at three wavelengths. 
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were made, before and after exposure, against unexposed 
controls. Results are expressed as changes in percentage 
(comparative) reflectance. The before-exposure curves 
are at zero. Further details were given previously (ref. 1 
and preceding communication). When transmittance was 
measurable (silk, cotton, paper, nylon, wool) it led to the 
same conclusions as reflectance, and was omitted. Re- 
flectance is a more sensitive measure for diffusing materials 
and transmittance for clear plastic. 

The common feature of all curves of Figs. 1, 2 and 3 is 
spectral conformity, that is, occurrence of maxima near 
the wavelengths of the irradiating light. Arrows indicate 
each maximum and brackets show group wavelength 
ranges. Maxima values and statistical deviations are 
given in Table 1. Special conformity doubtless occurs at 
intermediate wavelengths also, as in wool! at 389 and 


Table]. WAVELENGTAS OF CURVE MAXIMA AFTER IRRADIATION AT CAUSATIVE 


WAVELENGTHS 


Causative wavelengths: — 365 my 436 my 546 mi > 625 me 
mye mu nu ma 

Wood 364 425 514 600 

Silk 362 424 525 635 

Brown paper 357 422 533 620 

Newspaper 302 422 553 606 

Plastic sheet 352 420 545 

Macaroni flour 358 434 490* 

Polyurethane 365 428 520 

Nylon 364 420 494 [370] ex 

Rubber [386]? 425 480 [385] 

Leather 359 420 510 

Cotton—ultraviolet 360 426 — 

Cotton heat 352 426 503 - 

Rosin 362 BOR* 550 ~- 

Wool fabrie t 360 423 502 

Book paper— ultraviolet 357 427 — ~- 

Book paper—heat 356 417 504 — 

Tris leaf 365 [530] [450}[480]/680] [620] ə» mE 

Standard deviations £30 i37 £20 +14 


* These two values and all bracketed ones were not included in the statis- 
tical analyses, 

+ The values in brackets seem to be caused by specifie photochemical 
effects, which in the case of iris leaves was photosynthesis. 

+ The curves for this group are not shown in the figures—those for wool 
were given before'; those for book paper resemble those for cotton very 
closely. 
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405 mu. Red light bleached most materials sc mewhat, 
giving low (1-2 per cent Bade in reflectance) flat curves, 
but only those of Fig. 1 showed definable maxima. 

Our explanation of spectral conformity is that only 
those absorbers are eliminated whieh absorb photons; a 
different set at each causative wavelength. This speci- 
ficity suggests that a ehromophore consists of a spectrum 
of many absorbers which change independently without 
affecting absorbers not acquiring photons. Thus chromo- 
phores are subject to spectrally localized change. Only 
two cases differed, nylon and rubber in 546 my light, the 
curves (Fig. 4) of which show near ultraviolet peaks 
apparently unrelated to the causative wavelength, which 
may distort primary maxima to lower wavelengths. These 
materials at other wav elengths, and all other materials at 
all wavelengths, showed spectral conformity. The mater- 
ials represent a wide range of chemical and physical 
properties: monomerie rosin to high polymers, almost 
chemically pure cellulose to highly complex wood and 
physically continuous plastic sheet to macaroni flour. 
Wood. newspaper and brown paper contain lignin, poly- 
saccharides, resins and so on, in various proportions. 

The fact that spectral conformity occurred in all 
materials, with close grouping of maxima, shows that its 
occurrence is independent of type of chromophore or 
light-absorbing structure, chemical properties or mole- 
cular structure. It appears to occur whenever photo- 
bleaching is possible and may be a process, along with 
fluorescence and vibrational heat formation, of dissipating 
absorbed energy. Chemical changes must play a minor 
pàrt because: (a) it is improbable that the many mech- 
anisms would lead to the same result; (b) the photon 
energies, especially red (44 Cal) and green (52 Cal), are 
lower than the chemical bond energies; and (c) much of 
the chromophore remains unchanged. Spectral con- 
formity seems to be on a more fundamental level, perhaps 
a photophysical elimination of those possibilities of elec- 
tron-plus-vibrational energy changes which constitute the 
absorbers. Although the causative energies were prac- 
tically monochromatic! (except red light) the resulting 
multiple electronie and vibrational processes could be 
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Fig. 3. Spectral conformity shown by nylon fabric (—:—-), polymethyl 
methacrylate sheet (-— -), polyurethane foam (~ and macaroni 
flour (....) at three wavelengths. ‘The curves for the plastic PMM sheet 
refer to transmittance, The curve maxima are drawn in heavy lines. 
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expected to produce broad action spectra. In fluorescence, 
for example, monochromatic energy is usually re-emitted 
in broad bands. Incidentally, no re-emitted light was 
detectable with photographic film. These spreads increase 
with causative wavelength because of greater participation 
of the more diffuse vibrational processes. 

Some maxima lie within 2 to 3 mu of causative wave- 
lengths—polyurethane, wood, nylon, rosin, silk and 
newspaper near 365 my, macaroni flour near 436 my, 
and plastic sheet near 546 mp. On the average, however, 
the maxima are below causative wavelengths: 51 my 
below 365 mu, 11-7 mu below 436 my, and 23-7 mu below 
546 my. The red downshift, > 30 my, is indefinite because 
the effective wavelength was unknown. Some downshift 
is caused by the 5 my instrumental bandwidth. The rest 
ean be explained from absolute absorption curves given in 
the preceding communication, which show that absorption 
(except iris leaf at 365 my) is greater immediately below 
than above a given causative wavelength. Because each 
absorber functions over a band of wavelengths, absorbers 
not peaking at a causative wavelength nevertheless obtain 
energy from there and with rare exceptions are eliminated, 
causing downshifts in maxima. The downshifts are 
greater at longer wavelengths because the fractional 
change in absorption is greater at lower absorption. 

The curves below the zero line show absorber formation 
which varied greatly with chemical properties: plastic 
sheet, polyurethane and rosin forming the most, and silk 
and leather the fewest, absorbers. No material formed 
absorbers by red light. only three by 546 my green light, 
all but three by 436 my blue light but usually in small 
amounts, and all but two by 356 my ultraviolet, often 
sizable amounts. Absorbers often form when light breaks 
bonds. Wool discolours in ultraviolet below 365 my 
(ref. 6), turning green from free radicals at 254 mu. (ref. 7). 
Absorber formation poses a problem, however, because 
temperature control was reliable! and the heat generated 
by red light, which formed no absorbers, was 2 to 3 times 
that by 546 my, as may be calculated from the data 















given. This indicates that bond disruption may be 
unnecessary for absorber formation, or known bond 
mes pans T 
207 \ 
oe N 
& tris leaf 
ir Rubber — -— N& 
Nylon =e NS 
Y 
10 






Wuobv oy en? 


Percentage of reflectance change due to light 
e 











Wavelength (m) 


Fig. 4. Unusual responses of rubber (-—-), nylon fabric (—-—} and 
fresh iris leaves (—-—) at certain wavelengths. 
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energies do net apply to high polymers, or quantum 
requirements are evaded by a pooling of energy in long- 
lived vibrational levels, causing non-quantized bond 
disruption. 

Absorber formation, initiated by the same wavelength 
as absorber elimination but appearing at different wave- 
lengths, in some cases affected the maxima only slighthy 
with regard to wavelength but considerably with regard to 
height. The slowest elimination, plastic sheet by 365 my, 
occurred with the fastest formation; the fastest elimina- 
tion, rubber by 436 mu, occurred without absorber forma- 
tion. Polyurethane by 365 mu showed a positive maximum 
in 0-5 h, after which absorber formation predominated and 
the maximum became negative, but remained at 365 mg. 
(not shown). Rubber (the most unusual inanimate 
material) showed a maximum at 386 my (the only sizable 
upshift) in 10 min, after which absorber formation 
obliterated it (not shown). This was the only fleeting 
maximum. All others, except polyurethane by 365 mg, 
increased with exposure. 

Iris leaves (Fig. 4) either produced a new, different 
substance at each causative wavelength or spectral con- 
formity occurred. distorted by photosynthesis. 

The colour changes in spectral conformity are easily 
measurable but not often visually obvious. When a 
yellowish substance is bleached by blue light, reflectance 
measurement shows it to become bluer, but it looks 
whiter, or less yellow, not bluer. Finally, spectral con- 
formity is the process by which each wavelength in a 
"white" light spectrum decreases absorption over its 
limited range. to give integrated photobleaching. 
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Monochromatic Flash Spectroscopy 
with Mercury Resonance Radiation 


WE have recently shown that a short duration flash of 
mereury resonance radiation (2537 A) can be produced 
with an intensity great enough to investigate directly 
mercury photosensitized reactions by kinetic spectro- 
scopy, when a powerful mierowave pulse is used to exeite 
a discharge in mereury vapour and nitrogen. Transient 
species have been detected and identified in several experi- 
mental systems, some of which are discussed here in out- 
line. Compared with the energy produced in the continuum 
of a standard flash discharge!, the total energy of the 
monochragnatic flash is small; but almost all the resonance 
radiation can be absorbed in the reaetion system and the 
new method has several advantages including mono- 
energetie excitation and improved time resolution. 

An English Electric M 578 magnetron (3,060 mCi) was 
operated on single shot by switching the potential with 
two thygatrons to produce square pulses of 5 us duration 
at 300 kW. The power was coupled to a horn by way of 
an isolator and standard wave-guide section. The horn 
was generated by gradually extending the broad face to 
form a rectangular cross-section 50 em long at the termina- 
tion. The coaxial resonance lamp and reaction vessel 
were enclosed inside a cylindrical conductor which formed. 
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4013 A 





HeH Li 


Fig.1. The production of HgH with a monochromatic Hush at 2537 A(20* C). a, He + 650mm Ac + 10mm Hy: b. He + 660mm N; + 2mm Hy. 


a complete loop to couple the long end-sections of the 
horn. Thereby power is efficiently coupled to a gas at low 
pressure to produce an electric discharge of short duration. 
ut the discharge has the special property of being con- 
fined to a region within about 0*5 em of the walls. In a 
double-walled quartz vessel the discharge is confined 
naturally to the outer ehamber and its absence from the 
central reaetion system was fully ensured by employing 
high gas pressures. The lamp filling consisted of 20 mm 
He, 4 mm N, with 10-? mm pressure of mereury vapour. 
The mereury is probably excited by electronic energy 
transfer? from N,A?X4 and the rate of absorption of 
resonance radiation in the reaction vessel corresponded 
to ~1 kW. 

The rate of emission of resonance radiation was found 
to follow closely the duration of microwave excitation, 
as was shown by monitoring the CS produced in the 
sequence 


Hg(6'So) + hv — Hg(6?P,) 
Hg(6*P,) + N.O — Hg(6'So) + N, + O(2°P) 
O(2°P) + CS, — SO + CS 


The mercury photosensitized reaction of CS, alone 
generates CS quite slowly, indicating that in this case the 
primary process is electronie energy transfer. In the mono- 
chromatie flash photolysis of Hg/N, mixtures, gumerous 
transitions from the metastable Hg(6*Po) were detected 
with great intensity and the ground state was depopu- 
lated to the threshold of inversion at the termination of 
the pulse. Metastable atoms were detected weakly in 
mercury /hydrocarbon mixtures; this has not been achieved 
with the standard flash photolysis method?-*, 
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Although the produetion of hydrogen atoms in the 
reaction of Hg(6°P,) with molecular hydrogen was one 
of the first examples of photosensitization to be discovered®, 
there has since been frequent and inconclusive speculation 
about the possible production of HgH*-*. The absorption 
spectrum shown in Fig. la (50 em path) provides the first. 
proof of the oceurrence of the reaction 


Hg(6*P,) + H, — HgH + H (1) 


The spectrum shown in Fig. 1 is the (0,0) band of the 
Aézy-X*X* transition and several other systems have 
been detected in absorption. In hydrogen, the degree of 
transient depopulation of the mereury ground state is very 
roughly one-third of that in nitrogen and we are now 
attempting to make accurate measurements to determine 
the yield of the hydride in reaction (1). HgH is also pro- 
duced in the reaction of Hg(6*Po) with hydrogen (see 
Fig. 15), and the yield is about 30 per eent higher than in 
reaction (1). The detection of mereury hydride at the 
shortest delay times proves quite conclusively that it is 
formed in the primary process. Detection of HgD has been 
achieved in similar experiments. 

In the mercury photosensitized flash photolysis of 
gaseous methyl chloride we have detected the HgCl 
molecule in absorption. These results confirm earlier 
conclusions based on monoisotopie enrichment experi- 
ments™ that the HgCl is produced in the primary quench- 
ing process. HgCl has been detected in standard flash 
photolysis experiments in which a relatively high concen- 
tration of mereury vapour was employed to enhance the 
absorption of light from the continuum (D. A. Horne 
and O. P. Strausz, private communication). The method of 
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these experiments promises to be of general application 
to the spectroscopic study of photosensitized reactions. 
A. B. CaLLEAR 
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Physieal Chemistry Laboratory, 
University of Cambridge. 
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1 Norrish, R. G. W., and Porter, G., Nature, 164, 658 (1949). 

* Callear, A. B., Green, J. A., and Williams, G. J., Trans. Faraday Soc., 81. 
1831 (1965). 

? Callear, A. B., and Norrish, R. G. W., Proe. Hoy. Soc., A, 266, 299 (1962). 

! Callear, A. B., and Williams, G. J., Trans. Faraday Soc., 60, 2158 (1964). 

$ Cario, G., and Franck, J., Z. Phys., 11, 161 (1922). 

* Callear, A. B., and Pereira, W. P. D., Trans. Faraday Soc., 59, 1 (1963). 

1 Cvetanovic, R. J., Progr. Reaction Kinetics, 2, 39 (1963). 

* Kang Yang, J. Amer. Chem. Soe., 89, 5344 (1967). 

"Kong ha Paden, J. D., and Hassell, C. L., J. Chem. Phys., 47, 3824 

the 


? Gunning, H, E., and Strausz, O. P., Adv. Photochem., 1. 209 (1964). 


Krypton Diffusion in Scintillation 
Counter Plastic 


Tue determination of radioactive krypton in the atmo- 
sphere, as carried out by the Radiological Sciences 
Laboratory, New York State Department of Health 
(private communication from N. Irving Sax), involves 
extraction and concentration of krypton, then injection 
of this into a vial containing chips of a scintillation 
counter plastic, such as p-terphenyl in polyvinyltoluene 
commercially available from Pilot Chemicals, Massachu- 
setts. By scintillation counting, this procedure measures 
extremely low levels of the B emitter, 10-76 yr krypton-85. 

One possible source of error, seldom considered, is the 
diffusion of the gaseous krypton being measured into the 
solid plastic, and its retention there. To evaluate this. 
measurement was made over a temperature range of the 
permeation rate, diffusion constant and solubility of 
normal krypton in the polymer. The rates for the most 
abundant isotope, krypton-84, were determined by mass 
spectrometry. These values will be extremely close to 
those for radioactive krypton-85. The quantum isotope 
effect in permeation is small and measurable only in the 
light isotopes H, and D,, as found by Frisch and Rogers!. 

The mass spectrometric method of permeation measure- 
ment is described in refs. 2 and 3 in detail. The clear 
polyvinyltoluene polymer, 10-6x10-* in. thick, was 
vacuum degassed in a permeation cell. Then 200 mm of 
krypton was put on the high side with the low side leading 
directly to the mass spectrometer. This was a single 
focusing 60° machine, of 6 in. radius, made by General 
Eleetrie. This method enables extremely low flow rates 
to be found unambiguously. By measuring the height of 
peak 84 at steady state flow, the rate of krypton per- 
meation was determined. The lag time to steady state 
enabled the diffusion constant to be measured}. 

The units of the permeation rate P are: cm? gas (STP) 
$-! per cm? area per mm thick per 1 cm Hg gas pressure 
difference. The diffusion constant D is in em? s-* and the 
solubility of the gas in the polymer is in em? (STP) gas 
per cm? polymer for 76 em Hg applied gas pressure. 
The results are given in Table 1. 


Table 1. KRYPTON IN SCINTILLATION POLYMER POLYVINYLTOLUENE 
Permeation rate Diffusion constant Solubility 
°C P D 5 
25 42x 1077 483x107 0-75 
50 1:5 x 10-* 24x 1075 0-50 
75 48x10 10x107 0-37 


With the units used, and assuming the diffusion con- 
stant is independent of concentration, as it probably is at 
these low values, the solubility S=7-6 P/D. 

From plots of log P and D against 1/T, the activation 
energy ean be determined for the processes. For per- 
meation of krypton in the polymer it is 10,000 calories, 
and for diffusion. 13,000 calories. 
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'The time lag L to establish steady state flow to vacuum 
through a 10 x 10-? in. sheet of polymer can be caleulated 
from L-«d:[6D, where d is the polymer thickness in em. 
At 25° C this lag is 7 h. If there is krypton on both sides 
of a degassed sheet, the time to half saturate the sheet 
can be computed from tables given by Newman* and 
Norton’. It amounts to 5 h. Hence, if the plastic is 
exposed to krypton-85 for the order of two or three hours 
during the scintillation measurements, the dissolved gas 
remaining in the plastic can become important. At an 
equilibrium pressure of 1 atm, the volume of gas held in 
the plastic at 25° C is almost the volume of the plastie 
itself. The time for desorption is about the time for take- 
up. For precise measurements this gas must be desorbed 
and pumped away before the next sample is introduced. 
it is most advantageous from the standpoint of gas solu- 
bility to keep the exposure time of the plastic to the gas 
at a minimum, and to allow sufficient time, with sweep- 
out, between measurements. 

This work was aided by a research grant from the 
Division of Air Pollution, US Public Health Service. 
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Growth of Crystals in Silica Gel 
using a Co-solute 


ArTER the publication by Cochrane! of a procedure for 
growing single crystals of 6-AgI in concentrated KI 
solution, several workers? described the application of 
variants of his technique to growth in silica gel. We have 
also been active in this area and have grown single 
crystals of «-HgS and 8-Hgs as well as g-AgI. AgBr and 
AgCl. 

The general feature of this method is the existence of 
some soluble material which itself increases the solubility 
of the material of interest in a nonlinear fashion with 
concentration of the soluble material by complex forma. 
tion in solution, or by formation of a soluble double salt. 
In the crystal growth operation, the concentration of the 
combined solution is reduced by diffusion into the gel. 
Because the solubility of the material is a nonlinear 
funetion of the concentration of the soluble material, it 
may reappear. In the ease of HgS the aqueous solu- 
bilities of «-HgS and 8-HgS are known? to be enhanced 
by the presence of Na,S. Similarly, the solubilities of the 
various silver halides are known to inerease by many 
orders of magnitude in eoncentrated alkali halide and 
alkaline earth halide solutions as well as in silver complex 
formers like Na,SO,, Na,S,0,, and others. 

We have grown small crystals (~ 0-5 mm max.) of both 
x-HgS and"8-HgS in silica gels from Na,S solution under 
varied pH and temperature. "Typically, sodium silicate 
gels of specifie gravity 1-05 in the pH range 58-85 were 
formed with nitric acid and allowed to stand overnight. 
A solution of Na,S-HgS was then added to the top of the 
gel. In a matter of a day, crystals appeared in the gel 
near the fnterface and in the top solution. Severe gel 
shrinkage was evident and dilution of the top solution by 
the syneresis liquid from the gel was thought to be the 
principal reason for this crystal formation in the top 
solution. Initially, only cubic, black a-Hg8 crystals were 
evident, but after standing for several days conversion to 
the red hexagonal 8-Hg8 occurred. The rate of conversion 
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and also the final size of the HgS crystals increased with 
temperature in the range 20°—60° C. 
We have grown the various silver halides from their 
respective K, NH,, Na, Ca halide solutions and looked 
for size and habit modifications. Our attempts to grow 
the silver halides from other silver complex formers such 
as Na,8,0, and KCN have been unsuccessful to date 
because of the stability of these solutions against dilution. 
Typical sizes are AgI ~ 8-10 mm for all co-solutes; 
AgBr ~ 3 mm in NH,BR (octahedral habit), ~ 2 mm in 
KBr (cubie habit); AgCl ~ 1 mm in NaCl and CaCl, 
solutions. The procedure we followed for the silver 
halides is as follows. Sodium silicate gels of specific grav- 
ity 1-03 were formed in the pH range 5-5-8-5 using acetic 
acid, After gelling, a concentrated solution of the co-solute 
to be used was added to the top of the gel and allowed to 
stand for times from 1 day to 6 days. This solution was 
then decanted and the silver halide co-solute solution was 
substituted in its place. Crystals appeared within a few 
hours and grew to the sizes noted previously. This pro- 
cedure greatly suppressed the number of nucleation sites 
observed without “pre-doping”. In the case of the B-Agl 
erystals, in particular, many of the crystals had hexa- 
gonal habit with one smooth side and the other with 
ridges parallel to the hexagonal sides and also radiating 
from a nucleation site in the centre of the plate as reported 
by Halberstadt?. There were also, however, many crystals 
which grew as triangles ~ 1 em on a side with ridges only 
from the apices of the triangle to its centre. The remainder 
of these erystals were perfectly clear and free from other 
nucleation sites. Optical spectra on these crystals in- 
dicated a sharp edge which was located at 2-85 eV 
assuming a direct transition. X-ray results indicated 
reasonable erystal perfection. 
This work was supported by the US Department of the 
Navy, Bureau of Naval Weapons. 
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BIOPHYSICS 
Electrical Properties of Wet Collagen 


THE electrical properties of dried collagen and bone have 
been studied by Fukada and Yasuda'?, Both were shown 
to be piezoelectric, producing a measurable potential 
between opposite faces when stressed and also deforming 
on application of a voltage. The piezoelectric coefficients 
dı, belonging to the polycrystalline point group co were 
found for collagen, and the values reported fer d,, were 
about the same as d;, in quartz. Because both tendon 
and bone are bathed in ionie fluid of high conductivity 
when in vivo, it was decided that the electrical activity 
of wet collagen should be examined. 

The specimens chosen were human Achilles tendons 
which were stored in Ringer solution in a, domestie 
refrigerator. This tendon consists of collagen fibres, 
largely parallel to the long axis of the tendon. which 
typically was 5 em long and 8 mm in diameter. Because 
of this structure there is a large number of fine capillary 
channels throughout the length of the specimen, through 
which liquid can flow. When the tendon is stretched, 
liquid is squeezed out and will stream back into the 
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specimen when it is relaxed. Such movement of ionic 
fluid gives rise to a streaming potential and it is necessary 
to design an experiment in which streaming potential can 
be separated from any piezoelectric potential that might 
be present. 

The mechanism of streaming potential at its simplest 
depends on the absorption of one type of ion on the 
surface of the molecule, with an associated diffuse layer 
of ions of the opposite type extending out from the 
molecular surface. When the liquid streams past the 
molecule there is a net transport of one type of ion with 
a resulting potential gradient, which may be measured by 
means of electrodes placed in the stream, The magnitude 
of the streaming potential is dependent on the type of 
molecule and the pH of the solution, At a given pH, 
the isoelectric point. the concentration of ions is such 
that ns many positive as negative ions are absorbed on 
the molecule and the streaming potential is then zero. 

The piezoelectric potential is dependent only on the 
strain applied to the molecule and may be expected to 
be independent of the pH of the surrounding solution. If 
any charges appear on the surface of the strained fibre, 
caused by the piezoelectric effect, they will rapidly be 
cancelled by ions of opposite polarity absorbed from the 
solution. This would result in a change in the isoelectric 
point. 

Thus, in order to separate the two effects experimentally, 
the tendon should be strained and the potential developed 
between two electrodes buried into it measured, with the 
pH of the surrounding solution varied through the iso- 
electric point. If potentials were observed at the normal 
isoelectric pH. for collagen they would be attributable to 
piezoelectric effects. 

The apparatus is shown diagrammatically in Fig. 1. 
The tendon was anchored to a brass hook H by means 
of a stainless steel wire suture at the lower end. The 
upper end was attached to piano wire, also by stainless 
steel wire, which passed over two pulleys and was attached 
to the mass M. Freshly made Ag-AgCl electrodes were 
buried into the tendon, 3 em apart, by injecting them 
through a fine glass capillary tube and subsequently 
withdrawing the tube. The leads from the eleetrodes were 
taken to an oscilloscope with a storage screen, having a 
sensitivity of 1 mV/em-!. 

The tendon was prepared by allowing it to dry in a 
desiccator at room temperature until it was stiff, brittle 
and pale yellow in colour. It was then immersed in a 
solution of known pH, prepared from standard buffer 
solution (BDH), for a period of 24-48 h until it became 
completely flabby. When mounted in the apparatus a 
slow drip of the same solution was directed over it so 
that the whole length of the tendon was bathed in 
solution, to prevent it drying. 

To obtain readings a standard impulse was applied to 
the specimen by allowing the mass M, 2-10 kg, to fall 
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Fig. 1. 


Diagram of the apparatus. 
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through a fixed distance of 1 in. The resulting electrical 
pulse was displayed on the oscilloscope. The value 
recorded was the steady pulse amplitude obtained after 
repeated loading at approximately 1 impulse s~ for 
10-15 s. 

In agreement with ideas of a streaming potential the 
signal obtained was proportional to the load and at 
pH 4-7 no signal was obtained whatever the force applied. 
A graph of the peak value of voltage pulse against pH 
of the solution is shown in Fig. 2. 

While isoeleetrie points for rat-tail and hide collagen 
have been reported in the literature?-*, no information 
was available on human Achilles tendon collagen. 
Accordingly, measurements were carried out on the 
tendons used in the foregoing measurements by miero- 
cell electrophoresis using à commercial apparatus. 

The tendon was dried and ground up, using fine glass- 
paper and a homogenizer. The mean particle size was 
estimated to be approximately 20u., and specimen solu- 
tions were made up by adding powder to the recommended 
buffer solutions for electrophoresis’, covering the range of 
pH values 3-5 to 10. 

The cell was calibrated by plotting the particle velocity 
against depth using red blood cells in the bare cell and 
when the cell was coated with haemoglobin. The electro- 
phoretie velocity of particles with a current of 5 mA 
passing through the solution cell is plotted against pH in 
Fig. 3 for an ionic strength of 0-05 M. Because an applied 
electric field has no effect on the particles at a pH value 
of 4-7, this is taken to be the isoelectric point for human 
Achilles tendon. 

The coincidence of the isoelectric point with the pH for 
zero electrical impulse potential indicates that the impulse 
potentials involved are caused by streaming potentials 
only, there being no contribution from the piezoelectric 
effect. This is further supported by the general similarity 
in the shapes of the curves of Figs. 2 and 3. It is therefore 
concluded that the piezoelectric effect is absent from the 
completely wet collagen. 

The ability of a material to exhibit piezoelectricity is a 
function of its erystal symmetry. 

Fukada! measured the piezoelectric coefficients d,, and 


dy, (= —d,,) for dried bone, defined by the equation 
03; 
dost 
57 OE, 


where s is strain and Æ electric field; the subscripts denote 
the axes along which d is measured with respect to field 
and strain. The d coefficients found corresponded to the 
non-polar, polycrystalline point group œ : 2 (00/2). For 
dry Achilles tendon, Fukada found coefficients corre- 
sponding to the point group œ. Of the seven possible 
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point groups for polyerystalline materials, Sh'ubnikov* 
has shown that only the groups œ, oo : 2 and oo. can 
exhibit piezoelectricity. (These correspond to point 
groups 6, 6mm and 622 and 4, 4mm and 422, respectively, 
in matrix notation.) 

We thought it curious that bone should belong to a 
point group having a higher symmetry than that of its 
main constituent collagen, especially as its other con- 
stituent, hydroxyapatite, is centro-symmetrieal and 
therefore is not piezoelectric. Accordingly, work was 
carried out to check the results on dry human bone using 
Fukada's method. Unlike Fukada's work, however, no 
heat was applied in drying the specimens; silica gel was 
used instead. It was found that the results could be 
explained purely in terms of those coefficients found for 
tendon collagen if one took into account the orientation 
of the collagen fibres relative to the long axis of the human 
femur, which was used in the study. The result is that, 
statistically speaking, the collagen fibres may be said to 
exhibit conical symmetry with respect to the long direc- 
tion of the bone femur. The apical angle depends on how 
many fibres lie parallel to the axis of the osteon and how 
many lie circumferentially, and whether the osteons 
themselves spiral along the direction of the long axis. 
Hence the coefficients found by Fukada for parallel 
tendon fibres were transferred to the new system of 
co-ordinates where the new 3' axis spiralled around the 
old 3 axis. It was found that an apical angle of 13° gave 
the best agreement with the practical results. "Thus both 
dry bone and dry collagen are allocated to the point 
group oo. 

These results with wet collagen imply that, because it 
exhibits no piezoelectric effect, it belongs to a group of 
higher symmetry than does the dry material. The struc- 
ture of collagen has been described by Ramachandran’. 
The difference between dry and wet states is brought 
about by the incorporation of bound water in the wet 
material. Harrington and von Hippel’ state that the 
crystallinity of collagen, as revealed by X-ray studies, is 
destroyed by dehydration, and Bradbury et al." demon- 
strated that systematically disposed water molecules, in 
the collagen, constitute an important part of the diffracting 
structure. Esipova et al? also found that hydration in- 
creased the crystallinity of collagen and inferred that the 
oxygen atoms of water, bound to the ordered portion of the 
collagen structure, lie close to the axis of the polypeptide 
chains and are arranged in a semi-regular fashion along 
the chains. It is thus reasonable to expect that the 
incorporation of water increases the symmetry of the 
collagen molecule. Until the precise arrangement of the 
water molecules within the collagen framework is known. 
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Fig. 3. The electrophoretic velocity of tendon particles, with a current 
of 5 mA passing through the cell, as a function of pH. 
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however, it is not possible to allocate it to a particular 
symmetry group. The absence of piezoelectricity, how- 
ever, indieates that it should belong to one of the groups 
crm, m.coo :m, o/c, oc[oac.m, the first two groups 
being the most likely. 

This work was supported by a grant from the Medical 
Research Council. We thank Dr Forester, of the Chester 
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phoretie measurements, Dr M. A. R. Freeman who sup- 
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with the early experimental work. 
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PHYSIOLOGY 


Bark Beetle Attractants: 
Trans-verbenol isolated from 
Dendroctonus 


Mass aggregations of populations of Dendroctonus (Scoly- 
tidae) on new host trees are largely caused by olfactory 
responses to attractants created by the attacking females!?. 
The attractant is apparently composed of host and insect 
components which interact in some unknown manner in 
orienting the population to new hosts. In our experiments 
with Dendroctonus brevicomis Lec. in California. D. pon- 
derosae Hopk. in Idaho, and D. frontalis Zimm. in Texas, 
mass aggregation eould not be induced by either host or 
insect factors when tested independently. "These results 
are contrasted with those obtained with another group of 
scolytids (certain /ps) where faecal matter per se from 
mature males was highly attraetive?*. In both groups of 
bark beetles, however, the mechanism of pheromone 
release is defaecation and the probable sites of elaboration 
and concentration are the Malpighian tubes and hindgut 
areas, 

Trans-verbenol, shown by Renwick’ to be present in 
the hindguts of D. brevicomis and D. frontalis, was isolated 
from the hindguts of female D. ponderosae in the following 
way. Approximately 5,000 hindguts were ground with 
sand (^1 g) under doubly distilled water (~10 ml.) and 
the mixture was centrifuged at 1,800 r.p.m.*for 2 min. 
The supernatant solution was collected and the residue 
was extracted a second and third time in a similar manner. 
The aqueous fractions were combined and extracted four 
times with 10 ml. portions of freshly distilled diethyl 
ether. The combined ether extracts were then concen- 
trated to about 0-25 ml. by distillation. Thts solution 
was chromatographed on thin layers (0-5 mm) of ‘Silica 
Gel G'. The developing solvent was 15 per cent diethyl 
ether in chloroform, The trans-verbenol appeared as a 
single spot at an Rp value of 0-45. (Subsequent work 
indicated that materials other than trans-verbenol were 
present at this same Rp value. Materials were also found 
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Fig. 1, Gas chromatograms of an oil-like droplet present in hindguts 

of recently emerged Dendroctonus frontalis females (A), of hindguts 

excised from twenty D. ponderosae females which had fed 22 h in 
ponderosa pine bark (B), or in orange rind (C), 


in the Er ranges of 0-0-3 and 0-9-1-0. Their role as 
attractants of D. ponderosae is being investigated.) 'The 
erude trans-verbenol thus obtained (4:5 mg) was purified 
by gas chromatography on a 10 ft.x 0-25 in. stainless 
steel column containing 10 per cent ‘Carbowax 20 M' on 
60/80 mesh ‘Chrom W’ at 140? C: injector and detector 
were 150? C; helium flow rate was 60 cm3/min. The 
trans-verbenol had a retention time of 18 min. 

The spectral data on the trans-verbenol were in good 
agreement with those reported by Renwick?. 'The mass 
spectrum showed the following fragmentation peaks: 
m/e 134 (P— H,O), 119 (P— CH, 4 H,O), 91 (base peak). 
The infrared spectrum (CCI, solvent) showed the following 
adsorption bands (u): 2-77 ( - OH), 6:05 (C=C), 7:27 (gem 
dimethyl), and 9-80 and 10-02 (C— OH). Nuclear mag- 
netic resonance spectrum (CCI, ¢.p.s.) was: ~ 314 ( « CH), 
243 (— CHOH), 150-110 (CH and CH,), 100 (=C—CH,), 
78 (- CH), 71 ( - CH,), and ~60 (—OH). 

Trans-verbenol was synthesized from alpha pinene? and 
purified by thin-layer and gas chromatography. The 
spectral data of the synthesized material were congruent 
with those of the naturally oceurring compound. 

The activity of the synthesized trana-verbenol was 
evaluated in field conditions near Headquarters, Idaho, 
where D. ponderosae has occurred in epidemie proportions 
throughout the past 6 yr. Two billets cut from Pinus 
monticola D. Don., each containing fifty female D. pon- 
derosae, were placed in specially designed field olfacto- 
meters’, When Dendroctonus females are introduced into 
small billets they release negligible amounts of attractive 
compounds, including trans-verbenol (see following com- 
munieation). The billets were therefore of marginal 
attractiveness to the field population. On 5 days, in 2 h 
tests. trans-verbenol dissolved in petroleum ether at a 
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concentration of 1 mg/4 ml. was sprayed with an atomizer 
on one of the billets every 20 min while the other was 
sprayed only with petroleum ether. The average number 
of beetles responding to the billet sprayed with trans- 
verbenol was 21-2, while only 1-8 responded to the billet 
treated with petroleum ether. The greatest response in 
each test occurred within 5 min of each application. 

In the California tests, D. ponderosae responded readily 
to material infested with D. brevicomis. This cross 
attraction was enhanced by application of trans-verbenol. 
Similar cross attraction of D. frontalis has been found!" 
in response to freezing trap condensates drawn from 
material infested with D. brevicomis. 

Intriguing evolutionary differences are indicated in 
the production mechanism of trans-verbenol. Female 
hindguts from emergent D. frontalis contain large amounts 
of trans-verbenol (Fig. 1A), and the male hindguts contain 
verbenone*. Both compounds can be detected by gas 
chromatography of oil-like droplets which are visible in 
the hindguts when viewed under a dissecting microscope 
(Fig. 2). Emergent D. brevicomis contains the same 
principal volatiles’ although there are no visible oil-like 
droplets. In contrast, hindguts from emergent D. pon- 
derosae females do not contain any appreciable amounts 
of trans-verbenol; the material is produced after the 
female has entered its host (Fig. 1B). 

The significance of verbenone from male beetles in the 
aggregation of D. brevicomis and D. frontalis populations 
is not understood. It appears innocuous and neither 
attracts nor repels beetles, nor does it mask the attractive 
principle, Verbenone, when sprayed as an aqueous sus- 
pension (1:500 v/v) on material infested with D. brevi- 
comis, did not increase the response. 

The only known components of bark beetle attraetants 
are terpene alcohols!^?, This study establishes that D. 
ponderosae, like D. frontalis and D. brevicomis’, produces 
substantial amounts of trans-verbenol as a characteristic 
material of the hindgut. D. ponderosae differs from the 
other two species, however, in producing this terpene 
alcohol after penetrating the bark, whereas D. brevicomis 
and D. frontalis have a reserve of this material in their 
hindguts shortly after emergence. In the latter species 
this material is contained in oil-like droplets. — 7'rans- 
verbenol when used alone or sprayed on uninfested billets 
will not attraet beetles to the site. When sprayed on a 
billet infested by female beetles, however, it attraeted 
substantially larger numbers of free-flying beetles than 
an infested billet which had not been sprayed. Appar- 
ently, in addition to trans-verbenol other volatiles origin- 
ating from infested host material are necessary for inducing 
mass aggregation because female beetles feeding in orange 
rinds failed to attract the flying population even while 
producing substantial amounts of trans-verbenol (Fig. 1C). 
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. 9, Typlen! photomicrograph showing the vil-like droplets con- 
ned in the hindguts of recently emerged females of D, frontalis. 
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Bark Beetle Aggregation : 
Effects of Feeding on the Release of 
Pheromones in Dendroctonus and Ips 


AGGREGATION of destructive populations of Dendroctonus 
and /ps in pine forests consists of three phases: first, 
detection and selection of suitable host trees; second, 
mass attaek and colonization; and third, a possible mass 
attack of adjacent trees. Host finding is believed to be 
random or guided by host odours. The mass attack of 
selected trees is caused by attractants or pheromones 
generated by the insects, and which are effective over 
considerable distances. The attractants are produced by 
the host-selecting sex, and released only in contact with 
fresh host material. The attractive components originating 
from male /ps and female Dendroctonus are concentrated 
n the hindgut area and discharged by defaecation!-*. 

We have found fundamental differences in the mecha- 
uisms that trigger the production and release of phero- 
mones causing population aggregation in two seolytid 
genera. In Dendroctonus frontalis Zimm., D. brevicomis 
Lec. and D. ponderosae Hopk. extensive feeding in new 
host material soon inhibits the release of attractants. The 
attractiveness of trees and logs infested with Dendroctonus 
is highest during the initial phase of the attack but ceases 
as feeding gains momentum. In contrast, feeding triggers 
and sustains the generation of attractants in Ips confusus 
Lee. and related species’. Consequently, frass collected 
from billejs infested with Ips (log sections) is adequate 
even though impure as a source of attractants. The 
components of the attractive principle of Dendroctonus 
are not obtained in reasonable amounts from frass, 
however. Hindguts excised from female beetles and 
freezing trap condensates* drawn from freshly infested 
trees provide very satisfactory sources. Billets and phloem 
strips infested manually with female D. frontalis, D. brevi 
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comis, or D. ponderosae, and the frass collected from these 
species were found to be rarely attractive in field bioassay 
in contrast to billets cut from freshly attacked trees. 

In our experiments in East Texas, stumps of loblolly 
pines (Pinus taeda L.) recently infested with D. frontalis 
remained strongly attractive for several days while the 
severed upper stems rapidly lost their attraction. Similarly 
the attraction of log sections cut from freshly infested 
trees declined within 24 h (Table 1). In D. frontalis, trans- 
verbenol, an active component of the Dendroctonus 
attractant, is contained in oil-like droplets which are 
visible in the posterior portions of the alimentary canal 
under the low magnification of a binocular dissecting 
microscope’, Microscopie observation and gas-liquid 
chromatographic (GLC) analysis indicated a depletion of 
the oil-like droplets and frans-verbenol within 12-16 h 
after feeding commenced. 


Table 1. FIELD RESPONSE OF D. frontalis TO OLFACTOMETERS BAITED WITH 
MATERIAL CUT FROM INFESTED LOBLOLLY PINES AT VARYING FERIODS AFTER 
MASS ATTACK* 


No. of beetles t responding 
to billets simultaneously 
used as bait 


State of beetle infestation 
when billets were cut 


Initiating attack 

One day after attack 
Two days after attack 25 
Implanted females (30) 2-0 
Uninfested fresh log 0 


* Warren, Texas, April 18-20, 1967. 

+ Average number from three replicates, 

In our experiments in Idaho and California, females of 
D. ponderosae consistently produced superior attractant 
when introduced into freshly cut logs that exuded large 
amounts of oleoresin’. GLC ‘analy is indicated there were 
quantitative differences in female-produced substances 
which were related to the host condition (Fig. 1). All 
detected materials including trans-verbenol were obtained 
in negligible amounts from beetles feeding in small 
billets as compared with the higher production in large 
trunk sections eut from the same tree. The beetles 
removed from the large trunk seetions were coated with 
resin and had barely entered the phloem. Comparable 
results were obtained from beetles introduced into intact 
trees, and trees in which most of the water conducting 
sapwood had been severed by deep girdling. Female 
D. ponderosae introduced 30 days after girdling produced 
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Fig. 1. Differences in the production of trans-verbenol and other 
substances detectable by gas chromatography obtained from twenty- 
eight female beetles of Dendroctonus ponderosae 18 h after implantation 
on sections of ponderosa pine 30 em in length (4) and 300 em in length 
(B) Instrument attenuation was 3:2 where not otherwise indicated. 


NATURE. VOL. 218, APRIL 13, 1968 


negligible amounts of trans-verbenol above the girdle 
and large amounts below. In contrast, Ips confusus is 
known to produce more attractants in the upper portion 
of a girdled tree where nutrition is more favourable’. 

Our findings are in keeping with the biology of the 
respective bark beetle species. In Ips, the polygamous 
male selects the host, prepares the nuptial chamber and 
produces attractants until joined by two or more female 
beetles. Continuous ejection of frass from the gallery 
provides for sustained release of the attractive principle 
contained in the male excrements. In contrast, trees 
infested with female Dendroctonus are characterized during 
their attractive stage by formation of pitch tubes which 
contain small amounts of bark and wood particles and 
very small amounts of faeces. As soon as extensive 
feeding and defaecation commences the frass is not 
dislodged but is tightly packed in the gallery. 

We propose that the differences in production and 
release of population-aggregating pheromones reflect 
distinct evolutionary trends in the establishment of two 
seolytid genera. In Ips confusus and related species, the 
chemical messengers serve primarily as a means of 
locating and colonizing scattered and temporary habitats!*. 
The suitability of host material for colonization is assured 
by the requirement of feeding before attractants are 
produced. In D. frontalis, D. brevicomis, and D. ponderosae 
chemieals of comparable funetion probably serve primarily 
as a signal for mutual invasion of resistant hosts. The 
produetion of pheromone continues only as long as the 
host resists extensive feeding and gallery construction. 
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Research Institute of Lufkin, Texas, and a Publie Health 
Service research grant from the National Communicable 
Disease Center, Atlanta, Georgia. 
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Seasonal Eyestalk Inhibition on the 
Androgenic Glands of a 
Protandric Shrimp 


BERKELEY! has reported that the pandalid shrimps 
are protandrie hermaphrodites. Until recently little work 
had been done to identify the intrinsie agents which are 
active in the sexual differentiation of these animals. 
During the male phase of Pandalus borealis*** an andro- 
genie hormone 1s produced by a pair of epithelial organs 
on the distal end of the vasa deferentia. This hormone is 
responsible for the maintenance of the testis and the male 
secondary sex characteristics. These endocrine organs, 
the androgenie glands, disappear at a certain stage of the 
shrimp's life cycle and the animal is transformed into a 
funetional female. 

The androgenic glands are thought to function in a 
holoerine manner because eertain areas of the glands 
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are in a state of degeneration when a gland is considered 
active’. The cells in these areas are highly vacuolated 
and have swollen pyenotic nuclei. The total disappearance 
of the androgenic glands is thought to be caused by the 
inability of the glands to regenerate enough tissue to 
counterbalance the degeneration that is oceurring*. 

Previous researchers working on Lysmata seticaudata’, 
Pandalus borealis* and Pandalus kessleri* have not been 
able to show any effect on the androgenic glands and the 
male gonads of removing the eyestalk. With this evidence 
Charniaux-Cotton* states that the disappearance of the 
androgenie glands is not under hormonal control by the 
eyestalk complex. 

These eyestalk experiments were, however, undertaken 
on these shrimps either during the summer when the 
androgenic glands and gonad are active or at some 
undesignated time. Is there a seasonal controlling agent 
from the eyestalks that affects the androgenic glands ? 

To test this hypothesis, I decided to remove eyestalks 
from males of Pandalus platyceros during the summer 
when the androgenic gland and gonad are normally active, 
and also during the early autumn when the gonad is 
quiescent and transforming into an ovary. At this stage 
the androgenic glands are atrophying. I have also 
employed the relatively new technique! of embedding 
tissues in ‘Epon’ epoxy plastic after fixation in 2-5 
per cent buffered glutaraldehyde and postfixation in 1 
per cent buffered osmium tetroxide. Thick sections were 
cut with a glass knife and stained for light microscopy 
by Richardson's method". 

During July eyestalks were bilaterally removed from 
thirty males with carapaces varying from 24 to 38 mm 
long. Ten males of similar size were antennulectomized 
as controls. The shrimps were maintained in large aquaria 
with a continuous supply of running sea water. The 
photoperiod was the same as in the summer in Washington 
State. Six-eight weeks later only fifteen. experimental 
and seven control animals were left. They were killed 
and their gonads and androgenic glands were removed. 
In September eyestalks were bilaterally removed from 
twenty males with earapaces 28-42 mm long. Shrimps 
longer than 35 mm were in the initial stages of sex trans- 
formation and constituted half of the group. Eight were 
antennulectomized as controls. They were maintained in 
similar aquaria. The photoperiod was, however, set to 
coincide with that of autumn in Washington State. Six 
to eight weeks later only twelve experimental and six 
control animals remained. They were killed and their 
gonads and androgenic glands were removed. 

The results of the summer experiment show very little 
difference between the androgenic glands of the experi- 
mentals and the controls. In both cases the androgenic 
gland cells are tall and columnar. Very little or no 
connective tissue usually ensheaths the cords of cells 
during the quiescent period of the autumn and winter 
months. The gonads of both experimental and control 
animals are similar with spermatogenesis and spermio- 
genesis occurring in the normal fashion. As far as the 
summer months are concerned therefore my data cor- 
roborate other results. Removal of the eyestalk seems 
to have no effect on the androgenic glands and the male 
gonad. 

When, however, the autumn experimentals are com- 
pared with the autumn controls, the result is different. 
The androgenic gland cells of the experimentals are well 
developed and resemble the condition of the summer 
(Fig. la). In the control shrimps with a carapace longer 
than 35 mm, the glands are in a state of atrophy. The cells 
are no longer tall and columnar but cuboidal and even 
squamous. Many of the nuclei are pyenotie and the cells 
are filled with dense osmiophilie inclusions (Fig. 15). 
There is no evidence of the vacuolated cytoplasm of the 
active summer cells. The cords of cells that comprise 
the gland are ensheathed with dense connective tissue. 
By late November, nothing remains of the gland but 
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ghosts of these connective tissue sheaths. These, then, 
are the glands of transforming males. In the control 
shrimps with a carapace shorter than 35 mm the cells are 
still columnar, but a connective tissue sheath encloses the 
cords of cells. These shrimps are the ones that will 
function as males during the following summer. 

The gonads of all the experimental animals show 
evidence of spermatogenesis. The acinar cells that 
surround the testicular portion of the gonad are tall and 
columnar as they are in the summer. In the control 
animals with a carapace longer than 35 mm, the gonad 
is striking for its total lack of testicular tissue: the 
gonad is now a true ovary. In the controls shorter than 
35 mm, however, there is evidence of spermatogenesis, 
but the acinar cells are squamous. Bilateral removal of 
eyestalks from male individuals during the early autumn 
months therefore leads to a prolongation of the male 
stage by the maintenance of the androgenic glands at 
their summer peak of development. 

I believe that previous results have 
summer data only which did not take into account the 
possibility of a seasonal variation of some eyestalk factor. 
From my results I cannot definitely state that this 
inhibitory eyestalk factor is neurohumoral. As well as 
neurosecretory structures, photoreceptors and regions 
of the brain have been removed. In fact the change in 
photoperiod from summer to autumn may be a triggering 
device that releases the inhibition from the eyestalks. 
Recent work on oniscoid isopods!? has shown an inhibitory 
factor in the protocerebrum that affects the androgeme 
gland and testicular development. 

I thank Dr Robert L. Fernald for making available the 
facilities at the Friday Harbor Laboratories where 
most of this work was undertaken. I also wish to thank 
Dr Paul Illig, Dr Aubrey Gorbman and Dr Howard Bern 
for their past assistance. This work was supported by a 
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Fig. 1. 


Epoxy plastic sections (14) of androgenic gland cells. a, 
Hypertrophied cells of gland from a 42 mm (carapace length) eye- 


stalkless male in November. 6, Degenerating cells of the gland from 
control animal (42 mm carapace length) in November. The black and 
white lines are each 504 long. 
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Photoreceptor Orientation in the 
Primate Eye 


IT is usually considered that the outer portions* of photo- 
receptor cells of primate and other retinas behave as light 
pipes or waveguides!-*, each receptor preferentially accept- 
ing rays which are coaxial or nearly eoaxial with the 
receptor’s axis of cylindrical symmetry?, A receptor takes 
advantage both of a long axial path and of the planar 
orientation of its visual pigment moleculest-? for maximal 
hght absorption while at the same time confining light to 
one point in the retinal plane and in visual space. Pre- 
ferential acceptance thus leads simultaneously to high 
sensitivity and to good angular resolution for light 
detection. 

If receptors everywhere in the retina are to utilize this 
advantage and be oriented to allow incoming light rays 
to traverse the length of their outer segments, then each 
receptor axis, no matter where it lies on the approximately 
spherical retinal surface of the posterior segment of the 
globe, must point towards the front of the eye where light 
enters. Such alignment implies that receptors at the 
posterior pole will be normal to the retinal surface while 
receptors in the retinal periphery should deviate from the 
normal by a large amount. Although the psychophysical 
studies of Aguilar and Plaza’ have suggested such a 
possibility, anatomists have ignored the question. Indeed, 
classical pictures of retinal histology usually show photo- 
receptors whose outer portions are either normal to the 
retinal surface? or are without order), 

We present here a model which predicts the angle 
between each oriented receptor axis and the retinal surface 
as a function of position of the receptor along a meridian 
from posterior pole (on the visual axis) to periphery. The 
model is confirmed within experimental accuracy by 
measurements of receptor orientation on whole eyes pre- 
pared by a recently described histological technique!" 

We assume, to first approximation, that “the entire 
receptor bearing surface of the eye is spherical and that 
all receptors are aligned with a single point source of 
light, D, at the front of the eye (Fig. 1). The lines D, P, 
and the radius line O, P, are computed from the sine law: 

d r 
= M ()) 


sin 6, 








sin 6, 
Substitution and rearrangement of terms yield the 
desired formula, 


* The outer portions of photoreceptors refer to the inner and the outer 
segments of the rods and cones. For brevity, the simple term receptor is 
used to connote these receptive structures beyond the external limiting 
membrane. 
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90, = eot-! G ese p + cot 2) (2) 


relating deviation angle, 0,, to the radius direction angle, 
9, at each receptor. Equation (2) is plotted in Fig. 2 (line) 
using values 7— 7:2 mm and d=8-7 mm, where r is the 
measured radius of the eye. Only retrospective justifica- 
tion ean be made for the choice of d in that the value 
87 mm fits the model to the experimental points and is 
the average position at which receptor axial lines D, P, 
cut the visual axis line D, O in the experimental eye. 

The eyes for measurement were prepared in the follow- 
ing way. Adult new world monkeys (Ateles ater) were 
enucleated under deep barbiturate anaesthesia and the 
eyes quenched in isopentane cooled to — 115? C by liquid 
nitrogen. After a culotte was made, the eyes were freeze- 
dried and embedded in ‘Epon’. Each eye was then eut in 
the hardened block in a sagittal meridian along the visual 
axis. After careful polishing, it was possible to visualize 
retinal structure using a Zeiss epi-illumination microscope. 
Optical resolution was found adequate to visualize single 
photoreceptors at the block surface. Consecutive photo- 
micrographs were made of the entire retina of a single 
eye in the vertical meridian from fovea to periphery at 
x63 magnification (film plane) A montage was then 
constructed from the photographs and the angle 9, was 
measured at eleven positions (P,) from posterior pole to 
periphery. As a safeguard, all eleven points were identified 
on the block face and measurements were taken again 
using a rotating stage and an ocular equipped with a 
cross hair. The results obtained were then plotted on 
Fig. 2 (circles). If receptors were everywhere normal to 
the retinal surface, a plot of zero slope passing through 
the ordinate value of 0° would be obtained, This was seen 
to be far from the case. Instead, a graded differential 
orientation of photoreceptor inner and outer segments 
was clearly demonstrated and a reasonable fit to the model 
was seen. 

Each receptor is effectively illuminated from a surface 
at the front of the eye, so our model is probably too 
simple in suggesting one point, D, as a point source of 
light for all receptors. For central receptors the choice 
of a point source instead of a surface should not yield 
large errors in estimating the deviation angle, 0,, because 
of symmetry. For peripheral receptors, however, an 
anterior illuminating surface would always subtend a 
larger angle on the side less distant from the receptor 
than on the side further away. If the receptors are to be 
aligned for maximum illumination, the peripheral recep- 
tors should deviate from the point illumination model by 
showing a larger deviation angle than predicted by 
equation (2). Tt is likely that experimental accuracy is 
not sufficient to discern this small a deviation from the 














Fig. |. Representation of the receptor bearing surface of the eye. 
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suggested theory and equations given here. Nevertheless, 
we have used the equation here to predict the graded 
differential orientation of receptors in a few other eyes 
and have found it to be reasonably accurate over most of 
the retina. 
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Relationship between Hypothalamic 
Norepinephrine and Serotonin and 
Gonadotrophin Secretion in the Hamster 


Ir has been suggested that a sympathetic tone existing in 
the hypothalamus plays an important part in the mechan- 
isms which regulate gonadotrophin secretion. The secre- 
tions of luteinizing hormone and luteotrophie hormone in 
rats were seen to be altered'?, probably through effects on 
their respective hypothalamic factors, by agents which 
depleted the hypothalamic catecholamines. Prevention 
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of the central depleting effects of these drugs caused 
blockade of their effects on gonadotrophin secretion. 
Interference in gonadotrophin seeretion was observed 
after the administration of agents which caused a depletion 
of the hypothalamic catecholamines through either a 
catecholamine-releasing action or an inhibition of catechol- 
amine synthesis. "There appeared to be a relationship 
between the hypothalamie eatecholamines and gonado- 
trophin secretion, and the rates of synthesis. uptake 
and/or release of the catecholamines seemed to be more 
eritieal than the absolute concentration of the amines. 
Recently, Alleva et al.* have reported that in the hamster 
the monoamine oxidase inhibitors tranyleypromine and 
iproniazid eause inhibitions of ovulation which seem to 
vary with the concentration of serotonin in the brain 
rather than the brain level of catecholamines, This study 
was undertaken to explain more fully the relationship 
between hypothalamic amines and gonadotrophin secre- 
tion in the hamster. 

Golden Syrian hamsters (Canadian Breeding Labora- 
tories Colony), 120 to 130 g, maintained on Purina chow 
and water, were used. The animals were housed in an 
environmental lighting of 13 h light and 11 h darkness, 
that is, the lights were turned on at 6.30 a.m. and off at 
7.30 p.m. Drugs were administered in saline; animals 
which did not receive drugs were injected with saline. 
Hamsters having only 4 day oestrous cycles were utilized. 
Ova, if present, were recovered and counted beginning 
at 9.00 a.m. on the day after drug administration and the 
inhibition of ovulation was determined using the criteria 
of Alleva and Umberger* according to which hamsters 
displaying less than eight tubal ova were considered 
inhibited. The length of dioestrus was determined by 
daily vaginal smears. Animals in the same stage as those 
used for the ovulation studies received similar drug treat- 
ments and their hypothalami were removed and assayed 
for norepinephrine and serotonin. The tissue examined 
for hypothalamic amine content was obtained as described 
by Lippmann et al.? except that the bilateral parasagittal 
sections were made 2 mm from the midline. Concentra- 
tions of noradrenaline and serotonin in the tissues were 
determined as described earlier^; two hypothalami were 
combined for the amine determinations. 

The critical period is considered to be the time limits 
within which a neurogenic stimulus arises in the brain 
and causes a release of ovulating hormone from the 
adenohypophysis*. As in the rat*, there is a critical period 
for the release of ovulating hormone in the hamster’, With 
respect to drugs a critical period exists before which 
injection of the drug causes a blockade of ovulation and 
after which the injection is ineffective. Intraperitoneal 
injection of a-methyltyrosine (MT), an inhibitor of cate- 
cholamine synthesis?:*, at 200 mg/kg, causes inhibition of 
ovulation in the hamster (Table 1). MT blocks ovulation 
when given at 9.00 a.m., but not at noon, on the day 
preceding ovulation, thus indicating the critical period 
for this drug to be effective. The methyl ester derivative 
of MT, which subsequently became available, exhibited 
similar activities (Table 1). Blockade of ovulation after 
administration of MT has also been observed in other 
species. Lippmann et al. showed that MT blocks the 
induced ovulation in the immature rat, and Brown? 


e 
Table 1. EFFECT OF TIME OF INJECTION OF a-METHYLTYROSINE AND 
a-METHYLTYROSINE-METHYL ESTER ON OVULATION 


Time of Individual Per cent 
Drug injection* ova counts inhibition 
None 9.00 a.m. 13, 15, 12, 10, Mes 
12,13,11, 11. 
11,15,14 
a-Methyltyresine 9.00 a.m. 6, 0, 4, € 100 
(200 mg/kg. i.p.) Noon 14,13,10, 9 
4.00 p.m. 11,14, 9,12 0 
8.00 p.m. i0. 9,10, 8 G 
Midnight 8,15.12,11 0 
a-Methyltyrosine- 9.00 a.m. 0, 0, 0, 3, 100 
methyl ester 205 
(200 mg/kg, i.p.) Noon 5, 8,12,12, 20 
2 


* On the day before ovulation 





Table 2. EFFECT OF a-METHYLTYROSINE AND PARGY 
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E ON THE HYPOTHALAMIC AMINE CONTENT, LENGTH OF DIOESTRUS AND OVULATION 


Hypothalamic amine eontent* 





Length of Percentage Noradrenaline Serotonin 
Drug dioestrus inhibition of gig {percentage of i Hgg (percentage of P 
(days) ovulation contral) control) 
None 2 0 1-00 + 0-06 — cs 71:010 = — 
Pargyline t 2 0 1-43 £013 143 2002 026x026 191 < 0-01 
<005 
MT? 3 100 6:42 +005 42 «0-01 1-53 4007 EH »010 
Pargyline f after MT 1 3 190 O51 + 0-01 51 SUI 3012015 176 x 0-01 
None 2 0 1-13 + 0-06 re wd b74 £011 - — 
Pargyline $ 2 ü 1:54 *0-10 137 > 901 3-61 + 0-38 207 «0-01 
< 0-02 
MT? 3 160 42 <6O-01 LEE +012 R4 2010 
Pargyline § before MT E 3 100 103 > O10 SSS +t Os 206 «0:01 
None mes 0 — — 1-30 + 0-06 ~ — 
Pargyline* — 100 134 < O01 3-83 + 0-20 295 < O01 





* Hypothalami (six animals per group) were removed for amine assay at 15.00 hours on the day before ovulation, 


t Administered, 75 mg/kg, i.p.. at 11.30 hours on the first. day of dioestrus or at 09.30 hours on the da 
. at 1.00 hours on the first day ot dioestrus or at 09.00 hours on the day 
at 10.30 hours on the first day of dioestrus or at 08.30 hours on the day before ovulation. 
. at 03,30 hours on the day before ovulation. 


1 Administered, 200 mg/kg, i 
$ Administered, 75 mg/kg, i 
Administered, 200 mg/kg, i. 











demonstrated that MT interfered with induced ovulation 
in the immature mouse. 

In the determination of the effects of MT and the 
monoamine oxidase inhibitor pargyline on gonadotrophin 
secretion, it was observed that MT (200 mg/kg), injected 
intraperitoneally at 11.00 a.m. on the first day of dioestrus, 
prolonged dioestrus to 3 days (Table 2). The hamster 
normally has a dioestrus lasting 2 days. The monoamine 
oxidase inhibitor pargyline (Abbott Laboratories) (75 mg/ 
kg) intraperitoneally injected at 10.30 or 11.30 a.m. on 
the first day of dioestrus does not prolong dioestrus. 
Pargyline (75 mg/kg) intraperitoneally, injected at 8-30 
or 9.30 a.m. on the day before ovulation, does not inhibit 
ovulation whereas at the higher dose of 200 mg/kg it 
does; Alleva and Umberger? have obtained similar results. 
Pargyline (75 mg/kg), given 30 min after or before MT, 
does not prevent the prolongation of dioestrus or inhibi- 
tion of ovulation eaused by MT. 

With respect to the eatecholamines and serotonin a 
decrease (59 per cent) in hypothalamic noradrenaline 
occurs after administration of MT, whereas there is no 
change in serotonin. Rises both in the hypothalamie ncr- 
adrenaline to 143 per cent and in serotonin to 191 per eent 
are observed after pargyline (75 mg/kg). The rise in nor- 
adrenaline obtained with pargyline is prevented by pre- 
treatment with MT, whereas the rise in serotonin is not. 
Pargyline, given before MT, causes an increase in nor- 
adrenaline in animals receiving MT, but the rise is not as 
large as in those receiving pargyline alone. An inerease 
in serotonin which is similar to that caused by pargyline 
alone is observed. At 200 mg/kg, intraperitoneally. 
pargyline causes a rise in noradrenaline to 134 per cent 
and in serotonin to 295 per cent. 

In the relationship between hypothalamie noradrenaline 
and serotonin and gonadotrophin secretion in the hamster 
it appears that the relative availability of the noradrenaline 
and serotonin is critical. At a high dose pargyline causes 
rises in both the noradrenaline and serotonin and a block- 
ade of ovulation; and at a low concentration of pargyline, 
although there is a rise in both noradrenaline and sero- 
tonin, ovulation is not blocked. It is possible that the 
basis for the difference lies in the finding that the inercase 
in noradrenaline is proportionally much lower than that 
of serotonin at the high as against the low dose. This is 
also shown by the finding that an inhibition df synthesis 
with a decrease in the level of norepinephrine by MT 
results in an interference with gonadotrophin secretion 
although there is no change in the concentration of 
serotonin. In conditions in which there is inhibition of 
the synthesis of noradrenaline, even in the absence of a 
decrease in the concentration of noradrenaline ae when the 
maximum rise caused by pargyline is prevented by the 
MT. and there is an increase in serotonin levels, an inter- 
ference in gonadotrophin secretion oceurs. Thus there 
seems to be a critical relationship between the nor- 
epinephrine and serotonin. This relationship is based on 
the reletive rates of synthesis, uptake and/or release of 





before ovulation. 
y before ovulation. 





the amines. When the relative rates attain values at 
whieh the noradrenaline produced. or available, is propor- 
tionally lower than that of serotonin (or serotonin is 
proportionally higher than noradrenaline), interference in 
gonadotrophin secretion results. "Thus the relative avail- 
ability of the amines is more important than their absolute 
concentrations. This is at variance with Aleva et al.*. 
These workers reported that the inhibition of ovulation 
appeared to vary with the brain concentrations of sero- 
tonin rather than the brain level of catecholamines. 

I thank Susan Begg for technical assistance. -Methyl- 
tyrosine was a gift from Dr €. €. Porter of the Merck 
Institute. 
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Noradrenaline: Kinetics of Accumulation 
into Slices from Different Regions 
of Rat Brain 


NORADRENALINE is a neurotransmitter at synapses of the 
peripheral sympathetic nervous system and, possibly, 
in the brain’+. After liberation at synapses this amine is 
inactivated presumably by re-uptake into nerve ter- 
minals!. Exogenous noradrenaline which has been taken 
up by noradrenergic nerve terminals mixes in the storage 
granules with endogenous amine**, This uptake process 
has been examined in vivo by measuring the accumulation 
of noradrenaline-H? into peripheral sympathetically in- 
nervated organs after systemie administration? or into 
the brain after intraventricular injeetion*. Brain slices 
ineubated in oxygenated physiological media also con- 
centrate noradrenaline into nerve endings!® t, 

We have examined the accumulation of noradrenaline 
in sliees prepared from different regions of rat brain. 
Sprague-Dawley female rats (150-200 g) were decapitated, 
their brains rapidly removed and dissected into seven areas 
by a previously described method??*, Rectangular blocks 
of tissue (20-30 mg) of uniform shape and size were 
incubated at 37° C in 2 ml. of Krebs—Henscleit bicarbonate 
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solution!*. The medium was agitated and saturated with 
5 per cent carbon dioxide in oxygen. After 5 min of pre- 
incubation, varying concentrations of noradrenaline-H? 
were added and the incubation continued for 20 min. 
Slices were rinsed with saline, weighed, homogenized in 
? ml. of absolute ethanol, centrifuged and the super- 
natant fluid was assayed for radioactivity. Radioaetivity 
in an aliquot of the medium was also measured and tissue 
medium ratios of tritium were calculated as c.p.m. per g 
wet weight of tissue to c.p.m. per ml. of medium. Between 
80 and 90 per cent of the radioactivity in slices from the 
seven regions was unchanged catecholamine as determined 
by specific assay’. 

When slices from various regions of rat brain were 
incubated with 0-1 uM concentrations of noradrenaline-H? 
(7-2 Ci/mmole), we observed marked differences in nor- 
adrenaline accumulation (Table 1). The striatum had the 
highest concentration, 8-4 times that of the medium. 
The hypothalamus and hippocampus accumulated nor- 
adrenaline to 3 to 4 times the concentration in the medium, 
while the cerebral cortex and midbrain had 2 to 3 times 
and the cerebellum and medulla oblongata-pons less than 
twice the concentration of the medium. The accumulation 
of noradrenaline was linear in all areas for 45 min. 

Accumulation of noradrenaline did not correlate well 
with the endogenous content of this amine. Although the 
hypothalamus, the area of highest endogenous noradren- 
aline concentration, showed considerable accumulation of 
the amine, the medulla oblongata-pons, the concentration 
of endogenous noradrenaline which is relatively high’, 
exhibited a fairly low accumulation. The striatum, which 
showed the highest accumulation of noradrenaline, con- 
tains high concentrations of dopamine, but little endo- 
genous noradrenaline. 

In order to determine the cellular localization of 
accumulated  noradrenaline-H?, autoradiographs were 
made from brain slices and examined by light micro- 
scopy. In all seven areas, exposed grains were found over 
the neurophil but not over glia, blood vessels or neuronal 
perikarya. 

Some of the brain areas dissected here contain several 
anatomical subdivisions. Thus the “midbrain” includes 
the globus pallidus as well as the caudate nucleus and 
putamen!?, Accordingly, we examined noradrenaline-H? 
accumulation in forty-six discrete regions of the brain of 
the cynomolgus monkey (Macaca irus) and found regional 
differences similar to those in the rat. The caudate 
nucleus and putamen of the monkey showed considerable 
accumulation of noradrenaline, while the globus pallidus 
accumulated less noradrenaline similar to the “mid- 
brain” concentration in the rat. 

The neuronal accumulation of noradrenaline seems to 
involve a membrane uptake which can be blocked by the 
antidepressant drug, desmethylimipramine, as well as 
retention in storage granules, a process which is sensitive 
to reserpine!'-*, Preincubation for 10 min with either 
reserpine or desmethylimipramine diminished noradren- 
aline-H* accumulation into slices from all areas of rat 
brain. Although reserpine reduced noradrenaline accumu- 
lation after 45 min of incubation, it was without effect 


Table I. NORADRENALINE-H* ACCUMULATION AND AFFINITY CONSTANTS IN 
DIFFERENT AREAS OF RAT BRAIN 


Tissue medium ratio 


Area of tritium* Kmt 
Striatum 8-4 10x10-7*M 
Hypothalamus 3:8 40x 107M 
Hippocampus 3-2 38x 107M 
Midbrain 27 2-0x 10-* M 
Cerebral cortex 2-6 3-8 107 M 
Medulla oblongata-pons Ls 5-0 x 10-7 M 
Cerebellum 16 _ 


,* Brain slices prepared as described in the text were incubated for 20 min 
with 0-1 4M noradrenaline-H*, homogenized in ethanol and the ratio of radio- 
activity in the slice to that in the medium computed, Data presented are 
the mean of three determinations. 

+ Brain slices were incubated for 20 min with the following concentrations 
of noradrenaline-H? in triplicate: 0-05 4M, 0-1 uM, 0-2 gM, 0-4 uM and 
0-8 uM. The reciprocals of the radioactivity accumulated in the slices and 
the noradrenaline added to the medium were computed and the Km values 
determined graphically’. Km values were not computed for the cerebellum, 
because noradrenaline uptake in this area was not saturable. 
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when slices were incubated with noradrenaline for only 
5 min after 10 min pre-incubation with reserpine. A similar 
delay in the action of reserpine on noradrenaline-H 
accumulation has been reported in slices from mouse 
cerebral cortex!*,  Desmethylimipramine, on the other 
hand, reduced noradrenaline uptake with either short or 
long incubations. This suggests that the initial nor- 
adrenaline accumulation into brain slices is related to a 
desmethylimipramine sensitive uptake by the neuronal 
membrane, and, subsequently, the reserpine sensitive 
granular storage becomes prominent. 

We also found regional differences in susceptibility of 
noradrenaline accumulation to drugs. Thus 10-* M des. 
methylimipramine reduced noradrenaline accumulation in 
the cerebellum, hypothalamus and striatum to 10 per 
cent, 25 per cent and 50 per cent of control values, respec- 
tively. Reserpine at a concentration of 10-78 M reduced 
noradrenaline accumulation in the cerebellum, hypo- 
thalamus and striatum to 20 per cent, 60 per cent and 50 
per cent of control values, respectively. 

The affinity of molecules for membrane carriers can be 
studied in kinetic experiments using varying concentra- 
tions of such moleeules?. Accordingly, noradrenaline 
accumulation into the seven brain areas was examined 
after incubation for 5 or 20 min with five concentrations 
of the amine varying from 0-05 pM to 0-8 uM. In these 
conditions, noradrenaline accumulation was not saturated 
in the cerebellum. In this region, the total accumulation 
of noradrenaline was directly proportional to the amine 
concentration in the medium. Noradrenaline accumuls- 
tion was saturable in the other six areas. When the 
reciprocals of the concentration of noradrenaline added 
to the medium and amine accumulation for the saturable 
areas were plotted, straight lines with positive ordinate 
intercepts were obtained so that Am values could be 
determined graphically’ (Table 1). Although it is difficult 
to ascertain in detail the processes which determine Km 
values, it is probable that they are related to the affinity 
of the various brain regions for noradrenaline, Similar 
Km values between 3:8x 10-7 M and 50x107 M were 
obtained for hypothalamus, hippocampus, cerebral cortex 
and medulla oblongata-pons. Km values for the midbrain 
and corpus striatum, on the other hand, were 2x 10-5 M 
and 1-0x 10-* M, respectively. If we assume that a lower 
Km is related to greater affinity, the hypothalamus, 
cerebral cortex, hippocampus and medulla oblongata-pons 
showed more affinity for noradrenaline than did the mid- 
brain and striatum. Our Km value for the cerebral cortex 
is similar to that found previously for mouse cerebral 
cortex using similar techniques". There was no correla- 
tion between apparent affinity for noradrenaline and total 
amine accumulation. The striatum, which concentrated 
noradrenaline-H? to concentrations four times greater 
than did the cerebral cortex, showed considerably less 
affinity for the amine than did the cerebral cortex. 

The Km values for brain slices incubated for 5 min 
with noradrenaline were similar to those for slices im- 
cubated for 20 min, suggesting that membrane uptake is 
important in determining the affinity of brain slices for 
noradrenaline, 

There are several possible explanations for the regional 
differences in apparent affinity for noradrenaline. Because 
the striatum has high endogenous concentrations of dop- 
amine and little endogenous noradrenaline, an accurmula- 
tion of noradrenaline into dopaminergic neurones in the 
striatum might account for the relatively low affinity 
that this structure showed for noradrenaline. In pre- 
liminary experiments we found that the striatum had a 
greater affinity for dopamine than for noradrenaline. 

Histochemical studies have revealed an abundance of 
very fine nerve terminals in the striatum!*. It is possible 
that the high total amine accumulation in the striatum 
may be related to the large number of nerve terminals in 
this region. The midbrain, which showed the least affinity 
for noradrenaline of the saturable areas, contains 8 pre- 
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ponderance of cell bodies!*, The thalamus, which is included 
in our dissection of the midbrain, and the cerebellum 
contain few noradrenergic terminals. It is possible that 
the low affinity shown by the midbrain for noradren- 
aline is related to uptake predominantly by cell bodies. 
Although the medulla oblongata-pons contains a large 
number of noradrenergic cell bodies, it also contains many 
nerve terminals!*, which may account for its considerable 
apparent affinity for noradrenaline. 

This research was supported by grants from the US 
Public Health Service. One of us (S. H. S.) is a recipient 
of an NIMH Researeh Career Development Award. 
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Renal Na-K ATPase Relationship to 
Total Functional Renal Mass 


Tee events taking place in the remaining kiduey after 
unilateral nephrectomy have been investigated several 
times. RNA synthesis, as measured by the uptake of 
H'-evtidine, is increased within 1 h (ref. 1); protein syn- 
thesis is increased by 3 h (ref. 1); DNA synthesis increases 
by 24—48 h (refs. 2-5); an inerease in mitotic activity has 
been variously reported to occur first at 24-48 h (refs. 5 
and 6); and an inerease in kidney weight is detectable 
30-36 h after nephrectomy*. It is well established that 
this compensatory renal enlargement consists of both 
cellular hypertrophy and cellular hyperplasia, although 
the number of nephron units apparently remains con- 
stant’. 

Hypotheses advanced to explain the occurrente of this 
compensatory enlargement can be divided into two 
general categories: (a) the enlargement is related to the 
increased demands placed on the remaining kidney caused 
by the shift of the excretory load to a single kidney; or 
ib) the enlargement is caused by an organ specific growth 
promoting humoral agent®ë, Arguments againste(a) have 
been put forward in several studies whieh demonstrated 
that simple functional overloading in one kidney by 
severing one ureter* or implanting one ureter into the 
peritoneal cavity® or duodenum! does not lead to com- 
pensatory hyperplasia or enlargement. 

Another event in compensatory renal enlargement, was 
reported by Katz and Epstein. They noted that Na-K 
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activated ATPase was selectively induced in the enlarging 
kidney and postulated that the induction of Na-K 
ATPase was related to the increased demand for re. 
&bsorption of sodium by the enlarging kidney. 

This report deseribes an experiment designed, first, to 
test the relationship between the induction of Na-K 
ATPase and the shift of the exeretory load to one kidney; 
second, to determine whether induction of Na-K ATPase 
can be dissociated from compensatory enlargement; and 
third, to determine whether compensatory renal enlarge- 
ment and induction of Na-K ATPase are related to the 
mass of excreting renal tissue or to the mass of functioning 
renal tissue remaining in the animal. LExcretory renal 
mass is defined as kidney tissue which produces urine 
actually exereted from the animal, and functioning renal 
mass is defined as kidney tissue which produces urine, 
part of which is excreted and part of which is reabsorbed 
as a consequence of a surgical procedure. Thus a patent 
excretory route from the animal is required for excretory 
renal tissue but is not required for functional renal tissue. 

Male rats were divided into four experimental groups 
(Table 1). The first group were sham operated animals 
which had 100 per cent normal renal function and 100 per 
cent normal renal excretory capacities. The second group 
had one kidney with an excretory shunt created by 
excising a segment of one ureter so that urine from that 
kidney drained into the peritoneal cavity. In some 
animals the cut ureter beeame sealed by omentum and 
inflammatory tissue with resultant hydronephrosis. These 
animals were excluded from the study; only those 
animals with patent ureters—identified by the presence 
of urine in the peritoneal cavity and lack of dilatation of 
the renal pelvis—were utilized. These animals, designated 
the ureteral excision group, had 100 per cent of normal 
functional capacity but only 50 per cent of normal 
excretory mass, for urine from only one kidney had an 
open excretory route. One ureter was ligatured in the 
third group, the hydronephrotic group. These animals 
had 50 per cent of normal excretory mass and more than 
50 per cent, but less than 100 per cent, of normal fune- 
tional mass. The conclusion that the hydronephrotie 
kidney had less than 100 per cent of functional capacity 
can be deduced from the work of Benitez and Shaka, 
who demonstrated extensive morphological changes in 
hydronephrotie kidneys as early as 24 h after ureteral 
ligature. The fourth group, the nephreetomized group, 
immediately after the operation, had 50 per cent of 
normal functional and 50 per cent of normal excretory 
capacities, 

Eight days after the operation the contralateral (un- 
touched) kidneys were removed, weighed and homo- 
genized in ten volumes of a histidine-suerose-EEDTA 
buffer!*. The homogenate was centrifuged for 90 s at top 
speed in a clinical centrifuge to sediment debris. The 
supernatant was then further diluted 1:5 with the 
homogenizing buffer. Diluted homogenate (0-4 ml.) was 
added to 2-6 ml. of incubation media. One medium con- 
tained tris, Mg** and Nat as the cations; and chloride, 
cyanide and azide as anions. The azide and cyanide 
were included to deerease mitochondrial Mg ATPase 
activity. In the second medium 20 mM potassium 
was substituted for an equimolar amount of sodium. 
The ATPase activity in the potassium-free medium is 
designated Mg ATPase. The ATPase activity in the 
AND ATPase IN COMPENSATORY ENLARGEMENT 


Table 1. RENAL WEIGHT 





Kidney 

Mg NatkK weight 
Group n ATPase* ATPase* (mg/100 g 

body weight) 

Sbam 8 0-195 + 0-008 03173 40-017 384 511 

Excision of ureter 5 0-182 + 0-007 0-193 + 0-017 359011 
Hydronephrotic 8 0-180 + 0-007 0:239 + 0-021 + 441+ 227 
Nephrectomized 6 0-179 + 0-018 0-215 + 0-006 + 447 4 237 


* ATPase values are umoles inorganic phosphate appearing/min/mg 
of homogenate protein. All values are mean t S.E.M. Body weights in the 
experimental groups were not significantly different from the sham group. 


t Significantly different from sham values, P = 0-05. 
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potassium-containing medium minus Mg ATPase activity 
is designated Na-K ATPase. The release of inorganic 
phosphate!? from ATP in both media was linear with 
time between the 2 and 7 min incubation periods used. 
Results are expressed as umoles of inorganic phosphate 
released from ATP/min/mg of homogenate protein". 
Statistical comparisons were made between the sham and 
experimental groups using Student's ¢ test. 

The results are shown in Table 1. Mg ATPase was the 
same in sham operated and experimental groups. The 
constancy of the Mg ATPase contrasts with the Na-K 
ATPase values. Na-K ATPase activity was not increased 
in the ureteral excision group although only one kidney 
was excreting urine from these rats. The activity of Na-K 
A'TPase was, however, significantly increased over tho 
sham control values in both the hydronephrotic and 
nephrectomized groups—that is, in both groups with 
diminished renal functional mass. These changes in 
Na-K ATPase correlate with changes in renal weight. 
The kidney weight in the ureteral excision group was the 
same as in the control group. This is in agreement with 
Block et al.°, who reported that unilateral uretero- 
duodenostomy failed to induce compensatory renal 
enlargement. Renal weight was increased significantly in 
the hydronephrotie group as well as in the nephrectomized 
group. Renal enlargement of the contralateral kidney 
after ligature of the ureter has been reported before!51*, 

The ureteral excision group, with only 50 per cent of 
normal excretory capacity but normal functional renal 
mass, had normal Na-K ATPase and normal renal weight, 
and so changes in excretory capacity do not lead to in- 
duction of Na-K ATPase and renal enlargement. In 
contrast, only those animals which had decreased func- 
tional mass, the hydronephrotic and nephrectomized 
groups, developed eompensatory renal enlargement and 
inereased Na-K ATPase activities. 

In conclusion, the results of this experiment indicate 
that: (1) induction of Na-K ATPase in the remaining 
kidney after unilateral nephrectomy is not a result of the 
shift of the excretory load to a single kidney; (2) it was 
not possible to dissociate compensatory renal enlarge- 
ment from induction of Na-K ATPase; and (3) both 
compensatory renal enlargement and induction of Na-K 
ATPase seem to be related to the mass of functioning 
renal tissue rather than to the mass of exereting renal 
tissue remaining in the animal. Although consistent with 
the organ specific humoral agent hypothesis of compen- 
satory renal enlargement, these conclusions support the 
concept that the stimulus for compensatory renal enlarge- 
ment is related to a shift of metabolic demands—rather 
than a shift of excretory demands—-to a decreased func- 
tional renal mass. 
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Influence of Fatigue on Sleep 


Faricvus is thought to influence the humoral factors which 
increase and decrease the sensitivity of the sleep control 
centres. We have studied the influence of somatic fatigue 
on sleep, especially paradoxical sleep, in sevenicen adult 
male albino rats with chronically implanted eleetrodes. 
The rats were anaesthetized with ‘Nembutal’ (35 mg/kg 
intraperitoneally) and a pair of screw electrodes were 
placed on the skull, overlying the frontal and oceipital 
cortices. The electromyograph (EMG) was recorded by 
surgical needles inserted into the neck muscles and 
the eleetrocardiogram (ECG) by a surgical needle elec- 
trode in a posterior paw, referred to the neck muscle. 
Respiration was recorded by a pneumographie method, 
using a short rubber tube filled with active charcoal. To 
record eye movement, two stainless steel electrodes fixed 
to a plastic plate were inserted into the eveball from the 
outside of the orbit. 

One week after operation each rat was placed for 4 h 
on a treadmill 55 em in diameter, and was deprived of 
food, water and sleep in the resting state. The rat was 
continuously monitored during this time, and the drum 
was shaken to keep the animal awake whenever it, ceased 
spontaneous movement. The rat was then moved to a 
soundproof, dimly illuminated box for 24 h of continuous 
electrographic recording and observation through a 
one-way window. This served as the control experi- 
ment. 

Two or three days after the control experiment, the 
rat was again placed on the treadmill and exercised con- 
tinuously for 4 h. The number of rotations per minute 
varied between 3 and 4 depending on the running speed 
of the individual animal—if the rat stopped, the rate of 
rotation of the drum was deereased— and the number of 
rotations was checked by a tachometer attached to the 
treadmill. After exercise on the treadmill, the animal was 
placed in the box and the percentage of total recording 
time occupied by paradoxical sleep (PS/TT) was compared 
with that in the control experiment. Sleep times were 
measured by criteria reported elsewhere!-?, ‘The rats 
were weighed before and after treadmill exercise and test 
animals were divided into two groups. 

The first group contained eight rats weighing between 
308 and 379 g (mean, 340+ 25 g). After treadmill exercise, 
the PS/TT for 24 h significantly decreased in only two 
rats (3-3 per cent and 5-2 per cent). The values for the 
other animals were within the normal range (7:0 - 0:72 per 
cent?). One rat (PS/TT 5-2 per cent) lapsed into à comatose 
state 48 min after the termination of exercise and this 
state continued for about 28 min; the animal was 
behaviourally asthenic and its EEG and EMG dis- 
appeared. After 28 min the EEG and EMG gradually 
returned and the first period of paradoxical sleep began 
after 8 h 41 min. In all cases paradoxical sleep first 
appeared signifieantly later than in the control experi- 
ment: the mean time from the termination of exercise 
to the first appearance of paradoxical sleep was 366-6 + 
122-9 min, while in the control experiment it was 104-8 3 
45:2 min (P «0-001, Student's t test). 

Loss of body weight and running distance had no 
relation tosthe inhibition of paradoxical sleep. To elucidate 
the factor inhibiting paradoxical sleep, 50 mg/kg of 
dihydroxyphenylalanne (DOPA) was injected intra- 
peritoneally after the exercise into five rats, with a mean 
body weight of 313-8+41-0 g. This shortened the time 
before the first appearance of paradoxical sleep to 
106-04 47-6 min. 

Four younger rats, weighing between 168 and 202 g 
(mean 190+ 16 g), were used in the second group and the 
time before the first appearance of paradoxical sleep 
after treadmill exercise was compared with that in the 
control experiment as before. In this group, there was no 
significant difference between the values. These results 
are summarized in Fig. I. 
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Fig, 2. Time of first appearance of slow-wave sleep (mean value 

and standard deviation), C, Control experiment (n=10); T, after 

sreadmill exercise (n5 10); T+ DOPA, administration of DOPA after 
treadmill exercise (n = 5). 
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Younger rats ran vigorously and after the experiment 
they were active in the recording box in contrast to older 
rats, which tended to stop running and to ride free or to 
lie on all fours in the treadmill. This implies that fatigue 
is greater in older rats than in younger ones. In view of 
this relation. between age and fatigue, the negative 
relationship between age and resistance to exhaustion 
revealed by Webb and Agnew! is surprising. 

These results imply that paradoxical sleep in older 
rats was inhibited after treadmill exercise as a result of 
exhaustion plus deprivation of sleep and food, while each 
alone did not depress paradoxical sleep. 

Matsumoto and Jouvet? have suggested, ffrom the 
effects of reserpine, reserpine and DOPA and reserpine 
and 5-hydroxytryptophan, that slow-wave sleep depends 
on the serotonergic system and paradoxical sleep on the 
catecholaminergic system. Moreover, the role of nor- 
adrenaline in paradoxical sleep* and that of serotonin in 
slow-wave sleep have recently been emphasized?. On the 
other hand, significant changes in brain amines have 
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Table 1 
g EN Time to onset of Time to onset of 
Condition paratoxical sleep slow-wave sleep Exhaustion 
Older animals + Increase Decrease Present 
exercise 
Older animals + Return to normal Deerease Removed 
exercise + DOPA level 
Younger animals + No change Decrease Absent 
exercise 


been observed when rats were made to swim until they 
were exhausted; the level of serotonin increased by the 
order of 15 per cent and that of noradrenaline decreased 
by 20 per cent. The concentration of noradrenaline 
returned to normal after 6 h (ref. 8). In our experiments, 
paradoxical sleep was inhibited by exhaustion. The 
inhibition continued for about 6 h and was eliminated 
by administration of DOPA. Our results and the earlier 
reports’ imply that the inhibition of paradoxical sleep 
is the result of a decrease in the amount of noradrenaline 
im the brain. 
During the period when paradoxical sleep was inhibited 
in exhausted rats after treadmill exercise, slow-wave 
sleep was aecentuated in all test rats; that is to say, 
slow-wave sleep appeared earlier after treadmill exercise 
than in the control experiment, and the difference from 
the control value was statistically significant (0-01 <P 
«0:025, Fig. 2). The results are summarized in Table 1. 
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Defibrination of Normal Human 
Blood for in vitro Cell Studies 


Durine in vitro studies of drug action on purified red 
cells and lymphocytes, it became necessary to defibrinate 
normal human blood in a reproducible manner with 
minimal trauma. Two methods are commonly used for 
defibrination. The first involves mixing blood with glass 
beads in an airtight container, a procedure which may cause 
cell damage. When extended for 60 min at room tempera- 
ture it caused haemolysis. The second method involves 
swirling blood in a conical flask containing a glass rod 
covered at its lower end with glass spikes. The dis- 
advantages are that loss of earbon dioxide from the blood 
gives elevated pH values and frothing oecurs. Again 
haemolysis was observed when defibrination was pro- 
longed for 60 min at room temperature. 

We describe here a third method of defibrination 
which avoids frothing or à marked rise in pH. When the 
method was extended for 60 min at room temperature no 
haemolysis occurred, which suggests that there is less cell 
damage than with the other two methods, The three 
methods are compared, particularly with respect to white 
cell distribution following clot formation. 

The apparatus used for the modified method (Fig. 1) 
comprised a 50 ml. round-bottomed centrifuge tube con- 
taining a glass rod fitted at right angles with glass spikes, 
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Fig. 1. Diagram of defibrination apparatus. 


the lengths of which just permitted clearance of the tube 
walls during rotation. When sterile blood was required 
the tube neck was fitted with a metal or cork stopper or 
was packed lightly with cotton wool. The assembly was 
readily made in the laboratory. Defibrination was 
effected, by hand or motor, by rotation of the glass rod 
at a speed that was critical only in so far as a slow speed 
gave a bulky clot. In manual operation the rod was 
twirled between thumb and forefinger to describe 1-1-5 
r.p.s. in alternate directions; defibrination essentially 
was complete within 6 min. 

To compare the three methods, fresh. venous blood 
(20 ml.) from normal subjects was defibrinated at room 
temperature for 8-10 min and the clot was drained by 
gravity for 3-4 min. An aliquot of each sample was 
taken into EDTA for measurement of fresh blood values. 
The results are shown in Table 1. 

Volume recovery was least by the glass bead method 
while on average similar sized clots were obtained by the 
other two. When a bulky clot formed, as much as 7 ml. of 
blood could be drained from it in 4 min. Increases in the 
paeked cell volume (PCV) were, on average, the same for 
all methods but with glass beads the largest variation was 
obtained. Rises in pH. were small using glass beads while 
the conical flask method produced large and variable pH 
rises. The modified method gave pH rises that were inter- 
mediate in value and variation between the other two 
methods. 

In all three methods more white cells were removed 
from whole blood than could be aecounted for by the clot 
volume alone. On occasions, half the white cells in fresh 
blood were removed into a elot the volume of which was 
merely 5 per cent of the original volume. The greatest 
removal occurred using glass beads and the least using the 
eonical flask method. All methods gave considerable 
variation in the numbers of white cells removed (Table 1) 
and this was attributable in part to differences between 
subjects. Thus repeated studies on several individuals 
gave closely grouped results with blood from one subject 
and larger differences between subjects. A further indica- 
tion of subject variation was demonstrable by serial white 
cell determinations during defibrination when it became 
apparent that certain subjects repeatedly lost white cells 
by adhesion to the glass surface before clot formation. 
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The white cells of other subjects, however, were lost from 
the blood only during clot formation. These subject 
differences in glass-adhering properties were best shown 
using the modified method. The effect of clot volume in 
removing white cells was that while more were removed 
with increasing clot size the white cell concentration was 
greatest in smaller clots. For a clot volume less than the 
average value, the white cell concentration was much lower 
with the conical flask method than with the modified or 
the glass bead methods. 


Table 1. COMPARATIVE DATA FOR BLOOD DEFIBRINATBD BY THREE METHODS 
(Initial volume 20 ml.) 
3lass Conical Present 
Method beads* flask Y study 
very 17:0 (10) 18:3 (10) 18-2 (10) 
Recovery (ml.) 154-187 170-190 157-190 
+05 (11) +0-5 (9) £05 (21) 
PEY change (per cent) -r5to 456 Oto+2  -02510 +2 
pH 7:51 (8) 7-74 (13) 7-64 (22) 
7:45-7:57 7-59-7:88 T51-1-72 
E 64 (9) i8 (10) 52 (11) 
White cells re. T0% 38-81 0-93 37-77 
moved (percent) 2; 57 (20) 15 (15) 44 (40) 
Concentrationt — 54 ga 0-43 8-62 
f 89 (8) 19 (5) 64 (9) 
Neutrophils re- Total 78-93 5-38 44-77 
moved (per cent) |, ; 81 (15) 19 (10) 67 (25) 
Concentration 1 52-06 6-67 35-86 
" 25 (8) 20 (5) 17 (9) 
Lymphocytes ren CM 0-58 0-43 5-37 
moved (percent) Y 14 (1 5 g 
Concentration 1 E ul oo" oe 
White cell dif- Neutrophils 23 (15) 53 (10) 35 (25) 
ferential of (per cent) 10-52 29-70 16-51 
defibrinated Lymphocytes 72 (45) 41 (10) 60 (25) 
blood (per cent) 45-87 25-69 48-70 


Values in brackets are numbers of blood samples studied. Data are given 
as mean value and range. 


* Three glass beads (diameter 0-5 cm) were contained in a glass screw- 
capped bottle (capacity 25 ml.) with rubber liner. Bottle and contenta were 
mixed at approximately 30 r.p.m. on a blood cell suspension mixer (Matburn, 
Ltd, London). 


+ Capacity 50 ml. 


eee difference between initial and final cell counts per mm? 
of blood. 


Neutrophil removal from blood varied markedly 
among the three methods (Table 1). With glass beads, up 
to 93 per cent could be removed while with the conical 
flask method an average of 19 per cent was removed. The 
modified method yielded intermediate values. Mean values 
for lymphocyte retention in defibrinated blood were 
similar with all three methods, but glass beads gave the 
widest range of values. In four experiments using glass 
beads lymphocyte losses of 30 to 55 per cent occurred, 
whereas with the modified method only one experiment 
out of nine gave more than 25 per cent loss. The prefer- 
ential removal of neutrophils in the clot formed using the 
glass bead method has been noted previously!. 

The distinctive features of these defibrination methods 
are apparent when the neutrophil and lymphocyte distri- 
butions are considered together. The conical flask method 
gave defibrinated blood which contained, on average, 80 
per cent of the original lymphocytes and 81 per cent of the 
neutrophils. The neutrophil to lymphocyte ratio of the 
clot was little different from that of the original fresh 
blood. On the other hand, the glass bead method gave 
blood containing few neutrophils and an average of 75 
per cent of the lymphocytes but with considerable varia- 
tion in lymphocyte yield. The average neutrophil to 
lymphocyté ratio of the clot was 5-9 using glass beads. 
With the modified method an average of 83 per cent of the 
lymphocytes was retained in the defibrinated blood with 
the smallest variation, while the neutrophils remaining 
amounted on average to 35 per cent. The neutrophil to 
lymphocyte ratio of the clot obtained with the modified 
method was the highest, 6-1. 
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Glass bead defibrination offered the adv antages of a 
slight inerease in pH and no frothing. Substantial neutro- 
phil removal occurred. The disadvantages were that there 
was variation in clot size and lymphocyte removal, to- 
gether with possible cell damage because when the pro 
eedure was prolonged for 60 min haemolysis occurred. 

Defibrination by conical flask had the disadvantages of 
frothing, elevated pH and the likelihood of cell damage 
because haemolysis was detectable following 60 min de 
fibrination. Only slight removal of 
lymphocytes occurred. 

The modified method had several advantages. There 
was neither frothing nor a marked rise in pH and extended 
defibrination for 60 min gave no measurable haemolysis, 
suggesting that there was less cell damage than occurred 
in the other methods. The modified method gave de- 
fibrinated blood from which the majority of the neutrophils 
had been removed, although more were retained than when 
glass beads were used. Lymphocyte retention was greatest 
and variation in yield least of the three methods. 

During the period of this study one of us (J. D. W.) 
held a Merchant Taylors’ Research Fellowship. 

J. D. WILSON 
A. J. GRIMES 
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Biologically Energized Cardiac 
Pacemaker: in vivo Experience with Dogs 


CARDIAC pacemakers have been in use for implanting 
into man for more than a decade and have relied chiefly 
on mercury or nickel cadmium cells as sources of power". 

Elimination of the chemical battery power supply 
would be valuable to investigators because its surgical 
replacement is at present necessary every 18-24 months. 
Sources of biological energy, such as platinurn electrodes 
implanted in living tissue? and piezo-electric ceramics 
mechanically coupled to the heart or thoracic cage, have 
shown the ability to power a cardiac pacemaker?-*. 
Other implantable energy sources, such as nuclear 
generators* or fuel cells?, are at present under investigation, 
but these devices are still temporary. 

In a chronic experiment with a mongrel dog (15:8 kg), 
we have shown the function of an implantable pacemaker 
without a battery using the mechanical forces of the 
left ventricle. 

Copies of one of these cardiac pacemakers using a piezo- 
electric, lead zirconate titanate ‘Bimorph’, weighing 3 g, 
were implanted into nine mongrel dogs. The pericardium 
was incised in the central region of the left ventricle for in- 
sertion of the implant and was then closed to provide 
intimate contact between the ‘Bimorph’ andethe myocar- 
dium. The pacemaker was fixed to the myocardium of 
the left ventricle, being held in place by sutures until it 
became encased in fibrous tissue. The output of the 
pacemaker was directed to the ventricle by means of 
two platinum electrodes as shown in Fig. 1. These 18 
gauge electrodes protruded 8 mm into the mygcardium®-*, 

Encapsulation of the pacemaker has been a formidable 
problem because of the high electrical impedance of the 
piezoelectric generator and associated  cireuitry'*:™. 
Impedances as high as 20 MQ are encountered in the 
solid state pulse generator.  Encapsulants must be 
flexible, non-permeable to conductive electrolytes and 
maintain stable dielectric properties. 
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The study of synthetic encapsulant materials which 
could be used for implanting electronic devices emphasized 
their inability to provide isolation in a living environment. 
Implantable plastic materials such as ‘Teflon’, *Kel-F' 
and ‘Lexan’ have proved permeable to tissue fluids. The 
water absorption rate of ‘Teflon’ was 0-02 per cent after 
immersion for 24 h, which is the average rate for most 
implantable materials. 

The problem of fluid permeation is greatly increased 
in our application because the encapsulation is subjected 
to minute amounts of flexure—0-5 mm displacement 
over a distance of 5 em. This is an approximate measure 
ment of the degree of bending necessary to stress ade 
quately the piezoelectric generator. 

A further study of flexible dense metals, such as gold 
and indium, showed great promise. In a concurrent 
study, however, animal wax encapsulants revealed 
superior qualities—equally good water-proofing, inherent 
electrical insulating properties, non-galvanie character- 
isties, low melting temperature (which facilitates mould- 
ing around heat-sensitive electronie circuitry) and less 
weight!*, Of the animal waxes, beeswax seemed to be the 
most suitable because of its known tissue compatibility !*«1? 
The dielectric constant of beeswax is 3-0 and does not 
noticeably vary after immersion in dialysis fluid for over 
6 months. 

In applying beeswax, pacemakers were placed in moulds 
of suitable dimensions to produce a 2 mm coating on all 
surfaces. Pharmaceutical grade beeswax was used in all 
encapsulations, A final covering of 20 mil. ‘Silastic’ was 
added as an interface between the wax and living tissue 
as a protection from mechanieal and chemical erosion. 
Dogs with pacemakers of this type implanted beneath 
the pericardium for longer than 2 months have not shown 
adverse physiological effects as a result of rejection 
problems. 

Heart block was not induced in any of the nine dogs, 
because they were being used as a test medium to deter- 
mine electrical and mechanical characteristics of the 
implant. The pacemaker output is therefore superimposed 
on the normal ECG. The output waveform of the pace 
maker, as shown in Fig. 2, is a 2 ms pulse of 1 V amplitude 
at a peak current level of 1-5 mA. With suitable electrodes, 
the pacemaker causes ventricular response. In acute 
experiments it has adequately stimulated a canine heart 
with surgically induced heart bloek*. 





Fig. 1. 


Radiogram of a dog showing a 3 g piezoelectrically powered 
cardiac pacemaker mounted on the surface of the left ventricle 
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Fig. 2. 


An oscillogram of the negative pacemaker pulse superimposed 
on the normal electrocardiogram of a dog. 


All dogs in this study were frequently checked by 
means of routine electrocardiogram tracings. The 
pulse rate of all the implants had been set at 60/min, in 
order to minimize the interaction between the dog's 
physiological pacemaker and the artificial one. This rate 
could be varied by time-constant changes in the pulse 
generator circuitry. The rate of the currently operating 
pacemaker decreased to 30—40/min: this fall-off in rate, 
presumably caused by d.c. leakage effects in the timing 
capacitor, can be corrected in future implants. 

The first eight of the nine implants failed because of 
mechanical problems, such as loosening of electrodes or 
fracture of the encapsulant caused by inadequate moulding 
techniques. As these problems were progressively ex- 
posed, longevity of the implant was substantially in- 
creased—from 6 days up to the still undetermined life 
of the currently functioning pacemaker which 
implanted on August 2, 1967. Eventual removal of the 
pacemaker will permit histological studies of the surround- 
ing tissues and electrical-mechanical evaluation of the 
implant. 

We thank Willem J. Kolff for assistance and support 
during the early stages of these experiments. 
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CYTOLOGY 


Sexual Development altered by 
Non-steroidal Oestrogens 


Srupres in our laboratory have been concerned with the 
mechanism by which various types of oestrogens influence 
the hypothalamo-hypophyseal-gonadal interrelationship! 
This letter deals with the comparative action of several 
non-steroidal, oestrogen-related substances on the sexual 
development of female rats after treatment at 
old. 

Pathogen-free rats (Charles River strain) were bred in 
our laboratory, and female pups 
cutaneously on the fifth day with a single dose (10 and/or 
100 mg/kg) of test substance suspended in 0:1 ml. of 
saline-"Tween 80. After weaning, animals were caged in 
pairs and maintained in conditions of controlled illumi 
ation, temperature and humidity. 
taken until autopsy at 100 days. veighed 
fresh and prepared for histological examination. Anterio! 
pituitaries were quick frozen, and luteinizing hormone 
(LH) content was determined by the OAAD method 
(LH standard was supplied by the NIH Endocrinology 
Study Section, US Public Health Service.) 

The compounds tested are listed in Table 1. Clomiphene 
citrate is a mixture of trans (A) and cis (B) isomers*, and 
a sample containing 38 per cent 4 and 62 per cent B was 
used as well as individual samples of isomers A and B 
Clomiphene isomer A is more oestrogenic than isomer B in 
the immature female rat®. MRL-37 is astructural analogue 


5 day 8 


were injeeted sub 


Vaginal smears wert 
Organs were 


of clomiphene and is chiefly antioestrogenic! Clomi 
phene isomers 4 and B and MRL-37 were from Wt 
Merrell Co., Cincinnati, Ohio.)  Coumestrol, genistein, 
biochanin A and formononetin (supplied by Dr E. M 
Bickoff. USDA, ARS, Albany, California) occur natural 
in leguminous forages. Their relative oestrogene potencies 
are: coumestrol > genistein > biochanin I > jormon 
netin*., 

Ovarian weight at 100 days of age was ficantl 





reduced in animals injected on day 5 with coumestrol, 
clomiphene mixture and both clomiphene 


Clomiphene isomer B was less active than isomer A ir 


somers 


this respect. Groups with relative ovarian wt ight reduced 
to 15 mg/100 g body weight or lower also exhibited per 
sistent cornification of the vaginal smear and the absence 
of corpora lutea in ovarian sections 

A persistent anovulatory oestrous condition develops in 
female rats injected with appropriate doses of various 


steroids during the neonatal period. It is now obvious 
that non-steroidal oestrogens have a similar action 


Clomiphene isomer A is more oestrogenie than isomer B, 


and coumestrol is the most active plant oestrogen, so the 
development of persistent vaginal oestrus and anovulatory 
ovaries is probably a result of oestrogenic effects « xerted 
by these non-steroidal compounds on the neonatal female 
rat. Significant uterine weight changes wert 
they did not correlate with the oestrogenic 
the test materials causing them nor with the appearance 
of the persistent oestrous syndrome 

The effecteof androgen on the neonatal female rat may 
be related to a permanent alteration in hypothalamic 
centres which later fail to regulate cyclic LH release“ 
Pituitary LH content was reduced at 100 days in animals 
treated with clomiphene, its isomers and coumesti ;l 
indicating that the persistent anovulatory oestrous eon 
dition caused by these agents may be due to an alteratio 
in the hypothalamie system regulating hypophyseal LH 
That the ovary is not defective is suggested by the faet 
that 
injection of 1 or 10 ug LH (our unpublished results \ 
direct action of oestrogen on the anterior pituitary of the 
neonatal female is possible and cannot be ruled out 
more definitive studies are completed 


noted, but 


activity ol 


oestrogen-sterile rats ovulate in response to the 
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‘rable 1. 
Average 
Dose body No.of  Vaginal* 
Test compound (ug) weight animals smear 
(g) 
None (colony controls) 272 10 Cy 
Vehicle 0 259 17 Cy 
Triphenylethyle ne compounds: 
Clomiphene 1,000 268 14 PC 
: 100 302 11 PC 
Clomiphene A 100 291 13 PC 
Clomiphene & 100 291 11 Cy-PC 
MRL-37 1,000 261 10 Cy 
Plant oestrogens: 
Coumestrol 1,000 252 9 PC 
Genistein 1,000 289 6 Cy 
100 275 9 Cy 
Biochanin A 100 254 12 Cy 
Formononetin 100 236 3 Cy 


* Cy, cyclic; PO, persistent cornification. 


pres 
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FHMALE RATS GIVEN SINGLE INJECTION OF TEST MATERIAL AT DAY 5 AND AUTOPSIED aT 100 DAYS 


Organ weights (mg/100 g + S.E.) Pituitary LH t 
Ovaries Uterus Adrenals Pituitary (wa/gland) 
33413 105312 24413 4440-16 
02 15934 2210-5 (830-07 34-0 (9:1-296-0) 
5411 13846 24 £ 0-8 414013 17-4 (4:9-176-0) 
5+0-9 15248 240-9 5:5 + 0-24 184 (5°2-195-6) 
4403 167 +7 30403¢ 46+0:08 9:7 (2-4- 47-3) 
1x12 16865 2520-6 152015 16:6 (4-4-100-1) 
4x10 131291 25216 190-19 25:7 (7-3-388-2) 
Es mr E mp iere 
tU £ tO £012; a s E » 
2*10 17128 27507 46013 24-9 (0:7-188-0) 
2300 18525 25 +06 47 £0-20 29-1 (7.9-232-0) 
3+ 2-0 167 +7 25 +06 513035 


t Expressed as ug NIH-LH-810 equivalents per gland. The 95 per cent confidence limits are in parentheses, 


t P005 against vehicle controls, ¢ test, 
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Axon Ensheathing by Ependymal 
Cells in the Human Embryonic 
and Foetal Spinal Cord 


Many studies have confirmed Gasser’s original observa- 
tion! that the basic relationship between axon and 
Schwann cell is the invagination of one into the other, the 
line of invagination being marked by a double layer of 
the Schwann cell plasma membrane, the mesaxon. By 
this means a Schwann cell ean ensheath several un- 
myelinated nerve fibres. 

Geren? demonstrated that elongation and spiralling 
of the mesaxon led to the formation of a myelin sheath. 
By this means a Schwann cell produces a myelin sheath 
about one axon only. An essentially similar sequence of 
events has been demonstrated by Peters* in the central 
nervous system, except that the ensheathing cell is almost 
certainly an oligodendrocyte and has been seen to provide 
myelin sheaths for two axons simultaneously. It may be 
capable of simultaneous ensheathing of more than two 
axons, 

Electron microscopic study of the lumbar spinal cord of 
a human embryo (intrauterine life about 6 weeks; crown 
rump length 1-5 em), fixed with buffered glutaraldehyde 
and osmium tetroxide, and stained with uranyl acetate, 
has revealed a small region where a third typg of relation- 
ship occurs between the axon and the satellite cell. 

Immediately ventral to the central canal the floor plate 
is thin and consists of ependymal cells, the outer processes 
of which seem to extend to the external limiting mem- 
brane, passing through a narrow and almost cell-free 
marginal zone, 

The ependymal cells of the floor plate fre of high 
columnar form with microvilli, occasional cilia and bleb- 
like structures projecting into the lumen, They are 
equipped with conspicuous junctional complexes and their 
cytoplasm is rich in granular material, mitochondria, 
Golgi apparatus and granular endoplasmic reticulum 
arranged in stacks of flattened cisternae. Their apices 


narrow into elongated processes which separate to allow 
the passage of mainly transversely arranged axons (pos- 
sibly the future "anterior white commissure”) before 
expanding to form the outer limiting membrane. At the 
point where they narrow their lateral surfaces are often 
deeply indented, or invaginated, by longitudinally running 
axons of about 0-1-0-4u. diameter, so that mesaxons are 
formed by their plasma membranes. Some mesaxons are 
short and straight, others elongated and coiled into short 
spirals (up to 1-5 turns) so arranged that neighbouring 
mesaxons, formed by the plasma membrane of the same 
ependymal cell, may spiral in opposite directions. As 
many as six axons have been seen invaginated into the 
same ependymal cell. 

In other parts of the marginal zone of this embryonic 
cord, and in the cords of two foetuses of 3 and 4 em 
erown-rump length, axons occur in large bundles parti- 
tioned by presumed glial processes but in no sense in- 
vaginated into them, except in the floor plate region of 
the 4 em specimen where axonal invagination into 
ependymal cells has been seen. 

Study of the floor plate region in the spinal cord of « 
human foetus of 12 em erown-rump length has failed to 
show a similar relationship between axons and ependymal 





cells. Conventionally wrapped myelinated axons were 
a — E — 
=. 
Fig. 1. Line drawing to illustrate axon/ependymal relationships in 


the floor plate of human embryonic spinal cord. 
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seen scattered through the marginal zone, but there was 
no evidence of a precociously myelinated fibre tract. 
however wrapped, close to the ventral aspect of the central 
canal. 

It is suggested that axons invaginated into floor plate 
ependymal cells of the embryonic and early foetal spinal 
cord represent a tract of fibres whose early insulation is 
necessary to their proper functioning and that. in the 
absence of sufficiently differentiated spongioblast., they 
utilize ependymal cells. Their apparent absence from the 
cord of a foetus 12 em in erown-rump length suggests 
that their funetion is temporary, although it is possible 
that they were present but not observed. 

This work was supported by the National Fund for 
Researeh into Crippling Diseases. 
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Presumptive X-Autosome Translocation 
in a Cow: Preferential Inactivation of 
the Normal X Chromosome 


THe Lyon hypothesis! was constructed on genetical 
evidence derived from observations of sex-linked variega- 
tion of coat colour in the mouse. Within the framework 
of this hypothesis, late DNA synthesis and genetic in- 
activity of the same X chromosome are considered strictly 
related phenomena. Thus information about the chron- 
ology of DNA replication in structurally abnormal X 
chromosomes is relevant to the study of the genetic 
activity of mammalian sex chromosomes. So far, such 
information is available only for two mammalian species, 
mouse and man. In human females, structurally abnormal 
X chromosomes, such as deficiencies, duplication/defi- 
ciencies or rings, were found to be consistently late- 
replicating compared with the normal X chromosome’. 
The same applies to a presumptive X-autosome trans- 
loeation?. In the mouse, two cases of X-autosome trans- 
locations have been studied cytogenetically, with con- 
trasting results. In females heterozygous for Searle's 
translocation (16H), in which part of the X chromosome 
is translocated on to an unidentified autosome, the sex- 
linked variegation is suppressed. Lyon et al.*, by the 
appropriate genetic tests, showed that the translocated X 
was consistently active while the normal X was inactive 
in all cells. Ohno and Lyon? later reported that the normal 
X of heterozygous females carrying the translocation 
showed positive heteropyenosis in 90 per cent of somatic 
prophases. 

The Cattanach translocation is a non-reciprocal one, 
resulting from the insertion of an autosomal segment into 
an X. The autosomal segment behaves eytologically as 
an integrated part of the X, being isopyenotie with the 
X into which it is inserted’, and variegation is expressed 
in the heterozygotes. Recently Cattanach and Isaacson’ 
showed that the extent of the variegation is controlled 
by a factor located in the X ehromosome itself. Autoradio- 
graphic evidence was obtained indicating that the normal 
and the translocated Xs were late replicating in approxi- 
mately the same proportion in samples of cells exposed 
in vivo to tritiated thymidine*. 

We report here the modality of DNA replication in a 
structurally abnormal X chromosome found in Bos taurus. 
In this species, the .X chromosome is morphologically 
distinguishable and in the cow one of the two Xs is con- 
sistently late replicating at the end of the S period*. The 
heifer with the abnormal X chromosome was found among 
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Pedigree of the heifer with the X! (arrow). N: 


59 chromosomes, heterozygotes 
somal translocation. 
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60 chromosomes, 


Fig. 1. ! 
for the auto- 


normal karyotype. A‘: 





a group of daughters of artificial insemination (AI) bulls, 
all heterozygous for an autosomal translocation of the 
centric fusion type. The heterozygous carriers have 59 
instead of the normal 60 chromosomes, normal X chromo- 
some(s) and the translocated chromosome is easily 
identified by being characteristically submetacentric’’. 
The pedigree reproduced in Fig. 1 traces the immediate 
ancestry and descent of the heifer. The sire had a doeu- 
mented fertility having been used for about ten thousand 
inseminations during several years. All the members 
of this family were of the Swedish Red and White (SRB) 
breed. which originated in 1928 from a cross between the 
Scottish Ayrshire and Swedish RSB races. 

The heifer, born in 1963, had a norma! female appear- 
ance and coat colour. She showed obvious heat symptoms 
at regular intervals. Fora long time she failed to conceive, 
but after nine inseminations both with fresh and frozen 
semen and two natural services she became pregnant 
when inseminated with fresh semen from an AT bull with 
a normal karyotype. The calf, a male, was born dead at 
full term. A detailed post-mortem examination did not 
reveal any macroscopical or histological abnormalities. 





Table 1. CENTROMERIC INDEXES (MEANS AND STANDARD DEVIATIONS) OF 
THE NORMAL AND TRANSLOCATED XS AND OF THE TRANSLOCATED AUTOSOME 
IN 25 CELLS OF THE HEIFER WITH THE TRANSLOCATED X (X!) AND IN 22 
CELLS OF A CONTROL HEIFER WITH THE TRANSLOCATED AUTOSOME (4!) AND 





NORMAL X8 
Centromeric index Length relative to A‘ 
Chromosome Heifer X! Heifer 4! Heifer Y! Heifer A‘ 
(n= 25) (n= 22) (n= 25) (n s 44) 
Normal X (X7?) 0:362 0:373 0-795 0-751 
+0024 +0078 +0077 £005 
Translocated X (X) 0-459 o» 0:911 ES 
+0-021 + 0-068 
Translocated autosome (A!) 0-278 0:267 — 
t 0-035 x 0:025 


The centromeric index is defined as the ratio of the length of the short 
arm to the total length of the chromosome. Lengths of the normal and 
translocated Xs, relative to the length of the translocated autosome (44. 
The mean centromeric index of the X' is significantly different from that of 
the X^ (£215, 48 d.o.£.). The mean relative length of the X' is significantly 
different from that of X^ (t= 6-6 for 48 d.o.f.). 


Repeated blood cultures and cultures from a skin 
biopsy showed that the heifer had 59 chromosomes. 
There were 56 apparently normal acrocentrics, the trans- 
located submetacentric autosome (44), one normal X 
(X^) and one abnormal metacentric chromosome (Xt) 
which must have originated from an event involving the 
other X chromosome (Figs. 3 and 4). The mean values in 
Table 1 show that the X! was a nearly metacentric 
chromosome and it was significantly longer than the 
normal submetacentrie X.  'This last finding formally 
indicated that the X! did not originate from a pericentric 
inversion within the X chromosome. No abnormal auto- 
some other fhan the At was identified. Interphase nuclei 
of cells cultured in vitro had a large number of chromo- 
centres and no obvious sex chromatin body. 

Fibroblast cultures from a skin biopsy of the stillborn 
calf showed that it had 59 chromosomes, apparently 
normal sex chromosomes and was heterozygous for the 
autosomal translocation. 
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To study DNA replication, four independent sets of 
blood cultures were exposed to tritiated thymidine (0-5 
uCi/ml. of culture medium, specific activity 5 Ci/mM) 
continuously for 4, 5 and 6 h. The cells were exposed to 
a solution of 'Colcemid' (Ciba) for the last 2 h of culture. 
Concurrently, cultures from a chromosomally normal cow 
and from a heterozygous carrier of the autosomal trans- 
location were processed in the same way. The cells were 
processed by the standard air-drying method, stained 
with orcein and filmed with Kodak AR 10 stripping film. 
The autoradiographs were exposed for 12 days. The 
proportion of labelled metaphases was estimated (Table 2) 
in a sample of metaphases selected because of their good 
spreading. Among the labelled metaphases, the propor- 
tion of those displaying a single, obvious late replicating 
chromosome (the chromosome most heavily labelled with 
grains) was then estimated, and this proportion is shown 
in Table 2. The grains were then bleached and the “hot”, 
late replicating chromosome identified in each cell. Fifty 
cells from the heifer with the translocated X chromosome 
had a single “hot” chromosome, and this chromosome was 
the normal X chromosome in all of them (Figs. 2-5). The 
deviation from the expectation of a 1 : 1 ratio of normal 
versus abnormal late replicating Xs was obviously signi- 
ficant. In the control cultures (Table 2) the single late 
replicating chromosome was a normal X. The At did not 
display any obvious, characteristic pattern of replication 
in the three sets of cultures processed after 4, 5 or 6 h of 
continuous contact with tritiated thymidine. 

We found in this cow a structurally abnormal X 
chromosome, which was consistently an early replicator 
in comparison with the normal X. We consider it plausible 
that the X originated from an interchange between an 
X and one unidentified autosome. Alternative hypotheses 
could be constructed but all equally undemonstrable. The 
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Fig. 2. Metaphase cell with heavily labelled X^ chromosome, The 
X' and A'-chromosomes are also indicated, e 

Fig. 3. The same cell as Fig. 2 after removal of the autoradiographic 


grains. 


Fig. 4. Metaphase cell at the end of the S period. The "hot" X^ is 
unlabelled at the distal end, Note the "cold" X', 


Fig. 5. The same cell as Fic. 4 after removal of the autoradiographic 
grains. 
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Table 2. PROPORTIONS OF LABELLED METAPHASES AND OF METAPHASBE 
WITH A SINGLE, LATE REPLICATING ("HOT") CHROMOSOME IN THE THREE 
HEIFERS WITH TRANSLOCATED Y CHROMOSOME, NORMAL YS AND AUTOSOMAL 
TRANSLOCATION, AND NORMAL KARYOTYPE, RESPECTIVELY 
Metaphases 


"Hot" chromosome/ 
labelled 


Heifer Labelled/total 
(per cent) (per cent) 
XIX"; A] 54/08 (79-4) 50/54 (92-6) 
A"JX^; A] 41/50 (82) 35/41 (85-4) 
xr" - 34/50 (68) 31/34 (91-2) 


cow was phenotypically normal and gave birth to a still- 
born calf, which received from the mother the normal X 
and the translocated autosome and had no phenotypic 
anomalies. It will be interesting to follow the outcome 
of future pregnancies, 

This situation is formally equal to that found in Searle’s 
translocation of the mouse, Evans et al.* have pointed 
out that the postulated random inactivation of X chrome- 
somes may be disturbed in different ways by different 
types of structural modifications of the X. Our findings 
give support to this concept and demonstrate that varia- 
tion in the functional behaviour of differently altered X 
chromosomes is not confined to the mouse. They also 
indicate that in man an X-autosome translocation could 
be missed if the structurally abnormal X is "active", as 
in Searle's translocation and in the Xt-cow. 

This work was supported by a grant from the Swedish 
Cancer Society (to J, L.) and by a contract with Euratom— 
University of Pavia (to M. F.). 
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Changes in the Nuclear Envelope 
of Amoeba during Mitosis 


Tx Amoeba proteus, the interphase nucleus is surrounded 
by a complex envelope consisting of an outer double 
membrane and an inner honeycomb structure’. Roth 
et al.* have found that during mitosis two morphological 
changes in the nuclear envelope complex can be detected 
with the electron microscope; first, the honeycomb struc- 
ture disappears during the later stages of prophase (see 
also ref. 3) and, second, numerous gaps appear in the outer, 
membranous layer during metaphase (Fig. 1). Reconstruc- 
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tion of the membranous component of the envelope occurs 
shortly after anaphase*, but the honeycomb structure does 
not completely reform until several hours after cyto- 
kinesis (my unpublished work). 

The principal objective of this investigation was to 
determine whether the breakdown of the nuclear envelope 
during mitosis is caused by a cytoplasmic factor. I have 
treated interphase nuclei with cytoplasm of dividing eells— 
in these conditions, any degradation of the envelope 
would demonstrate the importance of a cytoplasmic 
factor, whereas a negative result would indicate that the 
changes in the envelope complex are induced, at least 
in part, by the dividing nucleus itself. 

All studies were carried out on amoebae (A. proteus) 
which were cultured in an inorganic salt solution’ and 
fed on either Tetrahymena or Paramecium aurelia. First, 
interphase nuclei were transplanted (method in ref. 5) 
into dividing amoebae in the later stages of prophase. 
Dividing amoebae can be selected with considerable 
accuracy using the criteria outlined by Chalkley and 
Daniel’, 

After transplantation, the experimental amoebae, 
each containing an interphase and a dividing nucleus, 
were either left undisturbed and observed with phase 
contrast optics, or fixed in OsO, and prepared for examina- 
tion with the electron microscope (details of electron 
microscopy in ref. 4). The interval between transplanta- 
tion and fixation was 5-30 min. At the time of fixation the 








A section through the envelo| 


Fig. 1. 
honeycomb-like structure is absent an 
in the membranous layer (M) of the envelope. (x 45,000,) 


of a metaphase nucleus, The 
large gaps (arrows) can be seen 


Fig. 2. Electron micrograph showing a portion of an interphase nucleus 
which had been transplanted into a dividing amoeba and fixed after 10— 
15 min. The honeycomb-like structure (H) remained intact and no 
breakdown of the membranous layer (M) can be detected. The cae 
(arrows) which can be seen in the membranous layer represent the 640 
pores which are usually present in interphase nuclei. (x 45,000.) 
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host nuclei were in stages ranging from anaphase to early 
interphase. 

I found initially that once an amoeba has begun to 
divide, the process cannot be arrested by the introduction 
of an interphase nucleus; thus eleven out of fourteen 
experimental amoebae completed division 15 to 48 min 
after the operations. In most cases (seven out of eleven) 
three, rather than two, daughter cells were formed. The 
transplanted nuclei were incorporated into the daughter 
amoebae either individually or together with one of the 
newly formed nuclei. 

Using phase optics, no struetural changes could be 
detected in the transplanted (interphase) nuclei during 
division or within 1 h of cytokinesis. Examination of 
eleven amoebae with the electron microscope also failed 
to reveal any morphological alterations in the donor 
nuclei. As can be seen in Fig. 2, the envelopes maintained 
their normal interphase appearance and, in addition, no 
breakdown of the nucleoli could be detected. 

These results suggest that during the period of nuclear 
breakdown (late prophase through metaphase) the cyto- 
plasm contains no factor capable of disrupting the nuclear 
envelope. It would therefore seem that the changes 
in the envelope which occur during mitosis are 
generated by the dividing nucleus. This has recently 
been suggested by Hancock and Ryser’. These in- 
vestigators also proposed that the specific substance 
responsible for the breakdown of the envelope 
might be an arginine-rich histone, which is released from 
the chromosomes during prophase. Earlier studies by 
Goldstein’, however, indicated that disruption of the 
envelope is caused by a calcium activated proteolytie 
enzyme. Positive identification of the factor(s) causing 
the nuclear changes will require further experimentation. 

I thank Mr Kurt Jelinek for technical assistance. This 
work was supported by grants from the US Publie Health 
Service and the National Science Foundation. 
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MICROBIOLOGY 


Transduction with Phage PI in 
Salmonella typhimurium 


Two types of mutants of Salmonella typhimurium LT-2 
with increased recipient abilities were isolated by treat- 
ment with eN-methyl-N'-nitro-N-nitrosoguanidine fol- 
lowed by the transfer of an R factor from Escherichia coli 
K-12 and its subsequent elimination with acriflavine!. 
One of them, which was obtained in a single-step selection, 
was named Aferl (fer — fertile) and the other type isolated 
from Rferl was called Rfer2. Rferl mutants showed con- 
siderably higher recipient abilities than the wild type 
(Rinfer) (infer=infertile), and Rfer2 mutants acted as 
better recipients than Rferl. Rferl mutants were eon. 
sidered unrestricted and unmodified and Rfer2 strains 
were assumed to have mutations of some properties of 
the cell surface in addition to the Rferl mutations because 
of the rough colonial morphology of Rfer2 mutants. In 
fact, Rfer2 mutants were found to be sensitive to a number 
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Table 1. PHAGE SENSITIVITY PATTERNS OF VARIOUS DERIVATIVES OF 
Salmonella typhimurium LT-2 

Strain Fertility Response to phage 

P22 T, T, T, T, T, T, T, A e80 Pl W-31 
Wildtype —Rinfer 8 r r r fe GEO GP RY 2E sr E i 
40-4 Rferi $& pr fo poc r f <hr oT. Cof 
1-11 Rfer2* a r f 8 r r F 8 r T EI 8 
8-09 Rfer2* rot ros r ror o8 T T 8 8 
4-51 Rfer2* ro E 98 OD oP o0 Be OY OB 08 08 
5-01 Rfer2* r r r s8 r ror 6$ ror 8 5 


* These Rfer2 mutants were isolated independently of each other. 
8, Sensitive; r, resistant. 


of eoliphages, including Pl to which the wild type and 
Rferl strains are resistant. Thus transduction with 
phage Pl has become possible in S. typhimurium and 
between E. coli and S. typhimurium. 

Table 1 shows the patterns of phage sensitivity of 
various derivatives of LT-2. As seen in Table 1, all 
Rfer2 strains were sensitive to phages 73, T7, W-31 
(ref. 2) and Pl. A Rfer2 strain carrying #’-lact was 
sensitive to male-specific phages f1, f2 and M;S2. Rfer2 
colls were lysed when Pike were spotted on them in soft 
Lennox agar medium? containing 1-0 x 10-? M CaCl, but 
did not give rise to visible plaques when diluted samples 
were plated on them in the same medium. Phages T3, 
T7, W-31 and Pivir (a virulent mutant of Plke supplied 
by Dr J. Tomizawa) propagated on E. coli K-12 gave 
approximately equal efficiencies of plating on LT-2 
Rfer2 and K-12. Phage Plvir could grow on Rfer2 
mutants to about 10%/ml., but Plke did not grow well on 
these strains in spite of the various conditions tested 
(various kinds of broth with varying concentrations of 
CaCl, and phage infections at various growth phases of 
bacteria). Both Pivir and Pike grew well on K-12 (to 
higher than 10*/ml.). 

Rfer2 mutants were derived from LT-2 cysD-36pro- 
(requiring cysteine and proline) and an R factor 222 (with 
the markers of resistance to sulphonamide, streptomycin, 
chloramphenicol and tetracycline) was transferred to them. 
Phage Plvir was propagated on the Rfer2 mutants carry- 
ing this R factor in Lennox broth containing 1-0 x 10-* M 
CaCl, One ml. of a logarithmic phase culture (containing 
about 10° cells/ml.) of LT-2 Rfer2 or E. coli W3102 
(galactose-non-fermenting, X7, F- substrain of K-12) was 
mixed with 1 ml. of a Plvir lysate (titre: 1:5 x 105/ml.) 
of Lennox broth containing CaCl,) After incubation for 
20 min at 37? C, the unadsorbed phage was removed by 
centrifugation. A portion (0-1 ml.) of the infected culture 
was plated on calcium-free Lennox agar containing 
25 ug/ml. of chloramphenicol. The resultant colonies were 
scored after incubation for 24 h at 37° C. The frequencies 
of transduction of the marker for chloramphenicol 
resistance were L:2x 10-* and 9x 1075 with Rfer2 and 
W3102 recipients, respectively. The patterns of drug 
resistance and their conjugal transferability were studied 
with our standard procedure? on one hundred of the 
transduetants obtained with each reeipient. It was found 
that the R factor 222 was transduced as a unit in 100 per 
cont with Pleir to both Salmonella and E. coli recipients. 
‘Phe results with the E. coli recipients are comparable with 
our previous results on intraspecific transduction in E. 
coli with phage Pike (ref. 4). They are entirely different 
from those with phage P22 in S. typhimurium, where the 
drug resistance markers of the R factor ate invariably 
segregated into a tetracycline marker and the other three 
drug resistance markers, and where most of the drug- 
resistant transductants lack the conjugal transferability 
of their drug resistance markers*. 

Lysates of phages Plke and Pleir grown on E. coli 
W3102 as well as those of Plvir propagated on LT-2 
Rfer2 mutants were used for transduction of bacterial 
chromosomal markers. Only Plvir was used for Salmon- 
ella donors, because Plke did not grow on them. Æ. coli 
AB-1157 (F- substrain of K-12 requiring threonine, 
leucine, proline, histidine, arginine and thiamine, and 
non-fermenting lactose, galactose, xylose, arabinose and 
mannitol) and LT-2 Rfer2 mutants requiring cysteine and 
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proline served as recipients of transduction. A sample 
(1 ml.) of a logarithmic phase culture of a recipient, con- 
centrated by centrifugation to about 3 x 10? cells/ml., was 
mixed with a phage lysate. After incubation for 15 min 
at 37? C, the phage-infected culture was washed twice with 
saline by centrifugation at 0° C. 0:1 ml. of the sample was 
plated on minimal agar of Davis and Mingioli* enriched 
with proper nutrients. The resultant large colonies of com- 
plete transductants were scored after incubation for 48 h 
at 37^ C. The control plates seeded with the recipient 
alone gave few or no colonies in AB-1157, and none in 
Rfer2 strains. Sterility of the donor phage was checked 
in each experiment. Tables 2 and 3 show the average 
frequencies of transductants per aetive phage in various 
combinations of donors and recipients. As seen in these 
tables, the frequencies of intraspecific transductions in E. 
coli and S. typhimurium were much higher than those of 
interspecific transduetions between E. coli and S. typhi- 
murium. These results seem to be best explained by the 
poor genetie homology between these two species which 
has been deduced from the results of sexual mating be- 
tween them*:? and of transduction with phage P22 between 
Escherichia--Salmonella hybrids and S. typhimurium’? 
and between Escherichia Salmonella hybrids". The fre- 
quencies of transduction of E. coli markers to Salmonella 
recipients were lower than those of transduction in the 
opposite direction, indicating the presence of asymmetry 
in the interspecific transductions. Rfer2 may exert a low 
level of restriction against E. coli genetie material, 
although Rfer2 is considered unrestrieted'. In other 
words, there may still be a slight difference in host 
specificity"! between E. coli and Rfer2 strains. This 
point has not yet been studied in the transduction of Jè 
factor and awaits further investigation. Tt can also be 
seen in Table 2 that the frequencies of intraspecific trans- 
duction in E. coli were higher with Plke than with 
Plvir. This difference may be the result of more severe 
killing of transductants by superinfecting Plvir. 

Phage P1 is able to carry longer segments of genetic 
material than phage P22 does! and the systems of trans- 
duction which we have established here may be con- 
veniently used for mapping Salmonella genes and also for 


FREQUENCIES OF TRANSDUCTION WITH PHAGE PlOF E, coli MARKRES 
TO E. cali AN! Salmonella. typhimurium 


Table 2. 


Transduction frequency 
(per active phage) with 


Kecipient strain Selected Pike grownon  Pleir grown on 
marker E. coli E. coli 
W3102* W3102* 
E. coli AB-1157* Threonine Lox ie 4:3 «10 
Leucine 21x 10+ 84x107 
Proline p4x105 8-Ox 10° 
Histidine bax 1d? 96x 10 
Arginine 9-4 x 1075 70x10 
S. typhimurium LT-Z Proline «105 50x10 
Rfer2 8-09 f Cysteine <10 Tixo” 
S, typhimurium LT-2 Cysteine <10+ <63 x 10 
Rfer2 5-511 
S. typhimurium LT-2 Cysteine s]105 «623x107 


Rfer2 A-511 

* W3102 is an F-. galactose-non-fermenting, À` substrain of K-12. 

+ AB-1157 is an F~ substrain of K-12 requiring threonine, leucine, proline, 
histidine, arginine and thiamine, and non-fermenting lactose, galactose, 
xylose, arabinose and mannitol. 

+ Rfer2 strains are cysteine and proline-requiring. 


Table 3, FREQUENCIES OF TRANSDUCTION WITH PHAGE Pluir OF Salmonella 
typhimurium MARKERS TO E, coli AND S. typhimurium 
Selected marker Transduction 
Recipient strain (non-requirement frequency 
for) (per active phage? 

E. voli AB-1157* Threonine 056x107 

Leucine 93x 1075 

Proline OO x 107 

Histidine 36x107 

Arginine Tix107 

S. typhimurium LT-2 Proline 5.5 x 107* 


Rfer2 8-007 
* AB-1157 isan F- substrain of K-12 requiring threonine, leucine, proline, 
histidine, arginine and thiamine, and non-fermenting lactose, galactose, 
xylose, arabinose and mannitol. x 
+ 8-09 is a cysteine and proline-requiring mutant. 
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Apparent “Double Mutation" 
induced by Gamma Rays 


RzsULTS published by McLaren et al.* indicated that the 
species specificity of poliovirus type 1 in tissue culture 
stemmed from the inability of the virus to absorb to non- 
primate cells. Infectious RNA from this agent was shown 
to initiate productive infections in cultured cells from a 
variety of warm-blooded animals*. More recently, it has 
been shown that mengovirus and a bovine enterovirus 
adsorb to eultured cells from several species and initiate 
infections which vary in efficiency of virus production 
from high to essentially nil’. The system which we are 
studying may resemble either or both of these models. 

Coxsackie virus type A-9 (CA-9), strain P.B. (Bozek) 
was obtained from the Viral and Rickettsial Registry of 
the American Type Culture Collection. It has been pro- 
pagated in our laboratory in primary monkey kidney 
(PMK) cell cultures produced from rhesus monkeys 
(Macaca mulatta). The virus is assayed by the plaque 
technique’, and the passage series in our laboratory has 
included three serial subcultures from discrete plaques in 
an effort to enhance genetic homogeneity. 

A serological test has been developed in our laboratory 
to sereen virus suspensions for antigenic variants. In 
this test PMK culture in a 25 em? flask (Falcon Plastics) 
is overlaid with 5 ml. of agar medium lacking neutral red. 
A 5 mm disk of blotting paper soaked in antiserum is 
applied to the agar surface, and the culture is inverted 
and ineubated overnight at 36? C. After the disk has 
been removed, the agar surface is flooded with 0-5 ml. of 
virus suspension plus 0:1 ml. of a 1: 1,000 solution of 
neutral red. Cultures are rocked for 90 min at room 
temperature, inverted and returned to the incubator. 
Commercial rabbit antiserum (Microbiological Associates) 
at 1:8 dilution is used in the disk. Inoculation of >10 
plaque-forming units of homologous virus results in 
uniform destruetion of peripheral cells, leaving (after at 
least 48 h) a roughly circular area, approximately 25 mm 
in diameter, of viable cells which have been protected 
by the antibody. "This protected zone gradually shrinks 
completely within two to three days following its appear- 
ance. No zone is formed when heterologous virus is 
inoculated. In this and in the plaque-reduction, tube- 
neutralization test prototype CA-9 and antiserum to 
CA-9 have consistently given a homologous reaction. 
No neutralization of CA-9 has been observed with antisera 
to any of the other six enteroviruses in use in our labora- 
tory. 

Primary kidney cell cultures have been produced from 
young adult, market-weight swine (PASK) and from 
swine foetuses of various sizes (P FSK). CA-9 has been 
found to cause cytopathic effects in some lots of PFSK 
prepared from small foetuses but not in P FSK from near- 
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term foetuses nor in PASK. These cytopatnic effects 
are prevented in the presence of homologous antiserum. 
There is a small, positive correlation between the number 
of PFSK cells showing CPE and the number of plaque 
forming units (PFU; as measured in PMK) of CA-% 
inoculated. The absolute number of affected cells at 
times exceeds the number of pru in the inoculum suffiei- 
ently to suggest that some virus replication and second 
cycle cell killing has occurred ; but titres of virus recovered 
from such cultures have been less than 10? Pru/ml., 
which might represent “background” virus from the 
inoculum. The indirect fluorescent antibody test reveals 
the presence of small, scattered accumulations of viral 
antigen in the cytoplasms of the affected cells. 

CA-9 was irradiated with *"Co-y-rays to a calculated 
dosage of 0-25 Mrad. Comparative tests have been 
performed both with irradiated virus and with progeny 
obtained by passing the irradiated CA-9 in PMK. 
Results indicated that at least some of the virus had 
acquired the ability to replicate in swine kidney cells, 
but that this trait was expressed only after passage in 
PMK (Table 1). These findings might be explained if the 
virus, before and after irradiation but before the final 
PMK passage, were unable to adsorb to these swine cells. 


Table 1. INOCULATION OF IRRADIATED CA-9 INTO TISSUB CULTURES 
Irradiated Trradiated +1 PMK passage 
Host Cyto- Cyto- 
cells Time pathic Titre Time pathic ‘Titre 
(h) effects (PFU/ml.) (h) effects (vrU/ml) 
PME 60 4+ 1-9 x 10° 60 4+ 24x 10° 
PFSK 132 — «1 132 24 20x 107 
PASK 132 -— «1 132 4d l4x10 


PFSK were prepared from 150 mm foetuses. The input multiplicity was 
approximately 0-1. Cultures were collected by freezing at the indicated times 
after inoculation, Controls for this experiment comprised an identical set 
of cultures inoculated with unirradiated virus. Cytopathic effects were seen 
only in PMK cultures, which yielded »10* Pru/ml. Titres from the swine 
kidney cultures were «10? PFU/ml. (probably residual inoculum), 





Then at least one cell culture passage subsequent to 
irradiation would be required before the virus coat 
protein eould show any newly aequired receptor affinity. 
C A-9 not irradiated, with or without a PMK passage just 
before the test, failed to induce cytopathic effects in 
either of these batches of swine cells. This might support 
the hypothesis that adsorption was the limiting step, 
were it not that unirradiated CA.9 had been found 
to initiate an abortive infection in P.FSK from earlier 
foetuses. The latter finding, as deseribed here, had 
been thought to indicate a deficiency in the ability 
of CA-9 to induce synthesis of RNA polymerase by the 
swine cell or, as suggested by Buck et al’, limited 
ability of the cell’s RNA to function with the viral messen- 
ger. It seems likely that there are at least two steps 
in the viral replicative cycle which constrain prototype 
C A-9, yet the irradiated virus did multiply. 

A modification of coat protein which led to a change in 
receptor affinity might also be expected to appear as a 
change in the specificity of the virus antigen. There are 
indications that such a change did oceur. When the 
PMK passage virus was tested by the agar diffusion 
neutralization screening method, it gave a quasi-hetero- 
logous reaction with antiserum to CA-9, That is, the 
area of the cell sheet which should have been protected 
by diffusing antibody was killed somewhat later than the 
surrounding, unprotected cells, but much sooner than 
protected zones in cultures inoculated with prototype 
CA-9. Isolated plaques in PAIK were sub-cultured to 
establish eleven strains of prototype and eleven of irradi- 
ated virus. Three of the irradiated strains gave atypical 
reactions jn the screening test, while all of the non- 
irradiated strains gave homotypic reactions. Two of the 
antigenically atypical, irradiated strains were tested by 
another agar diffusion neutralization method (unpub- 
lished) designed to identify unknown enteroviruses. One 
of these appeared to be CA-9, while the other gave a 
reaction suggestive of ECHO virus type 12 (which has 
not been in our laboratory). These findings may indicate 
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that the extent of induced antigenic variation differed 
from production of “prime” strains to actual type con- 
version. Using irradiated, PM K-passed virus which had 
not been cloned, a single passage in swine cells was found 
to increase greatly the incidence of antigenic variants as 
measured by the plaque-reduction neutralization test. 
Together, these results suggest that a portion of the CA-9 
subjected to gamma irradiation has acquired a new anti- 
genie specificity and the ability to infect cells of a new host 
species. It remains to be seen whether these differences 
are truly mutations and whether they are coincidental 
or are two manifestations of a single, genetically induced 
change in the coat protein. Additional studies are in 
progress. 
Irradiation and dosimetry were provided by Mr Thomas 
E. Lantz through the courtesy of Professor John E. 
Willard of the Department of Chemistry, University of 
Wisconsin. We thank Miss Rose M. Wagner for technical 
assistance. This work was supported by a contract 
from the US Atomic Energy Commission. 
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Wide Distribution of Leukaemia Virus 
in Strains of Laboratory Mice 


LABORATORY mice of defined genetic qualities and, more 
recently, so-called germ-free (gnotobiotie, axenic) mice 
have become available to investigators. Electron micro- 
scopy has revealed, however, that the so-called germ-free 
mice (AKR, Balb/c, C3Hf, CFW, ICR and Swiss-Webster 
strains) were not virus-free!-, Virus-like particles were 
observed in the thymic tissues of prenatal, neonatal and 
mature ‘‘germ-free’’ mice*. Moreover, significant numbers 
of mice from each strain developed lymphatic leukaemia 
after whole-body exposure to X-rays, which served to 
identify some of the virus particles in their tissues. ‘The 
development of a virus-free mouse strain would be very 
useful for determining the exelusive causal role of virus in 
leukaemogenesis. We have therefore examined additional 
conventional mouse strains for leukaemia virus by elec- 
tron microscopy and some also for host-response to the 
leukaemogenie action of whole-body irradiation. 

Thymic tissues were selected for examination because 
in many cases lymphatic leukaemia evolves from this 
organ*-*, and because virus can be detected in the thymic 
tissues of apparently healthy mice by electron micro- 
scopy'-***. Fresh tissues from the normal mjee listed in 
Table 1 were fixed with glutaraldehyde and osmium 
tetroxide, embedded in a mixture of ‘Epon’ and ‘Araldite’, 
sectioned with a Porter-Blum microtome, mounted on 
copper grids and stained with metals. Specimens were 
then examined with an RCA EMU 3C or a Hitachi 78 
electron microscope. 

The detection of type € particles in the tisfues and of 
forms budding from the cell membranes was recorded as 
positive (Fig. 1), because such virus particles are strue- 
turally identical to purified murine virus with leukaemo- 
genie activity in test animals'’, The results recorded in 
Table 1 show that all the eight mouse strains examined 
(ten groups) carried leukaemia virus particles. The mouse 
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Table 1. DETECTION OF LEUKAEMIA VIRUS-LIKE PARTICLES (TYPE C) BY 
ELBCTRON MICROSCOPY AND RESPONSE TO LEUKAEMIA INDUCED BY RADIATION 
IN CONVENTIONAL MICE 


Leukaemia virus 


in thymus$ Leukaemic 
Strain Source (reeeived from) Pre- Neo- response 
natal natal Adult — to X-ray$ 
CSHf* Dr L. W. Law (Bethesda) 1/31! 
C3Hf* Dr L, W, Law (Bethesda) 1/31) 


C58 Mr J, B, Gilbey (Notre Dame) 1/31; 


NH Dr L. W. Law (Bethesda) 1/31] 

NIH Dr W. P. Rowe (Bethesda) 5/5 10/24 (41-7?) 
SJL Dr L. W. Law (Bethesda) 1/24 

SJL Texas Inbred Mice Co. (Texas) 1/1 (3) 

X/Gf Dr A. Goldfeder (New York) 1/4 0/4 0/5 5/11 (45-56%) 
XLII  DrJ. C. Solomon (Villejuif) 14 14 04 2/7 (28:695) 


yo 
(LCM) Dr W. P. Rowe (Bethesda) 


* High spontaneous leukaemia subline. 

t Low spontaneous leukaemia subline. 

+ Swiss mice with congenital lymphocytic choriomeningitis virus infection. 

§ Results presented as total number of animals proved to have virus or 
leukaemia over total number of animals examined or treated with X-ray. 

li In these groups, examination of the tissues for virus particles was 
stopped when we found virus in a mouse. In other unmarked groups examin- 
ations were repeated several times. 

Mouse thymic tissues embedded as specimens but not sectioned and 
examined, 


strains included those with high and low levels of spon- 
taneous leukaemia, and two (X/Gf and X LIT) which have 
been reported to be free of spontaneous leukaemia and 
resistant to the leukaemogenie effects of radiation!!:12, 
In these two strains, it was difficult to detect virus par- 
ticles in the thymie tissues of adult mice; however, à few 
were detected in prenatal mice. Although thymic tissue, 
especially of prenatal age, was most suitable for detection 
of leukaemia virus by electron microscopy (Table 1), virus 
particles can presumably also be detected in other organs. 
In mice in which virus particles were not easily demon- 
strated by this screening test, positive results were 
definitive, negative results were equivocal. 

Mouse strains with few detectable virus particles (X/Gf 
and X LII) and other (NIH) were subjected when 1 month 
old to four whole-body exposures to 150 r. X-rays each 
at weekly intervals as deseribed by Kaplan and Brown". 
When significant numbers developed leukaemia, the rest 
were discarded. Malignant lymphoma was induced in all 
three of the mouse strains tested (Table 1). The results 
obtained with X/Gf and with XLII mice differed from 
those of Goldfeder!! and Rinere et al.2, who reported 
these strains as resistant to radiation leukaemogenesis. 
A possible explanation of this difference may be attributed 
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Fig. 1. Electron micrograph of mouse thymus cell with leukaemia virus 


particles budding into and free in cytoplasmic vacuoles. (x 60,000.) 
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to procedural modifieations of irradiation. It was inter- 
esting to note that in mice of the X/Gf strain, in which it 
was diffieult to detect virus in thymie tissues, the incidence 
of leukaemia induced by X.rays was as high as that 
observed in the NIH strain. In the latter strain, virus 
detection was relatively easy (Table 1) although we can- 
not disregard the sampling problem in electron microscopy. 

The results recorded here and previously!-* support 
the hypothesis that all strains of laboratory mice carry 
leukaemia virus! and that induction of leukaemia 
varies with an as yet undefined threshold of susceptibility. 
Study of the viral aetiology of human leukaemia would 
necessitate the use of a virus-free susceptible experimental 
animal. So far, germ-free rats seem to be virus-free?:!*; 
and they are susceptible to the leukaemogenic effects of 
murine leukaemia viruses!? and of chemical agents!*. 
Further characterization of germ-free rats for viral flora 
is in progress. 

We thank Dr À. Goldfeder, Dr L. W. Law, Dr W. P. 
Rowe, Dr J. C. Solomon and Mr J. G. Gilbey for mice, 
and Miss B. J. Minezewski and Mrs P. Luckert for tech- 
nical assistance. This work was supported by funds from 
the Leukemia Society, Inc., and the US Public Health 
Service. 
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BIOLOGY 


Behavioural Responses of Parasites 
to the Symbiotic Fungus associated 
with Sirex noctilio F. 


SEvERAL hymenopterous parasites have been released 
in Australia and New Zealand as possible biological con- 
trol agents for the woodwasp Sirex noctilio F. These 
include Zbalia leucospoides (Hochenw.), Rhyssa persuasoria 
(L.) and Megarhyssa nortoni nortoni (Cresson). J. leuco- 
spoides attacks the siricid egg or newly hatched larva, 
whereas the other two species attack late stage larvae, 
pupae and (rarely) emerging adults. 

There is a symbiotie association between Sirex noctilio 
and the fungus, Amylostereum sp.!. The fungus is inocu- 
lated into the coniferous tree during oviposition by Sirex 
females and, on successful establishment, exerts a phyto- 
toxic effect on the tree and by killing it creates a suitable 
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milieu for the development of Sirer larvae. Some aspects 
of the behaviour of the parasites have been studied in the 
laboratory and it has been shown that responses to 
material produced by the presence and action of Amylo- 
stereum within the host tree Pindus radiata D. Don are 
important in the location of hosts by their parasites. 

Logs were exposed to Sirex females so that oviposition 
drills of different ages were available in a series of logs or 
in the same log. When these were exposed to J, leuco- 
spoides females it was found that maximum preference 
was shown for drills 2-3 weeks old, which coincides 
approximately with the time of egg eclosion. 

Dissection of drills selected by the female parasites 
for antennal search and probing with the ovipositor 
revealed that 35 per cent (of a total of 123) did not contain 
Sirex eggs. That these were investigated by the parasites 
during the same period as those which contained eggs 
provides evidence that the stimuli involved were not 
associated with the presence of the eggs themselves hut 
rather with the fungus and other material introduced by 
Sirex at the time of oviposition. 

When presented with flasks containing eultures of 
Amylostereum of different ages (in a sawdust-base 
medium) female parasites investigated the cotton wool 
plugs of certain culture flasks with their antennae in a 
way identical to that observed in response to suitably 
aged drills in infested logs. The females showed a prefer- 
ence for cultures 2-3 weeks old. When air was withdrawn 
from “attractive” flasks with a syringe and then directed 
at their antennae, females adopted a searching attitude, 
the antennae being lowered to seek out and explore the 
tip of the hypodermic needle. There was no response in 
control tests to air collected from above sawdust based 
culture medium not inoculated with the fungus. 

Acetaldehyde is known to be present in the fungal 
cultures during the period for which they are attractive 
to I. leucospoides (Titze and Madden, unpublished). 
Antennal response to the tip of a syringe containing low 
concentrations (in air) of vapour collected over acetalde- 
hyde was obtained from up to 60 per cent of the females 
in a series of tests each involving thirty individuals. 

Attraction to the youngest drills occurred on logs in 
whieh the moisture content was about 60 per cent (of 
oven dry weight), and as the moisture content increased 
so did the age of the preferred drills. It is known? that 
the fungus grows more rapidly in wood of moderate 
moisture content, and the earlier attraction of 7. leuco- 
spoides to drills in wood of lower moisture content may 
be related to this. 

R. persuasoria and M. mortoni responded to filter 
papers immediately after their removal from betweon 
transverse cuts in infested logs. This response took the 
form of antennal investigation and insertion of the 
ovipositor through the filter paper at the point of maxi- 
mum antennal interest. Insertion was chiefly confined 
to areas of the paper which had been in eontaet with 
frass recently produced by Sirer larvae. 

Identical positive responses were shown by these species 
in the subsequent bioassay of suitably concentrated water, 
methanol, ethanol and acetone extracts of fungal cultures, 
of frass and of the filter papers that had been in contact 
with infesteg wood. The threshold concentration for the 
two species was different. 

The extracts also promoted a male response in M. 
nortoni which was expressed in aggregation and pre- 
copulatory activity. This behaviour is observed on 
infested billets and trees from which female insects are 
emerging. Preliminary experiments with acetaldehyde 
failed to eficit à positive response in either sex to any 
of a range of test concentrations, although antennal 
palpation was obtained in response to the polymer 
paraldehyde in bioassay. 

The evidence presented here suggests that the fungus 
Amylostereum is involved in the host location behaviour 
of three parasite species. Attraction is associated with 
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active fungal growth, but it is not clear at this stage if 
the same component is responsible for the observed 
behavioural responses of each of the species studied. 
The fact that the timing of oviposition by 7. leucospoides 
relative to that by Sirex is very different from that by 
the rhyssine species suggests that parasites respond to 
different chemical stimuli produced by the fungal infec- 
tions at the different times, but the situation is made 
complex by the obvious difference in the chemical and 
physical properties of the trees. When I. leucospoides 
oviposition is taking place the tree as a whole and the 
oviposition drills of Sirex are characterized by high 
moisture and volatile oil contents. The rhyssines show 
a positive response to 2-3 week old Amylostereum cultured 
on basal media, but little response to infested billets until 
some 5 months after inoculation. At the time of their 
oviposition in trees, both wood moisture and volatile oil 
contents are usually much lower than at the time of 
oviposition by J. leucospoides, although pockets of high 
moisture content are associated with frass, recently 
deposited by well developed Sirex larvae. Furthermore, 
this frass is characterized by a relatively high nitrogen 
content. Gradients of moisture along larval galleries and 
within the wood permit different degrees of fungal growth 
and modify the concentration of the attractant released. 
Differences of these kinds could well modify the responses 
to the same fungal-produced material so as to produce 
the observed differences in the timing of oviposition. 

Positive responses, similar to those obtained with R. 
persuasoria and M. nortoni, have been shown by females 
of Rhyssa crevieri (Prov.), Megarhyssa greenei greenei 
Vier. and M. macrurus (L.) which were received from 
eastern Canada during 1967. All other ichneumonid 
parasites attacking Sirex in the insectary have similar 
oviposition behaviour to that of the rhyssines tested and 
it is reasonable to assume that the fungus is also involved 
in their attraction. Similarly, the behaviour of Ibalia 
ensiger Nort. is identical with that of J. leucospoides. 

J. L. MADDEN 

CSIRO Division of Entomology. 
Stowell Avenue, 
Hobart, Tasmania. 
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Sensitivity of Three Stored Product 
Insect Species exposed to Different 
Low Pressures 


THE effect of low pressures on the mortality of stored 
product insects has been investigated by Back and Cotton! 
and by us?. The relative sensitivity of six stored product 
insects was determined and the possible use of low pres- 
sures for stored product insect control was considered. 
In a preliminary study on the effect of different low 
pressures on Sitophilus oryzae (L.)*, the highest mortality 
was obtained when the insects were exposed to 5 cm of 
mercury for 8 h, while lower pressures resulted in lower 
mortality. We have recorded the sensitivity ef two more 
species to different low pressures, and compared it with 
that of S. oryzae. 

Low pressure measurements were taken in metal 
containers filled with grain, using a method deseribed 
earlier’, Sitophilus oryzae (L.) (adults 2-3 days after 
emergence), Callosobruchus maculatus (F.) (gdults 2-3 
days after emergence) and Trogoderma granarium Everts 
(larvae 2-0-2-5 mm length) were exposed to the low pres- 
sures. The insects were taken from the stock of the 
controlled temperature culture room at 26°+1° C and 
70 per cent + 2 relative humidity. Different low pressures 
were obtained in each of the metal containers of 20 ]. 
capacity containing 12 kg of imported ‘Hard Red’ winter 
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Fig. 1. Effect of low pressures on the mortality of three stored product 


insect species. € — , Sitophilus oryzae (L.) adults; + —-:-- +, Callo- 
sobruchus maculatus (F.) adults; O--- ©, Trogoderma granarium 
Everts larvae. 


wheat of 12 per cent M C. Fifty insects in 40 c.c. glass jars 
containing 1 g of wheat or chick peas (Cicer arietinum) were 
inserted at a depth of 5 em below the surface layer of 
grain. 

The low pressures tested varied from 1 to 16 em of 
mereury and the time of exposure was always 24 h. 
Treatment was carried out in the controlled temperature 
room and the mortality was checked 24 h after exposure. 

The results are the average of four measurements and 
the percentages were modified according to Abbott's‘ 
formulae. The sensitivity of three insects to different 
low pressures is shown in Fig. 1. The curve for S. oryzae 
(L.) is clearly different from the other two. Very low 
pressures of 1 to 3 em of mercury resulted in a lower 
percentage mortality of S. oryzae (L.), while the maximum 
effect was obtained with a range of 4 to 6 cm of mercury. 
With inereased pressure, the percentage of mortality 
decreased, as expected. The mortality curves of the two 
other insects were very similar, showing the highest 
percentage of mortahty at the lowest pressures and the 
decrease in mortality with the increase of the pressure. 
In the ease of T'. granarium Everts, the lowest pressure 
tested (1 em of mereury for 24 h) did not result in total 
mortality. This finding confirms data already recorded’. 

The sensitivity of various insect species to different low 
pressures has not yet been investigated sufficiently. 
Exposure to the lowest pressures was thought to cause 
maximum mortality of the insects, but our results show 
that different insect species can react differently. Bham- 
bhani*, in his work on responses of pests to fumigation, 
noted that S. oryzae (L.) and S. granarius (L.) were less 
susceptible at 3-4 mm of mercury than at 2-4 cm of 
mercury. Sharplin and Bhambhani* found that when 
treating S. granarius (L.) the lowest pressures caused 
closure of the spiraeular structure. We cannot offer any 
other explanation for our results. Further research is 
needed to investigate the effect of low pressures on insects 
with different morphological features. 

These results may be important in considerations of 
low pressure treatment for insect, control. 

M. CALDERON 
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Effects of Hibernation on 
Learning and Retention 


In a vast literature on learning and retention there are, 
surprisingly, no data concerning effects of experimentally 
controlled hibernation. In contrast, experiments to 
investigate the effects of hypothermia are increasing. 
Andjus et al. have shown that retention is unimpaired 
after hypothermia even in animals cooled to near 0? C. 
On the other hand, initial learning, investigated after 
recovery from hypothermia, has been most frequently 
found to be significantly impaired in subjects whose body 
temperature has been lowered to 0?-5* C, but unaffected 
in subjecta cooled to 13°-32° Ct. In general, the longer 
the time between recovering from hypothermia and the 
beginning of learning, the smaller was the impairment 
observed (paper presented by N. Mrosovsky to the third 
International Symposium on Natural Mammalian Hiber- 
nation in Toronto in 1965). 

Hibernation, however, differs from hypothermia in 
many respects. The body of a hibernator is much better 
adapted to low temperatures than that of a non-hibernator. 
At body temperatures of 4?—5? C, essential vital functions, 
although slowed down considerably, are maintained and 
the animal can recover spontaneously. If, on the other 
hand, a non-hibernator is cooled to below about 13° C, 
its heart beat, circulation and breathing stop and the 
normal body temperature cannot be restored unless 
Special re-animation treatment is applied. An important 
characteristic of hibernation, particularly relevant in this 
instance, is its duration: animals ean live for months in 
this state—which is not so far the case with experiments 
in hypothermia. 

Many electrophysiological examinations of hibernating 
animals have revealed that the electrical activity of the 
brain, particularly of the cortex, is very much reduced 
in this state?-*. This fact is particularly relevant to the 
theories of learning. On the one hand, an explanation 
of retention in terms of a theory of reverberating circuita 
requires the electrical activity of the brain to persist 
during the time between learning and retention testing. 
Consequently, diminished electrical activity of the brain 
and its virtual absence in the cortex during hibernation 
would make a proponent of this theory expect at least an 
impaired saving. On the other hand, the near abolition of 
nervous activity which is associated with the reduced 
metabolic requirements of the brain in hibernation makes 
this the only possible physiological state in which the 
brain can be considered to have a better and much longer 
rest than it has during the normal sleep; the necessity 
of such a rest for optimal performance in learning can 
hardly be questioned. With this in view, it seemed 
permissible to expect that a long-lasting period of rest 
during hibernation might amplify the learning capacity 
of the brain. Furthermore, we have found in this labora- 
tory that during arousal from hibernation, and in the 
first hours after recovery of the homoeothermie body 
temperature, there is a large increase in the concentrations 
of RNA and protein in the brain (an unpublished work). 
If macromolecules are used for coding memory traces— 
A hypothesis which is attracting an ever increasing number 
of investigators—such a situation in the brain of a hiber- 
nator should be very favourable for learning. On the 
basis of such considerations we have investigated the 
effects of experimentally controlled hibernation on 
learning and retention. 
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We used eighty-three ground squirrels (Citellus citellus) 
of both sexes, weighing 150-300 g. They had been caught 
in September and kept at room temperature with food 
freely supplied. Twenty of the animals had to be disearded 
before the end of our experiments for various reasons: 
some did not leave the entrance of the maze, some died 
and others learned to cross barriers instead of making a 
detour. During testing, food was given once a day and 
its remnants removed 4 h before testing began. There 
were five animals in a cage, and they were divided into 
four groups: the first two groups were used for studying 
the effects of hibernation on learning, and the other two 
groups were used for determining effects on retention. 
Group 1 was initially trained in spring after 32 days of 
hibernation; and its control, group 2, started training 
on the same day after spending the 32 days at room 
temperature, about 19° C. Groups 3 and 4 were first 
trained in autumn and then separated; group 3 was put 
to hibernate together with group 1, while group 4 was 
left at room temperature. Both groups 3 and 4 were 
re-tested in spring, after 32 days, with the same task. 
On the same day the hibernation groups (1 and 3) were 
put in a cold room at 4? C. All animals started hibernating 
during the first 3 days at 4° C. In the beginning rectal 
temperature was checked and found to be between 
4°-5° C. Later the animals were examined regularly, 
twice a day. Both groups were wakened by placing them 
in a room at approximately 19? C. 

The test used was a modification of the Hebb-Williams 
maze as standardized by Rabinoviteh and Rosvold*. 
This task was chosen because it would allow detection of 
either improvement or impairment as a result of hiber- 
nation, and because Andjus et al.: used this task to study 
the effects of hypothermia on learning. Our maze was & 
120 x 120 em black painted basin with a floor divided into 
thirty-six squares. The walls and barriers were 28-5 cm 
high. Testing was carried out in three phases: adapta- 
tion, preliminary training and learning. Only the last 
phase was repeated in the retention training. Throughout 
testing the animal was given one run daily, and it was 
allowed to remain for 30 min in the goal-cage in all phases 
of testing. In the adaptation phase, animals were put 
individually into the entrance box of the mazo after 12 h 
of fasting. There were no barriers. The animals had to 
find their way to the goal-cage which contained carrots. 
Two days of running along the diagonal from the entrance 
to the outlet was taken as the criterion of success. AN 
animals completed this phase in 9 days at the most, and 
those which fulfilled the criterion earlier were left until 
the tenth day when preliminary training started. In the 
second phase, six "introductory" problems were presented, 
one on each day. The necessary criterion was that the 
path from the entrance to the outlet be covered in 2-3 s 
on 2 successive days. In the learning phase of testing 
twelve successive problems were given, a problem & 
day. Results were scored according to the number of 
squares covered from the entrance to the outlet (minimum: 
six squares for a task). Scores for each animal on all 
twelve problems were summed to give the final score. 

Results are presented in Table 1. They were statistic- 
ally contrasted in several comparisons (note the code 
letters in T&ble 1 for particular comparisons), Animals 
turned out to be better at learning this task after a period 
of hibernation (comparison of a with b). That this is 
actually a better performance and not a reduced ability 
on the part of the animals which were not allowed to 





Table 1 
E Autumn testing results Hibernation Spring testing results 
Group No. Code Range Md. Mean (winter) Cade Range Me 
Study of effects on initial learning 1 18 + a 299-581 465-5 
2 il y b 367-884 620 
Study of effects on retention 3 19 é 400-757 571 563-9 + d 3806-619 420 431-81 
4 15 e 310-738 519 497 P f 250-614 410 411-03 
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hibernate is shown by the absence of any difference when 
scores c and e were compared with score b. Both retention 
groups showed significant savings (c compared with d 
and e compared with f), but they were not different 
between each other (c minus d compared with e minus f. 
The finding that learning is improved after hibernation 
is in direct contrast with results showing an impairment 
of initial learning after profound hypothermia, even 
when the same task was used. "This fact further emphas- 
izes the difference between the states of hibernation and 
hypothermia. The improvement in learning could be 
related either to the rest which the brain has in hiberna- 
tion, or to the inereased RNA and protein biosynthesis 
observed during the recovery of the homoeothermie 
temperature. It may be that both processes are involved, 
but it is impossible to say at present which of them is 
more responsible for the observed effect. Increased 
motivation for food in animals aroused from hibernation 
is less likely to be the cause of the better performance 
because body weight differences were small and testing 
was carried out during a period of 12 days when differences 
in motivation for food could hardly have lasted. This is 
supported by the lack of motivational effect in retention 
groups. 

There were clear savings in re-testing of both hibernat- 
ing and non-hibernating groups, suggesting that neither 
diminished eleetrical activity of the brain, which was 
almost absent in the cortex, nor reduced metabolism had 
influenced the preservation of the engram. It should be 
noted that the engram was of the "learning set" type. 
"This result is further argument against the idea that rever- 
berating circuits are the substrate of long-terrn engrams. 
It seems that at least those circuits in which the cortex 
is involved can be exeluded. 
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PATHOLOGY 


Mammary Neoplasia after in vitro 
X-irradiation of Mammary Tissue 


We have been unable to find any reports that mammary 
neoplasia can be induced in rats by in vitro exposure of 
mammary tissue to ionizing radiation. (Our, use of the 
term in vitro implies the removal of mammary tissue, 
its exposure to radiation in vitro and its subsequent 
transplantation into the same or another rat.) Dao et al.) 
have shown that mammary tissue taken from a rat given 
7,12-dimethyl-alpha-benzanthracene (DMBA) when trans- 
planted into another rat often developed mammary 
neoplasia in the transplant, and Brennan et alt? have 
reported that the exposure of mammary tissue in vitro to 
DMBA, with autologous transplantation into the same 
rat, often resulted in mammary neoplasia in the trans- 
plant. For the case of the experiments of Brennan et al., 
& troublesome question remains. Was some DMBA 
transferred with the mammary transplant ? If so, then the 
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induction may have taken place in the transplanted tissue 
and may consequently have been in vivo. Brennan et al. 
attempted to control the transfer of DMBA by washing 
the mammary tissue and to monitor the DMBA remaining 
in the mammary tissue by use of ultraviolet fluorescence. 
It is not, however, clear whether an ultraviolet control was 
performed, so it is possible that the subsequent neoplasia 
was in fact caused by the exposure to ultraviolet light. 

In an effort to define more closely, and to restrict, the 
events which might occur if true in vitro induction of 
mammary neoplasia does indeed take place, we have 
irradiated mammary tissue in vitro. 

Mammary tissue from female Sprague-Dawley rats, 
40-43 days old, was transplanted autologously by the 
method of Dao et al... Under ether anaesthesia, a portion 
of the abdomino-inguinal mammary gland approximately 
3 emxl1 em was removed bilaterally and placed in a 
plastic Petri dish (3-5 em in diameter) containing 5 ml. of 
saline. One of three procedures was followed: (1) the 
tissue was returned to the rat from which it had been 
removed; (2) the tissue was exposed to 400 r. in the dish 
and then returned to the rat; (3) while the tissue remained 
in the dish, the remaining portion of the rat was exposed 
to 400 r. The transplantation procedure included the 
development of a skin flap on the dorsum, an area 
lacking mammary tissue, and the mammary tissues to 
be transplanted were spread flat alongside each other 
and fixed to the fascia with a single suture at each 
corner using silk thread. In all cases, the mammary 
tissue was outside the animal for about 5 min. Both 
skin incisions were closed with clips. Animals were pal- 
pated for the presence of tumours at least once a week. 
All animals were killed 195-200 days after the beginning 
of the experiment and the transplant was recovered and 
sectioned. AI] mammary neoplasia were given a patho- 
logical classification following published criteria’. The 
experiment was repeated on rats 45-48 days old, using 
an exposure of 500 r. to the tissue in vitro and non-exposed 
control transplants. All exposures to X-rays were carried 
out with a conventional therapy X-ray machine operated 
at 250 kVp and 15 mA with 0-5 Cu and 1-0 Al filtration. 
The dose rate was approximately 480 r/min. 


Table 1. NUMBER OF ANIMALS, NUMBER OF TRANSPLANTS AND MAMMARY 


NEOPLASIA 


Results No. of Mammary 
Treatment No, of viable neoplasia 
rats irans- In trans- 
Experiment 1 Start End planta plant In situ 
(A) Tissue removed, 400 r. to tissue 
in vitro and tissue trans- 
planted 38 35 36 2 9 
(B) Tissue removed and trans- 
planted 35 35 34 0 0 
(C) Tissue removed, 400 r. to rat 
and tissue transplanted 87 30 30 0 17 
Experiment 2 
(A) As 14, 500 r. 26 26 26 3 0 
(B) As 1B 20 22 22 0 D 
Total 
14 +24 02 61 62 a 0 
1B+2B 81 57 56 0 0 
1C 37 30 30 0 iT 


Mammary neoplasia developed only in the transplanted 
tissue which had been exposed to irradiation. In situ 
mammary neoplasia was found only in those animals ex- 
posed to total body irradiation. One of the mammary 
neoplasms was found in a transplant by palpation 156 days 
after transplantation, at which time the animal was killed 
and the tumour removed and classified as a mammary 
adenofibroma. Two additional mammary adenofibromas 
and two mammary adenocarcinomas were found in irradi- 
ated transplants at autopsy. Virtually all the transplants 
were Judged to have taken, on the basis of finding viable, 
organized mammary tissue in the transplants (Table 1). 
Five mammary neoplasms found in site were classified 


NATURE, VOL. 218. APRIL 13, 1968 


as adenocarcinomas and twelve were classified as adeno- 
fibromas. 

The two experiments reported here include only a 
small sample size and only a small percentage of trans- 
plants containing a mammary neoplasm. All the mammary 
neoplasms were, however, found in the transplants ex- 
posed to X-irradiation in in vitro conditions, with a 
chi-square value just beyond the 5 per cent level of 
confidence. We interpret these results to mean that the 
initial events produced by irradiation which led to 
mammary neoplasia took place during the in vitro 
irradiation. This implies that initiation of mammary 
neoplasia in the rat by ionizing radiation must be con- 
sidered as a scopal* effect of irradiation, a conclusion 
reached earlier on the basis of partial body irradiation 
experiments’, This contrasts with the thymic lymphoma 
of the mouse induced by radiation, a process which is 
clearly the result of an abscopal effect of X-irradiation’. 

'This research was supported by the National Institutes 
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Aureolic Acid Group of Anti-tumour 
Antibiotics 


Since 1953 several antibiotics of similar biologica] and 
physico-chemical properties have been described. These 
are aureolie acid!, aburamyein?, LA-7017 (ref. 3), M5- 
18903 (ref. 4), chromomyoin*, antibiotic 2410 (ref. 6), 
NSC A-649 (ref. 7), olivomycin’, mithramycin? and 
antibiotics 232, 3014, 7193, 11296 (ref. 10) and SK-229 
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research which resulted in the isolation and structural 
elucidation of their components, olivomycins 4, B, C, D 
(ref. 12) and chromomycins A,, 4, A, (ref. 13). The 
other members of the group, however, have been only 
scantily investigated. 

We have therefore carried out a study of aburamycin, 
NSC A-649, aureolic acid, mithramycin and LA-7017. 
We found that the first two of these antibiotics were 
mixtures of four biologically active substances (designated 
in each case as A, B, C and D), which could be separated 
by TEC. Aureolic acid, mithramycin and LA-7017 were 
found to contain only one biologically active component, 
also isolated by chromatography. (The antibiotic A-7017 
is accompanied by a closely related biologically less active 
substance which will be described elsewhere.) AH these 
substances possess ultraviolet and infrared spectra char- 
acteristies of the group as a whole and are glycosides with 
weakly acid properties. Some of their characteristics are 
given in Table 1. 

The composition of these glycosides was determined 
by acid hydrolysis (0:02 N HCl or 50 per cent AcOH). 
It turned out that the NSC A-649 antibiotics contain 
the aglyeone, olivin, formerly isolated from the olivo. 
mycinsM, while the aburamycins, aureolie acid, mithra- 
mycin and LA-7017 are derived from chromomycinone, 
the aglycone of chromomycins!*4*, With respect to the 
sugars, the aburamycins and NSC A-649 antibioties are 
completely analogous to the olivomyeins: they contain 
olivomycose (as the 4-0-isobutyrate or acetate), olivo- 
mose, olivose and oliose (or its 3-0-acetate). ^ Aureolic 
acid, mithramycin and antibiotic LA-7017 are identical 
in their monosaccharide composition, containing olivose 
and oliose but not olivomose or olivomycose, the latter 
being replaced by its diastereomer, D-mycarose. The 
results of the sugar analysis of the antibiotics are surn- 
marized in Table 2. 

'These findings implied the possible identity of abura- 
mycins 4, B, D with chromomycins A, Az, Ap of NSC 
4-649 antibiotics A and B with olivomyeins A and B. 
and of mithramycin as well as of LA-7017 with aureolic 
acid. This was proved by direct comparison of all the 
antibioties mentioned, except chromomycin .4, which 
corresponds in its properties! to aburamycin D but was 
not available to us. The chromatographic properties of 
the minor components of NSC 4.649 indicated their 
identity with olivomycins C and D, respectively. Hence 
antibiotic NSC A-649 is a mixture of olivomycins A, B, 
C and D (compare ref. 17), whereas aburamycin is a 
mixture of chromomycins A, A, A, and the previously 
unknown 7-methylolivomycin C (that is, deacetyl- 
chromomycin A,); the first mentioned component being 













(ref. 11). Two members of this group, olivomycin and the chief one in both cases. It has also been noted that 
chromomycin, were subjected to extensive chemical antibiotice SK-229 seems to be a mixture of chromomycins 
Table 1 

Antibiotic Antibiotic acetate 
Activity 
fajo against M.p. {a]p 
Roa* (EtOH) imas (1g &) B. subtilis Roat (from EtOH) (CHCl) Àmay (1 i 6) 
(v/mg)t 
Aburamycin 4 L03  -48 228, 281, 317, 332, 412 900 105 20-222 -21° 223, 250i, 2591, 267, 320i, 329, 8601 
4-45, 4-74, 3-94, 3-79, 4-08 4-49, 4-52, 4-69, 4-82, 4-01, 4-06, 3-57 
Aburamycin B 003 — ~46° 226, 282, 318, 331, 415 1,100 0-95 211-215 — —-18 223, 259i, 967, 320i, 329. 300i 
4-35, 4-61, 3-86, 3-67, 3-95 447, 471, 482, 4-02, B78 
Aburamyein C 980 -17° 228, 282, 318, 331, 415 700 | 105  219°-221° -18° 223, 250i, 258i, 267, 320i, 3601 
4-32, 4-60, 3-87, 3:71, 3-94 4:46, 4-50, 4-68, 4-75, 4-01, 4-02, 3-64 
Aburamycin D 0-69  -17 228, 282, 318, 331, 415 100 122 +1° 223, 250i, 258i, 907, 320i, 328, 360i 
4:35, 4-55, 3-86, 3-69, 3-93 4:89, 4-45, 4-50, 4-72, 3-96; 3-59 
NSC A-649 A Loo = 28° 227, 279, 317, 332, 407 1,000 100 211-212?  -22? 222, 258i, 267, 380i 
4-35, 4-68, 3-69, 3-46, 4-14 4-45. 4-67, £81, 3-69 
NSC 4-040 B 0989  -831* 222, 970, 317, 332, 407 300 085 167-169"  -15* 229, 2501, 258i, 267, . 300i 
1-35, 4-65, 3-80, 3-66, 4-05 4-50, 4°54, 4-69, 4-81, 02, B77 
Aureolie acid O21 ~51° 229, 280, 317, 330, 417 1000 092 œ ~ 32° 224, 259i, 266, 319i, 326, 300i 
4:30, 4-68, 3-92, 3-77, 8-98 4-39, 4-65, 4-80, 3-05, 3-00, 3-57 
Mithramycin 921 — —50* 229, 279, 317, 330, 415 1,000 0-92 -30° 224, 259i, 266, 319i, 326. 360i 
4.33, 4-68, 3-93, 3:74, 8-97 4-41, 4-65, 4-79, 3:04, 3-99, 3-56 
LA-7017 O21 -60° 229, 280, 317, 330, 415 1,000 — 0:92 - 29^ 224, 259i, 266, 319i, 328, 360i 
4-38, 4-68, 3-94, 3-79, 3-98 4-40, 4-66. 4-79, 3-95, 4-03, 3-58 


i, Inflection. 
«a pantibiotic polivomycin A 
Rp Rp 


+ The activity of 1 ug of olivomycin A was taken as one unit. 
+ Pantibiotic acetate | Raiivemycin A acetate 
+ F 


as determined on silica gel in the system benzene-acetone 1 : 1. 


as determined on silica gel in the system benzene-acetone 3: 1. 
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Table 2 
us Sugar content (moles) 
Antibiotic Olivomycose D- Olivo- Olivose Oliose 
4-0,CPri 4-OAc Myearose mose 3-OAc 3-0H 
Aburamycin 4 1 — — 1 2 1 — 
B — 1 — 1 2 1 E 
c 1 — — 1 2 — 1 
DO = — 1 2 1 — 
NSC A-0490 A 1 — — 1 2 1 ES 
B — 1 — 1 2 1 = 
Aureolic acid — — 1 Se 3 € 1 
Mithramycin ~~ ea 1 "n" 3 zu 1 
LA-T017 K E 1 isi 3 L 1 


A, and A, (ref. 11), and a similar conclusion, from TLS 
data, had been drawn in regard to antibiotic M5-18903 
(ref. 13). 

It therefore follows that this group of anti-tumour 
antibiotics comprises compounds of only three structural 
types: aureolie acid, chromomycins and olivomycins. 
Chromomycins and olivomycins possess the same sugars, 
but diverse (homologous) aglycones; aureolic acid differs 
from chromomycins with respect to the carbohydrate 
moiety of the molecule. Because aureolic acid was the 
first to be discovered, we propose that its name should 
be used as the generic name of the entire group. 

We thank Professor P. Sensi for LA-7017 and the 
strain of Streptomyces sp. We also thank Professor K. 
Nakanishi and Dr K. Morita for samples of chromo- 
mycins A,, A, and chromomycinone; Dr J. E. Philip and 
Dr R. L. Girolami for the aureolic acid producing strain 
and a sample of magnesium aureolate; Dr H. Schmitz 
for the NSC A-649 producing strain and a sample of 
this antibiotic; Professor A. S. Khokhlov for a sample of 
&buramycin; Dr G. A. de Vries and Dr A. Ceino for the 
aburamycin producing strains; and Professor G. F. 
Gauze for the strain of S. atroolivaceus, producing the 
antibiotic 11294, which had been identified as mithra- 
mycin?*, 
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BIOCHEMISTRY 


Interference of Uncoupling Agents with 
Cellular Energy-requiring Processes 
in Anaerobic Conditions 


THe reagents 2,4-dinitrophenol and azide, which are 
known to interfere with oxidative phosphorylation, 
inhibit energy-requiring processes in anaerobic conditions 
in bacterial!:?, yeast?-? and animal’? cells. To account for 
this inhibition under anaerobic conditions, when oxidative 
phosphorylation is not functioning and ATP is provided 
only by glycolysis, it has been assumed that a hypothetical 
high energy intermediate of oxidative phosphorylation 
equilibrated with glyeolytically formed ATP can serve 
as a direct source of energy for some endergonic cellular 
processes’, including protein synthesis**:!!, Alternatively, 
disturbances in appropriate oxido-reduction states in the 
cells resulting from the interference of uncouplers with 
the energy linked reversal of electron transport in the 
respiratory chain!?^ or with the energy linked trans- 
hydrogenase? have been suggested. Because the same 
inhibitory effect occurs oven in eells lacking a complete 
respiratory chain* a more general action of uncouplers on 
energy-linked cellular processes must be assumed?. 

In an attempt to clarify this problem further, we have 
investigated the respiratory adaptation of anaerobically 
grown yeast!* representing synthesis of mitochondrial 
components. As a source of energy for the adaptation, 
glucose was used and the ratio of glucose to yeast was 
maintained at such a level that only about 30 per cent 
of the added glueose was utilized during the whole 
adaptation period. Accordingly, glycolysis could be 
assumed to furnish most of the energy required for the 
adaptation!s. In addition to the inhibition of the res- 
piratory adaptation by dinitrophenol and azide which has 
been observed before*, respiratory adaptation was found 
to be inhibited by carbonyl-cyanide m-chlorophenyl- 
hydrazone (CCCP). The inhibitor caused a decrease in 
the rate of adaptation, in the final Qo, and in the formation 
of the classical aerobic spectrum of respiratory pigments 
(Fig. 1). A similar inhibition was observed with carbonyl- 
cyanide p-trifluoromethoxyphenylhydrazone (FCCP) and 
also with pentachlorophenol (PCP); 10 uM PCP inhibited 
the adaptation 50 per cent and 20 uM almost inhibited it 
completely. 

The concentrations of the uncoupling agents required 
to inhibit respiratory adaptation did not inhibit fermenta- 
tion of glucose but, in some cases, they inhibited its 
oxidation by adapted or aerobically grown yeast. The 
uneoupling concentrations, that is, the concentrations in 
which the compounds stimulated the resting respiration 
of aerobic yeast, were considerably lower (1 to 10 uM for 
carbonyleyanide phenylhydrazone eompounds and for 
PCP). 

The yeast strain used was found to be sensitive to 
oligomyein. As Fig. 2 shows, the respiration of the yeast 
during respiratory adaptation was only moderately 
inhibited by oligomyein and the inhibition of the respira- 
tion was mostly relieved in the presence of uncoupling 
concentrations of CCCP. The respiratory adaptation 
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itself was thus only slightly affected by oligomycin and 
chiefly in the last phases of the adaptation where the 
respiration contributed to the energy requirement of the 
process. Oligomycin did not prevent the inhibition of 
the adaptation by the uncouplers, but in some cases it 
slightly potentiated the inhibition (Fig. 3, and see ref. 9). 
The same effect as that of oligomycin was obtained with 
dieyclohexylearbodiimide which has an oligomycin-like 
action on intact yeast!*, 

In a manner similar to DNP and azide* the other un- 
couplers used inhibited the synthesis of the maltose- 
fermenting system of anaerobically grown yeast in 
anaerobic conditions. In this case, too, the inhibition 
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Fig. 1. Inhibition of respiratory adaptation by carbonylevanide 


m-chlorophenyl-hydrazone (CCCP), A laboratory strain of Saccharo- 
maces carlsbergensis was grown anaerobically, continuously flushed with 
oxygen-free nitrogen for 24 hin a medium containing 10 per cent glucose, 
1 per cent yeast extract (Difco) and 12-5 ug/ml. of ergosterol. The washed 
cells were suspended in 50 mM succinate buffer, pH 4-2, containing 5 per 
cent glucose and, finally, CCCP to 2-0 mg cells (dry weight)/ml. and 
vigorously aerated at 30° C for 10h. 4, Aliquots of the cells were centri- 
fuged at regular intervals and their respiration was measured polaro- 
graphically in a solution containing 50 mM KH,PO,. 10 mM KCI and 
20 mM glucose. B, After 10 h of adaptation the cells were centrifuged, 
suspended in water to a concentration of 20 mg cells (dry weight)/ml. 
and their difference spectra (reduced by a few grains of dithionite minus 
oxidized with 16 mM H.O,) were measured in a split beam spectro- 
photometer. The numbers on the curves indicate concentrations of 
CCCP in the adaptation medium in umoles/l, 
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Fig.2. Effect of oligomycin on respiratory adaptation. Conditions of the 

culture and the adaptation are similar to Fig. 1, except that some cells 

were adapted in a medium containing 20 xg/ml. of oligomyein. The 

respiration of the cella was measured in the absence of CCCP similarly 
asin Fig. L4 and in the presence of 10 4M CCCP B. 
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by CCCP was not prevented by either oligomycin or 
dieyclohexylearbodiimide. 

These results suggest that a hypothetical intermediate 
of oxidative phosphorylation generated from glycolytically 
formed ATP by a reversal of the terminal reactions of 
oxidative phosphorylation cannot be of quantitative 
importance as a direct source of energy for respiratory 
adaptation; in such a case the adaptation process should 
be strongly inhibited not only by uncouplers but also by 
oligomycin and dicyclohexylearbodiimide. The experi- 
ments also exclude the possibility that the uncouplers 
inhibit the energy requiring process by eliciting mito- 
chondrial ATPase activity and causing a general deficit 
in ATP, for in such a case the inhibitor action of the 
uncouplers should be prevented by oligomycin and 
dieyelohexylegrbodiimide. Jarett and Hendler? have 
reported that the ATP pool in anaerobically grown yeast 
is not diminished by dinitrophenol. 

Greater concentrations of the uncoupling agents were 
required to inhibit the respiratory adaptation and also 
the synthesis of the maltose-fermenting system than to 
stimulate respiration (and thus to uncouple oxidative 
phosphorylation) and so this inhibitory effect of un- 
couplers on synthetic processes in anaerobic conditions can 
best be accounted for as a general interference of uncoupling 
agents with membrane functions!?-#*, This interference 
could primarily affect transport processes in the membranes 
and then indirectly affect protein synthesis. Alternatively, 
because protein synthesis in vivo seems to be closely 
membrane-linked!i:?, changes in membrane properties 
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elicited by uncoupling agents could directly affect the 
synthetie activity of the cell. Interference of uncouplers 
with ion transport in anaerobic conditions??-** in which a 
high-energy intermediate of oxidative phosphorylation has 
often been implicated can probably be explained by the 
general disturbances in membrane functions caused by 
uncoupling substances. 
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Thiourea and Potassium Permeability 
of Phospholipid Bilayer Membranes 
as affected by Enniatin B 


Some cyclic antibiotics such as valinomycin, actins and 
enniatins are known to increase K+ permeability of some 
biological membranes!-*. Recently, Mueller and Rudin‘ 
have demonstrated that the treatment by these cyclic 
peptides inereases selectively K* permeability across lipid 
bilayer membranes. 

We report here the effects of enniatin B on thiourea 
permeability and on the electrical resistance of lipid 
bilayer membranes. A pure and synthetic specimen of 
enniatin B was available, so we used this depsipeptide as 
a representative of this class of cyclic antibiotics. A 
practically unionized molecule, that is, thiourea, was 
chosen to test whether the permeability of other com- 
pounds than alkali metal ions is afferted by cyclic anti- 
bioties. 

Egg lecithin, prepared by Pangborn's method*, or syn- 
thetic L-a-dioleyl-phosphatidyleholine was dissolved in 
pure n-decane to obtain a 0-5 per cent sflution. The 
membrane was formed at 28? C on a small circular aper- 
ture of a‘Teflon’ cell by means of a "Teflon! tube mounted on 
an injection syringe and containing a small quantity of 
lecithin solution. Other details are similar to those given 
by Lauger et aL9. The bathing fluid was a 0-1 solution 
on both sides. In thiourea experiments 1 mmole/l. of 
thiourea was added. 
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Thiourea permeability was measured as follows: whe: 
the membrane became "black", we added 10 ul. of watei 
containing about 10 2Ci of C-thiourea to one side and th: 
same quantity of unlabelled solution to the opposite side 
After 40-60 min, we collected a small amount of fluic 
from both compartments. Afterwards in some experi 
ments we added a small amount of an ethanolic solution 
of enniatin B to the “cold” compartment in order to get € 
final concentration of 5x 10-* g/ml. Finally, other fluic 
collections were made after 30-60 min. The stirring o! 
the solutions was obtained by convection currents providec 
by small temperature differences. The radioactivity 
readings were performed with a good type of liquid scintil 
lation spectrometer. 

In another set of experiments, we measured the mem. 
brane electrical resistance by means of a variable voltage 
source and a Keithley 150 A mierovolt-ammeter. After 
reaching a steady value in electrical resistance, we addec 
enniatin B as before and then we measured the electrica 
resistance for 30-40 min. 

The results of thiourea experiments are presented in 
Table 1. The mean value of the thiourea permeability 
coefficient (4:51 x 10-5 em s~) is quite similar to that 
found by Vreeman’ for urea (42x 10° em s-!). After 
addition of enniatin B, thiourea permeability increases 
about three times, while the electrical resistance of the 
membrane decreases about 1,000 times (Fig. 1). 


Table 1. THIOUREA PERMEABILITY COEFFICIENTS OF LIPID BILAYER MEM- 
BRANES 
P 
om atx 10-4 
Mean values + S.E. 
4-51 0-52 
13:10 + 2-30 


Control (6) 
Enniatin B (4) 
5x 10-* g/ml. 


The figures in parentheses represent the number of experiments. 


At first sight this observation could lead to the con- 
clusion that transport mechanisms for potassium ion and 
thiourea molecule in the enniatin B-treated membranes 
are quite different. According to Vreeman’, however, 
lipid membranes have a sodium ion (Na*) permeability 
coefficient (PNa--) which is at least two or three times 
lower than that of urea or thiourea. An even lower limit 
for Na* or K+ permeability coefficients may be calculated 
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rom the membrane electrical resistance. Because the Px + 
value without enniatin B is very low, a small alteration in 
he membrane structure induced by the presence of 
mniatin B may be sufficient to increase Pg+ many 
imes. The thiourea permeability coefficient, which is 
1igh compared with Pg +, may at the same time undergo 
v relatively small change. It is interesting that Cass and 
Finkelstein® have detected no effect on the diffusion of 
iagged water by using a protein molecule which con- 
siderably lowers the electrical resistance in lipid mem- 
branes. 

We conclude that, as well as having a selective influence 
on cation permeability as demonstrated by Mueller and 
Rudin‘, enniatin B affects the permeability of an union- 
ized molecule as thiourea. The mechanism of enniatin B 
action on thiourea permeability has not been clarified, 
however. It seems possible that the interaction between 
the peptide and the lipids makes the membrane more 
polar, so as to increase thiourea permeability. 
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Occurrence of the Neurolathyrogen 
a-Amino-£-oxalylaminopropionic Acid 
in Two Species of Crotalaria 


Tue toxicity of various species of Crotalaria to animals, 
and on occasion to man, has been widely reported and 
several different pyrrolizidine alkaloids have been isolated 
from or identified in plants of this genus. Among species 
which have been reported as toxic are Crotalaria incana 
L. and C. mucronata Desv.! and both are known to syn- 
thesize alkaloids*?. 

The possibility that toxic compounds other than 
alkaloids are present in these two species was suggested 
when extracts of their seeds (alone of twenty-seven 
species analysed) were found to contain a ninhydrin- 
reacting compound which oceupied the same position on 
2D chromatograms as «-amino-§-oxalylaminopropionic 
acid (the neurotoxic amino-acid common to those species 
of Lathyrus responsible for classical lathyrism in man and 
domestic animals‘-*). The identity of this compound as 
the B-oxalylamino-aeid was established by co-chromato- 
graphy with authentic material in six solvent systems and 
ionophoresis at four pH values. Confirmation was 
obtained by eluting the compound from ionophoresis 
papers, hydrolysing it in acid solution and identifying the 
products as «p-diaminopropionie acid (by co-chromato- 
graphy, ionophoresis and colour reaetions?*) and oxalic 
acid (by reaction with alkaline potassium permanganate 
and with potassium ferrocyanide-ferrie ammonium sul- 
phate reagent’). 

By subjecting the original extracts to high-voltage 
ionophoresis on paper at pH 3-0 it was possible to resolve 
the oxalylamino-acid "stripe" into a major faster-moving 
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component corresponding to ac-amino-B-oxalylaminopro- 
pionie acid and a minor component (judged by colour 
yield with ninhydrin) which showed identical ionic 
mobility with the isomerie a-oxalylamino-B-aminopro- 
pionie acid previously identified in Lathyrus sativus, La 
cicera and L. clymenum™. Like the «-oxalyl compound 
in the Lathyrus species, the slower moving component 
in the Crotalaria extracts failed to chelate with cupric 
ions! and reacted less rapidly with ninhydrin. 

The occurrence of x-amino-§-oxalylaminopropionic acid 
in a second genus of the Leguminosae belonging to the 
Genisteae rather than to the Vicieae suggests that this 
neurotoxic compound may be more widely distributed 
than studies of the Vicieae (in which it has only been 
found in certain species of Lathyrus) have suggested. 

I thank Dr C. R. Gunn of the US Department of Agri- 
culture for providing seed for this work. i 
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Synthetic I-N-Carbamylhemicystine-2-O- 
methyltyrosine-oxytocin (N-Carbamyl-O- 
methyl-oxytocin): a Specific Antagonist 
to the Actions of Oxytocin and 
Vasopressin on the Uterus 

and Mammary Gland 


CvANATE reacts with the terminal amino groups of 
proteins and peptides to form N-carbamyl derivatives!, 
Bisset, Poisner and Smyth? tested the biological activity 
of oxytocin which had been carbamylated by reaction 
with cyanate. The products of the reaction specifically 
inhibited the response of the isolated rat uterus, rat 
blood pressure and chicken blood pressure to oxytocin 
but had a weak stimulant action, like that of oxytocin 
itself, on the rat uterus in situ and on the guinea-pig 
mammary gland, both isolated and in situ. At the time, 
these effects were attributed to the formation of 1-N- 
carbamyl-oxytocin?. In later work, however, §myth* 
showed that the inhibitory properties were caused by 
the presence in the reaction mixture of a trace of a 
diearbamyl derivative of oxytocin, N-carbamy!-O-car- 
bamyl-oxytogn, in which not only the terminal amino 
(NH,) group of the hemicystine residue but also the phen- 
olic hydroxyl (OH) group of the tyrosine residue had 
undergone carbamylation, and he went on to describe 
the preparation of a series of stable, doubly modified 
analogues which were specific antagonists of oxytocin 
without intyinsic activity on the isolated uterus*’. 
1-N-Carbamyl-oxytocin, in contrast, was shown to be a 
weak agonist with no inhibitory action‘. 

The O-carbamyl substituent is unstable at physiological 
pH (ref. 4. A synthetic analogue, O-methyloxytoein, 
which has a stable substituent in the tyrosine hydroxy! 
group, was prepared independently by Law and du 
Vigneaud* and by Jošt, Rudinger and Sorm**. This 
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analogue inhibits the action of vasopressin on rat blood 
pressure®. On the isolated rat uterus, it acts either as a 
specific, competitive antagonist of oxytocin?-!! or as a 
weak agonist*:1-15, The type of action depends on a num- 
ber of experimental variables such as the stage of the 
oestrous cycle, the temperature of the organ bath and the 
concentration of calcium and magnesium ions in the 
bathing fluid!?:4*, It has a weak oxytocin-like action on 
chicken blood pressure®, the mammary gland!*?? and the 
rat uterus in situ (ref. 14 and unpublished work of G. W. 
Bisset). Bisset and Smyth (unpublished work) investi- 
gated the effect of carbamylating this analogue by allowing 
it to react with cyanate and thus obtained a derivative 
of oxytocin with stable substituents in both the NH, and 
OH groups. The carbamylated analogue, N-carbamyl-O- 
methyl-oxytocin, specifically inhibited the action of 
oxytocin on the uterus and mammary gland both isolated 
and in situ, without itself stimulating these tissues. It 
seemed therefore that carbamylation of O-methyl-oxytocin 
had reduced the intrinsic activity of the analogue without 
removing its affinity for the tissue receptors and had 
onsequently resulted in the formation of a specitic 
antagonist. 

N-Carbamyl-O-methyl-oxytoein. (1- N-earbamylhemi- 
cystine-2-O-methyltyrosine-oxytocin) has now been syn- 
thesized by Chimiak, Eisler, Jošt and Rudinger", who 
kindly supplied us with samples of their preparation. The 
results which we have obtained with the synthetie analogue 
are essentially the same as those found with the analogue 
prepared by carbamylation. 

The synthetic analogue was tested on four assay 
preparations: the isolated rat uterus!* in magnesium free 
Munsick’s solution’® with 0-63 mM calcium, the isolated 
strip of rat mammary gland? and the rat uterus and 
mammary gland in situ*'??, The tension of both isolated 
tissues was measured isometrically; the analogue was 
tested either alone or followed by oxytoein and washed 
out of the organ bath after 2-3 min. 


Table 1. INHIBITORY EFFECT OF N-CARBAMYL-O-METHYL-OXYTOCIN ON THE 
RESPONSE TO OXYTOCIN 


Dose of analogue 


Assay preparation No. of Dose of for 50 per cent 
expts. oxytocin (mv) inhibition (ug) 

Mammary gland in situ 6 0-04 (c.a.) 24-60 

5 0-2-1-0 (i.v.) 12-60 
Isolated mammary strip 6 2-8 1-6 

1 4 20 
Uterus in situ 1 0-4 (c.a.) 12 

3 2-4 dv.) 12-15 
Isolated uterus 7 2-8 0:4-2-5 


The analogue was injected intravenously, or added to the organ bath 
(12:5 ml.) 1 min before oxytocin ('Syntocinon', Sandoz). 


c.a., Close-arterialinjection; i.v., intravenous injection. 


In every experiment, the analogue inhibited the action 
of oxytocin. Even in doses considerably greater than those 
required for inhibition and at least 1,500 times the thresh- 
old for oxytocin, however, it did not cause an increase 
of tension in the uterus or mammary strip, or an increase of 
milk-ejection pressure in the lactating rat. The degree of 
inhibition depended on the dose of the analogue. Table 1 
shows the range of doses of oxytocin used on the four 
assay preparations and the doses of analogue required 
to produce 50 per cent inhibition—that is, to reduce the 
response to a given dose of oxytocin to thaf produced by 
one half the dose. The effect of the analogue was of 
short duration, for, even after doses large enough to 
abolish the response to oxytocin, recovery was usually 
complete within 20 min both with isolated organs and 
in vivo. The inhibition could be surmounted by in- 
creasing the dose of oxytocin. 

The effect of the oxytocin analogue was fested on the 
response of the assay preparations to vasopressin and to 
a number of other substances which cause contraction 
of smooth muscle. Vasopressin was tested on the isolated 
uterus, the mammary strip and the mammary gland in 
situ. Its action on all these preparations was inhibited 
by the analogue. Responses to oxytocin and vasopressin 
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of the same magnitude were inhibited by the oxytocim 
analogue to a similar degree; the time course of the 
inhibition of the responses to the two hormones was also 
similar. Bradykinin, 5-hydroxytryptamine, carbachol andi 
angiotensin were tested on the isolated uterus, angiotensin 
on the uterus in situ, acetylcholine on the mammary strips 
and bradykinin, 5-hydroxytryptamine and acetylcholine 
on the mammary gland in situ. One substance was tested 
in each experiment; the total number of experiments was 
fifteen. In thirteen, the responses of the assay prepara- 
tions to the various substances were not inhibited by 
doses of the analogue up to 50 times the dose necessary 
to cause 50 per cent inhibition of the response to oxytocin. 
In two experiments, both on the isolated uterus, the 
responses to bradykinin and 5-hydroxytryptamine were 
not inhibited by 20-25 times the dose of analogue causing 
50 per cent inhibition of the response to oxytocin, but 
25 per cent inhibition occurred with 40-50 times that dose. 

These results show that the analogue acts as a specific 
antagonist to the actions of the neurohypophysial hor- 
mones on the uterus and mammary gland. It has already 
proved useful for identifying oxytocin in blood. For 
example, in an experiment on a lactating cat under 
chloralose anaesthesia, the paraventricular nucleus was 
electrically stimulated for periods of 1 min, using the 
technique described by Bisset, Hilton and Poisner*. Stim- 
ulation produced milk-ejection responses in the cat 
which were attributed to the release of oxytocin into the 
circulation and could be matched by the intravenous 
injeetion of 2-4 mu of this hormone. Blood samples were 
eolleeted during stimulation and extraets? assayed for 
milk-ejeeting activity in the lactating rat?*. The extracts 
were also assayed for antidiuretic activity in order to 
measure their vasopressin content. Milk-ejecting activity. 
only a small fraction of which could have been contributed 
by the vasopressin, was detected in the extracts; in 
terms of oxytocin, the concentration in blood was 5-30 
U/ml. The analogue abolished the milk-ejecting activity 
of the extracts without inhibiting the  milk-ejection 
response to acetylcholine in the same assay preparation, 
thus confirming that most, if not all, of this activity was 
caused by the presence of oxytocin in the blood. 


G. W. BissET 
BARBARA J. CLARK 
National Institute for Medical Research, 
Mill Hill, 


London. 
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Optical Resolution of pi-Aspartic Acid 
Copper Complex by the Use of 
Biopolymers 

ASYMMETRIC adsorption of organic compounds on bio- 
polymers such as polysaccharides'-", wool* and casein? 
has been reported, but the resulting optical activities 
of these were usually very low and the capacity for 
adsorption was very small. On the other hand, several 
studies of optical resolution by preferential crystallization 
have been reported (reviewed in ref. 10) Recently, 
DL-aspartic acid copper complex", pL-aspartie acid, DL- 
glutamic acid, pu-asparagine and pr-glutamine? have 
been resolved almost completely by the preferential 
erystallization method in our laboratory. 

In this communication, the partial optical resolution of 
DL-aspartic acid copper complex from its supersaturated 
solution by seeding with biopolymers, such as wool and 
cotton, is described. 

A hot solution of pr-aspartie acid (0-01 mole) ((x]5 = 
0-0? 6 N HCl) in 100 ml. of water was mixed with copper 
acetate (0-005 mole) in 40 ml. of water containing 2-0 ml. 
of acetic acid. The solution of DL-aspartic acid copper 
complex was filtered through a ‘Millipore’ filter. The 
solution was cooled to about 40° C, and 0-5 g of absorbent 
cotton was added to the solution. Crystallization of the 
aspartic acid copper complex began after 30 min. After 
standing for 3 h at room temperature without agitation, 
the copper complex-cotton mixture was isolated by 
filtration, and washed thoroughly with water and then 
with acetone. A total of 1-02 g of mixture was obtained. 
The copper complex mixture was dissolved in 60 ml. of 
5 per cent acetic acid by heating, and hydrogen sulphide 
was passed through to precipitate the copper. The solu- 
tion was filtered and evaporated to dryness. A total of 
0-30 g of free pr-aspartie acid was obtained. Optical 
activity was with the Rudolph model 80 polarimeter with 
PEC-101 photometer, [x]p — —11-0? (c—2:3, 6 N HCl). 
Optieal resolution using wool was carried out in the same 
way as with cotton, but crystallization took longer (3-7 h) 
compared with the resolution by cotton (1-4 h). Results 
are summarized in Table 1. 

To examine the possibility of the presence of optically 
active impurities derived from the wool or cotton during 
the process, DL-aspartic acid (0-4 g) ([a]p.=0-0°, 6 N HCl) 
was heated with cotton (0-5 g) or wool (0-5 g) in 5 per cent 
acetic acid in the same conditions employed in the isola- 
tion of p-aspartic acid. Isolated pr-aspartie acid showed 
no optical rotation in either case: [«]f-— 0-0? (c=5-0, 6 N 
HCl). To confirm this result, D-aspartic acids obtained by 
seeding of wool (No. 1, optical purity 18 per cent) and by 
cotton (No. 15, optical purity 45 per cent) were each 
treated with 2,4-dinitrofluorobenzene to convert them to 
the DNP-derivatives. The extracted crude DNP-aspartic 
acids were purified by column chromatography of 
*Celite 44:15 without fractionation of the optical isomer?®?’. 
Resultant optical purities were: No. 1, [a]p= —17.4 
(1 N NaOH), optical purity 19 per cent; No. 15, [a]p— 
—97-4? (1 N NaOH), optical purity 41 per cent. These 
experiments showed that contamination of the product by 
optically active material extracted from the cotton or 
wool used was very small or non-existent. As Table 1 
shows, it is difficult to reproduce the same amount of 
optical activity in each experiment. The sign of optical 
rotation of the resulting amino-acid is, however, always 
consistent. 
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This resolution method can be regarded as a combina- 
tion of asymmetrie adsorption of organie molecules on 
the biopolymers and a preferential crystallization of 
optically active compounds from the supersaturated solu- 
tion by seeding. The biopolymers might be assumed to 
adsorb p-aspartie acid copper complex selectively from 
the supersaturated solution of pL-aspartic acid copper 
complex. Because of the supersaturation of the solution, 
asymmetrically adsorbed p-aspartic acid copper complex 
might form microcrystals on the biopolymer for sub- 
sequent crystallization. If this is so, the preferential 
crystallization which takes place magnifies the stereo- 
selective adsorption activity of the D-aspartic acid copper 
complex on the wool or cotton so that optieally active 
aspartic acid copper complex in quantity results. This 
kind of resolution method throws light on new practical 
resolution of organic compounds and on concepts of 
development of optical activity in the prebiological world. 
In the latter, the resulting optically active organic com- 
pounds, including bicpolymers, may act as seeds for 
further development of optical activity of the biochemical 
substances. 


Table 1. OPTICAL RESOLUTION OF DL-ASPARTIO ACID COPPER COMPLEX 


BY THB USE OF BIOPOLYMERS 


Cu p-Aspartic — Optical 
H,O AcOH Complex acid purity 
(ml.) (mil.) {g} Laji (per cent) 
Wool I 1 80 1 0-92 -44 18 
2 110 15 0-64 -837 15 
3 140 2 0-90 -4 
Wool I 4 80 H 0-70 ~ 1-4 5 
5 110 r5 0-63 -05 21 
6 140 2 0:53 0 — 
Wool H T 80 k 0-76 -04 18 
8 110 15 0-72 ~ 08 $1 
9 140 2 0-59 -9:3 94 
Wool HI 10 80 1 0-62 -4 — 
11 110 L5 0-62 -Á — 
12 140 2 0:51 -19 TT 
Cotton I 13 80 1 0-83 -33 14 
14 110 15 0-54 ~ 6-2 25 
15 140 2 0-52 -1r0 45 
jotton H 16 80 1 0-55 0 aai 
17 110 15 0-38 0 cd 
18 140 2 0-35 -22 mu 


DL-Aspartie acid (0-01 mole) was converted to its copper complex in 
80, 110 and 140 ml. of hot aqueous solution which contained 1, 1-5 and 2 ml. 
of glacial acetic acid respectively. The hot copper complex solution was 
filtered through a ‘Millipore’ filter. The filtrate was seeded with 0-5 g each 
of cotton or wool at varying temperatures (40*-60* C), — 4, These products 
show slight minus rotation. 
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Human Serum Low-density 
Lipoprotein Protein: its Conformation 
studied by Circular Dichroism 


Tue low-density lipoprotein of d 1-019-1.063 (LDL,) 
is one of the principal lipoprotein classes of human serum. 
It contains about 23 per cent protein by weight and can 
be separated with a high degree of purity from other serum 
components (review in ref. 1). Several physical and 
chemieal parameters of this lipoprotein have been determ- 
ined and its antigenic specificity has been clearly docu- 
mented!, The structural properties of LDL, are largely 
unknown. Significant steps toward the elucidation of 
this problem have been the recent isolation of LDL, 
protein in an essentially lipid-free form and the demon- 
stration of its solubility in various aqueous media?.*, 
Such an observation has provided a means of assessing 
the physico-chemical and functional properties of this 
protein and its relative contribution to the overall struc- 
ture of LDL,. We report here experiments carried out 
by the technique of circular dichroism (CD) in an attempt 
to define the conformation of LDL, protein in its natural 
lipid environment and after the removal of lipids. Signifi- 
cant spectral differences were noted between lipid-rich 
and lipid-free products, and such differences could be 
markedly accentuated by either modifying the protein 
chemical or by changing the nature of the medium around 
the optically active chromophores. 

LDL, was prepared from sera of normal fasting male 
Caucasian donors, 20-24 yr old, type A, Rh*. Methods 
of isolation and purification by preparative ultracentri- 
fugation have been described before?-. 

The purity of each preparation was assessed by starch 
gel electrophoresis and agarose immunoelectrophoresis? 
using rabbit anti-LDL, sera prepared in the laboratory. 
Bofore use the specimens were dialysed against the desired 
buffers and stored at 4? C for no more than a week, 
keeping the protein concentration less than 10 mg/ml. 
The final product had an average Sp, of 6:4 and a 
protein content of approximately 23 per cent by weight. 
Succinylation by the reaction with succinic anhydride was 
carried out at pH 7-5-8 in an automatic titrator (TTA-31 
Radiometer, Copenhagen). In the conditions employed, 
the reaction affected 90 per cent of the total lysine residues, 
10 per cent of tyrosine and 5 per cent of serine and threo- 
nine residues?. This succinylated material (s-LDL,) when 
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Ultraviolet circular dichroic spectra of human serum LDL, at 
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Fig. 2. Ultraviolet circular dichroic spectra of human serum LDL, 


before and after addition of SDS. » LDA; coc, LDEQESDS; 
-= =, apo LDL, +SDs8. 


extracted with a 3: 1 mixture of ethanol : ether? yielded 
a water soluble lipid-free protein (s-apo LDL). This was 
not the case of non-succinylated apo LDL, which was 
totally insoluble in all aqueous buffers employed. Delipid- 
ation and solubilization of LDL, by sodium dodecyl 
sulphate (SDS) was also carried out by the method of 
Granda and Seanu?. Measurements of circular dichroism 
in the spectral region between 300 and 185 my were carried 
out at 27° C in a Cary model 6001 spectropolarimeter using 
quartz cells of 0-1 mm path length (Pyrocell, New Jersey) 
with protein concentrations varying from 1 to 2 mg/ml. 
The value of molar ellipticity [0] in units of degrees em*/ 
decimole was obtained from the relation 


where 6 = observed ellipticity, MRW (mean residue weight) 
—112; 1=cell path length in em; c= concentration of 
solute in g/ml. The contribution by LDL, lipids in tri- 
fluoroethanol was found to be negligible and was not 
included in the eomputation. This was also the ease with 
phospholipids dispersed in water by sonic irradiation. All 
spectra were recorded at least in triplicate. In the 
spectral region between 300 and 200 my the reproducibility 
was within a limit of 3 per cent. This was increased to 
about 10 per cent at shorter wavelengths. 

Protein concentrations were determined by the Lowry 
method‘ using known lipoprotein protein standards. 

The CD spectrum of LDL, was characterized by two 
negative Cotton effeets with maxima at 220 mg and 
208 my, a crossover at 202 my, and a positive Cotton 
at 196 my (Fig. 1). This spectrum was typical of fresh 
preparations studied in buffers of pH between 7 and 9-4. 
ionie strength 0-1. At higher pHs (9-4, 10-0 and 11-5) 
there was a tendency for broadening of the n—>n* transi- 
tion and an inerease of the 208 my band (Fig. 1). This 
was also apparent in preparations of LDL, dissolved in 
acidie buffers (pH 5, 4, 2). In the presence of SDS (0-1— 
0-2 M solutions in phosphate buffer, pH 8-4, ionic strength 
0-1) LDL, exhibited a significant change in spectrum. 
The n—-z* transition was shifted from 220 my to 222 mp; 
the 208 my. band was significantly increased with a cross- 
over at 200 mp (Fig. 2). Such spectrum was not signifi- 
cantly affected by changes in pH or ionic strength. 
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Fig. 3. Ultraviolet circular dichroic spectra of human serum LDL, 
ore and after succinylation. ——, LDL,; ---, S-LDL.; tt, 
s-apo LDL. 


LDL,, dissolved in 6-8 M urea, or 7 M guanidine hydro- 
chloride retained the spectral characteristies of LDL, in 
phosphate buffer, with the exception that all values of 
the ellipticity bands were significantly reduced (Fig. 1). 
Succinylation did not appear to influence the CD spectrum 
of LDL, (Fig. 3). The succinylated product was also 
similar to LDL, in its spectral behaviour in either SDS 
or urea. 

The CD spectrum of apo LDL, was not obtained owing 
to its insolubility in aqueous buffers. The products 
studied were those dissolved in 0:2 M SDS, 0-1 M SDS-8 M 
urea and after succinylation. The spectrum of apo LDL, 
in SDS (Fig. 2) was similar to that of LDL, in SDS, with 
two negative Cotton effects of 222 mu and 208 my maxima, 
a crossover at 200 my and a band of positive maximum 
at 194 my. When this preparation was dissolved in 8 M 
urea (Fig. 1), no Cotton effects were observed. Solvent 
opacity prevented recording of the spectrum at wave- 
lengths shorter than 205 my (Fig. 1). In the absence of 
urea, s-apo LDL, had a CD spectrum characterized by a 
shift of the electronic transitions toward shorter wave- 
lengths with a marked band of negative maximum at 
206 my, a crossover at 197 mu and a positive maximum at 
192 my (Fig. 3. When s-apo LDL, was dissolved in 
0-2 M SDS, its spectrum resembled that of non-succinyl- 
ated preparations dissolved in the same detergent. Here 
again, addition of urea promoted disappearance of all 
Cotton effects (Fig. 1). 

The comparative analysis of the circular dichroic curves 
of LDL, and its delipidated products seems to indicate 
that removal of lipids from LDL, produces important 
spectral changes probably attributable to conformational 
transitions occurring in the protein moiety. This is 
particularly evident by comparing the result obtained 
with LDL, and apo LDL, preparations in urea or before 
and after succinylation. In either case the effects of the 
chemical modification on the polypeptide chains were 
clearly evident only after lipids had been removed, 
suggesting a stabilizing role of lipids on the conformation 
of LDL, protein. The findings are particularly striking 
in view of the fact that succinylation modifies about 90 
per cent of the e-amino groups of lysine, an amino-acid 
relatively abundant in LDL, (ref. 3), and that urea causes 
apo LDL, to assume a rather unordered structure. The 
similarity in behaviour between LDL, and apo LDL, in 
the presence of SDS seems to be a special case. Tonic 
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surfactants have long been known to disrupt protein 
lipid linkages in serum lipoproteins (review in ref. 1) and 
this also applies to non-ionie detergents*. When LDL, is 
dissolved in SDS, it can be shown by a variety of electro- 
phoretie and chromatographic procedures that most 
lipids are preferentially partitioned into the detergent 
phase leaving a protein moiety with some bound SDS 
(unpublished results of A. S.). It is thus apparent that 
the spectrum of LDL, in SDS is more properly that of & 
delipidated protein. The characteristics of this spectrum 
seem to be those of a mixture of an a-helix (40-50 per 
cent as estimated by the Cotton effect at 222 my) and 
unordered structure®, whereas the spectrum of LDL, may 
more properly represent that of a mixture of a-helix and 
unordered structure. A small percentage of 8-structure, 
however, cannot be ruled out by these and previous 
studies employing optical rotatory dispersion and infrared 
spectroscopy’ because of the limits of sensitivity of these 
techniques. Previous studies carried out in this laboratory 
by optical rotatory dispersion had led to the conclusion 
that the structure of human serum LDL, is retained in the 
delipidated products dissolved in SDS. Such an interpreta- 
tion appears to need revision on the basis of the current 
studies. It is evident that SDS affects the conformation 
of apo LDL, by favouring «-helicity, an observation also 
made for other proteins*. Thus the similarity in patterns 
between LDL, and apo LDL, in SDS, previously noted by 
ORD, may have been coincidental. 

In terms of s-apo LDL,, the observed marked shift of 
all electronie transitions toward shorter wavelength 
seems to be compatible with a more unordered or open 
structure. This interpretation is corroborated by hydro- 
dynamic studies? which show that the intrinsic viscosity 
of s-apo LDL, is several-fold higher (0-182) than that of 
LDL, (0-027). 

Recent physical and chemical findings??? have led to 
the postulate that human serum LDL, is made of apopro- 
tein sub-units held, at least in part, by lipid bridges. 
Such a postulate seems to be in keeping with the results 
of the current studies. 

In conclusion, the circular dichroic pattern of human 
serum low-density lipoproteins, probably representing & 
mixture of «-helix, unordered structure and perhaps a 
small amount of B-structure, was found to be resistant to 
the chemical modification of the protein by suecinie 
anhydride and to changes of the nature of the solvent 
medium. Such a resistance was not present in the lipo- 
protein preparations which had been deprived of their 
lipid complement by extraction with a mixture of ethanol- 
ether. The findings were taken to indicate that lipids 
play a stabilizing part in the protein conformation of the 
native lipoprotein complex. 

This work was supported by grants from the US Public 
Health Serviee, the Life Insurance Medical Research 
Fund and the Illinois and Chieago Heart Association. 
The spectropolarimeter was purchased with a Special 
Research Resources grant from the US Public Health 
Service to the Department of Chemistry. A. S. is a 
recipient of a research career development award and 
R. H. is a recipient of a post-doctoral fellowship award, 
both from the US Public Health Service. 
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APPLIED SCIENCE 


Uses of Fine Focused lon Beams with 
High Current Density 


WELL defined, focused beams of high energy ions have 
many applications. A target can be micro-machined by 
eroding small areas by sputtering! and the sputtered 
fragments can be collected for analysis?. In contrast to 





Scanning ion microscope pictures of aluminium film on glass 


Fig. 1. 
substrate, Field of view about 500 wm wide, Thickness of film about 


0-1 um. a, After exposure to circular scan for 5 s; b, after further 
exposure to circular scan; ec, after exposure to circular scan for total 
of 20 s. 
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Fig. 2. Scanning ion microscope picture of piece of silver after viewing 
for 30 min. The field of view is approximately 40 um wide. Argon ions, 


30 keV, current 10-* A. 
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Fig.3, Photomicrograph of piece of diamond after 90 min exposure to 


potassium ion beam of energy 10 to 15 keV, current approximately 
0:5 mA. The field of view is 1-7 mm wide, 


electron or laser beam machining, there need be no 
excessive heating of the specimen. If the focused beam is 
scanned over the surfaee of the specimen, variations in 
secondary eleetron emission can be exploited to simulate 
a picture similar to that of a scanning electron micro- 
scope?, with the difference that erosion of the 
specimen occurs during observation. 

Suitable ions can be injected into specifie locations in 
erystalline materials for doping, shadowing or chemical 
combination, but the use of fine focused beams for this 
does not seem to have been described so far. 

We have demonstrated the miero-machining of thin 
films and their observation by a scanning ion microscope 
with 1 um resolution. In the apparatus a beam of singly 
ionized argon ions was extracted from a duo-plasmatron 
source and focused by a single demagnifying electrostatic 
lens of 10 mm focal length to produce a 1 ym diameter 
spot at a voltage of 15 kV. The current collected by a 
copper plate was 1:5 x 10-* A. Of this approximately half 
could be attributed to secondary electron emission. The 
spot size was measured by scanning the ion beam across 
a wire of known diameter (larger than the beam width) 
and measuring the current to the collector. Assuming 
that the thermal energies of the ions introduced a Gaussian 
distribution of current across the ion beam spot, the size 
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Fig. 4. 
a, Part of copper mesh, 500 t.p.i., width of bars 10-5 um; b, part of 
silver mesh, 1.500 t.p.i., width of bars 4-7 um, 


Scanning ion micrographs of meshes (30 keV argon ions). 


sould be calculated from the width of the penumbra of 
the shadow cast by the wire. The true current density 
was about 480 mA em-*. 

Fig. la shows a scanning ion microscope picture of a 
target consisting of an evaporated aluminium film, about 
0-1 um thick, on a glass substrate. The black line cor- 
responds to a scratch and the light circle to an area of 
increased secondary emission. This was the result of 
changing the television scan to a small circular scan for 
5 s. The sputtering action of the ions has produced a 
change in the surface of the film. The circle was about 
75 ym in diameter. Further exposure partially removed 
the aluminium from the centre of the track (Fig. 1b). 
When the total exposure reached 20 s the centre disk had 
become electrically isolated and this resulted in its dis- 
appearance from the picture (Fig. 1c). The voltage used 
was 20 kV with a resulting current (including secondaries) 
of 3x 10-* A. The lightened circular track is much wider 
than the measured spot size (here about 2 wm) because of 
the "skirt" of the current distribution. A very rough 
estimate of the sputtering coefficient was 1:5 atoms ion}. 

When a piece of silver was viewed with the microscope 
the overall sputtering gradually exposed a granular struc- 
ture (Fig. 2). In contrast, a piece of diamond which had 
been exposed to a potassium ion beam (from a different 
ion source) was found to have a smooth sputtered surface 
(Fig. 3). 

It is also possible to operate the machine to produce 
a smaller ion beam spot. With greater demagnification of 
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the source (using a second lens for convenience) and a 
smaller stop in the main lens (100 um), measured spots of 
0-3 um have been obtained. Fig. 4 shows parts of two 
meshes photographed at 30 kV, 10-* A (including secon 
daries). The true current density was about 350 mA cm~. 

Most of the work described here was contemporary 
with that of Drummond and Long‘, who used a longer 
focal length lens for reasons of analysis and consequently 
had to tolerate a resolution impaired by spherieal aberra- 
tion. It seems that still smaller spots could be obtained 
at the expense of ion beam current. While this would 
improve the resolution of the microscope and allow more 
precise bombardment of surfaces, for many purposes it Is 
advantageous to keep the eurrent as large as possible. At 
present, work is partly directed towards resolving the 
problem of maintaining the beam current with enhanced 
resolution. 

I thank Mr H. N. G. King and Professor F. Y. Poynton 
and Dr D. W. Stops for advice and encouragement. 
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GENERAL 


Methods for showing Distinctness and 
aiding Identification of Critical 
Groups in Taxonomy and Ecology 


IN recent studies of critical groups in the genus Satyrium 
Sw. (Orchidaceae), specimens have been grouped on the 
basis of numerically expressed properties, using the 
homogeneity function! for pair-comparisons, followed by 
group average linkage clustering*. This results in a dendro- 
gram such as that shown by the solid lines in Fig. 1. When 
restricted to pair-comparisons (as is necessary for 
samples?), the heterogeneity function for two-state and 
quantitative data reduces to a modulus generally similar 
to those of Cain and Harrison‘, Colless* and others. 
Usually only the links selected by the clustering system 
are shown in the dendrogram. For checking on the 
intermediate nature of some members in the present work, 
it was found helpful to include values for some of the 
other relationships in the closing stages of each study. 
For example, the dashed line in Fig. 1 helps to show that 
group B is nearly intermediate between groups A and C. 

The level of the lowest link in a group formed by cluster- 
ing based on pair-comparisons shows the relationship 
of the last-added members to the rest. As such, this level 
is not suitable for precise studies of distinctness between 
groups. À more appropriate value is given by the homo- 
geneity function using a fully descriptive centroid for the 
set for which it is ealeulated'. This gives a value for group 
"eompactness" which is independent of the previous 
within-group linking sequence. The function is written 
to accept both two-state and quantitative data. For the 
heterogeneity of each quantitative property, the standard 
deviation of the group is divided by that for a maximally 
heterogeneous case. For ease of computation, the attri- 
bute values for a property are divided by the largest so 
that the maximum is equal to 1. In the present studies, 
the relationships between two groups at a time have 
been examined, and the maximum attribute value for 
sealing has usually been taken from within these sets 
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It can be seen that standard deviation alone is not used, 
for it is not standardized in relation to maximal hetero- 
geneity. 

Group distinctness can be tested by using the changes 
in heterogeneity on fusion of two sets with equal numbers 
of members. Equal representation is essential to avoid 
distortion of the contents of the fusion set. In such a test 
(Fig. 2), group A, which should be about twice the size of 
group B, has its members randomly sorted into two halves 
A, and A, The heterogeneity change from the level of 
one of the groups to that of the fusion set is caleulated 
(a' in Fig. 2). This is repeated for a number of versions 
of A, and A, to give a range of values. The average change 
that occurs when group B is brought together with sets 
consisting of equal numbers of members of A is then 
found (b' in Fig. 2). This value may then be compared 
statistically with the values of a. 

The heterogeneity of a given property in one of the 
groups may be greater than in the fusion set. For quanti- 
tative properties, this indicates that the mean values of 
both groups are similar and that the variation range of 
one group is more compact than that of the other. It is 
usually acceptable to regard a difference in compactness 
as a “distinction”, so that the value of heterogeneity 
change for such a property can be added to those of the 
others. 

This test can be applied where the distinctions between 
groups are doubtful using available specimens. Often, 
however, comparisons are needed between groups that 
are fairly distinct in a number of properties. Here it may 
be assumed that the heterogeneity change for the addition 
of further members of the same group is negligible com- 
pared with the changes that occur when the supposed 
distinct group is added. The changes in heterogeneity 
are then calculated for each group on fusion with the other. 
À given property usually has different heterogeneity 
values in each of a pair of groups, giving different amounts 
for the ehange on fusion. Averages of the two values 
can be used as a compromise. Because of the monotonicity 
of the heterogeneity function, the total of the changes 
for all the properties ean be expressed directly as the 
equivalent character difference between the groups, an 
aspect with interesting taxonomic implications. This, 
and perhaps the previous test, could be adapted to provide 
a scheme in which progressively higher taxonomic cate- 
gories can be applied if given threshold values are 
exceeded. 

The approach also offers a convenient route to finding 
weightings for quantitative characters for a discriminant 
function, which may be used as an aid for identification 
in critical complexes. Properties which vary in the two 
groups in a similar way for more or less the same range. 
as shown by only small increases or actual decreases in 
heterogeneity on fusion for one of the groups, are ignored. 
For other quantitative properties, those with the larger 
values for heterogeneity ehange are the more important 
in discrimination. Because the heterogeneity changes 
differ for the two groups, their average can be used for the 
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Fig. 1. Dendrogram showing relationships among seven imaginary 


samples usíng the heterogeneity function for pair-comparisons and 
group average linkage. The dashed line indicates that group B is only 
slightly more similar to A than to C. 
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Fig. 2. Dendrograms showing the test of the distinctness of group B 

from group A, ‘Twice as many samples are available for A as for B. 

The spread of the change in heterogeneity (a) on fusion of randomly 

chosen sets 4, and 4, from group A is compared with the average (b^) 

of the values obtained when group B is fused with selections such as 
aA, of group A. 


relative weighting value for each character. This is a 
compromise, and it may prove advisable in cases where 
the separation is poor to use the lower of the two values. 

Two-state data, because of their non-modal nature, are 
not suited to this treatment. Weighting values are 
instead found by using an &daptation of Sneath's modulus* 
as follows 


] jenz | j=na 
Ap = c È jy — — E Gja 
nB jl NA j=l 


Here the average value of the na attributes aja in group 
A is subtracted from that for group B, to give the weight- 
ing Ap for property p. The sign convention adopted for 
the weighting in this formula is followed for the quantita- 
tive properties. If the mean of the quantitative values 
for group B is larger than for group A, then the weighting 
is given a positive sign; if the opposite holds, then the 
weighting is negative. 

The weightings h, As... Ap for characters 1, 2... p 
are then multiplied by the attribute values M,, Ma... Mp 
to give a distribution of the discriminant function Z in 
each of the groups as follows 

Z = XM, + M4... 29Mg 
Identifieation of unknown, ineomplete or otherwise 
difficult material may then be carried out by substituting 
the attribute values and finding in which group range of 
Z the discriminant value lies. 

Many more properties can be used in a study with this 
method than are possible with available ways of calculat- 
ing Fisher’s discriminant weightings’*, and computation 
times are relatively short. Using programmes written in 
Manchester AutoCode for an ICT 1301 computer, seventy- 
two samples with six quantitative properties were pro- 
cessed in 30 s. 

These methods have proved helpful in giving an insight 
into group strueture and differences in the orchid genus 
Satyrium Sw. and the bacterial genus Clostridium Prazm. 
The results of this work will be reported elsewhere. A 
programme modified for use with the heterogeneity 
function for eeologieal data! is being prepared. I thank 
Mr J. G. Field of the CSIR Oceanographic Research 
Unit, University of Cape Town, for useful discussions. 

A. V. Harr 
Bolus Herbarium, 
University of Cape Town, 
Rondebosch, C.P., 
South Africa. 
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BOOK REVIEWS 


SYMMETRY AND PARTICLES 


Symmetry Principles and Fundamental Particles 
Prepared and edited by Center for Theoretical Studies, 
University of Miami, Coral Gables, Florida. (NATO 
International Advances Study Institute, Istanbul, Turkey, 
August 1-19, 1966.) Pp. 531. (San Francisco and Lon- 
don: W. H. Freeman and Company, 1967.) 94s. 


‘THis volume contains the lectures presented at the summer 
school held in Istanbul during August 1966. As the title 
implies, the school concentrated on the application of 
group theory to elementary particle physics, and, taking 
a basic knowledge of group theory for granted, covered 
the main fields of activity which were popular at that time. 
The organizors certainly succeeded in assembling a remark- 
able collection of people who are well known both for 
their contributions to the subject and for their expertise 
at communicating ideas to a wider audience. 

The first chapter deals with non-compact groups and 
dynamical applications. Coleman reviews the fundamental 
difficulties which have been encountered in non-trivial 
combinations of space time groups with internal sym- 
metries. This clearly expressed nihilism is nicely balanced 
by an optimistic contribution from Fronsdal. Among 
other contributions there are lectures from Nambu 
describing the early attempts to obtain a mass formula 
from an infinite component field equation. This is an 
activity which has developed considerably in both the 
positive and negative sense since these courses were 
given. 

The second chapter is devoted to quark models. High 
energy scattering is discussed by Van Hove, and there are 
also lectures on this approach to the hadron mass spectrum 
by Seheck and Sinanoglu. 

'The last main chapter is on eurrent algebra and weak 
interactions, and includes courses from Fubini, Glashow 
and a further contribution from Nambu. The book 
concludes with reviews by Robinson and Olive on the 
more mathematical aspects of broken symmetries and 
S-matrix theory, respectively. 

The editors, Behram Kursunoglu and Arnold Perl- 
mutter, say that they hoped at one time that these lectures 
would comprise a reasonably complete text on this 
branch of the subject. They realize themselves that this 
has not been achieved. Even so, the book should be of 
value particularly to research students working in this 
field. P. T. MATTHEWS 


RARE PLATINUM METALS 


Chemistry of the Rarer Platinum Metals 

(Os, Ru, Ir and Rh.) By W. P. Griffiths. (Interscience 
Monographs on Chemistry.) Pp. ix+491. (London and 
New York: Interscience Publishers, a Division of John 
Wiley and Sons, 1967.) 120s. 


Tus book presents a detailed treatment of the chemistry 
of the platinum metals other than palladium and platinum. 
Apart from the comprehensive work of Gmelin (in German) 
and Pascal (in French), both of whom are rather uncritical 
in their approach, there has been little available in the way 
of a detailed survey of the compounds of these fascinating 
metals. In English, the most exhaustive sources have 
been Sidgwick's two volume text (1950) and some 
older works. In the popular undergraduate textbook on 
inorganic chemistry by Cotton and Wilkinson, only 
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some thirty pages could be devoted to these four metals. 
There has therefore been a sore need for a work of refer- 
ence in English, incorporating modern views on the 
chemistry of the less common platinum metals. This 
book fills the gap extremely well. Those research groups 
concerned with the chemistry of the platinum metals, 
and in particular with the four elements dealt with in 
this new book, will find it indispensable. 

The six chapters comprise a short introduction, f. ollowed 
by a general comparative survey of the four metals (this 
could be very useful for undergraduates); the detailed 
treatment of each element is then given in the order 
osmium (83 pages) ruthenium (100 pages), iridium (85 
pages) and rhodium (117 pages). Within each chapter, 
the co-ordination chemistry is discussed according to the 
ligand (groups VII, VI, V and IV, in that order). The 
literature is thoroughly covered up to the end of 1966; 
recent work is well represented. For example, complexes 
of molecular nitrogen, stannous chloride and the hydride 
ion are all described in detail. 

The treatment is modern and highly physical: the 
significance of measurements of electronic, vibrational 
and resonance spectra and of other physical properties 
is clearly pointed out. The results of bond length studies 
are summarized, and the electronic factors responsible for 
polarographie and other behaviours are discussed. A good 
deal of kinetic and thermodynamic information is presen- 
ted, and one of the many pleasing features of the book is 
that there are a large number of valuable tables. These 
are assembled at the end of each chapter (seventeon on 
osmium, twelve on ruthenium, thirteen on iridium and 
eight on rhodium) and collect information on the exist- 
ence and physical properties (such as magnetic and polaro- 
graphie data) of compounds of the particular metal. 

This is a genuine work of reference, being extremely 
well indexed (author, subject and formula indexes total 
50 pages) and cross referenced. The literature is indeed 
exhaustively covered. It is quite clear from this book that 
there are only a few fields in the chemistry of these metals 
which can be said to be well understood. The very critical 
approach will be useful in delineating areas for further 
research. The author has not been afraid occasionally to 
speculate in order to stimulate. There are a few trifling 
mistakes and some loose statements, which arise largely 
from the compression of a large amount of information 
into a small volume. The book is written in an attractive 
style; there are some very felicitous passages which 
remind us that platinum metal chemistry has a long and 
remarkable history. 

It is a pleasant duty to be able to report with conviction 
that any new book is designed to meet an urgent need, and 
achieves its object. This is true of Dr Griffiths’ fine study 
and inorganic chemists have reason to be grateful to him. 

R. D. GILLARD 





ANALYSING GAS EFFLUENT 


Gas Effluent Analysis 

Edited by William Lodding. (Thermal Analysis Beries, 
Jol. 1.) Pp. xi+220. (London: Edward Arnold (Pub- 
lishers), Ltd.; New York: Marcel Dekker, Ine. 1967.) 
95s. net. 


Tue title of this publication did not convey to me a very 
clear idea of the contents. Fortunately, in the preface, 
gas effluent analysis is defined as being the detection and 
identification of gases evolved by substances when heated. 
This covers not only gas evolution as a consequence of 
chemical reaction or thermal decomposition, but also 
desorption phenomena. 

A number of authors have contributed individual 
chapters concerned with a simple treatment of a theory 
of gas evolution from solids and a description of suitable 
heating and detecting deviees such as the gas density, 
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ionization, ultrasonic and thermal conductivity detectors. 
Special attention is given to the last named, no doubt in 
view of its relative simplicity and ease of use in con- 
junction with gas-liquid chromatography. 

The more sophisticated technique of mass spectrometry 
is considered and typical examples of decomposition 
studies using this method of analysis are described briefly. 
Pyrolysis-gas chromatography is also discussed in terms 
especially of the thermal decomposition of polymers. The 
use of infrared spectroscopy and interference spectroscopy 
also receives mention, together with a brief consideration 
of selective absorption and condensation of gases. The 
relatively new approach of thermoparticulate analysis, 
whereby the presence of nuclei produced by thermal 
decomposition, of size approximately 10-—10-* em and 
deteeted by condensation of water, is given special con- 
sideration, 

I find it difficult to decide for whom the book has been 
written. The very elementary approach to the description 
of these techniques seems to indicate a not very high 
scientific requirement on the part of the reader, yet these 
methods require much understanding if they are to be 
applied realistically and used to maximum advantage. 

The book is clearly written, with good diagrams and 
tabular matter. It must, however, be considered an 
expensive introduction to gas analysis 

James C. ROBB 


ASTRONOMY DICTIONARIES 


ABC of Astronomy 

By A. Weigert and H. Zimmermann. 
Home Dickson. Pp. 368--20 plates. 
and Watts, Ltd., 1967.) 50s. 


Penguin Dictionary of Astronomy 

By Ake Wallenquist. Edited and translated from the 
Swedish by S. Engelbrektson. (Penguin Reference Books, 
R28. Pp. 238--16 plates. (Harmondsworth, Middx.: 
Penguin Books, Ltd., 1968.) 7s. 6d. 


Born these books aim at providing an up to date dictionary 
of astronomy, and in this they succeed. Each is written 
in comprehensible language and both are suitable as a 
companion volume for the reader interested in astronomy 
or as a reference for the student. They are both by 
European astronomers; the ABC of Astronomy is by A. 
Weigert and H. Zimmermann of Jena and the Penguin 
Dictionary of Astronomy is by Professor Áke Wallenquist 
of the University of Uppsala's Kvistaberg Observatory. 

Any comparison between the two dietionaries must 
take into account the difference in their price. At more 
than six times the cost of the Penguin Dictionary, the 
ABC of Astronomy has about the same number of entries 
but explained in far greater detail. The Penguin Diction- 
ary is quite adequate when a brief definition of some 
term in astronomy is all that is required, but for a more 
informative account of astronomical theories and descrip- 
tions of objects in space the ABC of Astronomy has more 
to offer. 

To what extent does each book fulfil its claim to include 
recent developments ? A way of judging this is to compare 
their accounts of the exploration of the Moon. Under 
the heading “Space Travel” the ABC of Astronomy 
describes rocket studies of the Moon up to the soft landing 
of Surveyor I on June 2, 1966. The Penguin Dictionary 
goes a little further. It gives an account of fanar probes 
as part of its entry on the Moon, and mentions the photo- 
graphs of the Moon's surface taken by Orbiters 3, 4 and 
5 in 1967. 

Both dietionaries remark on the magnificent Leonid 
meteor display of November 1966. 

The present boom im- radio astronomy is an example of 
the problems whieh beset the dictionary user as well as 


Translated by J. 
(London: Hilger 
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ihe compiler. How is one to ensure that an expensive 
dictionary is not going to be hopelessly out of date within 
a few years. This is where a cheap reference book such as 
the Penguin Dictionary of Astronomy is particularly useful. 
It can supplement a more expensive and comprehensive 
dictionary, and be replaced by a more modern edition 
when new developments make it necessary. 
Epwarp PHILLIPS 


PHOTOSYNTHESIS SYMPOSIUM 


Harvesting the Sun 

Photosynthesis in Plant Life. (A Symposium sponsored 
by International Minerals and Chemical Corporation, 
Chicago, Illinois, October 5-7, 1966.) Edited by Anthony 
San Pietro, Frances A. Greer and ‘Thomas J. Army. Pp. 
ix+342. (New York: Academic Press, Inc.; London: 
Academic Press, Ine. (London), Ltd., 1967.) 60s. 


Durine the past decade there has been a symposium or a 
colleetion of diseussions on each aspect of photosynthe- 
sis. "These have been very nearly on an annual basis, 
both as individual conferences and as a part of larger 
more general meetings, such as the Biochemical Con- 
gress. Each of the meetings has resulted in à volume 
of collected papers. These collections make very useful 
aggregates on a library shelf. In fact, in some ways they 
might better be considered in the nature of à journal 
series rather than a series of books. 

Their importance lies in the possibility that sometimes 
there is material in them which is found nowhere else. 
Frequently, however, the situation is the reverse, that is, 
more often than not the material that is published in 
these symposium volumes is a collection of material by 
the authors which has been or will be published in the 
usual journals as well. 

'These collections have additional merit over and above 
this possibility in that the material in them may not 
be available elsewhere. They are in general directed 
rather closely to a single subject and as such make the 
researcher's chore of becoming aware of what is going on, 
not only in the area of his direct interest but also in 
areas which are peripherally interesting to him, much 
easier. 

For this reason, the present volume, which is one of 
these collections, should clearly be added to the library 
shelves adjacent to its predecessors and no doubt its 
successors. However, as a volume which might be con- 
strued as an essay on a particular subject, it is of course 
lacking in any such comprehensiveness and coherence. 
This is true of very nearly all such collections. 

It is for this last reason that it seems to me that 
collections such as these do not have a very important 
plaee in the personal libraries of the general scientist in 
physies, chemistry, biochemistry, molecular biology or 
botany, but rather have their most important place in the 
libraries to which these various scientists have access. 
There is another important function which they fulfil and 
that is to provide an opportunity for the researchers who 
are present at the meeting to present their results and have 
them printed and published in a collection of pertinent 
material, with a good deal of freedom concerning the 
matters which they can introduce in this way. In general, 
these articles are not subject to the usual refereeing 
procedures of the periodical publication. It is this 
which gives them their advantage as well as their dis- 
advantage. The disadvantage, however, is overcome to & 
degree by the publieation in the symposium collection 
of the discussion that almost always accompanies the 
presentation of these papers. Unfortunately, in this 
particular collection, such discussion is very limited if 
present at all. 

The general content of the symposium covers most of the 
aspects of photosynthesis with some special emphasis 
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n the application of our growing knowledge of the 
woeess to agricultural productivity and control. Roughly 
me-third of the papers presented are concerned with this 
spect of the problem, and this constitutes at least one 
mique quality of the present collection. It not only 
wings together the fundamental workers and their work on 
he understanding of the process of energy conversion by 
Hants, but also focuses on the way in which knowledge 
if this fundamental process of energy conversion may 
ventually be of some assistance in the improvement and 
ontrol of agricultural productivity. 

A list of the principal groups into which the eighteen 
contributions have been subdivided will give an impression 
of the content. These are: biochemical aspects of photo- 
iynthesis, carbon metabolism, chloroplast structure and 
reneties, water and carbon dioxide transport, and photo- 
iynthetie limits on crop yield. 

An introductory address by Sterling Hendricks which 
s devoted principally to the various ways in whieh light 
s used by plants, that is, not only as an energy source but 
also as a control device, and a summary paper by Martin 
Kamen in which he speculates on the future of photo- 
synthesis research, constitute two special essays very much 
worth devoting time to. 

In a collection of as many different papers as this, it is 
slearly impossible to comment on each one; however, 
[ think I may be forgiven for focusing particularly on 
the section on carbon metabolism. 

For many years efforts have been expended in trying 
to prepare isolated chloroplasts capable of carrying out 
the entire process of photosynthesis, perhaps including 
carbon reduction at something approaching the rate found 
in intact plants. While announcement of success in this 
effort was made rather more than a year ago, it remains 
for this group of papers to describe in detail the nature of 
the preparation and some of the successful studies that 
are now possible with it. Among them is the discovery by 
Basham and his associates of a light regulated enzyme 
activity control in the carbon reduction cycle. There is 
no doubt that this will open a new chapter in our under- 
standing of the dynamic regulation of metabolic processes. 

MELVIN CALVIN 


DEVELOPMENTAL BIOLOGY 


Current Topics in Developmental Biology 

Vol. 2. Edited by A. A. Moscona and Alberto Monroy. 
Pp. xiii+298. (New York: Academic Press, Ine.; 
London: Academic Press, Inc. (London), Ltd., 1967.) 
1125. 


Tur articles in this volume deserve to be widely read, 
for by their variety and approach they go a long way 
to establishing the field of developmental biology as 
distinct from the more traditional field connoted by 
embryology, with all its unfortunate associations. For 
example, in most of the papers the deadening hand of 
induetor theory is not too evident, and it was à pleasure 
to read in the paper by Thorp and Dorfman, which ranges 
over the whole field of connective tissue differentiation, 
that the “. . . role of induction as a discrete event in 
connective tissue differentiation becomes more and 
more nebulous. It is obviously clear that differentiation 
is a continuous, regulated process and that no cell 
differentiates alone, but depends for the next direction 
on dialogue through its own synthetic products with 
the milieu and other cells". In this volume, most of 
the papers concentrate on differentiation in a very 
broad sense, rather than the dialogue, and the spatial 
aspects of developmental biology are relegated to a 
minor role compared with the temporal aspects. 
This reflects the current fashion which will surely 
change: the concept of polarity is not mentioned in any 
paper, yet it is probably as fundamental as protein syn- 
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thesis. In fact, Gross, in a stimulating and provocative 
paper, considers just how fundamental protein synthesis 
is in relation to differentiation, using the studies on sea 
urchin development as his model. It may be noted that 
he casts considerable doubt on the general view that gene 
action is not significant during the cleavage stages prior 
to gastrulation. Brown gives a masterly review of the 
genes for ribosomal RNA and their transcription during 
amphibian development, considering particularly the 
potentiality of it providing a model system for studying 
the regulation of transcription. The ribosome and enzyme 
changes during maturation and germination of the castor 
bean seed are reviewed by Marré. The approach of 
Yamada on Wolffian lens regeneration uses the full 
battery of techniques now available to the cell biologist 
and a picture begins to emerge relating ultrastructural 
changes to macromolecular synthesis and charting the 
time course: is this the new morphological embryology ? 
Pierce contributes a fascinating account of teratocar- 
cinoma, using it as a model for a developmental concept 
of cancer. He suggests that carcinogens may act on 
differentiated cells in a manner analogous to inducers on 
embryonic cells. This is particularly attractive, if the 
concept of an inductor were replaced with more general 
ideas on cellular interactions and responses. 

The direction in which we may look for such ideas 
might be found in the papers that deal with some aspect 
of the “dialogue” between the cell and its environment. 
Stoker provides a badly needed review of the rapidly 
expanding field dealing with contact and short-range 
interactions affecting the growth of normal and tumour 
cells in culture; here there are a number of tantalizing 
phenomena involving the cell surface and cell growth the 
mechanism of which is still obscure. One particular 
aspect of this is explored by Sachs: the mechanism of 
neoplastic cell transformation which may induce a change 
in the cell surface and result in a change in the contact 
inhibition of growth. 

This is an excellent volume which completely fulfils the 
editors’ intentions to overcome the “‘interdisciplinary 
information gap”. Only the very good paper on the Ig A 
antibody system seems a little out of place. 

Lewis WOLPERT 





CHEMICALS IN WATER 


Chemical Environment in the Aquatic Habitat 
(Proceedings of an I.B.P. Symposium held in Amsterdam 
and Nieuwersluis, October 10-16, 1966.) By H. L. Gol. 
terman and R. S. Clymo. Pp. 322. (Amsterdam: N. V. 
Noord-Hollandsche Uitgevers Maatschappij, 1967.) 70s. 
Tus International Biological Programme symposium was 
held to discuss chemical methods of analysis and the 
effect on biological growth of the substances present in 
water. A manual of recommended methods useful to 
both chemists and biologists is to be published separ- 
ately. 

The first chapter contains general papers, dealing with 
oxygen, carbon dioxide, iodine, pH, rH, alkalinity, 
oxidizability and some specific ions. An interesting 
account is given of the highly eutrophic inland waters 
of the Netherlands. 

The second chapter on silicon, phosphorus and nitrogen 
compounds contains an excellent review on the determ- 
ination of orthophosphate. Another paper describes the 
use of tetragthy! silicate as a source of “molybd: 
unreactive” silica for diatoms. A warning is given é 












reactive form the sample must be kept for 3-5 h after 
thawing. Tho measurement of molecular nitrogen fixation 
is diseussed and the use of nitrogen-15 described. The 
arithmetical mean of Kjeldahl nitrogen determinations 
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for April to September has been used to predict the 
quantitative development of zooplankton. 

Many of the technical papers in the third chapter 
describe apparatus which can be used for continuous 
recording of specific measurements such as redox potential, 
density, salinity and dissolved oxygen (by dropping 
mercury electrode). This has also been measured by 
oxidation of Ce** to Ce** and can be done colorimetrically 
in the field. I hope, though, that the manual of methods 
will include the Mackereth oxygen electrode. The methods 
used during the past twelve years for the determination 
of particulate and dissolved carbon are reviewed. The 
carbon analyser (carbon dioxide by infrared) enables 
20 pl. samples to be analysed every two minutes with a 
range of 2-1,000 mg/l. Organie carbon and nitrogen can 
be measured as carbon dioxide and nitrogen by gas 
chromatography. 

The fourth chapter describes the use of 'Sephadex' to 
separate lake water humic materials. Results indicate 
their wide range of molecular size, and show a correlation 
between size and iron holding capacity. 

The fifth chapter is concerned with micronutrients, 
mierocompounds, and their availability. A dramatic 
response of zooplankton when molybdenum was added to 
a lake deficient in this is reported. The growth of iron 
starved Microcystis aeruginosa correlates with iron by 
thiocyanate at pH 1-5. The turnover of glucose and 
acetate is more important than the absolute concentration 
in a study of aquatie ecology. Algal bioassays for vitamin 
B, thiamine and biotin, and the problems associated 
with the measurement of chlorophyll as a measure of 
biomass, are described. 

The sixth chapter on miscellaneous topics has two 
papers on sediments, one describing methods for determ- 
ining diffusion coefficients, the other a review of the 
influence of mud on the chemistry of water. The acidity 
of the aquatic environment of sphagna may in part be 
caused by cation exchange. Hydrographic conditions 
have been shown to influence the concentration of par- 
ticulate carbon in sea water. 

This will be a useful book to have. It gives a picture 
of the analytical problems facing limnologists and oceano- 
graphers and with many references in the text it makes 
a good starting point for newcomers to the field. 

C. D. BAKER 


LOOK UP A VIRUS 


Viruses of Vertebrates 
Second edition. By Sir Christopher Andrewes and H. G. 
Pereira. Pp. xiii +432. (London : Balliére, Tindall and 
Cassell, 1967.) 70s. net. 


AFTER little more than three years this valuable book has 
reappeared considerably changed. "The rapid increase in 
virological knowledge has necessitated the revision, in 
which Sir Christopher Andrewes has been aided by Dr 
Pereira. 

Viruses are dealt with under the headings RNA viruses, 
DNA viruses and the unclassified viruses. Since the first 
edition it has been possible to move a number of previously 
unclassified viruses to different parts of the book, and 
several additions have been made to the DNA viruses; 
much of this section has been rewritten. There are also a 
few more RNA viruses. 

Because of general agreement that they are bacteria, 
related to the rickettsiae, the organisms of the psittacosis— 
lymphogranuloma-traehoma group, the Chlamydozo- 
aceae, are not given a place in this edition, although the 
seventeen dealt with in the first edition are listed, together 
with page references, for the reader’s convenience. 

The authors say in their preface that they have resisted 
the temptation to offer new group names—they await the 
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decision of the international committee for the nomencla. 
ture of viruses—although they have used the unofficia: 
term Paramyxoviruses for the group of RNA viruse 
containing mumps and the para-influenza viruses. 
Clearly anyone who wants to know about the properties 
of viruses, and where they can read the most importan* 
literature, will need to have this edition of Viruses 0, 
Vertebrates. Mary Linpiey 


MECHANICS OF MOVEMENT 


Animal Locomotion 
By Sir James Gray. 
479+8 plates. 

1968.) 1265. net. 


How Animals Move was published in 1953 and, althoughs 
based on lectures delivered to an audience of children, 
few biologists will be ashamed to have read and learnt. 
much from this book. Many will also have read con- 
tributions that Sir James Gray has made to more special- 
ized aspects of animal locomotion during the past thirty- 
five years. In the present book this baekground of per- 
sonal thought and research has been expanded into a 
logical and continuous description of the development, 
operation and control of locomotor mechanisms. Fully 
acknowledged data have been drawn from the papers of 
authors working in the same field, many of whom have 
at some time worked in the Zoological Department at 
Cambridge. This material has not been included merely 
for the sake of completeness but is used eritically in 
support of the main thesis of the book. 

The book itself is intensely written and requires con- 
siderable concentration from the reader and continuous 
reference to the many explanatory diagrams. Those not 
acquainted with the application of Newton's laws of 
motion should not ignore the introductory chapter in 
which these are explained in biological terms, for a 
grasp of them is essential to the understanding of sub- 
sequent argument. This is followed by a consideration of 
the movement and stability of the three main varieties 
of fish form, and a rare moment of speculation about the 
evolutionary transition from aquatie to terrestrial life. 
The initial relatively simple analysis is followed by an 
admission of the great difficulties inherent in a three- 
dimensional study of movement in a disturbed fluid 
medium. 

A survey of the mechanical principles involved in the 
support and motion of & terrestrial quadruped precedes 
& chapter devoted largely to the terrestrial locomotion of 
urodeles and anura. This section contains an account of 
an elegant series of experiments designed to reveal the 
neuromuscular co-ordination that leads to the orderly 
sequence of limb movements of the amphibian when on 
land. 

The increase in propulsive force and speed of movement 
of the reptiles is shown to be associated with the increased 
ability of the stable pectoral girdle to transmit force to 
the vertebral column. The four types of terrestrial pro- 
gression used by snakes are also carefully analysed. 

The flight of birds is introduced by a discussion of the 
aerodynamics of gliding and soaring before the complex 
problems presented by active propulsive flight are ex- 
plored. This latter section is largely based on the work 
of R. H. J. Brown on the flight of pigeons. The chapter 
on mammalian locomotion is in some ways disappointing. 
The emphasis lies on cursorial animals the repetitive gait 
of which is amenable to accurate observation and record- 
ing. The disappointment is due rather to the relatively 
stereotyped structure of the terrestrial mammals limb 
than to any failure on the part of the author. Where 
variety of locomotion is found in mammals it is often of 
a sudden, unpredictable or inconsistent nature and its 


(The World Naturalist.) 
(London: Weidenfeld and 
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uantitative study presents formidable difficulties. How- 
ver, aquatic locomotion and flight are given their 
lace. 

The final chapters are concerned with the locomotion 
f invertebrates. Among the arthropods the elaborate 
pecializations of the appendicular skeleton described by 
|, M. Manton have given rise to a wide range of locomotor 
haviour. The intricate morphology of the spider's 
nee, the myriapod coxal rock and the jump of Collembola 
erve as examples. In the absence of an internal or 
xternal skeleton, the annelids, nemertines and mollusea 
wovide new patterns of movement. The small size of 
ome of these and their slowness make them suitable for 
aboratory study and it is of interest to find that the 
nost slowly moving of all present the most subtle problems 
o solve. 

Despite the apparently widely differing types of loco- 
notion described in this book, the author is at pains 
hroughout to stress their basic similarities. He returns 
‘epeatedly to the fundamental laws that govern the 
itability and movement of a body and the morphological 
ind physiological features that determine the power out- 
yut of any musculo-skeletal system. The book will be of 
eat value to the biologist or engineer engaged in research 
nto locomotion or the practical application of muscle 
;»hysiology. I doubt if it is meat for the amateur naturalist 
is the series title under which it is published might 
suggest. E. C. B. Harr-CRAGGS 


OBITUARIES 


Professor S. V. Tyablikov 


Tne death has been announced of Professor Sergei 
Vladimirovich Tyablikov of the Steklov Mathematical 
Institute in Moscow. Tyablikov was a pupil of N. N. 
Bogolyubov and together they developed the now widely 
used two-time temperature-dependent Green function 
technique. Their original paper dealt with the Heisenberg 
ferromagnet and with their technique they were able to 
give an expression for the magnetization which was a 
good approximation for all temperatures in contrast to 
earlier approximation methods which dealt only with 
restrieted temperature ranges. This technique was further 
Jeveloped by Tyablikov and together with V. L. Bonch- 
Bruevieh he wrote a textbook on the subject. Although 
his early work also covered topics such as polarons, in 
recent years his chief interest was in the quantum theory 
of magnetism and his latest monograph, which has been 
translated into English, dealt with this topic. His early 
death is a great loss to his very active group in Moscow. 


Professor H. P. Berlage 


THe death occurred on March 3 in Utrecht of Professor 
Hendrik Petrus Berlage, the son of the well-known 
Dutch architect, at the age of 71. A geophysicist and 
meteorologist, Berlage, who was educated in Leyden and 
Zürich, spent many years in Batavia (now Djakarta) in 
Indonesia, and was also during that time professor of 
geophysics at Bandung. In 1951 he joined the Meteoro- 
logical Institute in De Bilt and from 1954 until his retire- 
ment in 1966 he was professor in meteorology, oceano- 
graphy, and climatology in Utrecht. He was a member of 
the Dutch Academy of Sciences. Outside meteorological 
cireles he was probably best known for his work on the 
origin of the solar system, work which was spread over 
about forty years. He was the first to show the import- 
ance of magnetic fields, long before Alfvén, and he was 
also the author of some popular books on the subject; 
the latest of these is about to be published in English. 
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Announcements 


The £300,000 recently given by the Wolfson Foundation 
to the Lister Institute is to be used for the purpose of 
building a new wing. It is hoped that the investigations 
to be carried out there will concern particularly the role 
of cellular factors in immunity to infection, and the 
relationship of such factors to the antibody forming 
mechanism. Although other laboratories are engaged 
in similar work, many bacterial and viral infections 
remain to be studied and protozoal infections have hardly 
been touched. The new department will be well placed 
to collaborate with the existing departments of bio- 
chemistry, biophysics, experimental pathology, micro- 
biology and virology at the Chelsea laboratories and with 
the production and research departments at Elstree. 


The American Physical Society High Polymer Physics 
Prize has been awarded to Dr Arthur V. Tobolsky, 
Higgins professor of chemistry at Princeton University, 
and the Oliver E. Buckley Solid State Physics Prize 
has been awarded to Dr J. Robert Schrieffer, Mary 
Amanda Wood professor of physies at the University of 
Pennsylvania. Both prizes were presented in recognition 
of theoretical and experimental advances in the study of 
solid materials. 


The Ernest Orlando Lawrence Memorial Award 
for 1968 is to be awarded by the US Atomic Energy Com- 
mission to the following : Dr James R. Arnold, professor 
of chemistry, University of California at San Diego ; 
Dr E. Richard Cohen, associate director, the Science 
Center, North American Rockwell Corporation; Dr ValL, 
Fitch, professor of physics, Princeton University; Dr 
Richard Latter, RAND Research Council, the RAND 
Corporation; Dr John B. Storer, deputy director, 
Division of Biology and Medicine, US Atomic Energy 
Commission, Washington DC. The awards are being 
given for contributions in the field of atomie energy. 


CORRESPONDENCE 


New Name for the Kilogram 


Sim,— The kilogram is the basic unit of mass which is 
recommended for the SI system of units and adopted by 
the Royal Society Conference of Editors?. In this system 
the six basic units are abbreviated: m, kg, s, A, ^K and ed. 
Fractions and multiples of units are denoted by adding 
a prefix (milli, kilo, etc.) to the name and a corresponding 
abbreviation (m, k, etc.) to the symbol. This part of the 
system, however, contains an absurdity (see page 7 of 
ref. 1) associated with having the multiple name kilo- 
gram for a fundamental unit. Hence an entirely new 
name and symbol for the kilogram is essential for the 
smooth introduction of the SI system. 

It is important that the symbol should agree with the 
initial of the name and be expressed as a single letter 
(such as m for metre, s for second). The symbol should 
avoid confusion with other well used units and also with 
any of the prefix symbols (k for kilo, ete.). In order to 
choose the symbol, I have set out the whole alphabet in 
Table 1 and considered the main contenders for confusion 
against each letter. 

The symbols least likely to cause confusion are (in 
order) q j b v w z r. Of those, q seems safer than any 
other. An effort to derive à name commencing with q 
and having some natural association with kilogram led 
to quram or qurram. This name sounds something like 
kilogram and might be considered for general use. 
From the initials, j, v, w, z, or r, I could devise no names 
with any promise of success. 


Table 1 
Symbol Contenders for confusion 
a,A atto, atomic unit, Ampere, Astronomical unit. 
b barn. 
ec centi, velocity of light, candela, Coulomb, °C. 
d deci, deka, degree, differential. 
e electrons, exponential, eV. 
LE fento, Farad. 
gG gramme, Giga, Gauss. 
h. H hour, hecto, quantum unit, Henry, 
i imaginary, unity, roman numeral, l}, j. 
id i, Joule. 
kk kilo, general constants, ^K. 
i litre, lumen, lux, unity, i. 
m, M milli, metre, minute. electron mass. Mega. 
n, N nano, Newton, 
o zero. 
pP pico, parsec, Poise. 
q quantum. 
r radius, radian. 
5 second. 
CT tonne, time, Tera, Tesia. 
u units in general. 
v, V velocity, Volt. 
wW weber, Watt. 
x, X variable, coordinate, N-ray units. 
y year, variable, coordinate. 
E variable, coordinate, 


b, however, allows the use of the Greek baros for 
weight. This at once leads to the name baram or barram. 
implying à heavy gram. The symbol b would clash 
with barn, but confusion eould be avoided by changing 
the barn abbreviation to bn. I think the new name 
should be pronounced with short vowels. The word 
eonnotes kilogram reasonably well and may be accept. 
able. 

Any name would need careful investigation before 
adoption. 

Yours faithfully. 


C. W. ALLEN 


University of London Observatory. 
Mill Hill Park, 
London, NW7. 


! Metrication in Scientific Journals, Royal Society (Jan., 1968)—see Nature, 
216, 1272 (1967). 


Alcohol in Body Fluids 


Sin,—1t has been reported by Payne, Hill and Wood! in a 
recent publication that ethyl aleohol does not distribute 
itself uniformly between the plasma and red cells of the 
blood. Furthermore, the implication of this significant 
observation has been commented on in the New Scientist. 
Here it is pointed out that the method of taking samples of 
capillary blood by a pin prick may lead to gross errors and 
that for the accurate determination of alcohol concen- 
tration in blood only direct analysis of venous blood could 
suffice. 

In Northern Ireland, blood and urine have been analysed 
for aleohol content in cases of drinking drivers since 1959. 
A paper published by this department in 1965 dealt with 
concentrations of alcohol in samples of blood and urine 
taken at the same time’. The practice in Northern Ireland 
is for the Department of Industrial and Forensic Science 
to provide each police station with the equipment for the 
examining doctor to take both blood and urine. The blood 
pack consists of an envelope containing a sterile disposable 
plastic syringe (10 ml.) and two bijou bottles (5 ml.) 
prepared as recommended by the British Medical Associa- 
tion. Each bottle is sealed with a viscap and peeler and 
the date of preparation is stamped on thelabel. Afterthe 
blood is placed in the bottles they are sealed with adhesive 
tape and sealing wax bearing a distinctive embossed 
impression. This procedure of taking and sealing blood 
samples has been in use since 1959 and has operated very 
satisfactorily. There has been no adverse criticism over 
this period. 

In my paper? the analytical results of 224 “drunk in 
charge" cases in which simultaneous samples of blood and 
urine were taken were examined. The object of this study 
was to investigate the relationship of a blood aleohol 
concentration derived by ealeulation from a random 


NATURE, VOL. 218. APRIL 13, 196€ 


sample of urine with the actual concentration of alcoho. 
in the blood. The result of this investigation indicatec 
that it was an unsatisfactory procedure to caleulate the 
blood aleohol concentration from a random specimen of 
urine. 

The urine : blood ratio and the urine : breath ratic 
have been discussed by Drew, Colquhoun and Long*. It 
was shown that there was some disagreement about these 
ratios and that they vary even for one individual under 
different conditions. This was taken into consideration im 
the Road Traffic Act (Northern Ireland) 1964 and it was 
not made a requirement that the concentration of aleohol 
in body fluids which are not blood should be converted by 
calculation into a blood alcohol figure. The certificates of 
analysis state only the concentrations of aleohol in the 
speeimens submitted for analysis. 

Urine, however, can provide most useful information in 
the ease of the drinking driver. Urine has the great 
advantage that samples are easy to collect and do not 
require the attendance of a medically qualified person. 
'The eoncentration of aleohol in the urine gives a fairly 
good indieation of a person's previous drinking and 
fitness to have control of a motor vehicle. This will be 
apparent from the table of results in my paper’. It should 
be appreciated that these urines examined were random 
samples and the bladder had not previously been voided. 
Carpenter® reviewed the literature on the effects of alcohol 
with special reference to skills in driving motor vehicles 
and concluded that all the authorities are in agreement 
that ability to control a motor vehicle is impaired at 
relatively low alcohol levels. 

When statutory limits are introduced dealing with con- 
centrations of aleohol in the body, it is most important to 
specify the body fluids to be used and also the concentra- 
tion of alcohol in each fluid, for this procedure will 
eliminate calculations involving the use of conversion 
factors which of necessity involve making assumptions. 
The innocence or guilt of a person will be dependent 
primarily on the alcohol content of the specified fluid. The 
actual concentrations of alcohol in the body fluids which 
are chosen for the statutory levels will be influenced by 
clinical findings and statistical analysis of accidents, but 
the final decision is to some extent empirical. Once this 
is decided, however, and the levels are clearly defined, 
when it becomes law there can be no injustice if a person 
is found with a concentration of alcohol above the specified 
limit. 

While we are satisfied that it is a very unsatisfactory 
procedure to convert a urine aleohol concentration into a 
blood alcohol figure by calculation, nevertheless it would 
appear from our results that if the blood alcohol level is 
defined as 80 mg/100 ml., then the level of 107 mg/100 ml. 
is not an unreasonable one to accept for the urine. It 
should be remembered that the choice of this value is 
empirical and the important factor is that there is a 
clearly defined urine alcohol level. 

The essential consideration to be borne in mind when a 
statutory limit is introduced is that the analytical results 
must be aceurate and reproducible. 

Professor Payne's ar is most informative on the 
distribution of aleohol in the blood and his suggestion of 
using plasma : breath and urine : plasma ratios merits 
further attention and consideration. 





Yours faithfully, 
W. H. D. Morgas 


Department of Industrial and Forensic Science, 
5-11 Verner Street, 
Belfast, Northern Ireland. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
Wednesday, April 17 


MINERALOGICAL SOCIETY (in the Geology Department, The University, 
ier Park, Reading)—Conference on “Petrology of Peralkaline 
ocks", 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
2.30 p.m.— Discussion Meeting on "Views on Relativity and Gravitation" 
ned by Dr L, Essen. 

SOCIETY OF INSTRUMENT TECHNOLOGY (at the A.E.L. Cinema, 33 Gros- 
mor Place, London, 8. W.1), at 6.30 p.m.—Annual General Meeting. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
inster, London, SW1), at 6 p.m.—-Annual Meeting. 


Wednesday, April 17—Friday, April 19 


BIOCHEMICAL SOCrETY (at University College London, Gower Street, 
ondon, WCl; and Senate House, Malet Street, WCl)—481st Meeting, 
T H. G. Khorana: "Synthesis of the Nucleic Acids" (Fourth Jubilee 
ecture); Annual General Business Meeting followed by an Ordinary 
eeting; Symposium on ""Porphyrins and Related Compounds”. 


Thursday, April 18 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
wrlington House, Piccadilly, London, W1)—Protessor A, Rényi: "Some 
vemarks on the Large Sieve”. 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
urlington House, Piccadilly, London, W1), at 5 p.m.—Dr G. J. S. Govett, 
nd Dr W. E. Hale: “Geochemical Orientation and Exploration near à 
dsseminated Copper Deposit. Luzon, Philippines"; Mr I. R. Muirhead and 
[Ir L. G. Glossop: "Hard Rock Tunnelling Machines"; Mr O. G. Griffin: 
Mine-Rescue Breathing Apparatus: Consideration or Requirements, 
xisting Designs and Recent Developments”. 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
71), at 5 p.m.—Dr,G. de Q. Robin: "Ice Sheets and Ice Ages"; Dr R. G. 
Test: “The Biological Consequences of Glaciation”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W1), at 
30 p.m.—Mr G. G. MacAdam: ‘Aircraft Fuelling in the Concorde Age". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
t 5.80 p.m.—Mr J. Prest and Mr R. F. Rissone: “Bundle Conductors on 
irid Lines in England and Wales”. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Auto- 
atic Control Group of the I.Mech.B. and the Institute of Measurement and 
'ontrol, at Savoy Place, London, WC2), at 5.30 p.m.— Discussion Meeting 
m “What Theories are Needed for Computer Control ?” opened by Professor 
t, G. Heath, Mr G. E. Munns, Mr M. W. Sage and Mr A. J. Ward. 


OW AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (at the 
triterian-in-Piccadilly, London, W1), at 6.30 p.m.—Annual General Meeting. 
Thursday, April I8—Friday, April 19 


LUTON COLLEGE OF TECHNOLOGY (at Park Square, Luton)--Symposium on 
‘Chemotherapy; Prospects of a Molecular Basis". Chairman: Professor 
3, F. Gale, FRS. 





Friday, April 19 


SOCIETY FOR ELECTROCHEMISTRY (at the Royal School of Mines, Imperial 
Jollege of Science and Technology, Prince Consort Road, London, SW7)— 
Annual General Meeting and Technical Colloquium on “Mass Transport in 
Electrode Processes". 


SocrETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Belgrave 
iquare, London, SW1), at 6 p.m.—Annual General Meeting, followed by 
Dr R. M. Evans: "New Products— New Profits”. 


Monday, April 22 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, WC2), 
at 6 p.m.—-Professor Joan Robinson: “China Today—-Economic Organiza- 
sion” (last of three Cantor Lectures). 


Monday, April 22—Wednesday, April 24 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2) 
—Conference on "Interference Problems Associated with the Operation of 
Microwave Communication Systems". 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

ASSISTANT LECTURER/LECTURER (preferably with research and teaching 
nterests in the physiology or biochemistry of higher plants) IN BIoLOGY— 
The Secretary (N.A.T.), University of Stirling, Stirling, Scotland (April 19). 

ASSISTANT LECTURER IN CRYSTALLOGRAPHY-—-The Secretary, Birkbeck 
College (University of London), Malet Street, London, WC1 (April 23). 

DEPUTY LIBRARIAN (science graduate preferably with some training or 
axperience as librarian or in scientific reference work) ofthe SCIENCE LIBRARY, 
LONDON—Staff Recruitment Department, The British Council, 65 Davies 
Street, London, W1, quoting Ref. G/6A10 (April 24). 

ASSISTANT LECTURER (preferably with an interest in plant physiology) in 
the DEPARTMENT OF BOTANY—The Secretary, The University, Dundee, 
Scotland (April 27). 

LECTURER to be concerned with STRUCTURAL GEOLOGY (Regional Struc- 

ture) in the DEPARTMENT OF GEoLOGY—The Registrar, University of 
Bristol, University Senate House, Tyndall Avenue, Bristol, 2 (April 27). 
_ PRINCIPAL LECTURER (with high academic qualifications and experience 
in teaching at undergraduate level, and a higher degree in one of the areas of 
sociology) in Soctoroay— The Principal, Lanchester College of Technology, 
Priory Street, Coventry (April 27). 
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SENIOR or PRINCIPAL BIOCHEMIST (with a Ph.D. and preferably experience 
in protein biochemistry related to immunology) to be in charge of à new 
laboratory in the Department of Rheumatology— The Director of Rheuma- 
tology, The Robert Jones and Agnes Hunt Orthopaedic Hospital, Oswestry, 
Shropshire (April 27). 

ASSISTANT LECTURER (with a degree in a biological subject and preferably 
with interests in neurophysiology) in the DEPARTMENT OF BioLOGY- 
Professor G. Chapman, Queen Elizabeth College (University of London). 
Campden Hill Road, London, W8 (Apri! 29). 

CHAIR OF PURE MarTHEMATICS— The Registrar, 
"Wales, Aberystwyth (April 30). 

LECTURER/ASSISTANT LECTURER in the DEPARTMENT OF APPLIED MATHE- 
MATICS—The Registrar, University College of Wales, Abe 

LECTURER IN ANIMAL PRODUCTION in the DEPARTMED 
AND HORTICULTURE—The Registrar, The University, 1 
2RD (April 30). 

LECTURER IN ORGANIC CHEMISTRY—The Secretary 
Court, The University, Glasgow (April 30). 

LECTURERS (2) (honours graduates in electronics, electrical engineering or 
physics and interests in one of the following fields: automatic control: 
circuit theory; pulse techniques) in the DEPARTMENT OF ELECTRONIC 
ENGINEERING—The Registrar, University of Hull, Hull (April 30), 

DEMONSTRATORS (2) IN PHYSICAL CHEMISTRY— The Registrar, University 
of Nottingham, University Park, Nottingham, NG7 2RD (May 1). 

LECTURER or AS ANT LECTURER in PHYSICAL O NoGRAPHY-- The 
Registrar, University College of North Wales, Bangor, North Wales (May 1). 

LECTURER or ASSISTANT LECTURER in STATISTICS in the DEPARTMENT OF 
MATHEMATICS— The Secretary, The University, Dundee, Scotland (May 1). 

LECTURER (with a degree in agriculture or veterinary science and preferably 
a postgraduate degree in animal husbandry and experience in animal! hus- 
bandry under rangeland conditions) in ANIMAL HUSBANDRY; and a LEO- 
TURER (with special interests in one or more of the following fields: ecology, 
angiosperm taxonomy, cytogenetics, algae or physiology) in BOTANY at 
University College, Nairobi (University of East Africa)— The Inter-Uni- 
versity Council, 33 Bedford Place, London, WC1 (May 1). 

PROFESSOR (with a recognized veterinary degree, a postgraduate quali: 
fication in animal physiology, and preferably research interests in ruminant 
physiology) of VETERINARY PHYSIOLOGY and BIOCHEMISTE at University 
College, Nairobi (University of East Africa)—-The Inter-University Council, 
33 Bedford Place, London, WC1 (May 1). 

LECTURER in BIOLOGICAL CHEMISTRY—The Registrar, University of 
Manchester, Manchester, 13, quoting Ref. 51/68/Na (May 3). 

LECTURER in VETERINARY MICROBIOLOGY at the University of Queensland, 
Australia— The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW] (London and Brishane, May 10), 

LECTURER/SENIOR LECTURER in ZOOLOGY at the University of Queens- 
land, Australia—The Association of Commonwealth Universities (Branch 
Ofce), Marlborough House, Pall Mall, London, SW] (London and Brisbane, 

ay 10). 

LECTURER or ASSISTANT LECTURER in the DEPARTMENT OF PeYCHOLOGY— 
— The Registrar, University College of North Wales, Bangor, North Wales 
(May 15). 

P. N. RUSSELL CHAIR of MECHANICAL ENGINEERING at the University of 
Sydney, Australia— The Association of Commonwealth Universities (Branch 
Qi) Mariborough House, Pall Mall, London, SW) (Australia and London, 
May 20). 

SECRETARY-GENERAL (with high attainment in a scientific discipline, 
research or development experience and administrative ability) to the 
recently established National Science Couneil—Civil Service Commission, 
45 Upper O'Connell Street, Dublin 1, Republic of Ireland (May 20). 

CHAIR OF MATHEMATICS (Pure Mathematics) at the University of Sydney, 
Australia—The Secretary-General, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, Swi 
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DEPARTMENTAL DEMONSTRATOR in IGNEOUS AND METAMORPHIC PETROIOGY 
raiogy. 







3 TICS, CROP PHYSIOLOGY 
University College of Wales, Aberyst- 


wyth. 
SENIOR TECHNICIAN in BIOCHEMISTRY in the DEPARTMENT OF BIOLOGICAL 
Screxcrs to take charge of the technical services of the BIOCHEMISTRY 


SECTION of the DEPARTMENT—The Registrar, Ewell County Technical 


College, Reigate Road, Ewell, Surrey. 
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The Zoological Record. Vol. 102, Section 4 (1965): Coelenterata. Compiled 
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A sample of forthcoming papers 


Hexadeca-4,7,10-trienoate, eicosa-8,11,14-trienoate, 

docosa-10,13,16-trienoate and docosa-6,9,12,15-tetra- 

enoate metabolism - H. Sprecher (Columbus, USA) 

B-Oxidation of geometric isomers of A? +}? octadecadien- 

oic acid - R.L. Anderson (Cincinnati, USA) 

Distribution of long-chain fatty-acid-activating enzymes in 

the rat - S. V. Pande & J.F. Mead (Los Angeles, USA) 

Propionylcarnitine: physiological variations in 

. Bøhmer & J. Bremer (Oslo, Norway) 

Acetyl-CoA carboxylase in lactating-rabbit mammary gland 
- DJ. Easter & R. Dils (Birmingham, UK) 

Acetyl transport mechanism: metabolism of N-acetyl-L 

aspartic acid in the non-nervous tissues of the rat 
- M. Benuck & A.F. D'Adamo (Bronx, USA) 

Effect of arachidonic acid on the microsomal desaturation 

of linoleic acid - A.M. Nervi, R.R. Brenner & R.O. Peluffo 
(La Plata, Argentina) 

Long-chain and polyunsaturated acid incorporation into 

phosphatidate and phosphatidylcholine - E.E. Hill & 
W.E.M. Lands (Ann Arbor, USA) 

The sphingolipids of freshwater mussel spermatozoa 
S. Higashi & T. Hori (Otsu, Shiga, Japan) 

Purification and properties of cerebroside galactosidase 
D.M. Bowen & N.S. Radin (Ann Arbor, USA) 

Biosynthesis of cortisol from 38,17a,21-trihydroxypregn 

-S-en-20-one by intact human foetus at midpregnancy 

J.R. Pasqualini, J. Lowy, N. Wiqvist & E. Diczfalus) 

(Stockholm, Sweden) 
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APPOINTMENTS VACANT 


LONDON HOSPITAL 


MEDICAL COLLEGE 
(UNIVERSITY OF LONDON) 


PHYSIOLOGY DEPARTMENT 
NEONATAL RESEARCH GROUP 


Applications are invited from medical 
graduates at JUNIOR LECTURER/LEC- 
TURER level. The successful candidate 
will also be given the opportunity to 
undertake some teaching duties, Initial 
salary will be according to qualifications 
and experience within the following grades: 
Junior Lecturer, £1,415/£1.775 plus £60 
London Allowance; Lecturer, £1,895/£2.630 
pius £60 London Allowance. The appoint- 
ment will be eligible for superannuation 
either under the F.S.S.U. or NHS. Fur- 
ther information may be obtained from 
Professor K, W. Cross, 

Applications, in duplicate, together with 
names of two referees, to the Secretary, 
The London Hospital Medical College, 
Turner Street, London, E.l, by May 13. 

(1462) 





METABOLIC REACTIONS RESEARCH 
UNIT 


SENIOR ANIMAL 
TECHNICIAN 


required to assist in experimental animal 
projects and to supervise the routine run- 
ning of the laboratory animal house. Ex- 
perience in animal husbandry essential. A 
Home Office licence and Associateship of 
the Institute of Animal Technicians, to- 
gether with some laboratory experience, 
would be an advantage. Good prospects 
for keen, enthusiastic worker. Salary (in- 
clusive of London weighting) according to 
age, qualifications and experience, within 
the range of £904 to £1,131, 

Applications in writing to Departmental 
Superintendent, Biochemistry Department, 
Imperial College, London, S.W.7. (1464) 


UNIVERSITY OF GLASGOW 
RESEARCH VACANCIES 
DESALINATION RESEARCH 
MECHANICAL ENGINEERING 
DEPARTMENT 
SCHOOL OF APPLIED THERMODYNAMICS 


Applications are invited from research workers, 
preferably with experience in related fields, to 
work with Prof r R S. Silver on funda- 
mental thermodynamic and hydrodynamic studies 
relating to desalination. The work is supported 
by the Science Research Council. Experience in 
two-phase flow, heat and mass transfer, process 
engineering, condensation and evaporation, 
studies of turbulence, and the like will be rele- 
vant. Vacancies exist in the Lecturer and Assist- 
ant Lecturer grades, Salary scales: Lecturer, 
£1,470 to £2.630 per annum ; Assistant Lecturer, 
£1.105 to £1,340 per annum. F.SS.U, 

Anpiications (eight copies for a Lectureship, 
three copies for an Assistant Lectureship), should 
be jodged, not later than May 6, 1968, with the 
undersigned from whom further particulars may 


be obtained. 
ROBT. T. HUTCHESON, 
Secretary of the University Court. 
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Wanted immediately 


SEVEN ZOOLOGISTS 


To teach at the undergraduate and graduate levels and to 
carry out research in one of the fields of, entomology, 
fisheries, marine biology, parasitology, radiation biology, and 


wildlife biology. 


Rank and salary are entirely commensurate with experience. 
A successful record in research would be an asset. Candi- 
dates may be appointed by July 1st, 1968. 


Professor K. Ronald, 
Chairman, 

Department of Zoology, 
University of Guelph, 


Guelph, Ontario, Canada. 
(1433) 


GOVERNMENT OF NORTHERN IRELAND 
Senior Scientific Officer/Scientific Officer 


Applications are invited for pensionable post in Chemical Research Division, Ministry 
of Agriculture, 


Qualifications : 
First- or second-class Honours degree in (a) Chemistry, with suitable post-graduate 
experience, or (b) Soit Science or Agricultural Chemistry, with post-graduate experience. 


The successful candidate will be engaged in chemical research probiems associated with 
Dlants and soils and may be required to undertake teaching duties in the Faculty of 
Agriculture, Queen's University, Belfast, — Facilities are available for registration for a 
higher degree. Preference for ex-Service candidates 


Salary Scales : 
Senior Scientific Officer £1,744 ~ £2,155 
Scientific Officer £926 — £1,574 
Grading and starting salary will be related to qualifications and experience. 


Application forms, obtainable from the Secretary, Civil Service Commission, Stormont, 
Belfast, BT4 3SZ, must be returned by May 3, 1968, Please quote SB34/68/64. (1467) 


THE COTTON SILK AND 
MAN-MADE FIBRES RESEARCH ASSOCIATION 


SHIRLEY INSTITUTE 


RESEARCH CHIEF 
EXECUTIVE 


Consequent upon the impending retirement of the present Director, Dr. D, W. Hill, 
C.B.E., the above Association intends to appoint a new Director who will be its chief 
executive officer responsible for promoting, managing and co-ordinating the entire 
range of the Association's activities, Applicants for the post should have an honours 
degree and substantial research experience including the management of a major 
R & D operation. Knowledge of the appropriate sections of the textile and fibres 
industries, though not essential, would be an advantage, 

The Shirley institute is one of the larger research associations and has an international 
reputation, |t is supported by its industries and by a Government grant and carries 
out a considerable volume of contract research, The salary, which is negatiable, will 
be commensurate with the importance and responsibilities of the post, and attractive 
superannuation arrangements are provided. 

Applications, including the names of at least two referees, should be addressed to: 
The Chairman (DIR), The Cotton Silk and Man-made Fibres R.A., Shirley 
institute, Didsbury, MANCHESTER, 26, and should reach him not later than 
May 3ist. (4408) 
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FORESTRY 


Foresters are frequently required to work for the governments of 
the developing countries and racancies arise continuously. 


Starting Salaries within the ranges quoted are assessed on 
qualifications and length of relevant experience and the terms of 
most appointments include free or subsidised accommodation, 
education grants, family passages, good leave on full pay, etc. A 
contributory pension scheme is available in certain circumstances. 


Most appointments are limited to nationals of the United Kingdom 
or the Irish Republic who are normally resident in those countries. 


BRITISH SOLOMON ISLANDS 
PROTECTORATE 


Forestry Officer 
RC 324/27/01 


Duties: Timber utilization research work, but may be required for normal 
forestry officer duties. 


Qualifications and Terms: A degree in forestry. Basic salary $A. 2,232- 
4,272 p.a. (£ Sterling 1,042-1,994 p.a.). An inducement allowance, normally 
tax free, in the range £ Sterling 716-1,160 p.a. is also payable by the British 
Government direct to an officer's home bank account. Terminal gratuity 
25%, of basic salary plus inducement allowance or a terminal payment of 
5 or 6 days gross salary for each month of resident service. Contract 2 years 


FIJI 


Assistant Conservator of Forests 
RC 324/62/01 


Duties: To administer a field division, after a short period as understudy, 


Qualifications and terms: A recognised degree in forestry. Basic salary 
£F1,092-2,181 p.a. (£ Sterling 1,045-2,087 p.a.). In addition an inducement 
allowance, normally tax free, in the range £ Sterling 508-829 p.a. is also 
payable direct by the British Government into the officer's home bank 
account. Terminal gratuity 25°, of basic salary plus inducement allowance, 
Contract 2} or three years 

















TANZANIA 


Forest Research Officers (3 posts) 
RC 324/267/03 


Duties: Post A. Tree breeding of hardwood and softwood species 


Post B. Survey of forest pathogens and implementation of disease 
control measures. 
Post C. Inventory studies, compilation of volume and yield tables 
design and layout of experiments, analysis of data 
Qualifications and Terms: Degree in Forestry with specialization in the 
disciplines involved. Basic salary scale E.A. Shs. 27,480-33,000 p.a. (É 
Sterling, 1,603-1,925 p.a.) An inducement allowance, normally tax free, 
ranging from £ Sterling 1,038-1,140 p.a. is also payable by the British 
Government direct to an Officer's bank account outside East Africa 
Terminal gratuity 25%, of basic salary plus inducement allowance. Contract 
21-27 months 


Forest Research Officers 
RC 324/267/04 


Duties: To investigate methods of establishing conifers and other species 
in different ecological zones. Progeny, provenance, thinning and weed 
control trials are involved. 

Qualifications and Terms. Degree in forestry with specialization in silvi- 
culture, Basic salary E.A Shs. 14,040-26,2E0 p.a. (£ Sterling B19-1,533 p.a.) 
An inducement allowance, normally tax free, ranging from £ Sterling 696- 
1,029 p.a. is also payable by the British Government direct to an officer's 
bank account outside East Africa. Terminal gratuity 25%, of basic salary and 
inducement allowance. Contract 21-27 months 


Utilization Officer 
RC 324/267/01 


Duties: To assume full administrative and financial responsibility for the 
Utilization Section of the Forest Division. 

Qualifications and Terms: A degree in forestry or civil mechanical engineer- 
ing with approved experience in wood industries and an aptitude for re- 
search. Basic salary E.A. Shs. 33,200-36,CCO p.a. (£ Sterling 1,937-2,100 p.a.) 
An inducement allowance, normally tax free, ranging from £ Sterling 1,113- 
1,140 p.a. is also payable by the British Government direct to an officer's 
bank account outside East Africa. Terminal gratuity 25% of basic salary 
plus inducement allowance. Contract 21-27 months 


Senior Tsetse Officer 
RC 217/267/02 


Duties: Include responsibility for the Tsetse Research Unit, Dar-es-Salaam 
and control measures in certain regions. 

Qualifications and Terms: Degree in biology, zoology or entomology and 
at least 10 years’ experience in tsetse-fly contro! work preferably in East 
Africa. Basic salary E.A. Shs. 33,200-36,C00 p.a. (£ Sterling 1,937-2,1C0 p.a.) 
in addition an inducement allowance, normally tax free, ranging from 
£ Sterling 1,113-1,140 will be paid by the British Government direct to an 
officer's bank account outside East Africa. Terminal gratuity 25%. Contract 
21-27 months. 


Ij you wish to apply for any of these appointments, please write 
giving your full name, age and brief particulars of your 
professional qualifications and experience to the Appointments 
Officer, Room 348N, Ministry of Overseas Development, Eland 
House, Stag Place, London, S.W.1 


MINISTRY OF 
OVERSEAS 
DEVELOPMENT 


(1449) 
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PUBLIC SERVICE OF SOUTH AUSTRALIA 
The South Australian Museum 


CURATOR o FOSSILS 


SALARY: $A3285/5017 


DUTIES: 


Responsible to the Director for the conservation of 


collections of vertebrate and invertebrate fossils 
and the introduction of preservation techniques ; 
research upon vertebrate fossils ; recovery of fossils 
from known deposits and investigation of new sites = 
attend to public and technical enquiries. 


QUALIFICATIONS: 


Degree of Bachelor of Science. 


Some post- 


graduate work in Palaeontology desirable. 


Passages will be arranged. 


Leave conditions include recreation, sick, and long service leave. 


Superannuation fund available. 


Rental housing available. 


Further details about general conditions of appointment to the Public 
Service of South Australia and application forms can be obtained from : 
Agent General for South Australia, 
South Australia House, 


50 Strand, London W.C.2. 


Tel: 01-930-7471. 
(1442) 











experienced in 
pharmacological research? 








Fisons Pharmaceuticals wish to appoint a graduate in pharmacology (or 
a closely related discipline) with a few years research experience to the 
staff of the Pharmacology Department of its Research Laboratories. The 
department is wholly engaged on Research projects which include 
fundamental studies of human allergy. 


New laboratories are under construction in Loughborough, Leicestershire, 
and will provide first class facilities in a pleasant environment. 


Please write, giving brief details of age, qualifications and experience to 


ZA FISONS 


The Research Personnel 
Assistant (10), 

Fisons Pharmaceuticals, 
Holmes Chapel, Cheshire. 


(14203 





UNIVERSITY OF BELFAST 


ASSISTANT LECTURESHIP IN PURE 
MATHEMATICS 


The Senate of The Queen's University of 
Belfast invites applications for an assistant lec- 
tureship in Pure Mathematics from October 1, 
1968. The salary scale is £1,105 by £75 to 
£1,180 by £80 to £1,340 plus F.S.S.U. Initial 
placing on this scale will depend on experience 
and qualifications. d 

Letters of application. (one copy) giving the 
names of two referees, should reach the under- 
signed by April 16, 1968. Further particulars 
may be obtained from G, R, Cowie, M.A.. LL.B. 
J.P. Secretary of the University. (1457) 





UNIVERSITY OF BELFAST 


ASSISTANT LECTURESHIP IN APPLIED 
MATHEMATICS 


The Senate of The Queen's University of Belfast 
invités applications for an assistant lectureship in 
Applied Mathematics from October 1, 1968, The 
salary scale is £1,105 by £75 to £1,186 by £80 to 
£1,340 plus F.S.S.U. Initial placing on this 
scale will depend on experience and qualifications. 
Letters of application (one copy), giving the 
names of two referees, should reach the under- 
signed by April 20, 1968, 

Further particulars may be obtained from G. R. 
Cowie, M.A., LL.B., J.P. Secretary of the Uni- 
versity. £1324) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF DENTAL SCIENCES 


Applications are invited for the new post 
of Lecturer (1D in Dental Sciences. Appli- 
cants should possess an Honours degree in 
biochemistry and a Ph D, Post-doctoral 


experience in the application of radiobio- 
logical techniques to the field of mineral 


metabolism will be an advantage. 

Initial salary will be within the range of 
£1,470 to £2,270 per annum and will de- 
pend on age, qualifications and experience. 
The appointment carries benefits under 
F.S.S.U. 

Applícations (three copies) together with 
the names of three referees, should be sent 
by April 29, 1968, to the Registrar, from 
whom further particulars may be obtained, 
Please quoie Ref.: RV/436/N, (1423) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the post of LEC- 
TURER in the DEPARTMENT OF PHYSICS. 
The Successful applicant will be required to assist 
in building up a programme of research and 
plasma physics with special emphasis on experi- 
mental studies of plasma turbulence, to super- 
vise postgraduate students and 10 join in the 
norma! undergraduate teaching activities. Com- 
mencing salary according to qualifications and 
experience within the sca'e: £1,470 to £2,630 with 
Superannuation under the Federated Superannua- 
tion System for Universities, 

Application forms and conditions of appoint- 
ment may be obtained from the Registrar, The 
University of Manchester Institute of Science 
and Technology, Sackville Street, Manchester 1, 
to whom completed forms should be returned by 
May 6, 1968. (1450) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the post of 
DEMONSTRATOR in the Sub-Department of 
OPHTHALMIC OPTICS. The position would 
be suitable for candidates having a Special inter- 
est in Ophthalmic Optics, the Physiology of 
Vision, or Visual Psychology. Applicants should 
be graduates in relevant subjects, of two years 
standing, and the successful candidate will be 
encouraged to read for a higher degree. The 
appointment is initially for twelve months, but 
will be renewable with a commencing salary of 
£895 per annum rising to £945 per annum in the 
Second and subsequent years, and membership of 
the Federated Superannuation System for Uni- 
versities. 

Application forms may be obtained from the 
Registrar of the Institute, Sackville Street, Man- 
chester 1, to whom completed forms should be 
returned by May 13. (145D 





UNIVERSITY OF ABERDEEN 
CHIEF TECHNICIAN 


Applications are invited for the post of Chief 
Technician in the Department of Biological 
Chemisiry, Marischal College. Applicants should 
have a Higher National Certificate or equivalent 
qualification, and preference will be given to 
those who have had experience in a biochemical 
or similar laboratory, Duties will include the 
supervision of equipment and supplies and the 
training and direction of technical staff. Salary 
Scale : £1.294 to £1,475 with placing according to 
qualifications and experience. 

Applications, giving details of age, qualifica- 
tions and experience, and the names of two 
referees, shou'd reach the Secretary, Marischal 
College, Aberdeen, AB9 14S, by April 19, 1968, 
quoting Reference No. 60/68, (1469) 








FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 
Applications are invited for Lectureship in In- 
organic Chemistry. Salary:  Leone2.400 to 
Leone4,740 per annum (1 Leone = 10s. sterling; 
plus supplementation (normally tax-free) of £275 
t0 £350 per annum (sterling) for those designated 
under British Expatriate Supplementation Scheme. 
F.S.S.U. Various allowances ; family passages. 
Detailed applications (six copies), naming three 
referees by May 21, 1968, to Inter-University 
Council, 33 Bedford Place, London, W.C.4, 
from whom particulars are obtainable. (1456) 
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Will the School Curriculum Change? 


EvgRYBODY seems to be agreed that the British 
school curriculum should change, but few people 
would at this stage be prepared to guess what changes 
will eventually prove to be practicable. Estimating 
when students at schools are likely to reap some benefit 
is still more hazardous, although it now seems almost 
certain that more than a year will go by before anything 
like a full-blooded experiment with a new curriculum 
is mounted in the schools. In the circumstances, it is 
not unreasonable to hope that the universities, which 
seem collectively to be moving towards the doctrine 
of a broad curriculum in the schools, will sustain 
the pressure for change within the working group now 
being established. With a little luck, it may even turn 
out to be possible for the universities to make some 
headway towards this objective without waiting for 
the outcome of the wrangling that lies ahead, but 
without, at the same time, giving offence to the 
schools. 

By now, the issues are as plain as anybody could 
wish. The real goal is a radical broadening of the 
pattern of studies that has existed in the past few 
years at schools in England and Wales. (Scotland is 
a little more liberal in its arrangements.) As things 
are, students are usually required to decide at sixteen 
or even earlier what kinds of courses they will follow if, 
at. eighteen, they arelucky enough to win a place for 
themselves at a university. In the interval, they spend 
most of their academic time following a course of 
studies which ean rightly be regarded as, and which 
is in any case intended as, a deliberate preparation 
for the university course. This scheme is obviously 
unjust to the great majority of sixth-formers who 
find, when their careers at school are over, that they 
have not won university places for themselves. There 
are few who would solemnly defend these lopsided 
courses as a general preparation for the rigours of 
adult life. But fortunately there is now also a growing 
body of opinion which holds that the present arrange- 
ments are unfair even to those whose university 
aspirations are eventually satisfied. Not merely is 
there a case for asking that intending specialists 
should first be educated broadly but there is also 
growing evidence, much of it marshalled by the Dainton 
Committee, to suggest that school leavers would be 
more able to choose the careers which suit them 
best if they were not confined prematurely in a special- 
ist mould. But this case for a broader curriculum, 
complete in itself, is further strengihened by the simple 
recognition that the schools are increasingly hard pressed 
to provide the kind of specialist. instruction which the 
present arrengements appear to require of them. 


In the circumstances, it is hard to see how people 
can deny the virtues of the alternative curriculum 
which seems so far to have won most supporters in 
British universities—the notion that students bent on 
a university career should follow a broad course of 
studies in which there would be at least five components. 
Even if it were necessary to introduce some element of 
compulsion as a means of making sure that all courses 
of study are as broad as they deserve to be—and the 
Dainton proposals for compulsory mathematics are 
sensible if somewhat idealistic—there is no doubt 
that this would be educationally preferable to the mad- 
cap specialization which at present blights the sixth 
form. It may be true, as some of the schools complain, 
that the disappearance of specialist teaching from the 
sixth forms would probably persuade many specialist 
teachers to leave, but this is not an argument against 
change. And finally, of course, it is sheer humbug 
for the schools to pretend that present practices are 
sanctified by educational principles and. in particular 
by the Crowther dictum that secondary education 
should cover some things "in depth", for there is no 
reason to think that a broader curriculum would 
prevent students from following their special interests 
to interesting conclusions. 

The question therefore to be answered is how it can 
be arranged that change will come about. No doubt 
the joint working party of the Schools Council and the 
Standing Conference. on University Entrance will 
formally consider what steps should be taken to intro- 
duce a five-subject course of studies into the sixth 
forms of a handful of British schools. Given the 
competition for university places, the most immediate 
obstacle will be the need somehow to ensure that the 
students who are first saddled with the new curriculum 
are not handicapped by what their schools may fear 
will seem to some university departments to be inade- 
quate preparation. In the past few years, both the 
universities and the public examinations boards have 
been willing to collaborate with several innovations 
along these lines, but it is understandable that the 
schools should be unwilling to hazard the careers of 
their students without tangible assurances. In the 
circumstances, the chances are high that the joint 
working partly will find itself considering seriously the 
proposal that there should be a kind of two-tier sixth 
form curriculum, with five subjects in the first of the 
two years and only three in the second. One of the 
conveniences of this curriculum is that under the 
present arrangement, students wishing to go on from 
sehools to university are usuallv required to fill in 
their entry forms once the first. year of the sixth form 





214 


is over. If there has to be some compromise, this 
is probably a workable pattern with which to start, 
but it would be unfortunate if the working group, 
with the next twenty years of British education to 
think about, were to begin by paying too much atten- 
tion to such a halfway house 

But what else can be done? Wild talk of persuading 
the universities to change their rules for the admission 
of students, whatever the schools may say, is not 
merely foolish but unrealistic as well. The universities 
and the schools are both pensioners of the public 
purse, and it is unlikely that their joint paymaster 
would tolerate a headlong clash between them. In 
any case, university opinion, though liberally inclined, 
is hardly unanimous, so that a period of experiment 
with or demonstration of a broad curriculum would be 
essential. But is there anything to prevent one or 
two of the universities from mounting, in parallel with 
their existing arrangements for the admission of 
students, a scheme for admitting some proportion of 
their intake on a broader basis than is customary ? 


Should Malthus be Disinterred ? 


As many as three or four hundred million people in 
the underdeveloped regions of the world are suffering 
from varying degrees of malnutrition. The precise 
number is impossible to determine and there is no 
room for complacency. But is the position quite as 
gloomy as made out in the introduction to the report 
International Action to Avert the Impending Protein 
Crisis recently published by the United Nations ? 

At first sight, the report is another example of how 
the United Nations and its agencies have made a 
habit of adopting the most pessimistic Malthusian 
outlook on world food production lagging behind the 
rate of growth of world population. Presumably they 
believe that by continually emphasizing impending 
catastrophe they will further stir the consciences of 
the developed nations and mobilize greater inter- 
national aid for the developing countries. Certainly, 
with the United States supplying 97 per cent of all 
food and commodity aid, the other developed countries 
of the West have nothing to be proud of, but this policy 
may in fact have just the opposite effect to that in- 
tended. Repeatedly harping on the setbacks, forecast- 
ing disaster and crying wolf is a dangerous business. 
What has happened to the predicted famine in Bihar ? 

In the long run, it would be much wiser if the United 
Nations and its agencies, partieularly the Food and 
Agriculture Organization, were positively to encourage 
developed and underdeveloped alike by stressing the 
efforts that the developing countries are making to 
meet their own food requirements. 'To judge from a 
conference at Cambridge organized by the Ministry 
for Overseas Development last week, there are clear 
signs that the developing countries are averting the 
prospect of widespread famines and permanent mal. 
nutrition. Indeed, there was even talk at the conference 
of a world food surplus and a call for an expansion of 
rural industry in the belief that the chief problem in 
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There are a great many obvious variations on the bare 
bones of this scheme for making it work out in 
practice. One method, for example, would be to 
allow some universities to select a proportion of their 
student intake on the basis of the general examinations 
usuallv taken at sixteen together with some evidence 
of the more exaeting work in the following year at 
school. To make up for any lack of specialist prepara- 
tion whieh there may have been, students might be 
asked to spend an introductory year at their university, 
transferring from school at seventeen and not eighteen. 
Such a scheme would have the obvious advantages 
that nobody would be coerced into unwelcome 
choices. Universities, on the other hand, would be 
able to satisfy themselves about the intellectual fitness 
of those opting for the more general curriculum. With 
a little luck, there is every likelihood that what might 
seem a method of rapid entry to the universities 
would quickly acquire some of the prestige which 
attaches to the educational absurdity of a third year 
in the sixth form. 


the developing nations in the 1970s will not be mal- 
nutrition but mass unemployment resulting from 
changed agricultural methods. 

That may be too optimistic. But how often, for 
example, is publicity given to such things as the 
spectacular increase of wheat production in Mexico, 
which since 1947 has turned itself from an overall 
importer of wheat to an exporter (sce table)? The 
Mexiean Government, with support from the Rocke- 
feller Foundation, has financed the development of 
new strains of wheat which, in the last 10 years, have 
been the chief reason for the real breakthrough in 
wheat production (the yield per hectare has risen 
from 800 kilograms to 2,400 kilograms), and has found 
markets in several developing countries ineluding 
India, Pakistan and Turkey. In Pakistan, record 
harvests of wheat are expected, and the latest rice 
harvest inereased bv 14 per cent, chiefly because a 
new strain of rice, bred in Japan, has been intro- 
duced. By 1970, Pakistan expects to be self-sufficient 
in cereal production. 

In direct contrast to these encouraging developments 
and the view of the Cambridge conference, the tenor 
of the report on the protein gap, which has been pro- 


NATIONAL PRODUCTION, CONSUMPTION AND YIELD PER HECTARES 


OF WHEAT IN MEXICO 
(in metric tons) 

Yields Hectares 

Year Production Consumption per under 
hectares cultivation 

1947 422,000 700,000 08 758,457 
1960 1,190,000 1,089,197 14 834,214 
1961 1,401,910 1,109,746 1-68 836,538 
1962 1,265,526 1,141,766 1-95 747,728 
1963 1,702,989 1,211,156 2-08 819,210 
1964 1,526,613 1,316,077 2-06 742,680 
1965 2,088,004 1,184,954 2-46 846,784 
1966 1,550,471 1,467,361 2-44 635,544 
1967 2,400,000 1,800,000 2-63 861,000 
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duced by an ad hoc working group on protein of the UN 
Advisory Committee on the Application of Science and 
Technology to Development, is of impending and almost 
inevitable catastrophe. It is true that the report is 
based on evidence collected in 1965 and 1966 and that 
it deals with the production of high-class protein, not 
cereals. But cereals can be used as animal foodstuffs. 
It is not at all clear that the outlook is as bleak as the 
report suggests, even with the implicit but entirely 
proper assumption that, as the standard of living in 
the developing countries rises in the next 20 years, 
the daily demand for protein will rise well above the 
bare minimum for health and survival. 

That said, the report is right in calling for a much 
greater allocation of United Nations funds to the 
promotion of food production and in stressing the 
importance to underdeveloped countries of agricultural 
self-sufficiency. In general, the report claims that 
UN expenditure on food production should increase 
from about $20 million à year to $40 million a year 
during the next decade. 1t also asks that the general 
level of education in underdeveloped countries should 
be improved, effective agricultural and nutritional 
research institutes established, and international col. 
laboration greatly increased. 

The report contains fourteen specific proposals, with 
steps to improve the quality and increase the quantity 
of conventional foods at the top of the list. It also 
ealls for an increase in the production of fisheries and 
says that developing countries will have to devote 
more of their own resources to these things. A greater 
effort to reduce wastage of food by pests comes next 
on the list; the present level of expenditure by the 
UN agencies—chiefly the FAO—on these activities 
should be increased sevenfold to at least $1-5 million 
à year. 

The report also calls for a similar amount each year 
to finance research on improved strains and varieties, 
and an additional $20 million to invest in long-term 
projects in developing countries. Its other specific 
proposals, which include research into protein from 
micro-organisms, increased use of oil seed meals and 
improved agricultural and food science training, would 
cost about $25 million a year and, on top of that, 
about $40 million for long-term investment. 

Where is all this money to come from and how 
should it be administered ? There is a chance that a 
critical review of existing programmes in the United 
Nations could divert a greater share of the United 
Nations budget to food production, but there is no 
chance that all the money the committee would like 
to see expended on these schemes can be found by 
pruning existing projects. The working group is there- 
fore right to ask that there should be a serious study 
by the General Assembly of schemes for raising money 
on the necessary scale. Its own suggestion is the 
creation of a Protein Promotion Fund open to voluntary 
subscriptions—plainly the working group's optimism 
is tempered by a sad sense of reality. It will be interest- 
ing to see whether its schemes win the support they 
deserve. 


New Pugwash Venture 


Tue first of a series of technical symposia under the 
umbrella of the Pugwash organization was held in 
London last week. The decision that there should be 
symposia bringing together groups of 30 or 40 experts 
in a field to discuss particular subjects in disarmament, 
arms control and even other fields was taken at the 
Swedish Pugwash conference last September. The 
London meeting, concerned with the problems of the 
spread of nuclear weapons, was necessarily something 
of a test case. The meeting was organized by Dr C. F. 
Barnaby of University College Hospital Medical 
School. Both the organizers and the Pugwash organ- 
ization as such are probably heartened to see how well 
things went off. 

With the Draft Non-Proliferation Treaty now before 
the United Nations Assembly, it is inevitable that the 
proceedings in London should have been dominated 
by detailed discussions of the draft treaty. "The tenor 
of the discussions at the symposium was that the 
non-proliferation treaty should be signed by as many 
states as possible but that there are several steps which 
also need to be taken to control the spread of nuclear 
materials if the treaty is to be of lasting value. 

At the symposium, a number of working groups gave 
particular attention to detailed topics. A group 
concerned with the policies of reactor exporting 
countries pointed out that. although fast breeder 
reactors were likelv to be the primary producers of 
power in the future in industrialized areas, considera- 
tion should also be given to other methods of producing 
energy in less populated areas. On the non-prolifera- 
tion treaty as such, other working groups held that 
the nuclear powers should show some willingness to 
limit their own nuclear programmes if the treaty were 
to be of lasting value. Among partieular suggestions 
made were that the nuclear test ban tre: aty might be 
extended to cover all environments, that discussions 
of the limitation of strategic and defensive missile 
svstems should be held and that serious consideration 
should be given to a cut-off of production of military 
nuclear explosives. 





Canadian Comsat 


Tug Canadian Government proposes to establish à 
domestic communication system based on a syn- 
chronous satellite. The White Paper announcing this 
decision says that a government controlled corpora- 
tion will be formed to operate the satellite and ground 
stations. Satellites will be built in Canada and will 
contain channels for television, telephone and data 
transmission. 

Canada is not able to launch such a satellite herself. 
“It appears to be necessary therefore", the White 
Paper observes, "for Canada to negotiate with other 
countries to purchase the required launching services 
for the initial svstem". The "other countries" which 
might sell the Canadians a launching vehicle would 
seem to narrow down rather rapidlv to the United 
States. But the United States is already committed 
to Intelsat; whether it is willing to launch other 
people's communications satellites, or has even been 
consulted on the possibility of doing so, the White 
Paper does not say. 

The Canadian Government has made no secret of 
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its unhappiness with the present structure of Intelsat. 
The report submitted by its Science Council in July 
last year, 4 Space Program for Canada, referred to 
the "peculiar status" of Comsat, the private company 
which is to build and operate the Intelsat system but 
which is also subject to United States domestic juris- 
diction. "It appears unavoidable”, the report declares, 
“that a conflict of interest will arise. Inherent in this 
arrangement is also a tendency on the part of other 
committee members to be especially sceptical regard- 
ing Comsat's ability to maintain an objective point 
of view on questions where political or economic 
interests of the United States are involved.” 

Whatever the Canadians’ opinion of Comsat, there 
are several reasons why they wish to build their own 
satellite. A synehronous satellite offers considerable 
economies over conventional microwave networks for 
a country of Canada’s size and spread of population. 
The spin-off from building the satellites—a field in 
which Canada has already established her prowess 
with the Alouette satellites—is likely to bring important 
benefits to many sectors of Canadian industry. A third 
consideration is the limited number of parking sites 
for geosynchronous satellites. Procedures for establish- 
ing rights of occupation have not yet been defined, but 
if the allocation of radio frequencies is any precedent 
the rule is likely to be first come first served. There 
are not more than seven satellite parking sites suitable 
for Canadian domestic transmission and these are also 
of interest to other countries in North and South 
America. The Canadians wish to establish squatters’ 
rights with their satellite as soon as possible. 


Chemists discuss Management 


from a Correspondent 

THE Chemical Society, Royal Institute of Chemistry, 
and the Institute of Chemistry of Ireland held a joint 
annual meeting in Dublin from April 1 to 6. During 
the meeting, a symposium on “Management in the 
Science Based Industries" was held, the first of its 
kind to be organized by the learned and professional 
societies. The innovation proved highly successful, if 
measured by attendance from the members of both 
societies and by the volume of active diseussion pro- 
moted. Mr L. H. Williams (recently retired from 
Imperial Chemical Industries Ltd) and Mr H. A. 
Collinson (Borden Chemical Co. Ltd) emphasized the 
differences displayed in science based industries, in- 
cluding rapid obsoleseence of product and process, 
high eapital investment and above average calibre of 
staff. Penalties for misjudgment could be heavy, right 
use of capital very important and demands on organ- 
ization systems particularly exacting. Mr Collinson 
pointed out the dangers of the dogmatic use of rigid 
organizational methods in industries which must be 
constantly renewing their product lines and know-how. 

The importance of financial control in large industry 
was dealt with by Mr P. T. Menzies (ICI), who em- 
phasized the essential nature of a three to five year 
financial plan for proper allocation of resources—men, 
material and money. But he also warned the audience 
of the dangers of over-confidence—a rigid plan can 
rarelv include everything, and depends on constant 
evaluation and correction by experienced and able 
management staff. 

The special problems of the medium sized company 
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were considered by Dr D. A. Harper (Storey Bros); 
good organization and planning were essential, as in 
larger companies, but more limited resources exerted 
constraints which had to be recognized. The important 
role of personnel managers was demonstrated by Mr J. 
Hartley (Shell Chemicals UK Ltd), who stressed that 
the objectives of the modern personnel function were 
to have the right people in the right jobs at the right 
time and to ensure that they were properly remuner- 
ated. 

Research management in large organizations was 
exposed to some lucid analysis by Dr J. G. Colling- 
wood (Unilever) and Dr D. S. Davies (ICI). Com- 
munications demanded some formal organizational 
structure, but Dr Davies was sure that this should be 
unobtrusive and aimed at encouragement of the 
individual and his liberation from intelleetual con- 
straints. This part of the svmposium was effectively 
broadened by Sir Frank Warner's presentation of the 
proposed Anglesey aluminium smelter às a case study 
in his paper on the design and location of plant. 

The last afternoon of the symposium was given over 
to a vigorous discussion on the relationships between 
university courses in chemistry and the needs of 
industry, introduced by Dr A. G. Sharpe (Cambridge) 
and Dr J. W. Barrett (Monsanto Chemicals Ltd) in 
two short papers entitled, respectively, “Criticisms of 
Industry” and “Criticisms of the Universities”. These 
gave details of some of the findings of the compre- 
hensive survey of the RIC, which is nearing com- 
pletion. There seemed to be a healthy acceptance of 
many of the criticisms and these interim reports will 
be valued by many, as they are likely to be published 
many months before the full report. 


Computer Analysis of Salmon Migration 


A MODERN approach to the study of salmon migration 
has been started by a team led by Mr L. Stewart of 
the Lancashire River Authority and Professor W. E. 
Kershaw of the University of Salford. The project 
involves the use of a computer in a three year analysis 
of the factors involved in the migration of salmon to 
fresh-water rivers and those which might affect the 
fish on its return to the sea. The analysis appears to 
be the first of its kind in Europe and possibly in the 
world, and it is being helped by a grant of £4,000 from 
the Natural Environment Research Council. 

Data from a number of rivers will be fed into the 
computer at intervals of about a month. Physical 
factors which may be connected with the movement of 
salmon are being recorded, particularly river flow, air 
and water temperature, amount of light. water level, 
turbidity, colour, silt, dissolved oxygen, conductivity, 
acidity of water, wind and speed direction, humidity, 
barometer pressure and solar radiation. The first 
sets of data are now being processed into readable form 
for a programme. To begin with, the project is being 
confined to one river—the Lune in Lancashire. Later, 
it is hoped to extend the analysis to the Kent, the Leven 
and possibly other rivers. 

The information is being recorded electronically by a 
range of instruments installed at different places on 
the Lune and punched automatically into paper tape. 
In addition, special fish traps record all the fish swim- 
ming up or down the river. As the fish pass through 
an electric field, their movement is detected by instru- 
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ments in the trap, the design of which has been in 
use since 1963. 

A considerable amount of data on physical factors 
which may affect salmon migration has been accumu- 
lated by the Lancashire River Authority, other fishery 
boards and university groups. It has been shown, for 
example, that more fish move upstream during the 
dark than in the daylight, and they also tend to move 
more when the air temperature is lower than the water 
temperature. Mr Stewart’s department has also been 
getting interesting information on the mean water level 
in rivers necessary for migratory fish which apparently 
need deeper water than non-migratory fish. They have 
found, for example, that in the upper reaches of the 
Lune 26 miles from its mouth, and in the Leven only 
400 yards from tidal waters, salmon require a very 
similar mean water level. In other words, the fish 
appear to need the same water level in estuaries and 
at the head waters of a river. It is obviously important 
to know the minimum water level tolerated by migra- 
tory fish, for then it can be judged how much water can 
he extracted from salmon rivers for urban and indus- 
trial purposes. The fishing value of the Lune is well 
over £1 million, so that more than just the pleasure of 
the local angler is at stake. The computer analysis is 
also expected to help in other directions. It may show, 
for example, how the number of fish in British rivers 
is being affected by netting salmon off Greenland. 


Fertile London Zoo 


Ix 1967, for the third year running, attendances at the 
London Zoo exceeded two million. The council of 
the Zoological Society of London in its annual report 
attributes the high attendance to the attraction of the 
new buildings, to the general improvement of the exhi- 
bition and facilities for visitors and to an extensive 
advertising campaign and wide press publicity. At 
Whipsnade, the attendance of 588,825 was less than 





Two of the cheetah cubs born at Whipsnade in September. 


in 1966, but the wet weather in May was probably 
partly responsible for the decrease. 

Rebuilding at Regent’s Park and improvements at 
Whipsnade continue to make heavy demands on the 
society's financial resources. Capital expenditure 
during the year was £233,000. The accounts for the 
year show a small deficit, but the council has decided 
not to inerease the entrance charges for 1968. The 
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Charles Clore Pavilion for mammals, opened last year, 
is said to have been a great success, but its popularity 
with visitors has brought some unforeseen difficulties, 
in particular the problems of noise and crowd cont rol 
in the nocturnal section. Other works in progress are 
reported—the new combined sea-lion viewing stand 
and canine quarters building postponed from 1966 
should be finished this summer. 

The society is concerned to co-operate with other 
zoos in breeding projects. Its efforts on behalf of 
Chi-Chi, the giant panda, are well known. During 
1967 its male snow leopard was sent to Amsterdam 
Zoo where there is a single female of this compara- 
tively rare species. The chief breeding success of 
the year at Whipsnade was the birth in September 
of three cheetahs. The cubs, one male and two 
females, were left in their enclosure with their mother 
who has reared them entirely herself. This is the 
first time in Britain that cheetahs have been bred 
successfully and it is probably only the second time 
that cheetah cubs born in captivity have been reared 
by their mother. 

Details are given of the society's scientific activities 
and research projects. The staff of the Nuffield 
Institute of Comparative Medicine now numbers 47 
During the year the institute was designated by the 
World Health Organization as a collaborating centre 
for comparative pathology of non-domesticated verte- 
brates. Research at the institute included studies on 
viral and filarial disease in New World monkeys, 
trypanosomiasis, and nutrition in primates. Projects 
at the Wellcome Institute of Comparative Physiology 
included work on the reproductive cycle of the Skomer 
vole, problems of infertility in captive animals and 
reproduction in the chinchilla. The society's educa- 
tional programme for schools seems also to have been 
a success—the number of pupils attending lecture- 
demonstrations increased by about 18 per cent over 
the figure for 1966. Membership of the Young Zoolo- 
gists Club has also increased. 


Disease caused by Transfusion 


A RECENT study undertaken by Allan G. Redeker and 
Carl E. Hopkins of the University of Southern Cali- 
fornia School of Medicine and the Los Angeles County 
Hospital has shown that whole pooled serum often 
transmits the virus causing hepatitis. Out of 120 
patients studied over a period of three years, twelve con- 
tracted acute hepatitis within six months of receiving 
whole pooled serum, but not a single case occurred 
among patients receiving a control solution of five per 
cent serum albumin. The severity of this finding is 
further emphasized by the fact that the pooled serum 
in each case had been subjected to the method of 
sterilization normally used in the United States 
storage for six months at room temperature followed by 
treatment with ultraviolet irradiation. 

Pooling—the mixing of large quantities of plasma 
from the blood of many individuals—is used on a 
large scale in the United States, and it has been 
estimated that more than 300,000 units are adminis- 
tered annually. Serum is used primarily for severe 
burns and for transfusing to patients while they are 
waiting for their blood to be cross-matched. It was 
used extensively during the Second World War to 
revive and sustain the badly wounded. In view of 
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this new evidence, which is reported in the March- 
April edition of Transfusion, a committee of the 
National Research Council, Washington, DC, has 
recommended that the use of whole pooled serum “be 
discouraged or even discontinued". 

That the Americans use pooled serum at all is highly 
surprising because as far back as 1954 Murray et al. 
(J. Amer. Med. Assoc., 154, 1072) showed that storage 
at room temperature did not prevent the occurrence 
of hepatitis in three out of five volunteers. The danger 
of using pooled serum was further emphasized in 1955 
when Murray (Bull. NY Acad. Med., 81, 341) showed 
that injection of as little as 10-95 ml. of known infected 
plasma was capable of inducing an attack of hepatitis. 
Obviously the more donors the plasma is derived from, 
the greater the chance that one of them has hepatitis 
or is a carrier. 

According to Dr W. D. A. Maycock of the Blood 
Produets Laboratory, the American method has never 
been adopted in Britain because of the recognized dis- 
advantages. Instead, small pooled sera obtained from 
the blood of not more than ten donors are used. "The 
results of a survey in 1954 showed that hepatitis follow- 
ing transfusion occurred in one or two individuals per 
thousand and the method is therefore fairly safe. 

The virus can be killed by exposure to ultraviolet 
light, but unfortunately in practice it is difficult to 
sterilize the plasma without damaging the plasma 
proteins and the method is therefore of doubtful use. 
A survey carried out by the Medical Research Council 
in 1954 showed that four per cent of patients transfused 
with irradiated plasma contracted hepatitis. Hartman 
et al. have shown (Amer. J. Clin. Path., 94, 339) that 
B-propiolaetone can be used to enhance the effect of 
irradiation, but the conditions of treatment seem 
fairly critical. 

Hepatitis can also be transmitted by using im- 
perfectly sterilized syringes or needles. This is especially 
evident among drug addicts who use communal needles, 
as shown by H. B. Dull in 1961 (J. Amer. Med. Assoc., 
176, 413). 


Oxygen 


A HYPERBARIC oxygen bed has now been in use at 
the Westminster Hospital for 18 months for the 
treatment of acute myocardial infarction. There was 
some quiet crowing at Vickers last week when the 
impressive results with a small series of patients were 
announced. Thirty-seven of the forty serious cases 
of acute myocardial infarction survived. Post-mortem 
examination showed that two of the three deaths were 
caused by thrombosis of both main coronary vessels, 
which precluded survival. The cases were further 
analysed to show that of twelve patients with cardio- 
genic shock, ten survived. Pulmonary oedema was 
reversed in all of fourteen cases and, in thirty-six 
patients, atrial or ventricular arrhythmias or conduc- 
tion defects were reverted to normal, except for one 
case of complete heart block. 

At present, the mortality rate among ‘people ad- 
mitted to hospital with acute myocardial infarction 
is 30 per cent. The doctors at Westminster suggest 
that, as well as a 10 per cent reduction in this figure 
with intensive-care units, a further 10 per cent reduc- 
tion can be achieved if hyperbaric oxygen therapy is 
used. High pressure oxygen treatment has been used by 
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other doctors with less dramatic results. Dr A. J. V. 
Cameron and his group in Glasgow have treated 
patients in pressurized rooms, with pressurized oxygen 
given by mask. This method has had little success 
and there is scepticism as to just what future there is 
for hyperbaric oxygen treatment in heart disease. A 
full series of clinical trials will be necessary if the 
effectiveness of the Vickers bed is to be demonstrated 
convincingly, and proposals have been submitted to 
the Ministry of Health. 

The Vickers bed is an individual chamber looking 
rather like the cockpit of a racing car. Patients can 
sit or lie inside while oxygen is supplied to them at 
pressures of up to two atmospheres. The advantage is 
that in such individual compartments the patient is 
completely surrounded by oxygen and a mask is not 
required. At the hospital, patients are in the bed for 
up to two hours at a stretch, during which time the two 
most obvious symptoms of heart trouble, pains in the 
chest and difficulty in breathing, are relieved. Treat- 
ment of this kind is essentially of a first aid nature, 
providing oxygen to the tissues to maintain them in 
good condition until normal respiration is restored. 
After a heart attack the body tends to recover by itself, 
80 the effects due to the hyperbarie oxygen treatment 
alone are hard to assess. Clinical trials with controls 
would be helpful, but in this case it would be hard to 
deny the treatment to a specifie number of patients if, 
with the treatment, they would have a good chance of 
survival. 


Fish take to the Air 


AN air-lift of about 150,000 live fish from Lake Tan- 
ganyika to Lake Kariba, 700 miles away, has recently 
taken place. The project was organized for the Food 
and Agriculture Organization as part of a United 
Nations Special Fund project for boosting fisheries in 
the Kariba area. Lake Kariba is naturally stocked 
with fish, but it was decided that stocking it with out- 
side species might improve its fishery potential. 

A clupeid fish native to Lake Tanganyika, Limno- 
thrissa miodon, was chosen. It is a plankton-eating 
species, is very prolifie and sells well in Tanganyika. 

The operation of transporting the fish fry in water- 
filled containers began in July 1967. The organizer, 
Hubert Matthes, estimates that 60 per cent of the fry 
survived. A further 100,000 fry have been transferred 
by the Zambian Game and Fisheries Department. 
Sightings of schools of the small silvery fish have been 
reported by local fishermen, but Matthes has said that 
it is too earlv vet to tell whether the introduction to 
Lake Kariba was successful. 


Back from Aldabra 


Tue third phase of the Roval Society expedition to 
Aldabra is now complete, and those concerned have 
left the island. Their spell of duty, since last December, 
spanned the wet season. Their work will be con- 
tinued by a fourth party of scientists which has just 
sailed from Mombasa. 

The returning party has nothing spectacular to 
report. The study of insects, birds and giant tortoises 
has been continued. One innovation has been the 
investigation of fresh water pools by Dr K. G. McKenzie, 
leader of the expedition since he joined it in January. 
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The expedition has also, during the phase now ended, 
included botanists for the first time, some with a 
particular interest in the mangrove swamps on Aldabra. 
All this will no doubt help to clarify the negotiations 
now under way between the Royal Society, the Smith- 
sonian Institution and various governments on the 
establishment of a permanent research station on the 
island. 


Studying for War 


BnrrAIN is one of the few western countries that does 
not possess an independent institution for the study of 
national defence problems. The Royal United Services 
Institution last week launched an appeal for funds 
which will enable it to fulfil this role. Because it is 
autonomous, RUSI should be able to give advice to 
Government and industry that is independent of 
political and service pressures. It could also help 
to educate the public in the complex issues of 
military policy. Hitherto RUSI has been re- 
stricted to providing a library and lecture system 
for its members, most of whom belong to the armed ser- 
vices, and to publishing a quarterly journal. Under its 
new director-general, Air Vice-Marshal S. W. B. Menaul, 
the institution hopes to extend its activities to a 
systematic study of Britain's defence problems extend- 
ing beyond the purely military issues to inelude the 
industrial, economie and financial bases of defence 
policy. Defence and overseas policy in the 1970s, 
nuclear disarmament, relations between the armed 
forces and industry, the economic effect of the defence 
system, the burden of defence expenditure on foreign 
exchange and the application of management tech- 
niques to the services will all come under discussion. 

Industries holding military contracts have a substan- 
tial interest in such studies, and the institution expects 
that their representatives as well as academic students 
of military affairs will participate in its work. Such 
industries will, it is hoped, be the main source of the 
funds for which the institution is appealing. The target 
is an annual income of £70,000, of which the Govern- 
ment will provide £2 for every £5 contributed publicly. 
This proportion of Government support will guarantee 
the institution's independence. There may be oppor- 
tunities for collaboration between RUSI and the 
Institute for Strategic Studies but, with their spheres 
of interest in British and in international affairs respec- 
tively, there is likely to be little duplication of effort. 


Science Research Council Members 


Tug Science Research Council has four new members. 
The appointment of Professor Fred Hoyle, Professor 
J. C. Gunn, Dr E. Eastwood and Professor H. Ford 
brings the membership of the council to sixteen. 
Three members of the council have retired at the end 
of their terms of office; they are Dr A. Caress, Dr 
S. C. Curran and Professor C. F. Powell. 

None of the new members is a neweomer to the SRC; 
all have held office or been members of the specialist 
zroups which help to determine its poliey. Professor 
Hoyle, for example, is a member of two such commit- 
ees and chairman of one of them—the Astronomy 
arants and Policy Committee. He is director of the 
Institute of Theoretical Astronomy at the University 
of Cambridge. Professor Gunn is Cargill Professor of 
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Natural Philosophy of the University of Glasgow: 
Dr Eastwood is an industrialist, director of research 
for the English Electric Group since 1962. Professor 
Ford is Professor of Applied Mechanics at Imperial 
College, London, and head of the department of 
mechanieal engineering. 

It would be rash to expect these new appointments 
to have an immediate and significant effeet on the 
polieies of the council. Each of the four new members 
has already had opportunities for making contributions 
to the policy of the SRC through the advisory com- 
mittees. Chemists may be disappointed that their 
lobby on the SRC has not gained in strength. Bio- 
logists may be even more disappointed. 


Parliament in Britain 
from our Parliamentary Correspondent 


Pension Schemes 

Mr JEREMY Bray, for the Ministry of Technology, 
gave an assurance that when the astrophysics staff at 
Culham Laboratory transfers to the Science Research 
Council there will be no difficulty about pensions. It 
was the intention, he said, that these people would 
remain on AEA conditions, and be retained in the 
AEA pensions scheme. Legislation would be needed 
for the purpose, but Mr Bray could not say what form 
it would take. (Oral answer, April 8.) 


Seaton Carew Power Station 

A sHORT adjournment debate on the subject of the 
proposed power station at Seaton Carew in County 
Durham gave a number of members an opportunity 
to express displeasure that the Government had not 
yet announced whether the station will be coal fired or 
nuclear fired. Mr Robert Woof, the member for 
Blaydon, quoted remarks attributed to Mr Peter 
Williamson, the Central Electricity Generating Board's 
planning officer. He said that Mr Williamson had 
said that the board had no intention of building a 
coal fired station, and that if it was prevented from 
building a nuclear station in the north-east, it would 
build one in the north-west. Mr Woof said that a 
coal fired station would be cheaper to build, and it 
was by no means clear that it would not also be 
cheaper to run, if the costs to the whole community 
were taken into account. He called for an independent 
inquiry to establish which form was cheaper. Mr 
Emmanuel Shinwell agreed. 

Mr Eric Lubbock put in a good word for nuclear 
stations, and in particular for the high temperature 
reactor. This would be far cheaper than any nuclear 
station now contemplated, he said, and urged careful 
consideration of the bid put in by the Nuclear Power 
Group and. based on a high temperature reactor. The 
tenders, he said, should be published, so that everybody 
could make up their own minds. 

Mr Reginald Freeson, Parliamentary Secretary to 
the Minister of Power, could make no promises. He 
hoped a decision would be made soon, but doubted 
that another’ enquiry into nuclear power costs would 
serve a useful purpose. The remarks attributed to 
Mr Williamson would not prejudice the decision, he 
said, nor the study which was in progress in the Ministry 
of Power. The study covered a number of issues, 
including the load forecasts. He promised that when 
a decision had been taken. the minister would make a 
full statement about it. 
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Museums cost Money 


May the current unrest among students be explained 
by lack of contact with the past ? This was one of the 
points raised by Lord Rosse, chairman of the Standing 
Commission on Museums and Galleries, when introduc- 
ing the report Universities and Museums (HMSO) 
recently. He also said that it was only by the 
study of past achievements that we could go for- 
ward and get the best out of technology today. 
But the report makes clear that funds for university 
museums in Britain are hopelessly inadequate and 
that these museums will be unable even to fulfil much 
more modest roles until more is spent on providing 
space and staff to run them. 

The commission has been asked by the Treasury 
to report on the universities in relation to their own 
and other museums. The University Grants Committee, 
which indirectly provides funds for university museums, 
has helped. Of the fifteen museums which are or 
might be used by the general public as well as by a 
university, every one needs more staff, more space 
or more money. A university museum, like any 
other, has two basic and sometimes conflicting func- 
tions: to preserve material and to make it available 
for study. The university museum has the special 
responsibility of making its collection available for 
undergraduate teaching, but, as the report says, that 
is no excuse for not catering for the general public 
as well. The report says that many university 
museums, including some of the greatest collections 
like those in the natural history and geology museums 
at Oxford and Cambridge, are too exclusively pre- 
occupied with undergraduate teaching. They have 
remained in the part-time charge of lecturers and 
professors, who tend to regard them as another chore. 
As a result, many museums have completely inadequate 
displays. Insome, the material is actually deteriorating 
and the eatalogues—which are essential to general pub- 
lic and scholars alike—are unlikely ever to be brought 
up to date. The commission urges the appointment 
of full-time trained curators with adequate staff and 
suitable buildings so that the collections can be pre- 
served, displayed and catalogued. It is no use hoping 
that & member of the teaching staff of a university 
will provide attractive displays, properly labelled and 
protected, for the general publie or even for his under- 
graduates. 

But if the universities are to spend more on their 
museums, where is the money to come from ? Funds 
for university museums are allocated from the general 
income of the universities. The commission considers 
that the University Grants Committee is a satisfactory 
administrative channel for the government financing 
of university museums but, having been warned that 
it would be futile to recommend that the 'UGC should 
earmark part of its normal grants for museums, the 
commission is left with little alternative but to urge 
individual universities to give greater priority to their 
museums when they parcel out their funds. The com- 
mission makes up for its lack of funds with exhortation. 

The report maintains that, in the long run, the service 
wniversity museums could and should provide to 
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University museums in Britain are starved of funds and do not cater 
for the general public. 


scholarship and culture now and in the future is 
equally as important as their immediate teaching or 
research programmes. It says that universities should 
stop starving the museums and provide staff and space 
to ensure conservation and cataloguing. The museums 
should also be made available to a wider publie, and 
the report recommends that the universities and local 
authorities put their heads together about this, follow- 
ing the lead of Manchester. The university museum 
at Manchester has been open to the publie since 1895, 
when three city representatives were appointed to the 
museum committee. Last year the links between the 
museum and the city were strengthened when the 
city's representation on the committee was inereased 
to eight and the Manchester City Corporation matched 
pound for pound the money provided from the Univer- 
sity General Fund—in the year beginning in July 1966 
each gave £25,833. This is just the sort of co-operation 
between local authorities and university museums 
which the Standing Commission is advocating. 

The museum plays an important part in the life of 
the city as well as of the university. It mounts special 
exhibitions of local interest—last year, for example, 
there was an exhibition "Roman Manchester” and an 
exhibition to mark the bicentenary of John Dalton, a 
confirmed Mancunian. It also provides lecture series, 
and twenty school classes, chiefly from secondary 
modern and primary schools, attend the special school 
service department each week. Indeed, so many 
schools wanted to visit the museum in 1966-67 that, 
during the summer term, one afternoon each week was 
set aside for school visits. The increasing attendance 
figures in the latest annual report of the museum, 
covering July 1966-67, attest to its growing popularity 
with the general public. Attendances have steadily 
risen over the past ten years and last year, with a 
25 per cent increase, they reached the record level of 
123,396. The total attendance was about 180,000. 
The local authorities in other areas might be more in- 
clined to help finance and administer the museums 
if they showed signs of becoming centres for general 
education. The commission also recommends that the 
grant-in-aid of purchases which is administered in 
England and Wales by the Victoria and Albert Museum 
and in Seotland by the Royal Scottish Museum be 
doubled to £200,000 and £16,000 respectively. At the 
present levels, the money available is pitifully inade- 
quate and is always exhausted in the first six months 
of the vear. 

There has never been a regular course in Britain for 
training museum curators--characteristically it has 
always been a matter of learning by experience—but in 
1966 the University of Leicester and the city museum 
began a one year postgraduate course in museum 
studies. An earlier recommendation of the commission, 
for grants to the Museum Association to provide a 
comprehensive training scheme, was rejected by the 
Government on the grounds that museum curators 
should be trained at universities: so in the present 
report it retaliates by calling for the encouragement 
and expansion of programmes like that at Leicester. 


e 
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RNA Sequences from Cambridge 


Yer another sequence of nucleotide bases in an RNA 
molecule has been worked out by members of Dr 
F. Sanger’s group at the MRC Laboratory for Mole- 
cular Biology (see page 234). What Dube, Marcker, 
Clark and Cory have done is to determine the nucleotide 
sequence of N-formyl-methionyl-transfer RNA (F-met- 
t{RNAy) from E. coli. The determination of the 
nucleotide sequences of ribosomal, transfer and 
messenger RNAs and of DNA is a prerequisite for the 
correlation of the structure of these molecules and their 
function. This is one of the outstanding, and certainly 
one of the most tedious, of the remaining problems 
in molecular biology, and the decision at Cambridge to 
concentrate on sequence analysis of nucleic acids is 
clearly paying handsome dividends. 

Having been the first to analyse the amino-acid 
sequence of a protein, it is hardly surprising that Dr 
Sanger and his colleagues have developed such success- 
ful methods for the separation and analysis of oligo- 
nucleotides. Naturally enough, they have concentrated 
on small RNA molecules—the nucleic acid equivalents 
of insulin. In 1967, Brownlee, Sanger and Barrell 
reported the sequence of 58 ribosomal RNA (Nature, 
215, 735; 1967). Recently (Nature, 217, 109; 1968) 
Goodman, Abelson, Landy, Brenner and Smith, using 
Sanger’s methods, described how they determined the 
sequences of tyrosine {RNA and the amber suppressor 
suy; tyrosine RNA of E. coli and proved that mutation 
to amber suppression results from a single base change 
in the anticodon triplet of one of the tyrosine tRNAs. 
The anticodon of the tyrosine tRNA is GUA and the 
suriy anticodon is CUA. Apart from this difference, the 
sequences of the rest of the two molecules are identical. 
This result formally identifies the anticodon loop of 
the transfer RNAs. The function of the other parts of 
the moleeule can now be studied with mutants. 
Apparent revertants of the sujj; gene to su-, which 
are no longer amber suppressors, may either have CUA 
as anticodon, in which case they are true revertants, 
or they may have additional mutations in other sites 
which destroy the function of the molecule. Revertants 
to su- map in various regions of the {RNA gene, and 
analyses of their biological function and nucleotide 
sequences, which are already in progress, should give 
clues about the role of the rest of the RNA molecule 
apart from the anticodon loop. 

Although this group has worked on suppressor 
tRNAs, Dube et al. have concentrated on another very 
interesting species of tRNA, the N-formyl-methionyl- 
tRNA which initiates protein synthesis in E. coli. 
How does F-met-£RNA, differ from the methionine 
tRNA, which has similar properties to all the other 
species of (RNA and which inserts methionine at internal 
positions during protein synthesis ? To try to answer 
this, Dube et al. embarked on a comparison of the 
nucleotide sequences of met-iRNA and F-met-iRNAg,g. 


Although the sequence of met-tRNA is not com- 
pleted and the comparison cannot yet be made, 
the sequence of F-met-t-RNAy shows several interest- 
ing features which may be related to its role in initia- 
tion. The anticodon is CAU. The third base of this 
anticodon, the U, can, aceording to Crick's hypothesis, 
“wobble” and pair with either A or G; it has also been 
firmly established that two codons, AUG and GUG, 
can be read as initiators. Thus '"wobble" at initiation 
involves the first base of the codon and the third base 
of the anticodon. All other cases of wobble involve 
the third base of the codon and the first base of the 
antieodon (see Nature, 916, 431; 1967) and it is possible 
that the unique first base-pair wobbling of F-met- 
tRNAg£ depends on the base immediately following 
the anticodon being unmodified. 

Apart from F-met (RNA, and yeast valine (RNA, the 
base immediately following the anticodon in all the 
species of (RNA of which the sequences have so far 
been determined is either a modified A or a rare base 
such as methyl inosine. (In the case of yeast valine 
tRNA, the last base of the anticodon is C, which accord- 
ing to Crick’s hypothesis would never be able to 
wobble.) Thus it may be that there is a rule that third 
base wobble, a property of non-initiating RNA, 
depends on the presence of a modified base immedi- 
ately after the anticodon, and if the base in this position 
is unmodified, wobble occurs in the first base position. 
It will be interesting to see whether met-tRNA has 
modified A or a rare base where F-met-tRNAy has 
unmodified A. 

The nucleotide sequence of F-met-tRNA has two 
other unusual features. In the right-hand loop of the 
cloverleaf there is an unusual sequence and. the 5',3' 
base pairing is unusual. The 5' terminal base O does 
not pair with the fifth base in from the 3' end, which is 
A. In all other transfer RNAs, the bases at these 
positions are paired. Some of the other properties of 
F-met-iRNAp, such as the specificity of formylation, 
may depend on these sequences, and a knowledge of 
the tertiary structure of the molecule would provide the 
answers. Thatis why experiments to test the properties 
of large fragments of the molecule are being carried out. 


Substitute for Scots Pine 


LopGEPOLE pine, which was introduced into Britain 
from America in 1853, but only grown extensivelv in 
the past twenty years, is likely to be a satisfactory 
alternative to Scots pine for roofing, flooring and 
similar purposes. This point is made in a booklet, 
Lodgepole Pine, produced by the Forest Products 
Research Laboratory (HMSO, 5s.). 

Pinus contorta, lodgepole pine, grows along the 
western coast of North America from Alaska to Califor- 
nia, inland along the Sierra Cascades from the Canadian 
border to southern California, and further inland along 
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the Rocky Mountains from Alberta to California. The 
differences between geographical races are recognized 
as attributes of provenance, according to the place of 
origin of the trees. The first plantations in Britain 
were of coastal provenances, and are valued for their 
tolerance of poor infertile soil, ability to suppress 
heather, resistance to exposure and vigorous growth. 
This type is preferred in moist upland environments. 
Most of the early plantations, however, were of inland 
provenance, chiefly from the southern interior of 
British Columbia. These have a better stem form than 
coastal provenances, but may compare favourably 
with Scots pine on poorer sites. First examinations 
indieate that the timber of trees originating in coastal 
areas of Washington is slightly denser and stronger 
than that of trees grown from seed from other areas. 
Between 1947 and 1966, the area of lodgepole pine in 
Britain inereased from about 3,000 acres to about 
130,000 acres. Most planting has been on Forestry 
Commission land in upland areas of Scotland and 
north-east England, but about 20,000 acres are estim- 
ated to have been planted on private estates. 

Although the heartwood of lodgepole pine is more 
difficult to impregnate than that of Scots pine, the 
timber ean be treated with preservative so as to make 
it immune to decay for many vears. This timber has 
a straight grain, a comparatively uniform texture and 
distorts very little during seasoning. These properties, 
and the smooth finish which can be obtained, should 
make this a good substitute for Scots pine for roofing, 
flooring and other building purposes. The timber will 
soon be available to be put to these uses, although so 
far thinnings from plantations have been used only 
for pulp. poles and props. 





A Bridge between the Cultures? 
from a Correspondent 


WnuEN the dangers of over-specialization and the gulf 
between science and the arts are so frequently deplored, 
it is strange that little attention is paid to the history 
and philosophy of science as possible bridges. It was 
therefore encouraging that over fifty teachers from 
universities, colleges and schools assembled at Lough- 
borough University of Technology from April 4 to 6 
for a symposium on teaching the history of science, 
the first of its kind ever organized by the British 
Society for the History of Science. 

Professor A. R. Hall of Imperial College in his 
introductory lecture posed the fundamental questions. 
If science, the understanding of our environment, is a 
"eulture" and not merely a substratum of industrial 
production, then the participants in that culture must 
be critically alert and not merely passive mirrors or 
sponges. The historian of science wes not merely a 
spectator but a critic who could inerease understanding 
of science. 

Mr D. E. Newbold of Henbury School, Bristol, had 
found in a survey of the history of science in schools 
that a surprisingly large number taught ‘at least a 
little of it, especially where the Northern Board 
General Studies paper was taken. Mr A. E. E. Mac- 
kenzie, joint secretary of the Oxford and Cambridge 
Schools Examinations Board, reported a small but 
enthusiastic group of schools taking two existing 
O-level examinations, and was optimistic about future 
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expansion in view of the number of universities now 
offering courses at undergraduate or postgraduate level. 

Dr C. A. Russell of Harris College, Preston, saw the 
history of science both as an integral part ofthe teaching 
of science itself and as a part of the general or liberal 
studies which are being rapidly developed in technical 
colleges as a corrective to excessively narrow specializa- 
tion. He favoured the expansionist as opposed to the 
colonialist view of how such studies should be related 
to the main subject of a students curriculum. 

In both working parties and plenary sessions there 
was lively discussion on a number of issues. It was 
generally but reluctantly agreed that examinations 
were necessary, within our present system, as an 
incentive, Some members felt that for sixth form 
scientists a syllabus of the OA type was needed, with 
emphasis on the nature of scientific thought; but 
several historians felt that for arts students the history 
of science should be a substantial part of the normal 
A-level history syllabus. Where time was limited, there 
would be conflict between depth and breadth, and a 
study in depth of a limited field was preferred to a 
shallow coverage of the whole subject. It was suggested 
that the comparative scarcity of teachers qualified in 
the history of science sometimes produced bad teaching 
of the subject. and that for this reason it had an un- 
certain reputation in schools. However, the prevailing 
tone of the symposium was one of enthusiasm and 
optimism. 


Agricultural History 


from a Correspondent 
THE annual conference of the British Agricultural 
History Society was held at the University of East 
Anglia, Norwich, from April 8-10. Mr G. E. Fussell 
was elected president and Professor W. E. Minchinton 
was elected chairman of the executive committee. 

The papers read at the conference were of a pleasing 
variety. Sir Joseph Hutchinson opened the proceedings 
with a lecture on the physical geography of a particular 
part of Greece during prehistoric and historic times. 
He demonstrated that the denudation of the hills by 
erosion had led in this particular area to the water 
carriage of soil into the lower lands and its deposition 
as a sort of delta formation. This happened long before 
the coming of man with his (occasionally) disastrous 
methods of producing his food and other agricultural 
commodities, and the paper showed that the processes 
which have for so long been attributed to the activities 
of man were, in fact, the result of natural causes. 

The following morning, Mr G. E. Fussell read a paper 
on eighteenth century theories of crop nutrition in 
which he pointed out that no real idea of the processes 
involved in feeding plants could have been secured 
until inorganic chemistry had discovered the composi- 
tion of the atmosphere. In the afternoon, Dr R. A. C. 
Parker, whose researches on the Coke estates are well 
known, took a party round Holkham after giving a 
talk on the subject in the morning. Perhaps it is not 
too much to say that Dr Parker is something of an 
iconoclast. At any rate his researches have made it 
necessary to revise accepted beliefs about Coke of 
Norfolk. 

The evening paper was read by Mr George Ordish on 
150 years of crop pest control. He described the early 
methods of soaking seed in various somewhat nauseat- 
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ing solutions to prevent bunt, smut and so on in cereals, 
the work of John Curtis in dealing with insect pests 
and the work of Miss Eleanor Ormerod as entomologist 
to the Royal Agricultural Society of England. 

The final paper of the conference, “Labour Supply 
and Harvesting Techniques in Britain, 1790-1880", was 
read by Mr E. T. Collins of the Museum of English Rural 
Life. He described the progressive development of 
the hand tools used in reaping from the toothed 
sickle to the sickle with a plain cutting edge—the result 
of inereased knowledge in the tempering of steel—and 
thence to a much heavier tool known as the bagging 
hook. The scythe was also used for cutting barley and 
perhaps oats and rye. With the coming of the bagging 
hook, much more rapid work was possible in cutting 
wheat, and Mr Collins argued that some of the delay 
in adopting the horse-drawn reaping machine was a 
result of greater efficiency of the developed hand tool. 
It was only when migratory labour beeame scarce, and 
casual help by tradesmen and others from the towns 
gradually declined, that farmers were more or less 
forced to adopt the new machines, some of which were 
liable to inconvenient breakdowns. Possibly, too, the 
labourers did not react to their introduction very 
enthusiastically. 


Ergonomics Research 
from a Correspondent 


REPRESENTATIVES from Canada, France, Holland, 
India, Italy, Japan, Sweden, Switzerland and the 
United States were among more than 160 delegates 
who attended the recent annual conference of the 
Ergonomics Research Society at the University of 
Sussex from March 27 to 29. 

Most of the papers presented at the conference 
dealt with six main topics—heat stress; personal 
equipment and clothing; vehicle simulation for train- 
ing and research; vibration; human performance under 
water; and decision making in complex remote tasks. 

Papers on heat stress were read by speakers from 
the Royal Aircraft Establishment, the US Army 
Research Institute of Environmental Medicine, and 
the British Iron and Steel Research Association, on 
industrial heat problems and the qualities and charac- 
teristics of air-cooled and water-cooled protective suits. 
Other types of protective clothing, such as outdoor 
building site garments and respirator masks and the 
sizing and special construction of tropical aircrew 
garments, aroused considerable discussion. 

Vehicle simulation for training and research, an im- 
portant area of research in view of inereasingly high 
speed air and road travel, provoked lengthy discussion 
of papers given by delegates from British Rail, British 
European Airways, the Wellcome Foundation and the 
Royal Air Force Institute of Aviation Medicine. The 
information given emphasized simulation for diesel 
locomotive and airline training and for driver per- 
formance particularly of racing cars. 

One of the problems of high speed travel, particularly 
in the air—the extraterrestrial environment in which 
ergonomics is bound to play an increasing part in the 
future—is that of vibration and its effects on man. 
Both the effects of vibration and research to isolate 
man from it were described by speakers from the 
Royal Aircraft Establishment and the Universities 
of Birmingham and Aston in Birmingham. 
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Man is equally determined to explore the underwater 
environment. The difficulties of movement and 
operation under water. and apparatus and techniques 
to improve man's performance under such conditions, 
were outlined by speakers from the Hoyal Naval 
Medical School, the Boeing Company of America and 
the RAF Institute of Aviation Medicine. 

A difficulty confronting man in his continual search 
for control over his environment, whether terres- 
trial, aquatic or aerial, arises from the increasing 
necessity to exercise control remotely. Problems of 
man/computer communication in process control, 
with special reference to the steel industry and hospital 
management, and the mental load imposed on operators 
of railway signal boxes, were discussed under the topic 
"Decision Making in Complex Remote Tasks". 

Ergonomics is too multi-disciplinary an area of 
research and interest to be confined to half-a-dozen 
topic headings, and the discussion covered an ergonomic 
assessment of current tower crane operation, a con- 
current driving and telephoning task, analvsis of the 
skills practised and required in our changing machine 
technology, Japanese research into the ergonomics of 
vision and the relation between anthropometric 
dimensions and the preferred heights of kitchen work 
surfaces. 


Organometallic Chemistry 
from a Correspondent 


A PRINCIPAL theme in the symposium on recent pro- 
gress in organometallic chemistry at the annual meeting 
of the Chemical Society in Dublin last week was 
concerned with what Professor F. A. Cotton calls 
“fluxional” molecules—those which have two or more 
equivalent nuclear configurations of lowest energy 
and which pass from one to another rapidly. Because 
the several configurations are equivalent (4G h 
and because the pathways of interchange are intra- 
molecular, they may be described as "no-mechanism- 
no-reactions". Cotton discussed his work on eyclo- 
octatetraene(COT)metal complexes and  sym-tetra- 
methyICOT (TMCOT) For COTRu(CO},. a true 
limiting low temperature proton nuclear magnetic 
resonance spectrum at — 150? C shows resolved struc- 
ture due to spin-spin coupling. Thus the molecule 
exists at —150°C as a (1,3-diene)metal svstem, and 
the complex dependence of nmr spectra on temperature 
and matching with computer-simulated spectra shows 
that the mechanism of rapid exchange is due to a 
sequence of 1,2.shifts. 

M. C. Rosenblum discussed the c-evelopentadienyl- 
metal fluxional system in terms of sigmatropio 1,5- 
shifts. He also described the synthesis and chemistry 
of cyclopentadienyleobalt cyclobutadiene. A third 
plenary lecture, by B. L. Shaw, was concerned with 
allylmetal systems (which may also be fluxional). An 
allyl group may be x bonded to the metal. either 
symmetrically (z) or asymmetrically (2), or o bonded. 
An example of the 2! type is [PdCI(2-methylally1)- 
PPh]. Nuclear magnetic resonance studies show that 
this interacts in solution either with [Pd,Cl,(2-methyl- 
allyl)] or with PPh, so as to cause rapid interconver- 
sion between 2! and o bonding of the allylic grouping 
and, sometimes, rapid PPh, exchange. The mechan- 
ism of synthesis of allylic complexes, by the hydrolysis 
of a metal carbonyl (giving CO,) in the presence of an 
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allylic halide, was also discussed. It was suggested 
that a metal aquo-complex was transformed into a 
hydroxo-complex and CO was then inserted into the 
M-OH bond. This suggestion is consistent with the 
ideas of B. R. James, M. Kastner and G. L. Rempel 
on similar acetylene insertions into Rh-OH bonds. 

H. Werner, in his plenary lecture, described the 
synthesis of borazole-metal complexes (B,N,Me,)M- 
(CO); (M=Cr, Mo, and W). In dioxane, a binuclear 
compound (CO,)Cr(dioxane),Cr(CO), was isolated and 
provides the most convenient starting material for 
the borazole-chromium complex. The borazole-to- 
metal bond is much more labile than the benzene-to- 
metal bond in (C;H,)M(CO),, and is cleaved by o as 
well as by z donors. The kinetics and mechanisms of 
some of the reactions, as well as of the carbene com- 
plexes (CO),M(OCH),R (M=Cr, Mo, or W; R=CH, 
or Ph), were also described. 

In another lecture, F. G. A. Stone reviewed his 
recent work on metal earbonyls, and especially on the 
polynuclear carbonyls of Ru, Os, Rh and Ir. He 
described a number of new mixed metal clusters, such 
as Fe,Ru(CO),,, H,Ru,Fe(CO),, and also mentioned 
new compounds with Group IVB metal-transition 
metal bonds, such as Bu,Ge(Me,Si)Ru(CO),. 

M. F. Lappert and J. Lynch reported on perfluoro- 
phenyl-silicon compounds, obtained from PhyLi and 
X,SiCl,.,, [with subsequent removal of the H, OR or 
NR, protecting group(s) X,]. Php groups on Si cause 
an enhanced nucleophilic susceptibility at Si but a 
decreased reactivity to electrophilic attack at a 
neighbouring site. !*F and 1H nuclear magnetic reson- 
ance and infra-red spectra suggest that Phy is some- 
what less electronegative than Br and that Si can 
accept z-electron density from Phy. The use of nmr 
spectra to distinguish between o and a effects, and to 
measure their importance, featured also in the papers 
by R. Murray and J. Walker [on substituted triphenyl- 
phosphine metal complexes: !?F shifts for m-F give 
o effects and (m-F minus p-F) estimates a effects] and 
by R. J. Mawby and R. V. Souter [on z-Ch,.C;H,Mo- 
(CO),X, wherein the difference in chemical shifts 
between the A- and B-protons of the C,H, group was 
regarded as a measure of the clectronegativity of X]. 


Aspects of Organic Synthesis 
from a Correspondent 

Ix his opening lecture at the symposium at the annual 
meeting of the Chemical Society in Dublin last week, 
G. Büchi discussed approaches to the indole alkaloids 
vineristine and vinblastine. The synthesis of the tetra- 
cyclic indole intermediate, vindolene, was described. À 
key step in it is the condensation of an isoquinuclidine 
residue with indole acetic acid. After F. J. McQuillan 
had outlined the routes to 3-hydroxy-4-hydroxymethyl- 
4,10-dimethyloctalins, G. H. Whitham described the 
formation of alkenes from 2-phenyl.1,3-dioxolanes on 
treatment with alkyl or aryl lithium reagents. The 
wider implications of this valuable route tô trans-cyclo- 
olefins were considered in terms of the Hoffmann- 
Woodward rules as applied to cycloelimination reac- 
tions. An interesting stereochemical study of a series 
of tricyclic lactones based on analysis of proton nuclear 
magnetic resonance line broadening was then described 
by D. M. S. Wheeler as part of a programme designed 
to synthesize diterpenoid acids. 
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V. Prelog gave the Robert Robinson lecture. He 
diseussed the application of group theory to complex 
organic structures and the stereochemical implications 
arising from such a treatment. R. A. Raphael described 
novel methods for synthesizing bridged ring compounds, 
in partieular of the bicyclo-3,3,1-nonane series and of 
related natural products. 

In a session devoted to protective techniques in 
organie synthesis, F. Cramer reviewed the methods 
available for blocking hydroxyl funetions in chemical 
polynucleotide synthesis, in particular by groups such 
as B-eyanoethyl, trichloroethyl and benzyl in conjunc- 
tion with polystyrene support, and D. S. Kemp 
described the use of 7-hydroxy-2-ethyl-benzisoxazo- 
lium salts in the protection of peptide acids. The use 
of a trialkylsilyl group to protect terminal acetylenes 
in Glaser and Cadiot-Chodkiewiez oxidative coupling 
reactions was outlined by D. R. M. Walton. Novel 
aspects of cyclobutadiene chemistry were described 
by R. Pettit. Of particular interest was the rationaliza- 
tion in terms of orbital symmetry of products arising 
from dimerization of liberated benzocyelobutadiene 
depending on the oxidizing metal cation. The increas- 
ing importance of coupling and displacement reactions 
promoted by copper catalysts was emphasized by 
R. G. R. Bacon. Routes to benzophenones by means of 
Fries rearrangements of depsides and the biosynthesis 
of xanthones from hydroxylated benzophenones were 
described in subsequent communications. 


Observations of Whistlers on OGO | 


from our Magnetosphere Correspondent 


Tue first and very successful observations of whistlers 
far out in the magnetosphere are reported by R. L. 
Smith and J. J. Angerami (J. Geophys. Res., 78, 1; 
1968). The special purpose telemetry channel on 
OGO I provided high time resolution over the whole 
of the broad band, 0-3-12-5 kHz, of the Stanford 
VLF experiments, and timing errors were only about 
10 ms. This enabled calculations to be made of propa- 
gation times, using recordings from ground stations in 
both hemispheres near the meridian of the satellite. 
Previous interpretation of whistlers observed. at the 
ground suggested that they were propagated in ducts, 
which were field-aligned regions of slightly enhanced 
electron density. Even without duets, the direction of 
group propagation for the whistler mode is much 
closer to the field direction than the wave normal is, 
but strict guidance requires ducts. On OGO I, ducted 
whistlers were observed with the predicted properties, 
and from them estimates of the width and spacing of 
the ducts were obtained. Information about the elee- 
tron density in the magnetosphere could be deduced 
as well as an indication of the distortion of the mag- 
netic field. In addition, non-ducted whistlers were 
observed, with properties which agreed well with com- 
putations by Kimura (Radio Sci., 1 (new series), 269; 
1966) of ray paths in a smooth magnetosphere. 

The effect of protons as well as electrons is important 
for the non-ducted ray paths. Propagation across the 
field is possible below the lower hybrid frequency, 
which is approximately the geometric mean of the 
electron and proton cyclotron frequencies, but depends 
on the electron density as well. Kimura's computations 
show that the ray paths follow the field lines quite 
closely until the lower hybrid frequeney approaches 
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the wave frequency, and soon after the critical con- 
dition is passed, the ray is suddenly refracted around 
through nearly 180°. Smith and Angerami find it 
convenient to call this reflexion and to classify such 
whistlers as “‘magnetospherically reflected" or MR. 
Obviously MR whistlers are not received at the ground. 
At the satellite, the sonagram shows a series of traces, 
which can be classified according to the number of 
reflexions and upgoing or downgoing. The traces show 
"nose" frequencies of minimum propagation time con- 
siderably lower than the nose frequencies of ducted 
whistlers, as predicted. If magnetospheric reflexion 
occurs for some frequency near the satellite, the 
sonagram looks like v backwards, and the MR whistler 
becomes a “Nu whistler’. The minimum frequency of 
a Nu whistler gives the lower hybrid frequency and 
with the magnetic field measured independently, an 
estimate of the electron density near the satellite. 

MR whistlers are commonly observed at L shells of 
1-5 to 3 and at magnetic latitudes less than 30°, while 
most ducted whistlers are observed on L shells beyond 
9-5. Smith and Angerami make a detailed analysis of 
ducted whistlers observed during a 12 min period 
during which the satellite L changed from 3-4 to 2-9. 
They find a duct thickness of ~500 km, while the 
space between ducts ranged from 50 to 500 km. The 
dispersion of the ducted whistlers agreed quite well 
with diffusion equilibrium of the plasma in the ducts. 
A significant discrepancy remained, however, which 
could be accounted for by a distortion of the magnetic 
field. For a distortion with a north-south asymmetry, 
the change in field direction need be only ~7°, and 
obliqueness of the solar wind to the geomagnetic dipole 
might be sufficient. 


Steroid Transformations 
from our Microbiology Correspondent 


AMONG micro-organisms that are able to transform 
steroids, the Aspergilli have received considerable 
attention. Most work in this field has been done with 
three groups of Aspergillus, namely, ochraceus, flavus 
and flavipes. The patent literature demonstrates amply 
the interest in Aspergilli as agents of steroid meta- 
bolism. Thus in the late 1950s, patents were taken 
out in several countries for such processes as lla- and 
6,11a-hydroxylations of progesterone and the stepwise 
produetion of testosterone from dehydroepiandroster- 
one acetate. In 1961, Mateles and Fuld described a con- 
tinuous hydroxylation of progesterone by A. ochraceus 
but, because progesterone inhibited growth, optimum 
yields of lla-hydroprogesterone were obtained only 
in à two-stage fermentation system. The following 
year, Sehleg and Knight achieved a similar trans- 
formation with dormant conidia of this species. 
This latter system had the advantage that the spores 
did not germinate and could therefore be re-used, and 
that they could be removed easily from the reaction 
mixture by centrifugation. 

The use of spore suspensions for steroid transforma- 
tions has been exploited with success by workers at 
the Ayerst Laboratories in Montreal, who have shown 
that such interconversions by spores are widespread in 
fungi and streptomycetes. Singh, Sehgal and Vezina 
noticed that strict asepsis was unnecessary for opera- 
tion of the process, the acid conditions and lack of 
nitrogen source precluding spore germination and 
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bacterial development. Spore concentrations greater 
than 10? per ml. also prevented germination. In a 
recent publication, Singh et al. (Appl. Microbiol., 16, 
393; 1968) report their attempts to scale up these 
features into an industrial process. The chief problems 
of large scale transformations are the production of 
the necessary quantities of spores and the steroid 
interconversions per se. For the current investigations, 
surface cultures on bran or barley yielded more than 
10!2 spores per kg of medium. The spores of A. ochraceus 
could be stored for more than a year at —20° C with- 
out their hydroxylating activity being impaired. 

Spore suspensions in phosphate buffer were supplied 
with 0-5 per cent glucose and 0-1—0-5 per cent steroid 
(either progesterone or Reichstein's compound 5) as a 
fine suspension or in a water miscible carrier. After 
an initial lag of about 7 h, progesterone was transformed 
to the monohydroxy derivative while glucose was con- 
sumed rapidly; transformation was completed after 
48 h. When higher concentrations of steroid (2 per 
cent) were transformed, the transformation period was 
extended and glucose had to be fed periodically. The 
dihydroxy derivative, 68,11«-dihydroxyprogesterone, 
appeared in small amounts, and the proportion of 
mono- and di-hydroxy steroid was influenced by the 
level of progesterone in the medium. Transformation 
of Reichstein's compound S occurred more slowly than 
that of progesterone, and a single product, epi-cortisol, 
resulted. On the large scale, up to 200 gal, transforma- 
tions were made under non-sterile conditions in stain- 
less steel vessels having controlled temperature, 
aeration and agitation. Under these conditions, trans- 
formation yields of 85-98 per cent were achieved and 
erystalline steroids recovered on the kilogram scale. 
These results are very encouraging for the development 
of steroid transformation processes with fungal spores. 
The process is manageably scaled up, the transforma- 
tion is extremely simple, the non-germination of the 
spores facilitates recovery and the storage of spores in 
the absence of activity losses suggests, as the authors 
indicate, that spore-banks could be maintained fer 
making steroid transformations as required. 


Coiled Coils 


from our Molecular Biology Correspondent 

Recent work on cyclic DNA, notably a series of superb 
investigations by Vinograd and his associates, has made 
the topologieal properties of this material one of the 
most fascinating areas in current research. Some inter- 
esting new developments are reported by Jansz et al. (J. 
Mol. Biol., 82, 159; 1968), working with oX phage DNA. 
It is known that the twisted cireular form—a left- 
handed twist imposed on the right-handed Watson- 
Crick double helix—separates from the untwisted form 
in the ultracentrifuge (215, as against 175). It has now 
been clearly demonstrated that when the twisted form 
is treated with deoxyribonuclease it reverts to the 
untwisted structure. Moreover, it is shown that this 
is a single-hit process, so that a single break in one 
of the two strands is sufficient to release the strain. 
The biological activity at the same time falls, and to 
a much greater extent than with subsequent breaks; 
it is thought that a repair enzyme in the host cell may 
rejoin a proportion of the total breaks. 

In a second article (Pouwels et al., ibid., 169) the 
alkaline denaturation of extended and supercoiled 
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cyclic DNA is examined. The former denatures sharply 
over a narrow pH range, like linear DNA: in the 
supercoiled state, however, there is a rather broad 
transition, which is also at higher pH. Further, it is only 
the extended DNA which renatures on neutralization, 
the other remaining a random coil with a sedimentation 
coefficient of 408. When, on the other hand, one (or 
a few) breaks are enzymatically introduced in the de- 
natured coil, renaturation to the circular 178 state 
immediately ensues. The alkaline denaturation of the 
twisted species may be seen in terms of an initial 
untwisting to take up the slack when segments of the 
double-helical conformation begin to melt, followed by 
ultimate collapse of the structure to give a random 
coil. Renaturation will proceed very rapidly once the 
two cyclic strands are in register at any one point. 
Evidently, the constraint when both strands are 
closed circles is too great to enable them to search for 
correct register, and this condition is alleviated when 
one circle is broken. 

Another remarkable observation, this time on A 
phage DNA, has been made by Bode and McHattie 
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(ibid., 673), who have observed that the number of 
twists in the supercoil varies with ionic strength. 
DNA preparations contained both twisted and un- 
twisted circular forms, and it was found that the 
sedimentation rate of the former diminished sub- 
stantially with increasing salt concentration, whereas 
that of the latter remained constant. This agreed 
with observations in the electron microscope, when 
the number of twists in the DNA molecules was 
counted on grids prepared from solutions of varying 
ionic strength. The number of twists in the superhelix 
was, in fact, found to fall from 117 per molecule (or 
3:8 per million molecular weight) at low salt to 12 at 
high salt. Thus the conformation of the DNA must 
be controlled by the intracellular environment. There 
is also the unexpected corollary that the pitch of the 
Watson-Crick double helix has a continuous (though 
quite small) dependence on salt concentration. This 
is to be contrasted with the discrete transition en- 
countered in the solid state in X-ray diffraction work 
with varying humidity or salt concentration, between 
the B and the A forms. 


Germany's Optical Industry—Divide and Prosper 


by 
NIGEL HAWKES 


Oberkochen, April 

IN spite of increasing efforts from Japan. the best lenses 
and optical instruments still come from Germany, and the 
best known name in the business is that of Carl Zeiss. 
The foundation for this excellence was laid more than a 
hundred years ago by the physicist Ernst Abbe, who 
turned the optical workshop of Carl Zeiss at Jena into the 
best instrument makers in the world. Today the situation 
is complieated to an almost absurd degree by the partition 
of Germany. Jena, in the eastern zone, continues to 
manufacture under the Carl Zeiss name, but in the west, 
at Oberkochen in Baden-Wurtemberg, exiles from Jena 
have established another company. also called Carl Zeiss. 
The dispute which has arisen over the use of the name is 
in the worst tradition of the cold war. Fortunately, it seems 
that it may be settled, in the United States and the 
United Kingdom at least, within the next year or so. A 
decision is expected from a court in the United States 
within the next six weeks and in Britain a decision could 
be reached within a year. 

It would be tedious to describe in detail the full legal 
arguments which are being deployed. But it is clear that 
the situation has been made more complieated by the 
faet that Carl Zeiss was no ordinary eompany. Ernst 
Abbe was a man with a social conscience. He devised a 
profit sharing scheme, and established the Carl Zeiss 
Foundation, the supreme governing body of the firm. 
which guarantees terms and conditions of employment, 
helps with housing and health and supports scientific 
research. The result is a frankly paternalistle system to 
which Abbe’s successors cling with great devotion. (One 
of the ironies of the situation is that Carl Zeiss, whose 
name is the source of the trouble, was little more than a 
resourceful technician compared with Abbe.) If the 
money spent in litigation-——estimated as "several million 
marks"——had been spent promoting a new name (perhaps 
that of Abbe) the whole problem might by now have been 


solved. After all, technical excellence speaks for itself, 
and both companies produce excellent products. But 
the legal status of the Carl Zeiss Foundation and the loyalty 
it inspires rule out simple solutions. The battle will be 
fought to the end, whoever wins. 

The fact that the name is in dispute should not, however, 
obscure the remarkable success of the Oberkochen concern. 
Starting with a few instruments dredged from the River 
Main (they had been bound for Japan, but a British 
bomb sank the ship), the exiles set up shop, starting with 
simple products such as spectacle lenses. From this they 
progressed to more elaborate optical and metrological 
instruments until they were once again producing a full 
range of instruments. The success has been such that the 
managers of the foundation hope to pay off all their bank 
loans by 1970. They have also honoured the pension 
rights of workers who fled from Jena to join them. 

The statutes under which the foundation operates 
clearly exert a conservative influence on the company. 
The statutes say. for example, that the company should 
make only certain kinds of equipment, although this 
restriction is interpreted with flexibility these days and 
allows the incorporation of electronic components into 
many of the instruments produced. Equally, the founda- 
tion is managed by a board of three appointed for life, 
but this. the managers say, does not inhibit imaginative 
management further down the company. The company 
still regards it as a duty to make instruments which dó 
not necessarily make the greatest profits. It makes sure, 
however, that the profitable lines, sueh as spectacle lenses, 
are run with the utmost effieieney. "These lenses are 
made in a new factory on a system whieh combines an 
element of individual eraftsmanship with mass production. 
Very high standards are maintained—each single lens 
is inspected, and 10 per cent are thrown away-—and the 
delivery service. run with the aid of an IBM computer, is 
magnificent. Any order for spectacle lenses reaching 
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The ultra-wide angle Hologon lens. 


Oberkochen by 6.30 in the evening is despatched the same 
day. If the order is a special one, the managers sadly 
admit, it has to wait until the next day to be sent off. 

In the camera field, the most exciting new development 
is the design of a remarkable new wide-angle lens, known 
as the ‘Hologon’. This has an unusual shape, designed in 
part by a computer. At first sight the components of the 
lens look far too thick, but the performance is astonishing. 
The lens will focus with very little distortion light within an 
angle of 110°-—-much greater than anything previously 
available. This angle is so great that a special grip has 
had to be designed, because, if the camera is held in the 
conventional way, the fingers holding the camera obstruct 
the edges of the field of view. A camera using the lens 
will be marketed by the Oberkochen concern in the 
autumn this year, &nd commercial photographers are 
likely to leap at the opportunities it offers. 

One of the more recent scientific developments is the 
production of the universal micro-spectrophotometer. 
This is a combination of a microscope and a spectrophoto- 
meter. The specimen, a living cell, is continuously 
scanned in the ultra-violet and visible regions of the 
spectrum, and the absorption is continuously measured 
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and recorded. This provides information about the chemi- 
cal composition of the components of the cell, and is able 
to determine quantities of matter down to 10-44 of a gram. 
The company has also been able to develop interfero- 
metry as an effective and reproducible measuring tool. 
'The most remarkable applieation was to design an instru- 
ment with a span of 14 feet for the measurement of a cloud 
of hot ionized gas in plasma research. To make a stable 
interferometer of this size was a feat which seems to have 
surprised even those responsible for it. 

The foundation also supports scientific research. About 
$1 million has been spent, for example, on the design and 
construction of a balloon-borne telescope for the investiga- 
tion of the Sun. The control system of the telescope is 
designed for very great pointingaccuracy, of the order of 0.1 
seconds of are, and has three stages of adjustment. Optical 
photography will be supplemented by spectrographic 
observation in the 5100 A region, and the experiment 
is to be made by the Fraunhofer Institute, under the 
direction of Professor K. O. Kiepenheuer. It is hoped 
that the experiment will be carried out in Texas in some 
two months time—a wide open space is needed, because 
the telescope, weighing 3,000 pounds, has to be paraehuted 
to Earth from 85,000 feet. 

For the future, the company intends to continue with 
its traditional preoccupations, but it does recognize the 
increasing need for electronics. While it would not, it 
says, move into the computer market as such, it is cer- 
tainly prepared to incorporate enough electronics to 
make the best of its designs. Comparison with the Jona 
concern (see Nature, 213, 860; 1967) is difficult. The first 
thing that strikes one, in fact, is how very similar the two 
establishments are. Like exiles everywhere, the managers 
at Oberkochen seem to have set out to make the environ- 
ment as much like home as possible. To anyone who has 
visited Jena, the effect is uncanny. From the top of the 
office building, only the large number of cars in the park 
below indicate that this is the West. In the factory, 
there are fewer girls and the workers are on piece work. 
Otherwise, only the absence of posters extolling the virtues 
of the socialist system gives the clue. 









Detection of the Pulsed Radio Source CP 1919 


at 13 cm Wavelength 


by 


A. T. MOFFET 
R. D. EKERS 


Owens Valley Radio Observatory, 
California Institute of Technology, 
Pasadena, California 


THe pulsed radio source discovered at 3-68 m wavelength! 
has been studied at various other wavelengths between 
2and 73cem*??, The latter report states that the individual 
pulses have widths of about 35 ms with a sharp leading 
edge and with some indieation of a second peak near the 
end of the pulse. Peak flux densities of about 50 flux 
units are reported by both groups. with time-average 
fluxes of a few tenths of a flux unit (that is, a few times 10-77 
Wmm-?Hz-! At shorter wavelengths, upper limits of 
0-1 flux unit were obtained by Ryle and Bailey at 21-4 
em and by Davies et al. at 11-1 em. 

On March 16 and 17 we had an opportunity to observe 
this source at 13 em wavelength with extremely sensitive 
equipment at the Goldstone Tracking Station of the Jet 


High-frequency measurements suggest that the spectrum of the 
pulsating radio source is extremely steep. 


Propulsion Laboratory. Observations were made with @ 
maser receiver on the 210 ft. (64 m) Advanced Antenna 
system. The total noise temperature present in this 
receiving system when pointed at "cold sky" near the 
zenith was 20° K. Because the pulsed source is in the 
galactie plane and the observations were made at rather 
large zenifh angles. the system temperature during the 
observations was about 26? K. The maser amplifier 
was followed by a dual-conversion  superheterodyne 
receiver with intermediate frequencies of 50 and 10 MH 
the receiver accepted a band 6-1 MHz wide centered at 
2.295 MHz. The detector was followed by several stages 
of direct eurrent amplifieation having a smoothing time 
constant of 0-002 s. Data were sampled 1,000 times a 
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Fig. X. Four minute averages of the received signal from CP 1919. 


Time within the pulse period increases towards the right. The inclined 
dashed line represents an apparent pulse period of 1-3372223 8. 


second by an analogue-to-digital converter and were 
recorded in digital form on magnetie tape under the 
eontrol of a small computer. A flux scale was established 
through observations of the sources 3017 and 3048. The 
feed accepted linear polarization with the electrie vector 
in approximately position angle 70°. 

The data were subsequently analysed with a digital 
computer in which the functions of a conventional signal 
averager were simulated. The expected pulse period was 
divided into 1,337 cells of approximately 1 ms duration. 
The time of each data sample was calculated modulo 
the expected period, and the sample was added to the 
appropriate cell. Each minute of data was treated 
separately in this manner, and the successive 1 min 
averages were examined for the presence of a recurring 
pulse with the correct period; such a pulse would be 
found in the same cell in cach 1 min average. 

'The expected period used in the analysis was 1.337200 s. 
This value is close to that which would be observed for a 
source with a period of 1-3372795 s in the reference frame 
of the Sun, as reported by Hewish et al. For our observa- 
tions, the apparent period (adjusted for the Earth's 
orbital motion, including elliptieity, and for its rotation) 
would be 13371972 s on March 16 and 1.3371965 s on 
March 17. 

The results of our observations on March 16, which 
covered the periods 2037 to 2040 and 2041 to 2101 ur, are 
shown in Fig. 1. Each trace represents a 5 ms average 
within the expected period and a further average over 
4 min of observation (except for the last, which is 3 min). 
As can be seen, the pulse appears in each of these traces. 
It has a width of about 40 ms with peaks near each end 
of this interval. As time progresses (from top to bottom 
in Fig. 1), the pulse drifts towards the left. While it is 
possible that this apparent drift is spurious (caused, 
perhaps, by the poor statistics of detection in the 1 min 
averages), it seems possible that it is real. This would 
indicate a period during the time of these observations 


NATURE, VOL. 218 APRIL 20. 1968 


which was 26x105 s longer than that reperted by 
Hewish et al. It is not clear whether other reported 
measurements of the pulse period would have been sensi- 
tive to short term variations in pulse arrival time of a 
few hundredths of a second. Davies et al. remark that 
the arrival time of the pulses at 408 MHz is stable to 
within 6 ms, but it is not clear whether they compared 
this with the expected arrival time calculated on the basis 
of the period reported by Hewish et al. or on the basis of 
the mean period of a long sequence of pulses. 

The peak flux density of any of the 5 ms resolution 
4 min averages shown in Fig. 1 is 0-065 flux units. The 
peak in any of the 2 ms resolution 1 min averages is 
0-11 flux units. The standard deviations in these averages 
due to noise fluctuations are 0-011 and (-031 flux units, 
respectively. 

The average shape of the pulse was obtained by sum- 
ming all twenty-three | min averages. This was done in 
two ways: first, assuming that the correct period was that 
reported by Hewish et al. (that is, by summing along 
vertical lines in Fig. 1); and second, assuming an apparent 
period of 1-337225 s, which approximately aligned the 
leading peaks (that is, by summing along the inclined 
lines shown in Fig. 1). The results are shown in Fig. 2. 
As might be expected, the second procedure gave an average 
pulse with more sharply defined structure. 1f the second 
procedure is correct, the average pulse had a width of 
&bout 40 ms, with a sharp leading peak about 12 ms wide. 
A representative time for reception of this initial peak is 
203700-86 vr. March 16. The peak flux density is 0-040 
flux units. ‘The average flux density for the 40 ms duration 
of the pulse is 0-024 + 0-002 flux units, and the long-time 
average is then 40/1337 of this value, or 0-00072 flux 
units. These flux densities are several hundred times 
smaller than those reported at lower frequencies. Inciden- 
tally, the average flux density is at least one order of 
magnitude fainter than for any previously detected radio 
source. 
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Fig. 2. a, Twenty-three minute average of the received signal assuming 
the true period is that given ín ref. l. b, A similar 28 min average 
assuming the apparent period is 1:3372223 8. 


The drop in intensity at high frequencies is extremely 
steep. If the average flux density observed on March 16 
is in any sense typical, and if the same is true of the 
average 73 cm flux reported by Ryle and Bailey, the radio 
spectral index between these two wavelengths is — 3-2. 

A significant feature of this observation is that the 
pulses have the same width at 13 em as at 73 em. Indeed, 
the similarity between our Fig. 2b and Fig. 1b of Davies 
et al. is quite striking. At the shorter wavelength, propaga- 
tion effects should be negligible, indicating that this width 
is an intrinsic property of the source. The observed width 
should not be affected by dispersion within our receiver 
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bandwidth. If the dispersion follows the wavelength- 
squared law reported by Davies et al., the delay time is 
only about 10 s from zero wavelength to 13 em; the 
time to eross our receiver band should be of the order of 
10-4 s. 

Similar observations made between 1929 and 2000 UT 
on March 17 gave no convincing evidence for pulses during 
that time. The level of detection on March 17 was slightly 
poorer than on March 16 because of data sampling errors: 
nevertheless, pulses with the shape shown in Fig. 1 should 
have been detected if they were one-quarter the strength 
observed on March 16. Thus the reported variation 
in intensity from day to day would seem to persist at short 
wavelengths. Although our signal to noise ratio is not 
high enough to make any detailed comment on short period 
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time variations, no pulse was seen in three | min averages, 
and this variation is probably real. 
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Measurements on the Period of the Pulsating 
Radio Source at 1919-421 


by 

V. RADHAKRISHNAN 
M. M. KOMESAROFF 
D. J. COOKE 

Division of Radiophysics, 
CSIRO, Sydney, 

Australia 


OBSERVATIONS at several frequencies were recently made 
at Parkes of the pulsating radio source reported by 
Hewish et al.*. Four receivers centred at 85, 150, 630 and 
1,410 MHz were operated simultaneously on the 210 ft. 
telescope during the period March 22-25, 1968. "This short 
communieation reports only the measurements made on 
the arrival time of pulses. The highest signal to noise 
ratio was at 150 MHz and 630 MHz, and it was 
possible, on the basis of measurements at either of these 
two frequencies, to establish the period of the pulsations 
to better than 1 part in 10". The combined results for 
observations during the 4 day period give a value of 
133730113 + 0-00000007 s. 

The output of any one of the receivers could be switched 
into a 400 channel sequential integrating unit driven by a 
time base derived from a stable frequency synthesizer. 
The period 7' of the time base was adjusted to be close to 
the period of the pulses corrected for all known motions 
of the Earth, and the pulses were then integrated for times 
of the order of 10 min. The time resolution of the system 
was 1/400 3-343 ms. The result of the integration was 
displayed visually on an oscilloscope and plotted on an 
X-Y plotter. Any diserepaney between the assumed 
period and the true period manifested itself in a slow drift 
of the pulse across the channels of the integrator during 
the 3 h of observation on each day, and also from day to 
day. "The phase of the time base was checked each day by 
comparing it with time signals transmitted by the 
Australian Post Office. 

The duration of the pulses at any of the observing 
frequeneies is short compared with the interval between 
them, and, because pulses at different frequencies arrive 
at different times within the cycle, it was possible to 
multiplex the outputs of three different receivers into the 
integrating unit so that all three were sampled by the 
same time base and integrated in rapid sequence. The 
arrival times at different frequencies could thus be directly 
compared, permitting aceurate values for the differential 
delays to be obtained. 


The first observations from Australia of the pulsating radio source 
raise difficulties about the precise measurement of the period of 
oscillation. 


Our measurement of the period of the pulsations is based 
on the assumption that the source position is that given 
by Ryle and Bailey*—namely, 


2(1950-0) = 19h 19m 37s 
8(1950-0) = + 21? 47' 02” 


Corrections for the various motions of the Earth were 
computed for this position and yielded a value for the true 
period P, with respect to the Sun of 133730113: 
7x10- s. This value is in apparent disagreement with 
that quoted by Hewish et al. (1-3372795 + 2 x 10-* s) by an 
amount well in excess of the combined errors. The 
unlikely possibility that the period is a function of 
frequency is ruled out by our observations, which agree on 
all four frequencies to within one part in 10*. Another 
possibility is that the period itself varies with time. 
While this alternative is conceivable, the observations of 
Hewish ef al. extending over months gave no hint of any 
change and showed that the true period was constant to 
better than 1 part in 107. We have examined our data for 
possible short-term variations in periodieity, but have 
found none. 

The Cambridge observations, except for one 6 h period, 
were all confined to +2 min of transit. While the 
aecuraey of that final value depends on the total span of 
the observations, the resolution of the ambiguities in the 
period obtained from the transit observations depends 
markedly on the single 6 h measurement reported. By 
making the number of pulses per sidereal day precisely 
one more than the number we actually find, we arrive at an 
apparent period P,'— 1-33728037, in excellent agreement 
with the value obtained by Hewish et al. from observa- 
tions 4 months earlier. 

From measurements between any two frequenci 
were able to derive a value of the dispersion coeff 
At(X,—-A,2, where At is the difference between pulse 
arrival times at the corresponding wavelengths X, and Ap 
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We find the dispersion coefficient to be independent of 
frequency, and by combining all our measurements we 
obtain an average value of 0:5770+0-0008 s/m?. This 
is in essential agreement with the corresponding value 
derived from the integrated electron density in the line of 
sight quoted by Davies et al.? as 12-55 -- 0-06 pe cm~. 

The frequency drift rate at a frequency v caleulated from 


y3 
MHz s-, 


d cx e. 
103,700 + 150 


our dispersion coefficient 


where v is expressed in MHz. 
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The low-frequency receivers were provided by the 
Electrical Engineering School of the University of Sydney. 
We thank W. Miller Goss for the computation of the 
corrections for the Earth’s motion and D. J. Cole for 
assistance with the instrumentation of the project. 
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Further Observations of Pulsating Radio 


Sources 


by 
P. F. SCOTT 
R. A. COLLINS 


Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge 


Forrowrixa the first announcement of the discovery of a 
new type of pulsating radio source!, details of three further 
objects of this type have been published, one of these, 
CP 0950, having an appreciably shorter period than the 
others. In the original article! Hewish et al. suggested 
that the radio emission from these sources might arise 


CP 0950 CP 0834 





"i" 2v 


New observations make a binary star model unlikely and reveal 
complex frequency structure in individual pulses. 


from the oscillations of a neutron star. More recently, 
alternative explanations in terms of a binary neutron star 
system? and also a rapidly rotating white dwarf* have 
been proposed. The present communication describes 
further observations to investigate these possibilities and 
also to examine the frequeney structure of individual 
pulses; further differences between CP 0950 
and the other sources have been found. 

The observations have been made using 
the fixed element of the original 178 MHz 
interferometer at the Mullard Radio Astro- 
nomy Observatory?. The aerial, 440 m by 
20 m and aligned on an east-west axis, has 








been converted to operate at 81-5 MHz and 

| A E f ! 
\ J| now incorporates à phasing system which 
\ | \ J^ I^ allows the aerial beam to be automatically 
\ ] | eo on J \ scanned, at sidereal rate, through an angle 

/^ 7 Wer 7 o 1 ` : : r Y. 
Lon A v OMEN Maece of about 10° in right ascension. The first 
: set of observations was made using a simple 
receiver of 1 MHz bandwidth and centre 

— = ae Ue 1 ns —i +. ` E rp . 

0 0-25 0-5 0 0-5 10 frequency, 81:5 MHz. The receiver out- 
Sidereal seconds Sidereal seconds put was recorded on an electroencephalo- 
Fig. 1. Combined records of successive pulses for the sources CP 0834 and CP 0950. graph recorder with a response extending 
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Fig. 2. 
i CP 0950 and CP 1919. 


to 100 Hz, and also digitally on punched 
paper tape, the signal being first integrated with a 
time-constant of 0-02 s and then sampled 10 times per 
sidereal second. 


Comparison of Pulse Amplitude Variations with the 

Binary and Rotating Star Models 

The records were first analysed for any systematic 
difference in the characteristics of odd and even pulses 
such as might occur if both components of a binary system 
were radiating. Using the accurately known periods of 
the pulses, the digitized records of two of the sources 
(CP 0834 and CP 0950) were divided into sections of 
exaetly two periods and the sections added together to 
provide an integrated record of two suecessive pulses. 
Each record was analysed for a number of separate 
periods, each lasting 5 min; the results for two such 
periods are shown in Fig. 1. None of the results reveals 
any systematic difference between successive pulses; in 
the case of CP 0950 the average amplitudes agreed 
within 4 per cent and the time between the two pulses 
was within 0-2 per cent of the mean period. Comparable 
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binary model of Saslaw et al.” resulting 
from the precession of an elliptical orbit, 
No detectable modulation was found, the 
timing of the pulses during these periods 
being regular to within 0-02 of the pulse 
period in each case. These results set an 
upper limit of about 0-1 for the eccen- 
tricities of the orbits for both CP 0834 
and CP 0950. The explanation of the 





sources in terms of a binary neutron star? 
thus requires either two sources of equal 
flux density experiencing equal amounts 
of gravitational focusing or, alternatively, 
emission from only one component of the 
binary; the former explanation is un- 
likely because of the similarity between 
the amplitude variations found for odd 
and even pulses over suecessive periods of 
5 min. In the latter case the orbital period 
must be half that envisaged by Saslaw ef 
al. In either case the orbit must be 
closely circular. 

If, on the other hand, the radiation 
arises from sources of directed emission in 
a rapidly rotating white dwarf‘ the equal 
spacing of the pulses and the absence of 
any intermediate pulses can only plausibly 
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Fig. 3. The output produced by different types of received signal. (i) Narrow-band 


signal; (ii) wide-band signal; (iii) narrow-band signal with frequency structure; and (iv) 
signals with frequency structure (d) or narrow-band pulses of appreciable 


wide-band 
time duration (b). 
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Fig. 4, Pulses observed from the sources CP 0834 (ii and iii) and CP 0950 (v-viii). Cali- 
bration pulses from a swept-frequency signal generator are also shown (i and iv). 


figures were found for CP 0834. Is ean also be seen that 
there is no evidence for any intermediate pulses with a 
mean amplitude exceeding 2 per cent of that of the main 
pulses. 

'The timing of the pulses from CP 0834 and CP 0950 
has been investigated over periods of 20-30 min in order 
to detect any phase modulation of the pulses occurring 
with periods of between 5 min and 60 min. A modulation 
with a period in this range would be expected on the 


be explained if the emission is produced by 

t a single active region. The phase stability 
of the observed pulses during periods of 
30 min and the continuity found in à day 
by day plot of the time of arrival of 
pulses? show that the same emitting 
region must persist for periods of several 
months. 

The pulse to pulse amplitude variations 
do not seem to be explicable in terms 
either of interplanetary? or of interstellar 
scintillation and must be accounted for by 
variations within the sources themselves 
(unpublished results of P. A. G. Scheuer). 
An autocorrelation analysis of the ampli- 
tudes of successive pulses has been carried 
out for the sources CP 0950 and CP 1919 
on the basis of observations during periods 
of 20 min and 80 min respectively (Fig. 2). 
In the case of CP 1919 it can be seen that 
periods of activity lasting for about 50 
pulses (^1 min) oceur. The pulses from 
CP 0950, on the other hand, show no sig- 
nifieant correlation for periods up to 500 
pulses (2 min). The day to day variations 
of CP 0950 suggest, however, that a 
period of increased activity can persist: 
from one day to the next. 


(vii) 


Frequency Structure of the Pulses from 
CP 0950 


The original observations of Hewish 
et al.! showed that the pulses from CP 
1919 consisted of narrow-band signals 
sweeping downwards in frequency, the 
rate of change of frequency being about 
5 MHz s. The observations were con- 
sistent with the production at the source 
of short («0-02 s) pulses of wide band- 
width whieh subsequently underwent dispersion in the 
interstellaf medium. The assumption that the disper- 
sion occurs predominantly outside the source is further 
supported by the measurements of Davies ef al, who 
found that on this interpretation the pulses were emitted 
simultaneously for a very wide range of frequencies. 
The measurements of three other sources? show that 
these also emit pulses with similar characteristics, al- 
though the sweep rates differ appreciably, suggesting 


(viii) 
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that the ray path includes different values of integrated 
electron density. 

Further observations have now been made to investigate 
the frequency structure of the source CP 0950. In these 
observations the signal from one half of the aerial was 
delayed by means of an additional cable length, l, and 
combined with the signal from the other half of the aerial 
before being amplified and recorded as described earlier. 
The response of the system as a function of signal fre- 
quency, v, was thus a series of interference fringes of the 
form : 


me 
cos? (= where c is the velocity of light 
v 


These fringes extend over the 4 MHz bandwidth of the 
receiver, which was centred on 80-0 MHz. The additional 
cable length, /, was 440 m, so that successive maxima 
were separated by 0-6 MHz. The system was calibrated 
by injecting into the cables from each half of the aerial 
small signals from a signal generator which could be 
swept in frequeney. 


The form of the output for several possible types of 


input signals is illustrated in Fig. 3. 

Signals having an instantaneous bandwidth greater 
than about 300 kHz will smooth out the interference 
fringes in the frequency response of the system, while 
any frequency structure present in the original pulse will, 
after dispersion, appear as a modulation of the receiver 
output in time. The type of output shown in Fig. 3 (iv) 
can be explained either in terms of frequency components 
showing a wide instantaneous bandwidth (> 300 kHz) or, 
alternatively, in terms of narrow-band frequency com- 
ponents of longer duration; on either interpretation the 
original pulse must be emitted over a time interval 
greater than about 15 ms. 

Fig. 4 shows two pulses from the source CP 0834 
(ii and iii) together with a calibration pulse from a 
swept-frequency signal generator (i) The pulses are 
completely consistent with a short emitted pulse of wide 
bandwidth, as found earlier in the case of CP 1919, and 
show no evidence for complex frequency structure. The 
pulses observed from CP 0950, on the other hand, show a 
wide variety as shown in Fig. 4 (iv to viii). It is imme- 
diately apparent that the pulses cannot generally be 
interpreted in terms of a simple swept-frequency signal 
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such as would arise from a short emitted pulse of wide 
bandwidth. Frequeney structure on a scale of <1 MHz 
usually appears to be present, the same structure often 
being repeated over periods of up to 1 min. The absence 
of interference fringes in most of the pulses implies a time 
of emission which is usually greater than about 15 ms. 

It is possible that some of the effects observed might 
be explained in terms of Faraday rotation in the interstellar 
medium if the emission from CP 0950 contains a linearly 
polarized component; alternatively they may be caused 
by interstellar scintillation. The observed dispersion in 
the case of CP 0950 implies an integrated electron density, 
along the line of sight, of 3-2 + 0-8 em-? pe (ref. 2). A value 
of the mean component of magnetic field along the line of 
sight of 3x 10-* gauss would be sufficient to produce a 
rotation of the plane of polarization of ~5 radians across 
the 4 MHz band of the receiver. It is therefore possible 
that some of the observed frequency structure could be 
produced in this way although it does not explain the 
variability from pulse to pulse. 

Scheuer (unpublished results) has examined the pos- 
sibility of aecounting for the longer period variations of 
pulse amplitude in terms of scintillation caused by 
irregularities of electron density in the interstellar medium. 
A scintillation mechanism might also account for the 
structure in the spectrum of the individual pulses, but 
seems unlikely to explain the rapid (<5 min) variations 
observed. 

It therefore seems necessary to suppose that at least 
part of the fine frequency structure observed in the pulses 
of CP 0950 arises within the source itself. 

We are indebted to Sir Martin Ryle and Dr P. A. G. 
Scheuer for helpful discussions and one of us (R. A. C.) 
thanks the Science Research Council for a maintenance 
award. 
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Nucleotide Sequence of N-Formyl-methionyl-transfer RNA 


by 

S. K. DUBE 

K. A. MARCKER 
B. F. C. CLARK 
SUZANNE CORY 


MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge 


Marcker and Sanger’s discovery! that N-formyl-meth- 
ionyl-transfer RNA (F-Met--RNAgs) was formed in Æ. 
colt by formylation of methionyl-tRNA (Met-tRNA) 
stimulated many studies on the possible role of this ?RNA 
in protein biosynthesis. tRNA from E. coli was found to 
contain two methionine-aecepting species ((RNAy and 
tRNAw) but only the methionine attached to {RNAr 
could be formulated?. There is now an impressive amount 
of evidence showing F-Met-iRNAy to be the chain- 
initiating RNA in bacterial systems’.  Met-ZRNA w, on 
the other hand, has properties similar to all other tRNAs 


N-Formyl-methionyl-transfer RNA is thought to be the chain-initiat- 
ing tRNA of protein synthesis in bacterial systems. The complete 
nucleotide sequence of this tRNA from Escherichia coli has now 
been worked out. 


and places methionine into internal positions of proteins?. 
A comparison of the nucleotide sequences of RNA» and 
éRNAm may lead to an explanation of their different 
functions. We therefore began a study of the nucleotide 
sequences of the two methionine {RNAs, and we now 
report the complete nucleotide sequence of IRNA y. 
Recently a rapid two dimensional procedure has been 
described for separating oligonucleotides labelled with 
phosphorus-32 (ref. 4). We have therefore purified such 
labelled ?zRNA, which was prepared from E. coli CA 265 
grown in the presence of ?*P.phosphate, as desoribed 
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before. After extraction of the (RNA the {RNAr was 
purified by chromatography on a column of DEAE 
‘Sephadex’ followed by chromatography on benzoylated 
DEAE cellulose’, which separates {RNAr and tRNA 
from each other, The {RNA p was obtained in a purity of 
90 per cent or more, which is sufficient for nucleotide 
sequence work. 

The sequence of the labelled (RNAr was determined 
following the methods developed by Sanger et al.4. The 
end-products of digestion with Tl-ribonuclease or pan- 
creatic ribonuclease were separated by the two dimen- 
sional system and their sequences were determined by 
further enzyme digestion. In order to overlap the end- 
products, larger fragments were produced by partial T1 
and pancreatic ribonuclease digestion, and these were 
separated as described by Brownlee et al^. The sequences 
of the partial fragments were determined from their 
complete T1 and pancreatic ribonuclease products. From 
the large number of partial digestion products a unique 
sequence was deduced as shown in Fig. 1. The sequence 
has been arranged in the “clover leaf" pattern character- 
istic of yeast {RNAs* and also of E. coli tyrosine-tRNA®. 


Aon 
C 
Cc 
A 
C A 
PS ec 
c—G 
G-—C 
G—C 
G—C 
G — CcoGccU A 
*U A 
2 mp x 
cC? ^caoAc DOCTI 
U 
G LEG GiMe 
CU 
GDA eee a 
c—G 
G—C 
G —C 
| 06—C 
2 OMe c A 
U A 
CAU 


Fig.1. The nucleotide sequence of (RNAF isolated from E. coli, CA 265. 

Standard abbreviations are used for the four usual nucleotides. Other 

abbreviations are: y, pseudouridylic acid; T, thymidylic acid; 7MeG, 

T-methylguanylie acid; 270 MeC, XO methyleytidylie acid; D, dihydrc- 
uridylie acid. 


During the sequence work a minor {RNAy was also 
detected. The major 7RNA, has a 7-methylguanylie acid 
(7MeG) which in the minor {RNAg is replaced by an A. 
The proportions of these two {RNAs are estimated as 
75 per cent with 7MeG and 25 per cent with A. 

Ribonuclease T1 fingerprints of tRNAr consistently 
contain an oligonucleotide in variable and less than molar 
yield. This appears to be a pentanucleotide, having one 
or two modified bases. The oligonucleotide is unstable 
in mild alkali which degrades it to an AG sequence and 
several other products. Whether this oligonucleotide 
reflects modification of one or two bases in the tRNA v» 
strueture shown here, or whether it is due to another 
species of RNA r, cannot be ascertained at present. Our 
sequence data suggest that the possible base modifications, 
or alternatively base changes, oceur in the dihydro- 
uridylic acid containing loop. If the oligonucleotide 
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reflects the presence of another {RNAy, then the base 
changes are probably not in that £RNA y in which an ES 
replaces a 7MeG, because the ratio of TMeG to A remains 
constant while the yield of the pentanueleotide varies. 

The nature of the base U* is still in doubt. There is 
some evidence to suggest that it is a modified U, but it 
may also be a normal U. The exact nature of U* is now 
being investigated in a nucleotide isolated from pure non- 
radioactive tRNA y. 

Several features in the structure are noteworthy. The 
anticodon loop is similar to that found in other IRNAs, 
but, whereas in all other {RNAs except yeast valine {RNA 
the base following the last letter in the anticodon is either 
a modified A or an unusual base, such as Mel (ref. 8), the 
base in (RNA, is an unmodified A as in valine tRNA. 
The last letter in the anticodon of valine-tRNA is a C 
whieh would not be expected to "wobble"'. In iRNAr 
the last letter is a U, which can “wobble” by base-pairing 
with both A and G, thus permitting recognition of both 
the established codons AUG and GUG?**, Conceivably, 
the unique ambiguity of the first base in the codon~anti- 
codon reading of £RNA p may be because the base following 
the anticodon is an unmodified nucleotide. 

The GT jC-containing loop does not have the usual 
GT CG sequence common to most other (RNAs, but 
contains instead a GT QCA sequence. This has also been 
found in one of the two major serine-tRNAs from yeast, 
which has the same sequence in the whole loop!*. 

tRNA exhibits unusual base-pairing near the 5' and 
3’ end of the molecule. In all sequenced tRNAs pairing 
starts at base number 5, measured from the amino 
acceptor end, and leaves four bases unpaired, In /RNA y, 
on the other hand, base-pairing starts at base number 6 
and leaves five bases at the 3‘OH end and pCp at the 5’ 
end unpaired. Some of the unusual properties of «RNA v 
may be due to this feature. The nucleotide sequence 
alone does not suggest which parts of the molecule are 
responsible for the transformylase and methionine (RNA. 
synthetase specificities and which parts are of importance 
for the affinity of the {RNA for the ribosomal binding 
site, For all the functions the tertiary structure of the 
{RNA would be of major importance. Experiments using 
large fragments of 1RNAr are now in progress in order 
to decide which parts of the molecule determine its various 
properties, In addition, we are currently determining the 
nucleotide sequence of {RNA» in order to compare it 
with the structure of tRNA r. 

We thank Dr F. Sanger, Dr G. G. Brownlee and Mr 
B. G. Barrell for their help, and Mr M. J. Young for 
technical assistance, We also thank the Radiochemical 
Centre, Amersham, for preparations of labelled tRNA. 
One of us (S. K. D.) is supported by a fellowship from the 
Wellcome Trust, and another (S. C.) has an overseas 
science research scholarship from the Royal Commission 
for the Exhibition of 1851. 
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Abortive Transformation by Polyoma Virus 


by Exposure of hamster cells to large doses of polyoma virus is known 


MICHAEL STOKER 


Institute of Virology, 
University of Glasgow 


to result in permanent transformation of a small proportion of cells. 
Experiments with cells 
higher proportion of infected cells undergoes a temporary change, 
in which at least one characteristic of transformation is acquired for 


in suspension now suggest that a much 


a few cell divisions and then lost again. This suggests that acquisition 
of the transformed phenotypes does not depend upon stable integra- 
tion of the viral genome. 


AFTER exposure to high multiplicities of polyoma virus, 
a small proportion of hamster cells grow into clones of 
transformed cells, but most seem to be unaffected. The 
transformed clones can be recognized by the random 
orientation of the celsi? and by the ability of the trans- 
formed, but not the untransformed, cells to grow in agar 
suspension cultures’, Stable lines of hamster cells, such 
as BH K21 (ref. 4) and NIL 2 (ref. 5), are more sensitive 
to transformation than are freshly isolated cell strains, 
but even with these a maximum of about 5 per cent of 
cells are transformed after exposure to virus. Transforma- 
tion frequencies ean be higher, however, with the 373 
line of mouse cells exposed to SV40 virust”. 

During earlier studies in this laboratory on the be- 
haviour of polyoma infected BHK21 cells in agar sus- 
pension cultures, it was noticed that the apparently 
normal cells which did not grow into recognizable trans- 
formed colonies nevertheless were larger than the un- 
infected controls. Size measurements suggested that 
these might be microclones arising from cells that had 
divided only a few times. but this supposition could 
not be confirmed because of the difficulty of removing 
cells from agar. Neither was it possible to find out if the 
supposed microclones were composed of normal cells that 
had grown for a few divisions, or transformed cells that 
had failed to continue growth. 

Studies on the regulation of cell growth have recently 
led to the development of an alternative to the agar 
suspension system which permits the easier manipulation 
of cells and colonies*. This involves suspension eulture in 
medium containing carboxymethyl cellulose at a concen- 
tration sufficient to immobilize the cells, contained in 
vessels lined with agar to prevent anchorage and spreading 
of the cells.  Untransformed cells including. BHK21 
and NIL 2 cells can be maintained in this system for at 
least 7 days with little or no growth, but are capable of 
further division when exposed to a suitable st imulus, that 
is, anchorage to à rigid surface. 

This communieation deseribes the behaviour of polyoma 
infected cells in this suspension system, and shows that 
the virus can induce a temporary change involving at 
least one of the characteristics of transformation in a high 
proportion of cells. With the exception of a few stable 
transformants, these cells revert to the untransformed 
state on continued propagation. 

Clone C13 of BHK21 cells and clone Æ isolated by Dr 
I. A. Macpherson from NIL 2 cells were propagated by 
standard methods, using modified Eagle's medium with 
10 per cent calf serum and 10 per cent tryptose broth 
as growth medium. Suspension cultures* were made by 
adding one volume of cells to nine volumes of 1-3 per 
cent carboxymethyl cellulose ('Methocel' Dow type 
AIC, 4,000 centipoises) in growth medium (‘Methocel’ 
medium), to give a final concentration of 1-17 per cent 
carboxymethyl cellulose with 2x 105 cells/ml., Volumes 
of suspension (1 ml.) were cultured as * “Methocel’ sus- 
pension cultures" in 2 em diameter holes in 0-9 per cent 
agar (agar-holes), or in 50 mm plastie Petri dishes lined 
with agar. The agar lining contained Eagle's medium 
and 10 per cent calf serum. The cells and colonies in 
"Methocel" medium were removed with a wide bore pipette, 

* Unpublished observations of Stoker, O'Neill, Berryman and Waxman. 








and subsequently freed from ‘Methocel’ by dilution with 
growth medium. 

The suspension of polyoma virus was an extract of 
infected mouse embryo cells treated with receptor destroy- 
ing enzyme? containing 5x10? prr. (86x 101! par- 
ticles)/ml. of a cloned small plaque variant of the Toronto 
strain. Controls were similarly made from uninfected 
cultures of mouse embryo cells. 

Heavy (Band I) and light (Band II) fractions of polyoma 
virus were made by two cycles of centrifugation in caesium 
chloride equilibrium density gradients’. The virus in each 
fraction was spun out of the diluted caesium chloride, 
resuspended in water, and sterilized by filtration through 
‘Millipore’ membranes. Both fractions contained 4 x 1012 
particles/ml. More than 98 per cent of the Band I par- 
ticles and less than 2 per cent of the Band II particles 
were "full", as judged by laek of penetration of phospho- 
tungstate: Band I suspensions contained 1-6 x 1019 
P.F.U./ml. and Band IT suspensions 2 x 10° p.r.u./ml. 

Virus suspensions, diluted when necessary in either 
tris or phosphate buffered saline, containing 0:5 per cent 
calf serum were added to cells in ‘Methocel’ medium by 
gentle stirring and pipetting (0-05 ml. of virus suspension 
to 1 ml. of 'Methocel medium containing 2x 10* cells). 
The excess virus was not usually removed, but in some 
experiments 0-1 ml. of virus suspension was allowed to 
adsorb for 1 h to monolayer cultures of cells, and excess 
virus was removed by washing. After incubation for a 
further 4 h in fluid medium the cells were suspended and 
added to ‘Methocel’ medium. ntrols were exposed to 
buffer or extracts of mock infected mouse embryo cells. 

Direet measurements of the size of cella and colonies in 
‘Methocel’ were made in situ with a Watson image shearing 
eyepiece and expressed in scale units. At the magni- 
fication used, one unit equals 3-9u. 

Most uninfected BHK21 cells in ‘Methocel’ remained 
as single cells or pairs*. About 25 per cent increased in 
diameter during 7 days as a result of one or two divisions, 
but less than 5 per cent reached a diameter corresponding 
to three divisions (see ealibration curve in Fig. 2). Addition 
of undiluted polyoma virus suspension either directly 
(4:3 x 10% particles, 2-5 108 p.w.u./2 x 10% cells) or by 
earlier adsorption to monolayers (8-6 x 1019 particles, 
5x 105 r.F.v./2 x 108 cells) led to growth of 25 per cent- 
50 per cent of the cells into spherical colonies (see Fig. la 
and b). 

Uninfected NZL 2 clone E cells also failed to grow in 
‘Methocel’, but 39 per cent grew into colonies when the 
cells were exposed to polyoma virus (4:3 x 1019 particles/ 
2x 108 cells). Subsequent experiments were all carried 
out with BHA K21 cells. 

The colonies which developed were not cell aggregates 
because there was no reduction in the total number of 
single cells plus colonies. In one experiment, 38 per cent 
of the infected cells and 8 per cent of the control cella 
had grown into colonies estimated to contain two or more 
cells by 48 h. At this time the mean count of total cella 
and colonies/field was 132 (S.E.3 7.5) for the eontrols, 
and 131 (S.E.- 6-8) for the infected cultures. 

Exposure of cells to the control, virus-free, extract of 
mouse embryo cells also resulted in some limited growth 
which exceeded that of the controls exposed to buffer 
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Fig. 1. BH K21 cells after 7 days in 'Methocel' suspension culture. 
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(a) Uninfected, showing single cells 


and a few small colonies. (b) Cells exposed to polyoma virus before culture (4 x 10'? particles/2 x 10° 
cells) showing development of colonies. (x 65.) 


‘Table 1. GROWTH OF BH K21 CELLS IN ‘METHOCEL’ CULTURES AFTER EXPOSURE 
TO DENSITY GRADIENT FRACTIONATED POLYOMA VIRUS 
Plaque Size distribution of 100 cells and colonies 
Particles forming Diameter in scale units* 


x10* units x10* 1-5 6-10 11-15 16-20 21-25 26+ 
Polyoma 
nd I 380 160 10 58 18 10 3 1 
(dense) 3s 16 17 65 9 3 5 1 
Band -1 410 2 J4 R2 2 2 ü : 
( 41 02 30 66 4 0 0 
N Do — — 15 80 3 2 0 0 


2 x 10° cells were exposed to virus dose indicated. After incubation for 6 
days, diameters were measured. 

* One scale unit = 3-9. 
alone. The role of the virus was therefore investigated 
by using density ient purified virus, and by com- 
paring the Band I (“full”) and Band II ("empty") frac- 
tions which are known to differ in DNA content, plaque 
forming and transforming activity*?*. The DNA con- 
taining Band I partieles caused the cells to grow into 
colonies as shown by the inerease in diameter (Table 1). 
Similar numbers of “empty” Band II particles had little 
effect. Comparable results were obtained with another, 
separately purified, bateh of virus. Subsequent experi- 
ments were all carried out with density gradient purified 
Band I fractions. 

The number of cells/colony can be deduced from the 
diameter, and thus the volume in comparison with the 
volume of single cells. The volume of isolated single cells 
is variable, however, and that of cells in spherical colonies 
may not be comparable. Direct measurements of cell 
numbers in colonies were therefore made by isolating 
single colonies from infected cultures in microdrops and 
subsequently exposing them to 0-05 per cent trypsin. In 
these conditions, the cells separated and could be counted 
by microscopy. Fig. 2 shows the relationship of cell 
numbers to colony diameter. This fits a theoretical curve 
based on volume assuming a single cell diameter of 5 units 
(19-65). From this curve, colony sizes were divided into 
classes corresponding to doubling of cell numbers and 
thus mean cell divisions. (Diameters of up to six units 
were classified as single cells, but this is larger than the 
diameter of cells freshly suspended in ‘Methocel’ medium* 
so that the distinction between one, two and ever four 
cells is considered to be arbitrary.) 

Using this calibration curve the frequeney distribution 
of clones of different sizes was determined on successive 
days after addition of virus (3-5 x 10! particles/2 x 10° 
cells) compared with uninfected controls. Fig. 3 shows 

* Unpublished observations of Stoker, O'Neill, Berryman and Waxman, 


that more than half the infected cells underwent one, two 
or three divisions 48 h after addition of virus. Larger 
clones appeared on succeeding days until, by the seventh 
day, 38 per cent of the population had divided four or 
more times, with a maximum of five or six divisions. On 
further incubation of infected cultures for more than 7 
days, a small proportion of cells (usually less than 1 per 
cent) continued to grow into very large eolonies thirty 
units or more in diameter. A small proportion of un- 
infected cells grew during the first week, but did not 
increase in size on further incubation. 

The fact that about half the cells failed to grow, even 
at high ratios of virus : cell, could have been caused by 
non-viable cells which are unable to grow in *Methocel'. 
however stimulated. The plating efficiency of the normal 
cells on glass was 89 per cent when recovered after 1 day 
in ‘Methocel’ (unpublished observations), and remained 
high even after 7 days in suspension, but this does not 
necessarily signify that growth ean occur in suspension. 
Established transformed cells grow with high efficiency of 
plating in *Methocel' medium (80-90 per cent), but two 
transformed clones recently isolated from ‘Methocel’ cul- 
tures grew with lower efficieney of plating (64 per cent 
and 58 per cent, respectively (see Table 2)). It is not 
possible at this stage to judge the role of cell competence 
in limiting the number which are stimulated at high virus 
dosage. 





5 10 15 20 25 30 35 
Diameter of colony (scale units: 1 unit =3-94) 


Fig. 2. Calibration curve showing relationship of colony diameter and 

number of cells revealed by exposure of colony to trypsin (open circles). 

Solid line is theoretical curve — on volume increase in relation to 
iameter. 
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Clone size 
Fig.3. Growth of BH K21 cells in ‘Methocel’ on successive days after 
exposure to polyoma virus (4 x 10!? particles/2 x 10° celis), Clone size 
caleulated from colony diameter using data shown in Fig. 2. Open 
columns, uninfected; closed columns, infected. 





Characteristics of Clones 


Colonies of various sizes (and single cells) were removed 
from *Methocel' at various times after infection by dilution 
of the ‘Methocel’ culture in fluid medium. They were 
then allowed to attach to glass coverslips or plastic Petri 
dishes in fluid medium. ‘The colonies were stable and 
were not disintegrated by pipetting. Soon after plating, 
the colonies attached to the rigid surface, and within 1 or 
2 h the cells began to spread and emigrate. By 24 h, 
clones of up to thirty-two cells were all attached and 
spread, and larger clones were surrounded by a wide halo 
of elongated cells. Clones arising from single cells by 
division after attachment could be distinguished by their 
size. 

When the clones were examined after growth on glass 
for more than 2 or 3 days, most showed parallel orienta- 
tion and were indistinguishable from normal, untrans- 
formed colonies of BH K921 cells. A few clones, however, 
gave rise to typical transformed colonies in which the 
cells were randomly arranged. From two similar experi- 
ments, forty-seven individual clones were isolated at 
random and cultured separately. Of these, three failed 
to grow sufficiently and could not be identified. five were 
transformed and thirty-nine seemed to be normal in cell 
arrangement. Because about 33 per cent of the infected 
cells developed into colonies, it can be calculated that 
approximately 3 per cent of the original cells became 
fully transformed. ‘This is higher than the proportion 
which grow into very large colonies (shown earlier), but 
Table 2, CHARACTERISTICS OF SELECTED CLONES ARISING IN SUSPENSION 

CULTURE FOLLOWING POLYOMA VIRUS INFECTION 
Percentage grow- 
ing in suspension 





Polyoma 


Clone Plaque Transplant- With Transform- 
Fanti- forming ability 2 No poly- ability 
gen* units? virus$ oma 
MC O(orientated) — - 0/4 8 70 tl 

10 35 em - OF 8 76 
16 an ae = 0/4 4 68 
24 $i ~ 0/4 5 40 
5 (random) E -— 4/4 64 

15 35 * 58 


* With 1/20 dilution of immune serum from tumour bearing hamsters, 10 
per cent cell suspensions, and 2 units of complement. +, complete fixation: 
—,no fixation, 

t Number of plaques with homogenate of 4 x 105 cells. 

i Number of hamsters with tumours/number inoculated, 6 weeks after 
subcutaneous injection of 19° cells. 

§ Percentage of cells undergoing three divisions or more in ‘Methocel’ 
suspension cultures. 

fi Percentage of cells undergoing three divisions or more in ‘Methocel’ 
suspension cultures after exposure to polyoma virus, as described in text. 

l Three of forty-seven clones that appeared in ‘Methocel’ were fully 
transformed, 
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is comparable with the frequency of transformation 
determined by other methods. 

When recovered from 'Methoeel 6 or 7 days after 
infection, the fully transformed clones were generally 
larger than the clones which seemed to be normal; after 
longer incubation in '"Methocel' nearly all large clones 
(sixty-four eells or more) which developed gave rise to 
transformed colonies when replated on glass. Fig. 4 
shows the orientation characteristics of clones removed 
after 7 and 13 days in suspension; their size was measured 
before replating on glass. (These were selected for size 
distribution and not pieked at random.) Despite the pre- 
ponderance of transformed clones in the larger size groups, 
it should nevertheless be noted that several of the appar- 
ently normal clones grew to at least sixty-four cells. 


Estimated clone size 
8 16 32 64 128 256 





] t | 
ld | i | 
R 
2 
Ẹ 
o 
10 20 30 85 
Diameter of colony (scale units: 1 unit 3:94) 
Fig. 4. Identification of selected clones of different sizes appearing in 


*Methocel' suspension cultures of BH K21 cells exposed to polyoma virus. 

Each square or circle represents one clone. Squares, after 7 days; 

circles, after 13 days in ‘Methocel’. Open, clones reverting to normal: 
closed, transformed clones, 


Four elones with orientated and two with random 
arrangement were examined for further characteristics 
which are shown in Table 2. T antigen was detected in 
complement fixation tests with the two random clones, 
but the level was low (strongly positive at the highest 
concentration tested, 10 per cent cell suspension). These 
clones grew in suspension, and one which was tested 
rapidly produced tumours when transplanted in ham- 
sters. Four orientated clones contained no T antigen 
detectable in 10 per cent suspensions. None produced 
tumours in hamsters. The behaviour of all four in 
‘Methocel’ suspension cultures resembled that of un- 
infeeted BH K21 cells, including the response to polyoma 
virus. The clones appearing after infection of clone 
NC9 were further characterized, and fully transformed 
clones were found in addition to those that reverted to 
normal. 





Emigration Patterns 

Although most of the clones of infected cells were 
normally orientated in arrangement from 2-3 days on 
glass, the cells which emigrated from the colonies in the 
first 48 h were somewhat randomly orientated, and at 
this early stage nearly all clones seemed to be transformed. 
Later, as already indicated, the cells from most colonies 
became orientated in parallel. This raised the possibility 
that the infected cells had temporarily developed another 
transformed character, namely, random arrangement, in 
addition to their ability to grow in suspension. 

The distinction between random and orientated 
arrangement cannot yet be decided quantitatively and 
objectively. A random type emigration pattern might be 
a feature of any cells, normal or transformed, during 
emigration from a spherical colony on to a flat surface, 
and the pattern is clearly influenced by cell density. 
Emigration patterns from colonies arising from infected 
cells were, however, compared with those from colonies 
of established transformed cells and of normal cells 
growing in suspension, Because normal cells rarely grow 
in suspension, "colonies" were obtained from two sources: 
(1) by using rare clones from uninfected cells which grew 
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in suspension; and (2) by making mock colonies using 
cell aggregates. 

Aggregation occurs when suspended cells in fluid 
medium are prevented from attaching to a rigid surface, 
for example, by coating the vessel with agar. Aggregates 
of suitable size of normal and also transformed BHK21 
cells were allowed to form for 24 h and were then centri- 
fuged out of the medium and resuspended in ‘Methocel’. 
On successive days thereafter they were removed and 
replated in fluid medium on glass coverslips for examina- 
tion of the emigration patterns. 

Cells emigrating from normal “colonies”, whether true 
clones or aggregates, usually showed some ordered 
directional arrangement soon after flattening, while estab- 
lished transformed cells showed a different, more random, 
pattern. A high proportion of the clones arising from 
freshly infected cells showed emigration patterns different 
from normal cells, and closer to those of established 
transformed cells. These abnormal patterns were lost 
after about 48 h on glass from all except the few per- 
manently transformed clones. Typical patterns of 
emigration from normal colonies are shown in Fig. 5 in 
comparison with those from colonies arising from recently 
infected cells. 


Significance of Results 


Growth of most types of normal cell, and of the BHK21 
and NIL 2 cell lines, is “anchorage dependent". Thus 
growth of suspended cells stops, or is delayed, in the G1 
phase of the cell cycle until the inhibition is removed by 
anchorage to a rigid surface (unpublished observations). 
Transformation into a tumour eell ean result in the 
permanent loss of this anchorage dependence, with the 
well known consequence that some transformed cells grow 
in suspension. 

The results reported here show that polyoma virus ean 
initiate up to six consecutive cell divisions in stationary 
normal cells in suspension cultures. The clones which 
result then fall into two classes: (1) a large number in 
which the cells regain the characteristies of untransformed 
cells, including their incapacity for further growth in 
suspension, and (2) a few in which the characteristics of 
transformation are perpetuated indefinitely. The tem- 
porary change, like permanent transformation'*, is not 
initiated by empty virus capsids but requires “full” 
DNA containing particles of polyoma virus. It is there- 
fore reasonable to assume that it is caused by the viral 
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Fig. 5. Emigration patterns on glass 24 h after attachment of colonies previously developed for 72 h in 
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DNA or possibly host DNA enclosed in viral capsids!!/*, 

Thus the infected cells can develop one of the charac- 
teristics of transformation, that is, loss of anchorage 
dependence for a limited period only. From a recent 
report it is possible that this change is also accompanied 
by a synthesis of T antigen??. The fact that the alteration 
in behaviour only lasts for a few divisions would make it 
diffieult to identify in conventional eulture systems; 
moreover, it has not been possible to investigate the tem- 
porary acquisition of other characteristics of transforma- 
tion such as increased transplantability and high glycolytic 
capacity. Nevertheless, there is some evidence from the 
emigration patterns (admittedly subjective and non- 
quantitative) that there is a temporary change in cell 
arrangement during this short period. Because at least 
one, and possibly two, of the characteristics of trans- 
formed cells are gained and then lost, the phenomenon is 
termed ‘‘abortive transformation". 

]t is interesting to recall that, in their early work on 
polyoma transformation in vitro, Sachs and his colleagues 
reported that mass cultures of hamster fibroblasts devel- 
oped a general change in arrangement a few days after 
exposure to virus. This was difficult to understand at 
the time because it was known that only a very small 
proportion of cells were fully transformed". It now seems 
likely, however, that the change visible in the mass cul- 
tures was caused by abortive transformation in a high 
proportion of cells. Abortive transformation, if accom- 
panied by synthesis of transplantation antigen, might 
also account in part for the transplantation immunity 
which develops in animals inoculated with virus. 

Polyoma and S V40 viruses are known to induce DNA 
synthesis of the host cell in dense stationary cultures", or 
even X-irradiated cultures'*, of several types of cells. 
Some studies have involved cells which are destroyed by 
the viruses, but it has been shown that in human diploid 
cells and 373 cells the DNA synthesis may he followed by 
stimulation of mitosis!*, It has been noted previously 
that infection with S V40 virus increased the efficiency with 
which a polyoma transformed line of hamster cells'* 
formed colonies, and that SV40 DNA (but not intact 
virus) stimulated the growth of BHK21 cells’. 

There is a delay of 16 h between infection and the 
appearance of the enzymes concerned with DNA syn- 
thesis*®. Part of this delay might be explained if the virus 
affects a control mechanism early in the G1 phase of the 
cell cycle, affected both by density and anchorage. 





(a) Colonies of normal cells appearing spontaneously in “Methocel’ suspension culture. 


(b) Colonies arising after polyoma virus infection, (Giemsa, x 25.) 
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Enzyme and DNA synthesis would then follow with a 
time lag as a normal progress through the remainder of 
the Gl and S phases, leading eventually to cell division, 
unless prevented by vegetative growth and cell lysis. 

In the experiments reported here, it was not possible 
to induce cell division in more than 33 per cent, or 
occasionally 50 per cent, of the cells, and this ceiling was 
not affected by increasing the virus dose. It is possible, 
however, that some of the cells were damaged and unable 
to divide in any cireumstances. Preliminary experi- 
ments do not suggest that DNA synthesis is initiated in 
& higher proportion of cells than of those that divide. 

Though the adsorbed multiplieity is not known the 
ratio of virus: cell used in these experiments was very 
high (up to 105 particles/cell), and when directly added to 
the ‘Methocel’ cultures the virus remained throughout 
the experiment. Even when excess virus was removed 
by adsorption and washing before ‘Methocel’ culture a 
large amount of cell associated virus would be expected 
to remain? It is not known at this stage if each cell 
division cycle is initiated afresh by uncoating of residual 
virus, or if one initial event will result in several divisions. 
The proportion of cells which were not growing remained 
the same on successive days with no late recruits, but this 
might be caused by cell incompetence. Further experi- 
ments are in progress with limiting doses of virus to 
determine whether growth stimulation occurs repeatedly. 

It can be concluded from these results that physio- 
logical changes associated with transformation do not 
depend entirely on the stable integration of the viral 
genome. Though temporary and unstable integration (for 
example, by repeated insertion and excision?!) cannot be 
ruled out in abortively transformed cells, it is simpler to 
suppose that the transformed phenotype is caused by 
viral gene product(s) which may function whether the 
viral DNA is free or attached to cellular DNA. If so, it is 
possible that physiological transformation, like bacterial 
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conversion?, may even be manifest during the vegetative 
cycle in the short period before cell lysis occurs. 
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Central Fovea 


The foveal pit shows light sensitivity different from that of the 


surrounding part of the fovea—the depressed area of the retina at 


Department of Physiological Optics, 
Institute of Ophthalmology, 
University of London 


Numerous studies'-? have shown that the cone popula- 
tion of the human fovea is inhomogeneous. Not only is 
the foveal pit more sensitive to red light than the sur- 
rounding foveal region, it also seems to be less sensitive 
to blue light. This cannot be explained in terms of 
macular pigmentation’, and there is no exact spatial 
relation. between the hyposensitivity to blue and the 
hypersensitivity to red. The method of fundus reflecto- 
metry’? has thrown some light on the way in which cone 
pigments bleach and regenerate, and it seemed worth- 
while to determine whether some of the inhomogeneities 
can be attributed to a photochemical substrate. 

The method has been described before*. In our experi- 
ments two subjects, 4 and B, were examined. A tompari- 
son was made between density differences recorded (i) with 
the original measuring field subtending at the eye 1-4? x 
0-75°, and (11) with a circular field 0-36? in diameter. Both 
were fixated centrally. The bleaching lights were obtained 
from a xenon are: their characteristics and corresponding 
retinal illuminations are shown in Table 1. 'The bleaching 
exposure was 30 s in every case. Experiments were 


the back of the eye. Photochemistry may be involved in this difference. 


repeated five to fourteen times and the results were 
averaged to achieve the necessary precision. "The pro- 
cedure yielded two types of difference spectra. The first 
can be considered as representative of photolytie changes 
oecurring in the foveal pit in so far as voluntary fixation 
permits its exploration. The second type comprised such 
data as have been previously obtained, which are probably 
representative essentially of the rod-free area of the 





Table 1 
Filter a b e d 
characteristics Uford 621 Ilford 621 Tiford 625 Ilford 206 
(blue) (blue) (green) (red) 
Retinal illumination in 6-01 6-73 138 651 
log photopic trolands 
Table 2. AVERAGE Åmax 
Subject Filter a b e d 
A Small 564 565 566 57 
Large 581 564 572 563* 
B Small 564 566 566 569 
Large 559 560 566 568 
* P=0-02. 
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500 609 700 
Wavelength (nm) 
Average difference spectra for two subjects. 


Fig. 1. 
©, Large field; @, small field, Curves were drawn free-hand. 


Filter, d. 


human retina. If the receptor distribution in the central 
pit is, from a photochemical point of view, similar to that 
of the rod-free area as a whole, then the spectral shapes of 
the two sets of difference spectra should be similar. If 
there is a difference in receptor density this would be 
manifested by a difference in the areas of the spectra but 
not in their shapes. If, however, only one of several 
hypothetical receptor types is more numerous or contains 
à greater pigment concentration, for example, at the 
centre, then the shape of the difference spectra must 
change. Inspection of the data showed changes in shape 
and they were analysed in the following way. 

In the first case, free-hand curves were drawn through 
the results of each experiment and the wavelength of the 
maximum density difference was noted. The mean values 
of qax are shown in Table 2. While there was a tendency 
for Amay to be longer in the data obtained with the smaller 
field, only one difference (*) was found to be statistically 
significant. It was, however, evident that changes in 
Amax were not the only, and certainly not the primary, 
feature which distinguished large and small field data. 
The latter showed shoulders at 520 and 600 nm which 
appeared for red and green bleaches but were less marked 
for blue ones. In fact, the data obtained with red light for 
both subjects were so similar for the respective field sizes 
that averaging seemed legitimate: this led to no signi- 
ficant feature being introduced or suppressed. The aver- 
aged data are shown in Fig. 1. The continuous lines are 
free-hand curves drawn through the data. Tt will be 
noticed that the base line is clearly displaced so that the 
small field data lie significantly below the large field ones. 
This feature was observed in every case (compare Fig. 5) 
and may be attributed to the “oedema effect"*. The 
dissimilarity between the shapes of the spectra in Fig. 1, 
however, persists even when the base lines are equated. 


AD (2) 








500 600 
Wavelength (nm) 


Computation of the components of the spectra shown in Fig. 1. 


Fig. 2. 
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This is shown in Fig. 2 where the small field data (S) have 
been raised® by a constant density value on the scale of 
ordinates to correspond as closely as possible with the 
data (L) obtamed with the large field. 


Visibility of Small Red Lights 

Clearly, one ought to try to explain this difference. 
While a number of courses are possible, the simplest is 
to assume that the curves represent differences caused by 
the bleaching of two pigments but that either their con- 
centrations or, more likely, the mean populations of the 
two cone types concerned are different for the two field 
sizes. Thus, although the difference spectra have different 
shapes, the simplest explanation of this observation would 
be that they are each made up of the same two d ence 
speetra but that the component amplitudes vary. One 
can caleulate by trial and error the various proportions of 
hypothetical green-sensitive (g) and red-sensitive (r) pig- 
ments which, in combination, would produce the large- 
field (L) and small-field (S) difference spectra, respectively. 
Furthermore, it can be shown that, if density differenees 
are small compared with unity, the argument'? that the 
densitometry of pigments arranged in columns (as 1s 
true for retinal receptors) has to be distinguished from that 
of pigments indiseriminately mixed together collapses. 
Brown and Wald! have produced elegant difference 
spectra for green (g) and red-sensitive (r) pigments by 
means of single receptor densitometry, and thore is much 
less doubt about the purity of g than of r; we can there- 
fore use their data for g and subtraet them from our own 
experimental data. The result of the subtraction should 
represent the difference spectrum for the red.sensitive 
pigment. It can be seen that this residue has much the 
same shape for large and small fields and, while it is 
displaced somewhat toward the long-wavelength side of 
the spectrum in comparison with Brown and Wald's own 
data, three factors may cause this discrepancy. In the 
first place, the American data refer to extra-foveal cones; 
second, the effects of products of bleaching may be 
different in the two methods; and third, there is some 
uncertainty regarding the exact spectral shape of Brown 
and Wald's r-pigment. But within the limits of the 
accuracy of the respective data the comparison is success- 
ful and lends support to the assumptions underlying it. 
It is noteworthy that these conditions can be satisfied 
only if the ratio of the red to the green-sensitive pigment 
postulated for the foveal pit is greater by 25-30 per cent 
than is true for the larger area as a whole. 

This would appear to provide a physical basis for the 
observation? that the foveal pit is more sensitive to red 
light than is any other part of the retina (compare ref. 12), 

































The Short-wavelength End of the Spectrum 
The handling of such data is facilitated if the salient 
features can be isolated. In this case, this was done by 
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fitting polynomials to the data (the assistance of Dr P. 
Chakravarti, Computer Unit, University College, London, 
is greatly appreciated), For reasons which are irrelevant 
in this context the order of the polynomials used was 
with one exception no higher than six. Such a polynomial 
fitted by computer is shown by the curve in Fig. 3. The 
residuals R of all the data, that is, the differences between 
the experimental and computed points, are shown in 
Fig. 4, which indicates the presence of the shoulders at. 
520 and 600 nm notably in the small-field sets obtained 
with red and green bleaching lights (compare Fig. 3). 
But the special value of the polynomial relates to the 
violet part of the spectrum where the accuracy of the 
measurements is relatively poorer than at long wave- 
lengths and unprejudiced smoothing of the data is helpful. 

Curves obtained in this way for results obtained with 
(a), the weaker blue light (compare Table 1), are shown in 
Fig. 5. Once again the base line of the small-field data is 
displaced downward in relation to that of the large-field 
ones. But, even if allowance is made for this cireumstance, 
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it is clear that, in the short-wavelength part of the spec- 
trum, the small-field curve lies below the large-field one. 
It was suggested in 1959 (ref. 7) that one of the difficulties 
in detecting a possible blue-sensitive pigment by a 
method of difference spectra might be a result of the 
formation of the products of bleaching of the other (r and 
g) pigments. The negative parts of the dashed curves in 
the region of 400—490 nm may well be a result of the 
formation of such products. While their formation is also 
likely to occur in the large-field data, their measurement is 
partly balanced by the disappearance of a blue-sensitive 
pigment, found, according to Wald's detailed subjective 
study*, in greater concentration outside the fixation area 
than within. The results obtained with the intense blue 
light (b, Table 1) parallel those shown in Fig. 5. Because 
of the production of after-images lasting several days, 
however, fixation was poorer and less perseverance was 
shown for these experiments than for the others. 


Oedema Effect 


When the retinal illumination caused by the bleaching 
light exceeds 6 log trolands (and the exposure lasts 30 s), 
both foveal and extra-foveal difference spectra have been 
shown to be displaced by a factor (@ 1-05) that is inde- 
pendent of the wavelength®. Because the difference spectra 
are plotted so as to show a reduction in density as a posi- 
tive value, the downward displacement represents an 
increase in absorbance aecompanying the exposure to 
intense light. Because of its spectral neutrality and the 
appearance of the fundus oculi in certain relevant types of 
lesion, this phenomenon was referred to as the oedema 
effect. Tt is noteworthy that Noell et al. have observed 
oedema in retinae of rats wherein the fraction of pigment 
bleached and therefore the retinal light quantity was 
comparable with that in man. Although several tests had 
been applied in the case of man to demonstrate that the 
effect occurs in the retina, the fact that the small-field 
data reveal it consistently to a much more marked extent 
than do the large-field ones (Figs. 1 and 5) settles the 
matter beyond any doubt, for the retinal illumination is 
the same in both cases. It follows that the central fovea 
is more susceptible to what seems to be an ultimately 
harmful effect of light, an effect which at first I attributed 
to thermal factors*: but this may be erroneous in view of 
Noell’s data!?. The precise physical substrate of the den- 
sitometrie manifestation of the effect is still not clear. 
Noell et al. found that the retinal oedema resulting from 
the phototoxie effect was accompanied by a pyknosis of 
the outer nuclei, but the most notable effect was to be 
seen in the pigment epithelium. There is no known 
difference in the properties of the pigment epithelium 
behind the foveal pit and other parts of the retina respec- 
tively: for this reason the “oedema effect” is unlikely to 
be connected with this tissue. It has to be stressed, how- 
ever, that its manifestation is no greater than would 
correspond to the light loss resulting from the inter- 
mission of one layer of glass into the eye during intense 
bleaching. Refined histologieal techniques applied to this 
problem may help us to understand the mechanism and 
site of this peculiar phenomenon. 

I thank Miss G. M. Villermet for her help and for 
putting up with prolonged after-images. 

Received March 21, 1968. 

1 Osterberg, G., Acta Ophthalmol. Kbh., Suppl. 6 (1935). 

* Graham, C. H,, and Goldman, N., Amer, J. Psychol., 44, 275 (1932), 
? Polyak, S., Vhe Retina (University Press, Chicago, Hlinois, 1941). 
* Baumgardt, E., Revue d'Optique, 28, 453 (1049). 

* Wald, G., J. Opt. Soc. Amer., 57, 1289 (1967). 

* Ruddock, K. H., Vis, Res., 8, 417 (1963). 

* Weale, R, A., Optica Acta, 6, 158 (1959). 

* Ripps, H., and Weale, R. A., Vis, Res., 8, 531 (1903). 

? Weale, R. A., Amer. J. Ophthalmol., 83, 665 (1962). 

1 tipps, H., and Weale, R, A., Nature, 205, 52 (1965). 

? Brown, P. K., and Wald, G., Science, 144, 45 (1964), 

Stiles, W. S., Doc. Ophthalmol., 3, 138 (1940). 


Noell, W. K.. Walker, U. S., Kang, B. S., and Berman, S., Tuvest. Ophthal., 
5. 450 (1986), 





NATURE, VOL. 218, APRIL 20, 1968 


241 


Induced Sterility as a Factor in the Competition between 


Barley Varieties 


by 
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Agricultural Research Department, 
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Roskilde, Denmark 


STUDIES of natural selection and its consequences in the 
struggle for existence have been a central theme in bio- 
logical research for many years. Both competitive and 
co-operative interaetions have been described between 
different genotypes within as well as between different 
plant species. Attempts to relate competitive ability to 
tho characteristies of the competitors and to analyse the 
meehanisms by whieh plants compete have not, how- 
ever, been very successful. In most cases competition has 
been explained in terms of competition for limited supplies 
of, for example, space, nutrients, water and light. The 
chemical influence of one plant on another has received 
much less attention. 

In barley several studies have demonstrated clearly 
that varieties and genotypes differ in competitive ability!-*. 
Only a few attempts have been made to elucidate the 
physiological basis of the competition!-*. 

In an investigation aimed at a detailed analysis of the 
competitive ability of several barley varieties it was found 
that two varieties, "Tystofte Prentice’ and ‘Svalof Freja’, 
both two-rowed spring barleys, influenced sterility in the 
spikes of each other when the two varieties were grown 
in a mixture. 

"T. Prentice’ is an old variety selected from ‘Prentice’ 
barley, while ‘Freja’ is a selection from a cross of ‘Opal’ x 
‘Gull’. The yield of grain of "T. Prentice’ is about 20 per 
cent lower than that of ‘Freja’ and its yield of straw about 
20 per cent higher”. The culms of ‘T. Prentice’ are about 
8 em longer than those of ‘Freja’; ‘T. Prentice’ heads 
about 8 days later than ‘Freja’. 

The results of a representative field experiment are 
summarized in Table 1. Grown in a pure stand ‘Freja’ 
has 3:1 per cent sterile flowers, but when grown in mixture 
with "T. Prentice’ the percentage is increased to 18-1. 

"T. Prentice’ has 15-8 per cent sterile flowers in pure 
stand and in mixture with ‘Freja’ a small but significant 
decrease in the sterility to 12-2 is observed. The changes 
in the percentage of sterile flowers in the two varieties 
from the pure stand to the mixture are the result of an 
absolute increase in the number of sterile flowers. The 
total number of flowers is essentially the same for both 
varieties in pure stands and mixtures. 

The level of sterility is influenced by the nitrogen 
content of the soil in which the plants are grown, but the 


Table 1. NUMBER OF STERILE FLOWERS/m* FOR ‘FREJA’ AND 'T, PRENTICE’ 
GROWN IN PURE STAND AND IN A 1:1 MIXTURE 
Percentage 
Variety—treatment No. of flowers sterile 
Total Fertile Sterile flowers 
*"Freja'— pure stand 11,050 10,713 337 31 
‘Freja’—mixture 11,368 9,314 2,054 181 
"T. Prentice'—pure stand 10,173 8,560 1,613 158 
"T, Prentice'—mixture 10,316 9,054 1,262 12-2 


This was a field experiment with three replications. 


Table 2. INFLUENCE OF NITROGEN ON THE PERCENTAGE OF STERILE 
FLOWERS IN THE HEADS OF ‘FREJA’ AND 'T, PRENTICE’ GROWN IN PURE STAND 
AND IN A 1:1 MIXTURE 


Nitrogen level 
Ni N 


Variety—treatment 


Na a 
‘Freja’—pure stand 3:3 3-4 47 
"Freja'— mixture 16-7 27-4 274 
‘T. Prentice'—pure stand 8d 12.0 13-1 
"T. Prentice'—mixture 4 8:9 13-0 


. This was a pot experiment—twenty-six plants in a pot, with four and 
eight replicates in pure stand and mixtures, respectively. There were 0, 0-5 
and 2-0 g of nitrogen per pot in N,, N, and N,, respectively. 


In a mixture of two spring barley varieties, ‘Tystofte Prentice’ and 
'Svalof Freja', a sterility interaction was found. The percentage of 
sterile flowers in ‘Freja’ showed an approximately six-fold increase 
over that in pure stand, whereas in 'T. Prentice' the percentage of 
sterile flowers showed a decrease. 


effect is not the same in pure stands and mixtures (Table 2). 
Thus increasing the amount of nitrogen increased the 
sterility in ‘Freja’ from 16 per cent to 27 per cent when it 
was grown in mixture, whereas in pure stand an increase 
of only about 2 per cent occurred at the highest nitrogen 
level. In ‘T. Prentice’ the percentage of sterile flowers m- 
creased with increasing amounts of nitrogen, as was found 
before’. The sterility was lower in the mixtures at all nitro- 
gen levels than in pure stand, but the difference was only 
significant at .V,. 

The sterility in ‘Freja’ grown in pure stand at three 
different planting distances was the same; however, in 
mixture the sterility decreased from 11 per cent to 6 per 
cent (Table 3) as the distance between plants increased. 
Even at the greatest planting distance (24-04 x 24-04 em) 
the sterility in ‘Freja’ was significantly greater in the 
mixture than the pure stand (6-4 per cent compared with 
2-9 per cent). Spacing was less consistent in its effect on 
sterility in "T. Prentice’; the highest percentage of sterile 
flowers was found at the intermediate and the lowest 
percentage at the greatest spacing. In all cases sterility 
was slightly lower in the mixture than in the pure stand. 
At the largest planting distance competition for light and 
earbon dioxide is expected to be negligible. The observed 
results therefore suggest that competition for light and 
carbon dioxide is not the decisive factor in determining 
the increased sterility in ‘Freja’ when grown in mixture 
with ‘T. Prentice’. 

The sterility in ‘Freja’ and 'T. Prentice’ has also been 
determined in field experiments in which mixtures with 
different proportions of the two varieties were used. The 
results from the 1965 experiment are presented in Fig. 1. 
With 'Freja', sterility increased nearly lir y as the 
percentage of this variety in the mixture decreased from 
100 per cent to 50 per cent; thereafter, it levelled off. In 
‘T. Prentice’ the decrease in sterility began when there 
was about 50 per cent ‘Freja’ in the mixture and then it 
decreased with increasing percentages of ‘Freja’. The level 
of sterility varied to some extent from year to year 
depending on growing conditions, but the general pieture 
was the same also in the 1966 experiment. 

Several experiments were carried out to determine 
whether root competition is a factor causing the increased 
sterility in ‘Freja’ when grown in mixture. The results of 
three of these experiments are summarized in Table 4. 
In the first experiment, eliminating root competition by 
plaeing iron plates between the rows did not reduce the 
observed level of sterility in ‘Freja’. In the second and 
third experiments root competition was eliminated by 
growing the two varieties in separate pots which were 
placed close together, each pot on a tray, presumably 
eliminating competition for nutrients and also the effect 
of root exudates. Again the observed levels of sterility 

e 
Table 3. INFLUENCE OF PLANTING DISTANCES ON THE PERCENTAGE 
OF STERILE FLOWERS IN THE HEADS OF ‘FREJA’ AND 'T. PRENTICE’ GROWN 
IN PURE STAND AND IN A 1:1 MIXTURE 


Planting distance (em) 
9:90 E 




















Variety—treatment 5-66 404 
'Freja'— pure stand 29 32 20 
'Freja'—mixture 10-5 a9 4 
"T. Prentice'—pure stand 15-4 iR 127 
"T. Prentice’—mixture 13-5 177 13:5 


This was a field experiment with three replications. 
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Fig. 1. The percentage of sterile flowers in ‘Freja’ and 'T. Prentice’ 
grown in pure stand and in mixtures with different compositions. Field 
experiment, 1965. 


were the same as in experiments in which the roots of the 
two varieties were in competition. Thus all three experi- 
ments indicate that root competition is not involved in 
the higher sterility of ‘Freja’ when it is grown in mixture 
with ‘T. Prentice’. 

The variety ‘Freja’ is characterized by many open 
flowers at the time of anthesis, and so it is possible that 
failure of “I. Prentice’ pollen to fertilize open flowers of 
‘Freja’ contributes to the sterility in ‘Freja’. This seems 
unlikely, however, because, first, there is about 8 days’ 
difference in flowering time between the two varieties 
and, second, ‘Freja’ and ‘T. Prentice’ are fully fertile 
when crossed by hand. Furthermore, when spikes or even 
whole plants of "T. Prentice’ were removed from the 
mixtures before "T. Prentice' had headed, there was no 
decrease in the sterility of ‘Freja’ in the pot experiments 
(Table 4). Thus it seems unlikely that incompatibility 
of pollen is involved in the sterility effect of these two 
varieties, 

Summing up the results, it can be said that in experi- 
ments carried out in a range of experimental conditions 
(field experiments, frame experiments, pot experiments 
in the greenhouse and in growth chamber) ‘T. Prentice’ 
causes a considerable increase in the percentage of sterile 
flowers in ‘Freja’ when the varieties are grown in mixture. 
The increased sterility in ‘Freja’ has been shown to 
depend on the amount of nitrogen available, on planting 
distance, and on the composition of the mixture. There is 
a smaller but, in general, significant decrease in the per- 
centage of sterile flowers of ‘T. Prentice’ when it is grown 
in mixture with ‘Freja’. 

Although these experiments do not identify the physio- 
logical basis of the induced sterility, they do exclude 
some possibilities. Competition for light and carbon 
dioxide seems improbable (Table 3), and root competition 
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(Table 4) and eross-sterility between the two varieties 
can be excluded. 

Several studies have reported that organie substances 
washed out of the leaves of one plant by rain ean have 
an influence on the growth of neighbouring plants! 
That this is not the case here is shown by the results 
of the experiments in the greenhouse and growth chamber 
in which all water was added to the surface of the soil. 

Another possibility is that "T. Prentice’ is infected 
systemically with a seed-borne virus which infects ‘Freja’ 
when the two varieties are grown in mixture and in ‘Fre ja 
causes an increase in sterility but is not seed-borne. This 
hypothesis, however, seems improbable and cannot explain 
the decrease in the sterility found in "T. Prentice’ when it 
is grown in mixture with ‘Freja’. 





Table 4. PERCENTAGE OF STERILE FLOWERS IN ‘FREJA’ GROWN IN PURE 
STAND AND IN 1:1 MIXTURES WITH "T, PRENTICE’ WITH AND WITHOUT ROOT 
COMPETITION 

Percentage of 

i sterile flowers 

Type of Treatment in ‘Freja’ in 

experiment Pure 

stand Mixture 

Frame axperiment (1) With root competition 55 17-5 

performed out- (2) Without root competition* 41 18-0 

doors 

Pot experiment (1) With root competition 8d 28-2 

carried out in (2) Without root competition t 20.2 

growth chamber (3) Ditto, and ‘T. Prentice’ heads 27-0 

removed before heading 

Pot experiment (1) With root competition 10-8 22-7 

carried out in (2) Without root competition T 29-9 

greenhouse (3) Ditto, and 'T, Prentice’ plants 25-4 


removed before heading 

* Root competition eliminated by iron plates between the rows. 

+ Root competition eliminated by growing the plants in separate pots 
placed close together. 

The importance in plant ecology of volatile substances 
from the leaves of plants is not well known. In several 
cases it has been reported that volatile products especially 
from medicinal plants may have a positive or negative 
effect on other species in their neighbourhood), Bode! 
demonstrated the influence of Artemesia absinthum on 
several neighbouring plant species. It was first assumed 
that organic substances washed out of the leaves by rain 
were responsible, but in a later investigation Bode demon- 
strated that volatile substances from the leaves are the 
causal agents. It is possible that this is also the case in 
the interaction between ‘Freja’ and ‘T. Prentice’, but 
other possibilities cannot be ruled out until the causative 
agent has been isolated. 

An experiment to determine whether the sterility inter- 
action between ‘Freja’ and 'T. Prentice’ is limited to these 
two varieties was carried out in 1967. Fourteen barley 
varieties were grown in pure stand and in mixtures with 
‘Freja’ and "T. Prentice’. Seven of these varieties had a 
significantly higher percentage of sterile flowers when 
grown in mixture with "T. Prentice’ than in pure stand. 
One of the fourteen varieties caused a significant increase 
in sterility in the heads of ‘Freja’. 

"T. Prentice' has & rather high percentage of sterile 
flowers which is not uncommon among old varieties. This 
suggests that "T. Prentice’ produces a substance which in 
‘T. Prentice’ itself causes a rather high sterility, and 
when this variety is grown in mixture with ‘Freja’ and 
certain other varieties also causes an increase in the 
sterility of its neighbours. It is in accordance with that 
hypothesis that the sterility in “I. Prentice’ decreases in 
mixture with ‘Freja’. The same is true in certain other 
mixtures. The fact that the other variety which increases 
the sterility in ‘Freja’ has a rather high sterility in pure 
stand also provides support for this hypothesis. 

It should be added that, in barley, levels of sterility 
even as high as 10-20 per cent are not easily seen in the 
field. In other species, levels of sterility of this order may 
be even more difficult to see. It is therefore possible that 
sterility interaction is of more general occurrence in the 
plant kingdom and might be a not unimportant factor in 
plant ecology and population genetics. 
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SEMIPERMEABLE aqueous microcapsules of cellular dimen- 
sions have been prepared, each consisting of à micro- 
droplet of protein solution enveloped by a thin (200 À 
thick) semipermeable polymer membrane"?. In vitro 
studies have shown that enzymes enclosed within such 
mieroeapsules do not leak out but can aet on external 
substrates which are capable of diffusing into the micro- 
eapsules*. In vivo studies have shown that mieroencapsu- 
lated urease acts efficiently in converting body urea 
to ammonia when the microcapsules are injected intra- 
peritoneally? or placed in an arteriovenous extracorporeal 
shunt system‘. These results led us to suggest that micro- 
encapsulated enzymes might be useful for replacement 
therapy in enzyme deficiency diseases'?, because in this 
form the enzyme, while acting on external permeant 
substrates, cannot leak out of the microcapsule to become 
involved in immunological reactions. 

Feinstein has developed mutant strains of mice which 
are deficient in the enzyme catalase’. The mutant strain 
C has a blood catalase activity of 1-2 per cent of normal 
and a total body catalase activity of 20 per cent of 
normal’, Feinstein used the term “acatalasaemic”’ to 
describe this mutant strain (C$) and ‘“‘hypocatalasaemic”’ 
to describe other mutant strains which have blood 
catalase activities 20-30 per cent of normal. “Acatalas- 
aemic”’ is also used to conform to the same terminology 
used for humans with catalase deficiency’. Using the 
mutant strain C*, Feinstein showed that these mice are 
useful for the study of enzyme-replacement therapy®. We 
have been able to microencapsulate catalase*, so it seems 
that these acatalasaemie mice might be a good model for 
testing the use of microeneapsulated enzyme for the 
experimental replacement of enzymes that are deficient. 
We now report the results of such experiments. 

Crystalline lyophilized catalase (Nutritional Biochemi- 
eal Co. 150 mg containing 1,122 perborate units?) was 
dissolved in 3 ml. of tris-buffered erythrocyte haemolysate?. 
This was loaded into collodion-membrane microcapsules 
by the procedure already described? with the aid of a 
magnetic stirrer. The interfacial polymerization procedure 
that has been described for nylon microcapsules? was 
unsuitable for the preparation of microcapsules loaded 
with catalase because it inactivates the enclosed enzyme. 
Before use, the microcapsules were washed at least six 
times with ten volumes of saline or until there was no 


Semipermeable microcapsules containing catalase can be used to 
counteract catalase deficiency in acatalasaemic mice. The advantage 
of such microencapsulated enzymes is that they cannot leak out to 
become involved in immunological reactions. 


visible leakage of haemoglobin frorn the small proportion 
of imperfect microcapsules. 

Sedium perborate is one of the substrates used for 
assaying the enzymatic activity of catalase’. In vitro, 
microencapsulated catalase acted on this substrate at æ 
rate 25 per cent as efficient as that of the same amount of 
enzyme in free solution. No detectable catalase leaked 
out of the microcapsules during the test period, but sodium 
perborate equilibrated across the microcapsule membrane 
with a half-time of about 18 s. It was also noted that the 
erythrocyte haemolysate in microcapsules containing 
added catalase retained the red colour of oxyhaemoglobin, 
whereas when no catalase was added, a higher proportion 
of the enclosed haemoglobin was in the form of methaemo- 
globin. 

In vivo experiments were performed using the Fein- 
stein strain? of acatalasaemic mice C^ and the correspond- 
ing normal strain Cf. In one set of experiments, one 
group of normal mice and three groups of acatalasaemic 
mice were used (five mice/group). Each mouse received a 
subeutaneous injection of 0-014 mM/g body weight of 
sodium perborate (0-1 M aqueous solution) as substrate 
for catalase. As controls, one group of acatalasaemie 
and the group of normal mice received no other treatment. 
In the second group of acatalasaemic mice, each animal 
had been given an intraperitoneal injection of 0-15 ml./g 
body weight of a 50 per cent suspension of microcapsules 
loaded with catalase just before receiving the perborate 
injection. In the third acatalasaemic group, cach mouse, 
in addition to the subcutaneous injection, received 10 
perborate units/g body weight of liquid catalase intra- 
peritoneally. In the second set of experiments, groups of 
acatalasaemie mice anaesthetized with ‘Nembutal’ (three 
mice/group) were used. Just before receiving the sub- 
cutaneous injection of sodium perborate, each animal 
received an intraperitoneal injection of 4:5 ml. of inperinol 
fluid (Abbott Laboratories). This intraperitoneal fluid 
was continuously re-circulated through a smaller (6 ml.) 
modified version of the extracorporeal shunt chamber* 
for 20 min after the subcutaneous injection of perborate. 
In one group of animals, the extracorporeal shunt cham- 
ber contained 4 ml. of a 50 per cent suspension of miero- 
capsules containing catalase, and in the control group no 
mieroeapsules were present in the shunt. 

Exactly 20 min after the injection of perborate, each 
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animal was homogenized for 2 min in four times its weight 
of 1 N sulphuric acid. Three ml. of the homogenate was 
added to 6 ml. of solution containing sulphuric acid 
(1 N) and trichloroacetic acid (5 per cent). This suspension 
was filtered and 6 ml. of filtrate was titrated with potas- 
sium permanganate (0-005 N). All measurements were 
performed in triplicate. For these measurements, two 
controls were used. First, titratable material in the 
homogenate other than sodium perborate was measured 
in normal and acatalasaemic mice which had not received 
any injected perborate. This value was used as a blank 
in the ealeulation of total body sodium perborate. In 
another control measurement sodium perborate was 
added to the homogenate the catalase of which had been 
inactivated by the presence of sulphuric acid (1 N). 
When the filtrate of this homogenate was titrated, more 
than 95 per cent of the perborate added could be titrated 
by potassium permanganate (0-005 N). 

The results of the in vivo experiments (Fig. 1) show 
that when the total body perborate was measured in 
control animals 20 min after the injection of sodium 
perborate (Fig. 1), only 2-5 per cent+2-5 per cent S.D. 
of the injected substrate could be recovered from the 
normal mice, whereas 70 per cent+8-2 per cent S.D. 
could be recovered from the acatalasaemie mice. When the 
acatalasaemie mice had received injections of liquid 
catalase or microencapsulated catalase just before the 
injection of the sodium perborate, only 7 per cent+ 
3-6 per cent S.D. and 16 per cent+3-5 per cent S.D. of 
the perborate could be recovered from the respective 
groups. Thus intraperitoneally injected liquid catalase 
and microencapsulated catalase both acted efficiently 
in replacing the deficient enzyme. There was no increase 
in blood catalase levels 20 min after the intraperitoneal 
injection of catalase-loaded microcapsules. In the other 
set of experiments, when intraperitoneal fluid of the 
acatalasaemic mice was re-circulated for 20 min through 
extracorporeal shunt chambers without microcapsules 
containing catalase, 76-1 per cent+13-4 per cent S.D. 
of the injected substrate could be recovered. When the 
chambers contained microencapsulated catalase, however, 
only 32-0 per cent + 9-8 per cent S.D. of the subcutaneously 
injected substrate was recovered from the animal after 
the same length of time. No catalase activity could be 
detected in the intraperitoneal fluids which had been re- 
circulating through the catalase-loaded microcapsule 
shunt-chamber for 20 min, showing that no detectable 
enzyme had leaked out of the microcapsules throughout 
the experiment. 

It was observed that in acatalasaemic mice which were 
given an injection of sodium perborate without the 
previous protection of catalase the red colour of the 
pupils turned brown and the animals became increasingly 
immobile, so that by 20 min they were flaccid and in 
respiratory distress. Acatalasaemic mice protected by the 
intraperitoneal injection of microencapsulated catalase 
responded differently to the subcutaneous injection of 
perborate. Five minutes after the injections they became 
slightly immobile and the colour of the pupils darkened; 
in 10 min, however, the mice became more active and the 
pupils returned to their normal colour and, except for 
one mouse, the animals were moving about freely at the 
end of the 20 min. Acatalasaemic mice injected with 
catalase solution and normal mice recovered even faster. 
The two groups of mice which underwent intraperitoneal 
fluid re-circulation through an extracorporeal shunt were 
anaesthetized with ‘Nembutal’ so that similar obgervations 
were not attempted. 

In the first set of experiments, the microcapsules were 
injected intraperitoneally. To avoid the in vivo introduc- 
tion and accumulation of microcapsules, especially in 
long-term experiments, in the second set of experiments 
intraperitoneal fluid had been re-circulated continuously 
over enzyme-loaded microcapsules in an extracorporeal 
shunt system. In cases where it is desirable to have a 


NATURE, VOL. 218, APRIL 20, 1968 


blood substrate in direct contact with the enzyme-loaded 
microcapsules, an arteriovenous extracorporeal shunt 
chamber containing microcapsules', including a non- 
thrombogenic system!’, can be used. Oral ingestion of 
microcapsules for substrate reduction in the gastro- 
intestinal tract is another possible approach. When given 
by this route, the microencapsulated enzyme is protected 
from destruction by proteolytic enzymes but can act on 
the permeant substrates diffusing into the intestinal tract. 
For example, microencapsulated urease and ‘Dowex’ 
in the intestinal tract acted efficiently in lowering blood 
urea. In all of these approaches it is desirable to have a 
st ble enzyme preparation. Unfortunately, whether in 
free solution or microencapsulated, enzymes deteriorate 
slowly at 37° C. Katchalski!? has developed methods 
for the preparation of water-insoluble enzyme derivatives 
which maintain their biological activity indefinitely. 
These insoluble enzyme preparations could be enclosed 
within semipermeable microcapsules to produce enzyme- 
loaded microcapsules with prolonged activity. 
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Repeated injections of free enzymes, like catalase!? 
and urease! from heterogeneous sources, induce the 
formation of antibodies in the recipient. In the 
case of microencapsulated enzyme, our earlier’? and 
present studies show that enclosed enzymes do not leak 
out but still act efficiently on external permeant sub- 
strates. Furthermore, gamma globulins cannot cross the 
microcapsule membrane because of the small equivalent 
pore radius. Thus microencapsulated enzymes should 
have the advantage of not becoming involved in immuno- 
logical reactions. Detailed studies on the immunological 
aspects of microencapsulated enzymes are being carried 
out. 

In conclusion, the results obtained indicate that, in 
acute experiments, semipermeable microcapsules contain- 
ing catalase efficiently replace catalase deficiency in 
acatalasaemic mice. This model is of particular interest, 
for there is also a similar enzyme deficiency disease, 
acatalasaemia, in humans’. 

We thank Dr Robert N. Feinstein for providing us 
with normal C7 and acatalasaemic C? mice for breeding. 
This work was supported by the Medical Research Council 
of Canada. 
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Activity and Orientational Responses of White-footed 


Mice to Light 


The behaviour of white-footed mice in response to changes in 


illumination suggests that nocturnal mice in the wild use the Moon, 
by twilight Sun and landmarks as navigational aids, and also "keep close 


J. LEE KAVANAU 
Department of Zoology, 
University of California, 
Los Angeles 


Day and night are usually simulated in the laboratory by 
turning lights on and off, a procedure with obvious limita- 
tions. At night in the wild, noeturnal mammals are not 
usually in total darkness but in dim light. Constant bright 
light during the day is inappropriate unless a sheltered 
nesting area is provided. In fact, constant exposure to 
overhead fluorescent lights destroys the visual cells of 
rats'. In the wild, small nocturnal mammals spend most 
of the day in their nests in very dim light or darkness. 
Alternation of bright light with darkness is more appro- 
priate for diurnal animals, although many predatory 
mammals that do not shun daylight avoid continuous 
exposure to it?. For most animals there is the short- 
coming that abrupt presentation and withdrawal of light 
are unnatural. Numerous field studies show that twilight 
periods usually are times of peak activity. 

Recently I have investigated the influences of light 
on the activity of captive white-footed mice (genus 
Peromyscus). In one approach the animal itself selected 
preferred ambient illuminance levels through stepwise 
instrumental control. Deer mice (P. maniculatus) 
selected roughly those dim levels they would have been 
exposed to in the wild in the corresponding phase of 
activity?*. The active animal avoided darkness, whereas 
the inactive animal did not. 

The approach treated here involves the responses of 
mice to imposed light regimes. My most recent studies 
show that diurnal rodents and small carnivores give 
similar responses, and it seems likely that the behaviour 
discussed here applies fairly generally to small mammals. 

Small captive mammals spend almost all their active 
time running vigorously in wheels. Besides permitting 
sustained vigorous exercise, wheel running involves split- 
second timing and co-ordination of movements*. Thus 
this activity provides a most useful tool for studying 
influences of light and other environmental variables on 
behaviour. If the effects of light on wheel running are 
indicative of effects on activities in the wild, as seems 
likely, my studies suggest a strong dependence of intensity, 
duration and probably type of activity of nocturnal rodents 
on illuminance level and, therewith, on time or phase of 
day. 


Properties of Wheel Running 


With nocturnal illumination roughly equivalent to a 
clear moonless night (0:002—0-009 lux), white-footed mice 
spent up to 89 per cent of their active time running?:*, 
They typically begin by warming up to high speed for 
30-180 min and then maintain that speed for most of the 


track" of their absolute position and distance from the nest and other 
points of retreat. This implies that the mice immediately flee for 
known cover when threatened by a predator, without the need to "get 
their bearings” first—a behaviour of obvious adaptive significance. 


night (Fig. 1). Non-stop running sessions last as long as 
lh. A striking feature is the strong tendeney to orient 
in one direction (Fig. 1) : orientational consistencies of 
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Fig. 1. A typical Leeds and Northrup ‘Speedomax G' running record 
for a canyon mouse in dim light (0:002—0- lux) beginning at the time 
(indicated at the right) of abruptly dimming the lights and ending at the 
time of abruptly brightening them. Hourly intervals are ded by 
horizontal centre lines running up the vertical axis, Each dot gives the 
instantaneous speed (linear scale) and direction of running every 4 s 
as sensed by a tachometer generator attached to the wheel axle, Dots 
to the right represent ace away from the artificial Moon irem. 
dots to the , facing the n (eastward). Central dots indicate no 
rotation. Running parameters are indicated at right centre?, All 
running records are photographic reproductions. 
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greater than 99 per cent are not unusual, with 99-99 
per cent being the record. The position of the light source 
has the greatest influence in determining running direction. 
If the light is aligned with the wheel, most animals (ten 
out of twenty-one) run facing it, some (four) face away 
from it, some (five) orient primarily with respect to other 
aspects of the enclosure, while a few (two) orient variably. 
Orientation relative to the light is confirmed by alternat- 
ing the light’s position periodically by 180°, when the 
animals always run in the direction of the light or away 
from it, as the case may be (Fig. 3). Orientational con- 
sistencies of greater than 97 per cent during hourly rever- 
sals are not uncommon‘. Orientation with respect to the 
enclosure is confirmed when the animals run the same way 
in the enclosure regardless of the position of the light or 
the orientation of the enelosure. But even enclosure- 
orienting animals may be influenced by light position, for 
when the position is changed their consistency of enclosure 
orientation may be affected adversely for one or more 
nights (Fig. 2, No. 500). In other words, there is a weak 
tendency to turn with the light. The converse holds to 
some degree for animals that orient with respect to the 
light (Fig. 2, No. 502). Thus several features of the 
animals’ surroundings can influence running direction. 


Day-to-Day Orientational Responses to Light 
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Fu? 2. Orientational performances of four mice beginning A the first. 
t of experience in running wheels, After the fifth night, No. 500 
nted to the enclosure, usually running westward. No. 210 oriented 
Seimarily eastward in darkness ege CA react e img De the strong habit of 
running in the direction of the " in dim light. During 7 sub- 
sequent nights in darkness, it ran towards the last lighteseen (day- 
time "Sun"), The next 4 nights it ran away from the "twilight Sun” 
but subsequently oriented towards it (including reversal tests not shown). 
On the first night of simulated dusk, No. 210 be running towards the 
disappes Sun” 15 min after dusk began. But when the “Sun” failed to 
ar and ee to “set”, the animal switched direction after 

6 min (probably esca ape behaviour) and ran away from it. No. 337 

, but after the ninth night D strongly 

ries the '* 


vat rat and “twilight Sun When the “Moon” was 
omitted for a night, it ran in the ion of the last light seen (dusk). 
Both Nos. 210 and 337 re 


running direction at a high level on 
hourly “Moon” reversal tests*, The type of hy regime is indicated 


at the bottom of each 
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Fig. 3. Reversal of running orientation polarity of No. 210 (a strong 
orienter towards the light) induced by water deprivation during a 
regime of twilight transitions (VCT-TT) including hourly reversals of 
"Moon" direction. During the second night without water (bottom 
record), the animal reversed orientation polarity and ran away from 
the "Moon" for short intervals between 21.00 and 22.00 h (labelled 
“partial reversal”), At about 23.30 h, it reversed completely (labelled 
“com: iie reversal"). From then on ít ran away from “Moon” 

including the following night (top record) after water restoration, 
changing direction every time Kee = Neate of the light source was 

changed. 


Orientation habits are not fixed immutably. An animal 
may switeh spontaneously from facing the light to facing 
away from it, particularly during adaptation, or it might 
switch from orienting relative to the light to orienting to 
the enclosure, or the reverse. For example, the No. 502 
Florida mouse (P. floridanus) ran away from the simulated 
Moon (Fig. 2, solid circles) during the first 19 days, then 
switehed gradually to running towards it; after further 
variability the animal settled into running away from it. 
This mouse usually ran towards the simulated Sun 
(Fig. 2, open circles) but with considerable variability. 
Orientational variability was greatest in Florida mice, 
possibly because they were at least ten generations 
removed from the wild. 

Reversal of orientational polarity can be brought about 
experimentally. A temporary reversal follows any brief 
disturbance or “unexpected” environmental change during 
running, such as an alarming noise. Long-term reversals 
were brought about in two cases by depriving animals of 
water. Forexample, one animal reversed its orientational 
polarity on the second night of deprivation and main- 
tained the new polarity after water was restored (Fig. 3). 

These findings indicate that white-footed mice have a 
highly developed sense of direction and maintain a con- 
tinual *awareness" of immediate surroundings and direc- 
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tions of movements. The strong tendencies of captive 
animals to orient relative to light sources and features 
of the enclosures suggest that the Moon, the twilight 
Sun and near and distant landmarks are used as naviga- 
tional references in the wild, at least in the short term. 
Sustained unidirectional patterns of running presumably 
are akin to stereotyped nightly activity regimes in the 
wild. Temporary reversal of running direction provoked 
by a brief disturbance apparently can be compared with 
escape behaviour in the wild, which usually involves a 
temporary change in the pattern and direction of move- 
ment. Similarly, long-term reversal induced by water 
deprivation may be an adaptive response, akin to seeking 
sustenance at another location when the customary 
source has become depleted. 


Running in Darkness as opposed to Dim Light 


Active white-footed mice avoid total darkness and 
usually orient strongly relative to dim light, and so it 
was desirable to study the effects of darkness on running. 
The tests show that neutralization of the visual sense 
usually has very deleterious effects on wheel running. 
Animals that learn to run in darkness usually take longer 
to learn, running speed is lower, sessions are shorter, 
time spent running is less, direction of running tends to 
be haphazard and unsustained, activity is not confined to 
the night period and usually does not cease when the 
bright lights come on, and night to night consistency is 
lower (Figs. 4-6). In short, total darkness is a poor 
condition for activity. In fact, on abrupt dark-dim 
regimes (darkness, then dim light, then darkness, and 
so on), mice usually are active during the dim period and 
sleep in the dark‘. 

On the other hand, mice are highly adaptable. In 
time, some running parameters in darkness may approach 
the dim-light level. Furthermore, animals that have 
already learned to run proficiently in dim light perform 
much better in total darkness than those that have not. 
In this ease, the running performance may deteriorate 
only slightly in darkness and may even reach the same 
level as in dim light after several days of adaptation (Fig. 7, 
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Wheel-Running in Darkness vs. Dim Light 
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Fig. 5. Development of the running pattern in darkness for 3 weeks 

and its abrupt change during the first night in dim light (showing 

first 3 h only; see also Fig. 6). On the first night in dim light average 

running speed increased dramatically (36-63 r.p.m.), running was 

at sustained high speed, and orientational consistency reached a high 
level (97 per cent). 


No. 210, return to darkness after 6 nights in dim light). 
These findings parallel the well known results on bird 
song in deaf birds, where the animals are deafened either 
before or after having learned to sings. 

Signifieantly, animals with experience in dim light ean 
orient to a high degree in darkness, the best performance 
being 99-7 per cent (Fig. 2, No. 210). Thus the strong 
orientations in dim light are not necessarily accomplished 
through vision alone. Orientation to the enclosure 
probably is partly dependent on other senses and may be 
largely tactile in total darkness. 

In all but one of the tested cases of animals that oriented 
relative to light, the running direction in darkness was 
determined by the position of the last light source seen. 
For example, in darkness, animals that customarily ran 
in the direction of the '*Moon" ran in the direction of the 
daytime “Sun”, regardless of whether or not this was 
where the “Moon” was last seen (Fig. 2, Nos. 210 and 337). 
Two animals that oriented strongly to the enelosure main- 
tained the same orientation in the dark. The consistency 
of orientation in total darkness is an even more impressive 
indication of a highly developed sense and continually 
maintained “‘awareness’’ of direction and immediate 
surroundings than the orientation in dim light. 


High-speed Running Spurts in Bright Light 
Another notable difference between behaviour on abrupt 
bright-dim (bright light, then dim light, then bright light, 
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Wheel-Running On Bright-Dim versus 
Bright-Dark Regimes 
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versus dim light for two canyon mice. The last 6 nights of a 3 week 

period of running in darkness are compared with 8 immediately follow- 

ing nights in dim light. As is typical, the performance of No. 492 

improved markedly in dim light (see also Fig. 5), whereas No. 494 ran 

so well in darkness that its performance in dim light improved very 
ittle, 


and so on) and bright-dark regimes is that high-speed 
spurts of running often occur when bright lights come on 
after total darkness (Fig. 4). This happens infrequently 
on bright-dim regimes. There are probably at least two 
bases for this response. First, an unspecifie escape 
behaviour that takes the form of running at high speed is 
undoubtedly prompted by the insult to the optical system 
oecasioned by plunging the dark-adapted animal into 
bright light. Second, as discussed later, speed of running 
is proportional to illuminance level in certain conditions. 
Thus the increase in speed may be partly a specific 
response to increase in illuminance level. Taken in con- 
junetion with the findings to be discussed, the oceurrence 
of high-speed spurts triggered by abruptly presented 
bright light emphasizes shortcomings of regimes involving 
abrupt changes in illuminance. 


Artificial Twilight Transitions 


The last hour of dusk and the first hour of dawn have 
been simulated by two methods. In the variable-colour- 
temperature method (VCT-TT = variable-colour-tempera- 
ture twilight transitions) the twilight Sun consists of 
the same nearby (15-30 em) cluster of miniature incandes- 
cent bulbs used for the day (42 lux) and night (0-002- 
0-009 lux) light. The illuminance is altered by changing 
the potential applied to the filaments continuously between 
l and 6-5 V (refs. 7 and 8). In consequence, the lights con- 
tinually get redder as the voltage is lowered and less red as 
it is raised. In the constant-colour-temperature method 
(COT-TT = constant-colour-temperature twilight transi- 
tions), the lights in a bank of ninety-two bulbs of fifteen 
different intensities 2-5 m from the enclosure are turned 
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on or off progressively in fifty-two steps. The bank 
provides indirect diffuse illumination, except for a small 
(4 em) directly illuminated disk. The end-of-dawn 
illuminance level is 42 lux by the VCT-TT method and 
135 lux by the CCT-TT method. 

Mice usually orient to the simulated twilight Sun with 
the same polarity as to the “Moon” (Fig. 2, Nos. 210 and 
337). When they begin running during a simulated dusk, 
a warm up is not evident as it is in unchanging illumina- 
tion. Instead, running begins at high speed about half- 
way through the dusk at an illuminance of 0-04—0-7 lux. 
Thereafter the speed decreases gradually as the illumin- 
ance decreases, until the end of dusk, after which it remains 
relatively constant (Figs. 8 and 9). Warming up probably 
occurs during dusk but is not evident because of the far 
greater effects of the illuminance changes on running 
speed. If there is sustained running at the beginning of 
dawn, the speed gradually increases as the lights brighten, 
finally peaking at 0-04-13 lux, when running ceases 
abruptly (Figs. 8 and 9). If it is not occurring at the 
beginning of dawn, the animal is often stimulated to begin 
running at gradually increasing speed, before ceasing 
abruptly at mid dawn. 

Whether or not an animal runs all night seems to be 
primarily species specific. For example, canyon mice 
(P. crinitus) typically terminate sustained running 30-120 
min before dawn, and run intermittently with haphazard 
directionality thereafter (Fig. 1). If, however, dawn is 
initiated early, while the mice are still running steadily, 
the typieal responses are given. But the physiological 
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Fig. 7. Average r.p.m. per night for three species during various 
successive regimes, beginning with the first night of experience in a 
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for Nos. 210 and 309 in darkness probably were not complete when the 
bright—dim regime was initiated; in some cases direction of the “Moon” 
was being altered during the night and so on. 
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clock is reset by the early dawn, and the mice tend to 
cease sustained running still earlier the following night. 
On the other hand, deer mice run sustainedly up to the 
middle of dawn and usually give a strong dawn response. 
Florida mice resemble deer mice in this regard, whereas 
cactus mice (P. eremicus) seem to be more like canyon 
mice. 


Running Responses to Artificial Twilights 
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Fig. 8. Comparison of the first 2 h of running by à cactus mouse on 
the last night of abrupt presentation of dim light (bottom) with the 
8 following nights of artificial twilights. Dusks are shown in the second 
to the seventh records, dawns on records 8 and 9 at the top. The tips 
of the arrows (left) mark 25 min into the twilight transition. Central 
horizontal lines mark off 0-5 h intervals and delineate the 1 h twilights, 
The light source was to the right. Note that instead of an evident 
warm up, as in dim light, the animal began running at high speed 
during the middle of dusk and subsequently slowed down (see 

Fig. 9); when running during dawn, it sped up to a maximum rate 

and then ceased abruptly. 
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Fig. 9. Running and nesting responses of a male canyon mouse to 

artificial 1 h dusks and dawns (VCT-TT) presented in immediate 

succession beginning with a dusk at the usual time, This animal was 

an excellent orlenter toward the aoe and twilight Sun (both to the 
right). 
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Simulated dusk and early dawn strongly stimulate 
activity, whereas middle to late dawn strongly inhibits it. 
Much less running occurs after dawn (during the day) and 
more usually occurs at night than on regimes employing 
abrupt light changes. Thus the ratio of night to day 
revolutions—a measure of the degree of nocturnality 
was greater by an average factor of 17 for eight animals 
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Fig. 10. Reversal of orientation polarity to the twilight Sun on the 
first night of CCT-TT after 6 nights of VCT-TT (Fig. 8). When a 
different twilight Sun appeared at a different location (farther away). 
the animal, whieh otherwise oriented away from the light. oriented 
mostly towards it, After several days its polarity to the twilight Sun 
gradually changed, until it uniformly ran away from both light sources, 
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Running Responses to Stepwise Changes 
in Illuminance Every Half Hour 
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Fig. 11. Effects of stepwise alteration of illuminance (Moon to the left) 


every 30 min for a canyon mouse that oriented strongly away from the 
Mh A 3 h period is shown from records of 3 successive nights. 
Illuminance levels in the order dim, dimmer, dimmest were: 0-16, 
0-0019 and 0-000023 lux; 0-021, 0-00052 and 0-000023 lux: and 0:44, 
0:00013, and dark, for January 17-19, respectively. The first 30 min 
of running (compare January 17 and 18, 19.00-19.30 h with January 19, 
20.30-21.00 h) are not representative, for animals do not always begin 
imum. immediately after lights are dimmed, tend to run somewhat 
ess at the beginning of activity, warm up, and so on. 


tested. In addition, running tends to be faster when 
twilights are employed (Fig. 9, Nos. 210, 337, 338, 500, 
502 and 503), although equally high speeds probably 
would be attained eventually on abrupt bright-dim 
regimes (Fig. 7, No. 503, last 2 days). 

The strong influences of artificial twilights are illustrated 
by responses to alternate dusks and dawns presented in 
immediate succession. Of two canyon mice tested, one 
responded to almost every twilight (Fig. 9). The animal 
responded as it "normally" would to the first two dusk- 
dawn pairs, but slept through most of the third dusk and 
all of the fourth one. On becoming active after the third 
and fourth dusks, it did not start running at high speed but 
warmed up (Fig. 9, arrows), as occurs typically in condi- 
tions of unchanging illumination. Both animals always 
ceased running during dawns. Failure to begin running 
at mid-phase of every dusk is probably a consequence of 
the strong activity-inhibiting effect of the immediately 
preceding dawn. Fig. 9 illustrates very well the propor- 
tionality between running speed and illuminance level in 
dim light (see text which follows). 

The only notable difference between the influences of 
VCT-TT and CCT-TT is that orientation tends to be more 
variable in CCT-TT, probably because the light source is 
relatively distant and diffuse. During the first few days 
of exposure to both types the animals tend to orient to the 
twilight Sun with the opposite polarity of their customary 
orientation to light (Fig. 2, No. 210; Fig. 10). This may 
be merely a manifestation of eseape behaviour, brought on 
by the occurrence of “unexpectedly” changed conditions. 

Simulated twilights have the same influences on captive- 
born and wild-caught animals, and so the responses must. 
be determined genetically. They indicate a high degree 


NATURE. VOL. 218, APRIL 20. 1968 


of adaptedness to natural light conditions and, of course, 
for a noeturnal existence. Exploratory studies of running 
in natural twilights indicate that white-footed mice 
respond to them in the same way as to artificial ones 
(unpublished work of Kavanau and Rischer). 


Relationship of Speed to Illumination 


The twilight responses and running differences in dark- 
ness as opposed to dim light suggested that (a) several 
running parameters are proportional to the level of dim 
illumination, and (b) twilight responses in captivity and 
the wild are consequences of the gradually, and essentially 
monotonically, changing illuminance. To test the first 
hypothesis quantitatively, two canyon mice (Nos. 492 
and 494) and two cactus mice (Nos. 630 and 632) were 
exposed to stepwise changes in illuminance in successive 
30 or 60 min intervals throughout the night (Fig. 11) 
and the running parameters were determined (Fig. 12). 
At least six parameters were found to be proportional to 
the level of illumination: time spent running, average 
r.p.m. and maximum speed (see also Fig. 9), orientational 
consisteney, maximum session length and average session 
length. Thus at "optimum" illumination the animals 
spent most of the time running. They ran at high speed, 
in long sessions, and with high orientational consistency. 
On the other hand, in very dim light or darkness the 
animals ran much less, at low speed, in short haphazard 
sessions, and with relatively poor, or even no, orientational 
consistency. 


Implications for the Circadian Rule 


These correlations between level of illumination and 
wheel-running activity are the opposite of what would be 
expected reasoning by analogy with the cireadian rule. 


Running Responses to 
Stepwise Changes in 
Iluminance Every v; Hr 
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Fig. 12. Successive 30 min averages for running parameters during 4 
nights when illumination was altered stepwise every 30 min, together 
with average session lengths and orientational conaistency for the entire 
nights, Data from the nights of January 17-19 (Fig. 11) and the follow- 
ing night (0-017, 0-00013 lux, and dark) are included, e rmance 
level falls off in the last 60 min. Percentage of time running during the 
first 30 min has been corrected to allow for the fact that running did not 
begin immediately at 19.00 h. 
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According to this rule, in constant conditions of illumina- 
tion (no cyclical changes) the ratio of active time to rest 
time and the amount of activity increase with increasing 
illumination in diurnal animals and decrease in nocturnal 
ones*. But in these experiments with nocturnal mice, 
average session length, time spent running, average r.p.m. 
and so on, increased with increasing dim illuminance. The 
lack of accord probably depends on the fact that the 
circadian rule, as well as Aschoff's rules’, are based on 
studies at illumination far greater than the dim levels 
appropriate for nocturnal rodents. The lowest level cited 
in the literature seems to be the 5-10 lux used with Mus 
musculus, which is from one to 250 times brighter than 
the illuminance at which white-footed mice cease running 
during simulated dawn. Accordingly, the rules as formu- 
lated may hold only in relatively bright light, beyond the 
"optimum" for nocturnal animals, that is, for levels that 
happen to be on one side of the “optimum” or maximum 
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for diurnal animals but on the other side for nocturnal 
ones. Up to certain levels the circadian rule, perhaps, 
should call for responses of the same sign for both noctur- 
nal and diurnal animals. My studies with diurnal rodents 
indicate that alteration of the rule may also be appro- 
priate for them at illuminances beyond their “optimum”. 


Orientation when Light has no Directional Effect 


It is interesting to consider the running orientation im 
situations where light position cannot determine initial 
direction, even though the location of the lights is un- 
changed. In these tests there was no light until an animal 
started to run, when the light came on in the direction of 
running, stayed on as long as running occurred and went 
off when running ceased. In other words, running direc- 
tion determined light direction, rather than vice versa. 
If an animal that customarily ran towards the light was 
not influenced by other faetors, haphazard orientation 


Responses to Periods of Increased Frictional Torque 
(Applied with a Variable Clutch) 
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ue was applied to the wheel axle alternately in opposite directions every 30 mia. 
ule is indicated at the lower left (F = free-wheeling periods), 
roughly proportional to the applied d.c. voltage (72 g cm/V) indicated after the dates. 


Frictional torque is 
The first reversal of direction (only temporary) is indicated 


by the star (April 3). 


252 


might be expected in these conditions, because the light 
would always be on in the direction of running. This was 
not the case; the animals (Nos. 210 and 337), both strong 
orienters towards the light in other experiments, now 
oriented strongly to the enclosure. This finding supports 
the conclusion that animals that orient strongly to light 
probably are influenced to some degree by features of the 
enclosure. The results also indicate that the tendency to 
run for long periods in one direction is primarily an expres- 
sion of a high degree of conservatism of movement pattern. 
This tends to tie in with the conclusion that the mice 
maintain a continual "awareness" of their immediate 
surroundings and directions of movements. Extrapolating 
to the wild, the latter implies that mice "keep close track” 
of absolute position and displacement from the nest in 
the course of nightly activity, which might be expected 
of animals having home ranges of only a fraction of an 
acre. The more regular the patterns of movement, the 
more readily this could be done. In line with these inter- 
pretations is the fact that even when a unidirectional 
orientation of wheel running is not maintained throughout 
the night, closely similar patterns are often maintained 
from night to night. 


“Scheduling” of Running Direction 


It was pertinent to determine whether the animals 
would run on a varying directional schedule determined 
non-volitionally. The arrangement for the lights was 
unaltered from those described, but a variable-torque 
cluteh attached to the wheel axle was energized alternately 
in opposite direetions every 30 min (Fig. 13, April 1). 
The applied torque was inereased gradually from night 
to night. In these conditions strong orientation in one 
direction continued (Fig. 13, April 1-4), even though 
running became more and more difficult in alternate half 
hours. Only when it was impossible to make any appre- 
ciable head way against the clutch did consistent direction 
reversals begin (April 6 and 7). But as soon as the clutch 
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torque was deereased to a low value, the habit of uni- 
direetional running was resumed (April 9). 

Three factors may account for this behaviour: (1) non- 
volitional alterations of regime aro resisted so strongly 
that in order to force mice to run on a predetermined 
directional schedule, running must be impossible except 
on that schedule; (2) the tendency to run in one direction 
for long periods is so strong that the animals strive to do 
so in the face of severe obstacles; and (3) it is equally 
rewarding to run at high speeds against low frictional 
torque and at low speeds against high frictional torque. 
Of course, factors (1) and (2) may be merely different 
ways of looking at the same conservativeness of movement 
patterns (and even other behaviour!) that could have 
survival value in the wild. 

Two variations of this experiment gave supporting 
results. — With the cluteh energized all night in either 
direction, the animals did not favour free-wheeling direc- 
tion but oriented strongly to the enclosure. Similarly, 
with Moon position fixed in either direction and the cluteh 
energized in alternate directions each half hour, the 
animals oriented strongly toward the Moon and ignored 
the scheduling of the clutch. 

This work was supported by a grant from the US 
National Science Foundation. 
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Tug Green River Formation. of Eocene age, has been the 
object of extensive organic geochemical studies. Most of 
the investigations have been coneerned with the extract- 
ables and have resulted in the characterization of various 
classes of compounds. The hydrocarbon fraction which 
has been most thoroughly investigated includes normals. 
isoprenoids, iso and antetso alkanes!-?, steranes’ and tri- 
terpanes®*, Various reports have dealt with the organic 
acid fraction. The presence of a homologous series of 
normal fatty acids*:?, iso and anteiso acids’, isoprenoid 
acids ranging from C, to C,, with the exception of C,, 
(refs. 9-12), dicarboxylic acids ranging from C,, to Cy, 
(ref. 12), C,, and C,, methylketoacids!*, and several series 
of aromatic acids'^ have been established. 

We have analysed the organic acids liberated after 
demineralization of the exhaustively extracted oil shale. 





Organic acids from an Eocene oil shale in Colorado have been analysed 
by mass spectrometer techniques. The acids seem to be indigenous 
to the shale and occur chiefly as metal salts. 


The families of acidic components which were found were 
the same as those reported in the solvent soluble fraction 
of the oil shale by Haug et a[.1*-*.. The relative concen- 
trations differed widely, however, and some distributions 
within homologous series varied, probably as a result of 
solubility properties in their isolation. 

A sample of oil shale from the Green River Formation 
from Parachute Creek, 8 miles north-west of Grand Valley, 
Colorado (long. 108° 7' W.; lat. 39° 37' N.; elevation 
7,300 ft.), was pulverized to pass through 200 mesh. The 
powdered rock was exhaustively extracted using ultra- 
sonication as well as Soxhlet extraction with 3 : 1 benzene/ 
methanol. This was followed by two digestions at room 
temperature (2 days each) with 1:1 concentrated hydro- 
fluorie acid/hydrochlorie acid. To remove sulphides and 
free sulphur. the residue was further treated with zine 
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dust and 6 M hydrochloric aeid!*. By repeated ultrasonic 
extractions with 4:1 benzene/methanol, 190 mg of 
solubilized organics was isolated from a sample of oil 
shale, weighing 100 g, and 60 mg of acids was sub- 
sequently separated from the extract. For comparison, 
extraction of 100 g of oil shale yields 1,740 mg total 
organies of which 38 mg is acids (ref. 15 and our unpub- 
lished observations), and ehromie acid oxidation of kerogen 
concentrate from 100 g of oil shale yields 170 mg acids 
(ref. 17 and our unpublished observations). (This latter 
weight varies widely according to the length and type of 
oxidation, as well as the extraction used.) 


| 200 mesh | 
! oilshale 


| 
H 
(a) HE/HCl cone | @H-MeOH sol. | 
i 2:0% 
(b) Zn/HCl 


exhaustive extraction 





[Demineralized shale | 


: | exhaustive extraction 


















‘Green River | e H-Me 
kerogen | | 0:17% 
480% l 
_ E NaOH 
t ! 
[neutrals | | acide | 
10:04-95 | 013-9, | 
| (a) BF;/MeOH 
| (b) urea-adduct 
| | 
branched normals 
3 à t 
Fig. 1. Experimental flowsheet. 


The acid fraction was esterified with BF,/methanol, 
passed over silica gel and clathrated with urea yielding 
1 : 3 normals/branched-cyclies (see flowsheet, Fig. 1). The 
total, normal and branched-cyclie fractions were chroma- 
tographed on a 5 ft.x j in. column, packed with 3 per 
cent SH-30 on ‘Chromosorb’ and programmed from 100° 
to 270° C at 10°/min with a flow rate of 50 ml./min. The 
gas-liquid chromatography (GLC) components were identi- 
fied by their retention times, co-injection of standards, 
low resolution mass spectra, and then correlated to the 
high resolution mass spectra of the total mixtures deter- 
mined employing a cation-exchange capacity 21-110B 
mass spectrometer with direct inlet at ion source tempera- 
tures from 150° to 270°C. The GLC patterns for these 
three fractions are presented in Fig. 2. In the normal 
fraction there is an even/odd predominance. The labelled 
peaks were checked by co-injection of authentic standards. 
An analogous distribution is found in the high resolution 
mass spectral data of each fraetion. Fig. 3 is an example 
of the high resolution mass spectral data for the total 
ester fraction. The masses are plotted in methylene 
units (unpublished results of A. L. Burlingame and D. H. 
Smith). On the abscissa, each principal division marker 
eorresponds to the saturated alkyl fragment, for example, 
C4 H55,,. with the number of carbon/hydrogen atoms given 
below. There are fourteen units between each principal 
division, and the number of hydrogen atoms of an un- 
saturated or cyclic ion is obtained simply by subtracting 
the number of units (hydrogens) from the 2n + 1 hydrogens 
of the respective saturated principal division, CrHan+1 
The even/odd predominance of the monocarboxylic acids 
is also evident in the high resolution mass spectra of the 
normals and totals fraction, and can be easily discerned in 
the C/H O and C/H O, plots of Fig. 3. 

The findings of this study are listed in Table 1. The 
homologous series of normal fatty acids found in the GLC 
ranged from C, to C4, with maxima at C,, and C,,; the 
same was found in the high resolution mass spectra, but 
the range was C,-C,, as a result of greater dynamic range. 
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The rearrangement peaks (McLafferty), m/e 74 and m/e 
88, must be considered to contribute substantially to the 
possible presence of molecular ions for C, and C,. The 
branched acids which were detected ranged from C, to Cas; 
the cut-off on the GLC was Cı, and the principal con- 
stituents were phytanie and norphytanie acids. These two 
series constituted the greater portion of the acid extract. 
The following series are described in order of decreasing 
concentration.  Dicarboxylie acids ranging from C, to 
C,, with a maximum at C, (adipie aeid) were found both 
in the GLC collection and high resolution mass spectra. 
Although the molecular ions of this series are small, they 
were detectable and further substantiated by the presence 
of the strong peaks as a result of losses of 31 (-CH,O) and 
73 (C,H,0,) mass units (Fig. 4)'5. As, for example, in 
Fig. 3. the C,, diester of Fig. 4 has its molecular ion 
C,,H,,0, in the C/H O, plot; the loss of CH,O- results in 
the peak at C,,H4,0, in the C/H O, plot, and the following 
loss of ketene (unpublished observations of W. J, Richter. 
D. H. Smith and A. L. Burlingame) yields the peak at 
C,,H,40, in the C/H O, plot. Methylketoacids were found 
with compositions of C,-C,4 with the distribution maxi- 
mum at C,, in the high resolution mass spectra. In the 
GLC pattern they were buried among the principal eon» 
stituents. Their molecular ions were of reasonable inten- 
sity and the compound identities were further sub. 
stantiated by the strong losses of CH ,O- and C,H,O (Fig. 5) 
(ref. 19 and unpublished observations of W. J. Richter. 
D. H. Smith and A. L. Burlingame). For example, in 
Fig. 3 the molecular ion C,,H,40, is in the C/H O, plot: 
loss of CH,O- results in the peak at C,,H,,0, in the 
C/H O, plot, and of M-C,H,O in the peak C,H,,0,, also 
in the C/H O, plot. Mono-unsaturated and/or cyelic acid 
esters were found from C, to C,, with maxima at ©, and 
C,. They, too, were buried among the background of the 
GLC run. Their molecular ions, strong losses of CHO: 
and cyclohexyl (and alkyleyelohexyl) ion are evident in 
Fig. 3. For example, the C, ester has its molecular ion at 
C,H,,0, in the C/H O, plot; loss of CH,O- results in the 
peak at C,H,O in the C/H O plot, and methylcyelohexy! 
ion is at C,H,, in the C/H plot. 

The two chief series of aromatic acids, namely alkyl 
substituted benzoic and alkyl substituted naphthoie 
acids“, were also found. The identification of these 
compounds is based on the elemental compositions of the 
molecular ions, and their respective strong M-CH,O- peaks 
in the high resolution mass spectra of the total and 
branched-cyclic fractions. For clarity in presentation. the 
aromatic ions from the high resolution spectrum given 
in Fig. 3 have been sorted, removed and plotted separately 
in Fig. 6, because the naphthyl versus normal esters occur 
at the same nominal mass. (There are some aromatic ions 
in the C/H plot of Fig. 3.) 

Several series of aromatic esters are apparent: (a) a 
phenyl alkanoate series (C,H,, .,0,) ranging from C, 

















Table 1. ORGANIC ACIDS FROM THE DEMINERALIZED, EXHAUSTIVELY 
EXTRACTED OIL SHALE OF THE GREEN RIVER FORMATION (LISTED AS FREE 
ACIDS) 

Maximum 
concentration 


Range 


(1) Normal acids Cy. and Cy 
(2) Branched acids 


(3) Dicarboxylic acids 








(4) Methylketoacids Uso 

(5) Mono-unsaturated and cyclic acids Cand Ca 
(Co Har20a) 

(6) Aromatic acid i 
tpbfn. 

(7) Aromati dea Oye Cy* Cie 

Uy C, e 

(9) Aromatic acids Ci7Ciu* Cis 

(CH 21202) 
(10) Pentacyclic acids Cye-Cys7 Cap 


* Determined by mass spectrometry. 
+ Determined from gas chromatograms. 
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Fig. 2. Fatty acid methyl esters after demineralization of oil shale from Green River Formation; temperature programming from 100° to 
250° € on 5 ft. x A in., 3 per cent SE-30 column. 


(benzoate) to C, with a maximum abundance at C; 
(b) a cycloaromatie series (C,H4,:,,0,; n=11-16); and 
(e) a bicycloaromatie series (C4H,54,,0,; m=12-15) with 
methyl naphthoate the most abundant. There is also 
evidence for the presence of another cycloaromatic series 
(CaHsn-..02; n-11-14) with methyl indenoate as the 
prineipal constituent. At higher ion source temperatures 
in the mass spectrometer, a group of pentacyclie acid 
esters volatilized and the following molecular ions were 
observed in the high resolution mass spectra of the totals 
and  branched-cyclie fraction: 428 (C,,H,4,0, 442 
(CsoH s004). 456 (C, H s202), 470 (C, H,,0,), 484 (C4H440,), 
498 (C,,H40,) (C,H;0,, 521 (C, H,,0,) and 458 
(C,4H4,0,). The distribution maximum was at C,,H,,0,, 
and the M-CH;: peaks were also observed. Referring to 
Fig. 3, the molecular ion C,,H,,O0, is found in the C/H O, 
plot and its corresponding M-CH,: peak at C,,H,,0, in 
the same plot. 


A further result should be noted at this point: the 
acids in the exhaustive extract amount to only 2:2 per 
cent of the extract, whereas the acids isolated after de- 
mineralization are 31-5 per cent of that extract. From 
this it can be concluded that the bulk of the acids are tied 
up as salts as, for example, calcium soaps (adipocire)?*, 
rather than occurring free, as simple lipids, or interstitially 
trapped. Berner?' has shown that adipocire forms rapidly 
after death of an organism and is rather resistant to 
further organic decomposition. It does, however, hydro- 
lyse gradually in aqueous media, resulting in CaCO, con- 
cretions. Thus it is conceivable that such adipocires of 
micro-organisms were compacted along with other organic 
matter and mineral silt eventually yielding the oil 
shale; these entrapped acids can therefore be considered 
indigenous to the oil shale. 

It should also be mentioned that the combined GLC 
of the entrapped acid esters (Fig. 2) and the acid esters 
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Fig.3. High resolution mass spectrum of the tota! fraction of acid esters isolated after demineralization of the Green River shale (ion source 
temperature 150°-170° C). 
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from the exhaustive extract are identical to the GLC of 
the acid esters isolated from the oil shale from a core at 
Sulfur Creek?. This lends support to the fact that the 
various samples and locations of sampling of the Green 
River Formation do correlate very well. 

The isolation and identification of any particular "bio- 
logical marker” are of little significance unless there is 
some assurance that it was laid down at the time of 
deposition and compacted with the sediment. From these 
findings it ean be concluded that these acids were indi- 
genous to the oil shale and occur mostly as metal salts 
and bound to the kerogen by easily hydrolysed links, with 
small amounts trapped in the mineral-kerogen matrix. 
Furthermore, subsequent experiments involving oxidation 
of kerogen concentrate with chromic acid after demineral- 
ization and exhaustive extraction (ref. 17 and our un- 
published observations) yielded the same types of organic 
acids with a few small differences. This leads to the 
conclusion that these organic acid groupings are also 


M pM MÀ —— (€—Ó— ÁN 


ARDMATIC C^H 


RELATIVE INTENSITY 


Eww taeda tly a eta ca | 
fi thie a ea a TE M 
BU HT PETE FUNERIS ERIT AT AT TU TAT Te SH eT MT 


BP 4/3. BERL 671I 7916 — 6/1? 9419 10/21 11/23 12/29 13/2? 14/29 15431 16739 17795 











dec o E DOC LT Re Nee LENNON Oc: oe 
| CHO | 
H 

B x5 

z 

2 

i 

zl 

zi 

" 

- 

z 

| | 

3j i 
l | pa Moo oaa 
presa ti AT R E E a 

i + 


208 — UR AB GAR 6713 PAG 8717 9249 ORE 1172 12726 13727 14729 15731 











c74 02 
x25 š 
Ei 
B 
d 
x if 
| | | 


i i i i 
Eod, T) ] d 1 
i — DNO P ET O T BE 
O E E ER A O E E T E E ET a UE mpero 


ar? 2^8 ae? 43 Sets £713 ress gei? 9719 10721 11/23 12225 13727 14729 
Fig. 6. High resolution mags spectrum of the aromatic acid esters 
preseut in the total fraction of acid esters isolated after demineralization 
of Green River Formation oil shale (ion source temperature 150? C). 











Low resolution mass spectrum of methyl 14-ketopentadecanoate, 


bonded to the kerogen matrix by means of easily oxidized 
functionalities, or may be occluded in the polymer inter- 
stices in the form of alkanes, ketones or some other oxidiz- 
able structure, yielding the acids when liberated by the 
digestion and subsequent oxidation. 

This method of high resolution mass spectral determina- 
tions programmed to increasing ion source temperatures 
on whole extracts is extremely useful. This is especially 
the case in experiments where the fraction is too small to 
run on a GLC-mass spectrometer combination. It also 
avoids sample contamination from GLC column bleed and 
sample losses in the molecular separator of a GLC-mass 
spectrometer combination due to pump-off, 

A detailed investigation of the total organie matter in 
the Green River Formation is being made at this labora- 
tory. Extensive characterization of the acidic components 
of the solvent extracts, entrapped extract and degradative 
studies on the kerogen concentrate are currently being 
reported. Through such an unprecedented study of the 
acidic components of the Green River Formation, it is 
hoped that a coherent pieture of the nature and biological 
relationships of these acidie components will be presented 
and correlated with previous studies on the alkanes isolated 
from this formation, 

We thank Miss E. Sloan for technical assistance. This 
work was supported by a grant from the US National 
Aeronautics and Space Administration. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Quasi-stellar Objects with Absorption 


Lines 

I sHALL employ the observational results tabulated by 
Burbidge and Burbidge', to which reference can be made 
for further information on almost all matters relevant to 
my discussion. The discussion is based on the assumption 
that the red-shift z in the spectrum of a quasi-stellar 
object (QSO) is cosmological, apart from a modification 
mentioned later. Then an immediate inference from the 
observations is that there exist many QSOs below the 
limits of optical or radio detection, the fraction below 
such limits increasing with increasing z. This is because, 
on any feasible cosmological model, most QSOs that show 
relatively small red-shifts would fall below the limits of 
detection if transferred to distances corresponding to 
relatively large red-shifts. 

Burbidge and Burbidge list 102 QSOs with red-shifts z 
determined from emission line spectra. They list nine- 
teen QSOs with one or more absorption lines in their 
spectra. Of these absorption QSOs, as I shall call them, 
eighteen are included in the 102, and for the remaining 
object we assume the emission red-shift to be the same as 
the absorption red-shift. We are thus dealing with 103 
objects. These are described in Table 1. Thus the pro- 
portion of absorption QSOs increases steeply with in- 
creasing z. Unless there is some physical difference 
between QSOs at different distances, I infer: (1) absorp- 
tion QSOs are among the intrinsically brightest QSOs, 
because only such QSOs are detectable at large z; (2) ab- 
sorption QSOs form only a small percentage of all QSOs. 
In principle we could estimate this percentage by extra- 
polating back to z=0. This is not justified in this case 
because the tabulated results are not a homogeneous 
set, but the figures do suggest that not more than 1 per 
cent of all QSOs, including those too faint to be observed, 
are absorption QSOs. For purposes of illustration, we 
shall use the value 1 per cent. The inferences (1) and 
(2) agree with the general impression given by the pub- 
lished apparent magnitudes m,, and even more with the 
results obtained by converting them into absolute mag- 
nitudes aecording to a simple eosmological model. 








Table 1, ABSORPTION QUASI-STELLAR OBJECTS 


Red-shift O<z<1 1<z<1-8 L-8<z<23 

QSOs with one or more absorption 5 E 10 
lines 

QSOs with measured z 61 23 19 

Percentage with absorption lines 8 17 53 


Another observational result is that (3) there are objects 
classed as QSOs that show no detectable line spectrum at 
all. The Burbidges’ list of QSOs contains forty-six for 
which a value of z had not been found. Some of these may 
have unidentified lines. On the other hand, if a QSO shows 
no lines, it may escape classification as a QSO. Thus the 
number of QSOs without lines may well be comparable 
with the rest. 

Almost all interpretations of the optical and radio 
observations of QSOs lead to a model schematically 
described as a compact nucleus producing the optical 
continuum radiation, surrounded by an envelope eom- 
posed of zones producing the several features of the line- 
speetrum and the radio-spectrum. Some authors seek to 
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make the model inore realistic by regarding the envelope 
as filamentary in strueture. 

I now propose the hypothesis that the part. of the enve- 
lope responsible for the line-spectrum has the form of afairly 
well defined jet emerging radially from the compact 
nucleus. Further, in keeping with my previous diseus- 
sions?, the QSO would be pictured as part of a larger 
structure such as an elliptic galaxy. A jet is actually seen 
in the quasar 3C273, and there are indications of some- 
thing similar in one or two other quasars; a jet is also 
seen in the radio galaxy Virgo A (which is somewhat like 
that seen in 37273) and in some other radio galaxies. The 
jet contemplated in the hypothesis would be an early stage 
of these observed jets. 

On this picture, if we see the nucleus through the jet 
we should see both absorption and emission lines; if we 
see the jet obliquely, we should see emission lines only: 
if we do not see the jet (because it happens to be on the 
far side of the system, or because there is no jet), we should 
see no lines. 'lhus the three sorts of speetra would be 
very simply explained. 

The jet must be on the near side of the system in order 
to produce observable emission lines, and there is a 1 per 
cent chance (on the estimate given here) that it will pro- 
duce absorption lines as well. On the average, therefore, 
it occupies 1 per cent of the hemisphere, that is, it lies 
within a cone of semi-vertical angle about, 8°. 

Furthermore, property (1) implies on this pieture that 
a QSO appears much brighter when seen in the direction 
of the jet, so that much of its optical emission is beamed 
along the jet. This is feasible if the jet denotes the escape 
of matter from a violent event occurring in a galaxy, 
because the escape-route for the matter would tend to be 
also the escape-route for the radiation. Some previous 
writers have, indeed, suggested that the radiation from 
quasars may be beamed, but the present suggestion 
appears to offer the simplest possibility of an observa- 
tional check. 

This would clearly be a highly significant result. Te 
would mean that the energy-requirement for a QSO could 
be much less than hitherto estimated, perhaps between 
l and 10 per cent of previous values. The curious feature 
of these values is that they are an amount that could just 
about be produced by normal nuclear processes, but only 
just. If we appeal to some quite different sort, of onergy- 
source, there is no reason why the required amount 
should bear any relation to nuclear resources. On the 
other hand, if we ean somewhat relax the demand, as 
here suggested, then there may be no need to seek other 
sources. 

The hypothesis implies that the jet has a radial motion 
outwards from the nucleus. Any absorption line must 


show the doppler effect of this motion towards the 
observer, superposed on the cosmological red-shift, 


whereas the corresponding emission line would show the 
effect of the components towards the observer of this 
motion in all parts of the jet. Thus we expect. the absorp- 
tion line to be narrow and to be bordered on the red side 
by a wider emission line. This is what is mostly observed; 
the effects could, of course, easily become complicated if 
various motions occur. 

In the case of some jets actually observed, the speeds 
must be an appreciable fraction of the speed of light. in 
order for them to attain their observed extent in a plausible 
time. Án important consequence is that the rod.shift in 
the line spectrum is then not precisely the cosmological 
red-shift; in general, the latter would be somewhat 
greater. Now in the quasar 309 the hydrogen line Lyman 
a is seen in emission. Tt was predicted that a likely amount 
of intergalactie neutral hydrogen would produce a reduc- 
tion in the intensity of the continuum on the blue side of 
this line. No such reduction is detected and this casts 
doubt on the cosmological character of the red-shift. The 
step in the continuum would, however, occur at the cos- 
mological red-shift proper. This eould be well to the red 





258 


side of the observed Lyman « line, and hundreds of 
angstréms away. An accurate study of the continuum 
in such cases would be very important. 

Finally, the chief argument against the predominantly 
cosmological nature of the red-shift z is that the plot of z 
against m» looks so much like a mere scatter-diagram?. 
Any expected relation between these quantities can be 
confused by several familiar effects (intrinsic scatter, 
spectral energy-distribution, instrumental cut-offs, and so 
on). If the hypothesis of the jet is valid, it complicates 
the situation further by making m» depend on the aspect 
of the source, and to some extent by the possibility that 
the observed red-shift is not precisely the cosmological 
red-shift. In fact, there are so many confusing factors 
that the outcome is bound to look like a scatter diagram 
unless the sources ean be classified in considerable detail. 

The idea here put forward is, basically, only a slight 
modifieation of the current pieture, but we see that it 
might cause a surprising variety of observed features to 
fall into place; also à number of observational tests can 
be proposed. 

W. H. McCrea 
Astronomy Centre, 
University of Sussex. 
Received March 20, 1968. 
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Far Ultraviolet Radiation from the 
Milky Way 


Tue far ultraviolet photometer mounted on Venera-4, 
launched on June 12, 1967, scanned the sky to measure 
the ultraviolet radiation from the Milky Way, which was 
discovered by Kurt!. The observations were made in 
two spectral intervals, the first including the hydrogen 
Lyman « line (A 1050-1340 A) and the second off the 
Lyman « line (à 1225-1340 A). 

The diameters of the photometer fields of view were 
10? and 20°, respectively. The scanning was made along 
a small circle about 140? diameter with the centre at the 
antisolar point, looking from the space craft, with co- 
ordinates «= 21h 44m, §= -16° 15^. The scanning circle 
in the new galactic co-ordinates (JI, 61) is shown in Fig. 1. 
The photometer field of view crossed the Milky Way belt 
twice; near the constellations Cassiopeia and Cygnus 
in the northern hemisphere and near the constellation 
Lupus in the southern hemisphere. The four scans 
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Fig. 1. Scanning circle in the new galactic co-ordinates (#, b=). 
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Fig. 2. One of the scans, obtained on August 16, 1967. The circles are the 
dimensions of the fleld of view. 


obtained are quite identical in the first spectral interval, 
containing the Lyman « line, and are similar in the second. 
Fig. 2 shows two scans in both spectral intervals, the period 
being 10 min. The maximum signal in the first spectral 
interval is about 25 times greater than that in the second 
interval outside the Lyman « line. About half the signal 
in spectral interval à 1225-1340 A is caused by the cosmic 
ray background. Taking into account the permeability 
of the additional CaF, filter, which cuts off radiation 
with 4<1225 A, the photon counter efficiency and the 
difference in the fields of view, the ratio of the fluxes is 


F (21050-1340 A)/F (21225-1340 A) x 50 


The high value of the ratio shows that the radiation 
is observed in a narrow band and that its intensity is 
about 200 r. 

The nature of the emission was considered by Kurt 
and Sunajev’, who discuss the difficulties of interpreting 
it as the transformed radiation of early spectral type 
stars. At the same time the radiation in the (A 1225- 
1340 A) band is undoubtedly the integrated radiation of 
hot stars. It is noted in refs. 1 and 2 that the flux ratio 
(by unit interval of wavelength) does not exceed 10-? and 
is much smaller than the caleulated values of Zimmer- 
mann’, The new observations give the value 4 x 10-?, 

The most conspicuous details in Fig. 2 are the strong 
emission near 5H —0?, [11 ]100? and almost complete 
absence of radiation near bH = 0°, [11 = 300? (the southern 
hemisphere). Stecher* shows that light absorption by 
dust in the investigated spectral interval does not permit 
observations at distances greater than 1-3 kpe. According 
to Bok', the Perseus arm of the galaxy and even the 
nearest arm (Carina-Cygnus) are located at this distance. 
There is a void in the direction H = 300? up to a distance 
of about 5 kpe. Kurt and Sunajev showed, however, that 
only quanta shifted from the Lyman « line by not less 
than ~5 A can propagate at such a distance, which in- 
volves velocities exceeding 1,000 km s7}. In the case of 
multiple dispersion, the quanta are absorbed by dust and 
diffuse small distances. Because of this, the hypothesis 
that the observed Lyman æ emission originates in the 
peripheral parts of the solar system, where the solar wind 
is controlled by the galactie magnetie field?, is quite 
attractive. 

V. G. KURT 

S. B. DosTOVALOV 
Sternberg State Astronomical Institute, 
Moseow, USSR. 
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Effect of Sunspot Activity on F-region 
Drift Speed at Waltair 


Briaes! has reported the variation of the night-time 
north-south component of F-region drift at Cambridge 
(52? N., 0° E.) from a southward direction during a sun- 
spot maximum to the northward direction during a 
minimum. This result highlights the importance of a 
study of long-term variations of drift parameters with a 
view to studying the effect of solar activity and verifying 
existing theories. Morriss and Lyon? at Ibadan (7° N., 
4° E.) reported a general decrease in wind speed with 
deereasing solar activity and showed that there was no 
marked change from the International Geophysieal Year 
(IGY) to the International Year of the Quiet Sun (IQSY) 
in the diurnal variation of the east-west component. 
Results from Waltair show a decrease in the wind speed 
with decreasing solar activity. All the investigations 
mentioned were carried out using similar fades analysis. 

This communication gives the results of a correlation 
analysis of F,-region drifts for 6 years from IGY to IQSY. 
Drift records from a spaced receiver equipment on 4:2 to 
5-6 MHz for winter months were analysed and included 
2:4 MHz night-time reflexions. Round the clock observa- 
tions were taken for about 6 days, ineluding the world 
days in each month. Care was taken that the height of 
reflexion was the same throughout the observations. The 
results were obtained by the complete correlation tech- 
nique originated by Briggs et al. and subsequently modi- 
fied by others; the correlation matrices were obtained on 
the CDC-3600 digital computer. 

In Fig. 1 the average values of drift speeds Va, V and 
V, are plotted for the decreasing solar cycle from 1957 
to 1964. The apparent velocity Va (Fig. la) shows an 
initial decrease with solar activity, as was also the case 
with the values obtained by similar fades analysis at this 
station, but as the IQSY is approached there is evidently 
a marked increase in this parameter. The true velocity 
V (Fig. 15) increases continuously with decreasing solar 
activity, and the same is the case for the random velocity 
V, (Fig. 1c), the increase from IGY to IQSY being greater 
for the latter. The difference between the true and 
apparent directions |o— qgs| (not reported here), which 
serves as a discrepancy factor between the true and 
apparent velocities, is considerably higher during the 
IGY and seems to be partially responsible for the difference 
in the behaviour of Va and V at that time. Considering 
the overall behaviour of V, V, and Va there is a definite 
increase in the velocity during years of low solar activity, 
a result which is just the opposite to that in the E-region, 
where there is a continuous decrease in drift speed from 
IGY to IQSY. 

This increase in the horizontal drift in the F-region 
during low solar activity is explicable if we identify the 
observed drift with the movements considered by Kohl 
and King’, with ion-drag as the main retarding force. 
According to them, if the driving force remains constant, 
atmospherie winds will have greater velocities at sunspot 
minimum when there will be a small ion-drag opposing 
the movements. As an illustration they cite the observa- 
tion made by King-Hele* that the atmosphere rotates 
with an angular velocity increasing from 1-2 to 1-4 times 
that of the Earth from IGY to IQSY. Further evidence 
comes from the behaviour of F-region drift at low and 
high latitude stations during a magnetic storm. In a 
recent survey, Rao* observes that at low latitudes there 
is a decrease in drift speed with increasing magnetic 
activity accompanied by an increase in the sub-peak 
electron concentration. At high latitudes, however, the 
drift increases with increasing magnetic activity when a 
simultaneous decrease in electron concentration is reported. 
The marked reduction in air densities observed from 
satellite data by King-Hele and Quinn’ from IGY to 


259 


Va (m/s) 





V (m/a) 





Fe (m/s) 








30 a a 
61-62 62-63 63-64 64-65 65-06 


Year 


1957-58 58-59 59-60 60-61 


Fig. 1. Sunspot variation of Va (a), V (b) and Ve (c) for F-region. 


IQSY also supports this view. A detailed paper embody- 
ing the results of long-term variations of drift parameters 
and their theoretical interpretations will be published 
elsewhere. 

C. JocULU 

B. RaMACHANDRA Rao 
Ionosphere Research Laboratories, 
Andhra University, 
Waltair, India. 
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New Value for the Solar Constant 
of Radiation 


Tue solar constant of the Earth is the extraterrestrial 
flux of the Sun's energetie radiation integrated over all 
emission wavelengths and referred to one astronomical 
unit (AU). An accurate knowledge of this quantity and 
of its spectral components is an important requirement 
in the design of spacecraft, where the problems of maintain- 
ing the desired radiative equilibrium temperatures are 
especially diffieult in voyages differing considerably from 
those of Earth-orbiting satellites. A related problem is 
the testing of these vehicles in spaee simulation svstems. 
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Table 1. 


Broad-band filters 
G8 
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COMPARISON BETWEEN JULY-AUGUST 1966 AND MARCH 1067 B-57B AIRCRAFT MEASUREMENTS (TOTAL AND BROAD-BAND FILTER RESULTS) 
July 25 and August 4, 1906 


March 7-10, 1967 
od uisaute filters 


Total 061 Mean Total G1 RG8 Mean 

Wavelength interval (nm) > 200 > 528 > 687 > 607 > 200 > 626 > 688 > 607 
Number of flights 2 
Number of measurement series 8 i 
Mean altitude (km) 13 (11-5-15) 13:5 (12:5-14) 
Mean solar elevation (°) 67 (63-69) 43 (42-44) 
Mean air mass (absolute) 0-20 (0-25-0-15) 0-22 (0-25-0-19) 
Total O; content (cm NTP) 0-355 (Sterling, Greenbay) 0-387 (Toronto) — 
Total H,O above 100 torr (mm) 0-030 (estimated) 0-010 (measured R/S) 
Measured fluxes (mW cm) 125-0 91:5 678 129-9 96-6 10-7 
Corrections (per cent) . 

Earth mean distance +31 +31 +31 -15 -15 -1-5 

Rayleigh scattering +22 +10 -— +24 +11 — 

Ozone absorption +27 +1-0 — +35 +15 — 

Water vapour absorption +05 +07 +10 +03 +04 +06 

Infrared not measured —* +35 +48 —* +35 +48 

Total correction +85 -93 +89 +47 +50 +3-9 i 

Extraterrestrial fluxes (mW om-?) 1358 100.2 73:9 87-0 136-0 101:3 734 ATO 


* Estimated to be «0-2 per cent beyond 5 um. 


Table 2, SOLAR CONSTANT OF RADIATION: SUMMARY OF PRINCIPAL JET 
(12-15 KM) AND ROCKET (78-83 KM) AIRCRAFT RESULTS 
Total Ultraviolet 
flux and visible Infrared 
nm »200 « 607 > 607 
mW cem mW em-* mW cm 
1, Measurements 
a, B-57 jet: July-August 1966 i 
(2 flights: Ohio) 135:8 48-8 87-0 
b, B-57 jet: March 1967 (4 
flights: Ohio) 136-0 48-7 87-3 
e, CV-990 jet: October 1967 (1 
flight: Pacifie 11-5? N.) 136-2 48-9 87:3 
d, Mean (weighted) 136-0 48:7, 8T.8 
e, X-15 rocket: October 1967 
(1 flight: Nevada) 136-1 48:6 87.5 
f, General mean (d and e) 136-0, 48-6, 87-4 
2. Ground extrapolations (Johnson 
curve) 139-6 523 87:3 
Per cent Per cent Per cent 
9 
3. Difference (15) — 2:5, -7-0 +04 


A joint Jet Propulsion Laboratory-—Eppley Laboratory 
experiment is being conducted of which the basic objective 
is to make available a series of multichannel radiometers 
which have been calibrated ultimately by exposure to the 
Sun at altitudes above the ozonosphere (> 50 km), using 
the USAF/NASA X-15 rocket research aircraft, for 
example. 

Up to the time of the measurements described here, there 
had been no such effort above the effective atmosphere. 
Most information was based on extrapolations of Abbot's 
classical pyrheliometrie and spectral bolometric data 
obtained at the high mountain locations of the Smith- 
sonian Institution’. Soon after the end of the Second 
World War, the US Naval Research Laboratory provided 
spectrographie records of the wavelength region unobserv- 
able from the ground (à « 295 nm) using captured German 
V-2 rockets. In recent years, Kondratiev and his co- 
workers?, in Russia, have attempted precise measure- 
ments of the integral and spectral solar fluxes using 
large balloons, but their deteetors were stil in the 
ozonosphere. According to a private communication 
from Kondratiev their results indicated a significantly 
lower value than that of Johnson (139-6 mW em-*), which 
has found most favour in the space programmes of the 
USA*. 

The instrumentation of the new measurements has been 
described elsewhere*. The radiometer is a twelve-channel 
model which incorporates fast response, high-sensitivity, 
wirewound-plated thermopiles of robust construction, 
with associated quartz lenses and optical band-pass 
filters. Two channels record the total flux, two are 
equipped with broad-band filters (in combination sub- 
dividing the solar spectrum at 607 nm) and eight others 
have narrow-band (interference) filters chiefly “covering 
the spectral range 230-600 nm. The signal conditioner 
comprises a 24-channel commutator, switching (maximum 
rate 16 channels s-') into a d.e. differential amplifier 
(gain approximately 1,000) operating on 28 V d.c. 

On October 17, 1967, what is believed to be the first 
direct measurement of the solar constant was obtained 
on a rocket aircraft, at an altitude of about 82 km. The 


value for the total solar intensity so established is 136-1 
mW cm-?, about 2-5 per cent lower than Johnson's estim- 
ate. Energy in the ultraviolet and visible regions (derived 
4«607 nm) is 7-0 per cent less than that obtained by 
integrating over the Johnson curve; for integral flux of 
42607 nm there is almost perfect agreement. Seven 
supporting series of NASA conventional jet aireraft 
measurements, after atmospheric extinction correction, 
agreed extremely well with the X-15 results (see Tables 1 
and 2). 

On this occasion, the aircraft was launched from a 
US Air Force B-52 jet over Smith Ranch, Nevada, on a 
true (geographical) heading of 187? to Edwards Air Force 
Base, California. At the peak altitude (approximately 
84.5 km; lat. 37.75? N., long. 117-35? W.) the aircraft 
flight path was within 1? of the launch value on which the 
preealeulated radiometer roll and pitch angles depended. 
The radiometer ‘‘on-Sun” period was 09 : 43 : 11 to 
09 : 44 : 32 zone time (81 s). The sub-period selected for 
best measurements (according to the radiometer photocell 
solar angle deviation indicators) was soon after the peak, 
from 09: 43:32 to 09: 43: 55 zone time, corresponding 
to 83-78 km altitude and 28:3? solar elevation. Ground- 
based radar was employed for aireraft location and for 
the derivation of ambient pressure. Radiometer tempera- 
ture was monitored continuously during the flight ( — 32:5? 
C at 80 km, for example), as was the amplifier input 
voltage reference. Solar exposure of the radiometer did 
not require a protective window. The radiometric 
signals (millivolts) were indexed by the commutator and 
fed into a magnetie tape recorder (in volts) at 200 samples 
s-!, a quarter of which were printed out. The final radio- 
meter pre and post-thermal zeros were derived from 
the recording during the "'pod.elosed" periods, after 
consideration of the '*pod-open" sky zeros. In the interval 
selected as yielding the most aecurate measurements, 
about forty solar flux values were obtained for each 
channel (the total number of such values for the entire 
"on-Sun" period was in excess of 1,400). In-flight data 
were also telemetered to Edwards control. 

Fig. 1 shows the sequence of events during the flight. 
The mean atmospheric pressure at the solar measurement 
altitude was 5 x 10-? torr. 

A preliminary supporting programme with a NASA 
B-57B jet aircraft (converted Canberra) commenced in 
July 1966. Six flights were made over the Dayton- 
Columbus area in Ohio (lat. 40° N., long. 83? W.), two 
in summer conditions and four in late winter. The meas- 
urement altitudes selected for solar-constant data deriva- 
tion ranged from 11-5 to 15 km. In the July-August 
1966 series, radiometer exposure was at or just above the 
US Weather Bureau locally designated tropopause (mean 
13 km); in the March 1967 series all such exposures were 
significantly above the tropopause (mean 9:3 km). The 
radiometer viewed the Sun through an opening (no 
window) in the aft fuselage. Orientation of the solar 
sensors was controlled using an optical sight in the 
pilot’s cockpit. The signals were tape-printed on an 
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integrating digital voltmeter in the observer's cockpit. 
Zach measurement series comprised about five to twenty- 
five solar readings per channel at constant circling altitude, 
depending on the length of exposure time and the system 
integrating rate used. A total of twenty-one such measure- 
ment series was obtained. Pre and post-zeros were 
recorded when the radiometer was temporarily out of the 
beam. During the March operations a special flight was 
made—with variable aircraft speed (266-444 knots)—in 
order to verify that the radiometer signals were immune 
to local pressure and wind fluctuations. A second related 
test was a set of “‘off-angle” scans, to show the effect of 
imperfect solar alignment. 

The results of the two sets of B-57B data are compared 
in Table 1, which also provides details of the corrections 
applied to the observational material. 

A seventh jet flight was made on October 22, 1967 
(partly as a calibration check on the X-15 measurements), 
in a pressurized C V-990 (Convair) over the Pacific. The 
co-ordinates were 11-5 N., 158-8? W.; altitude was 12-1 km 
and solar elevation 65-8? (absolute air mass 0-21). The 
corrected fluxes were: total 136-2, OG1 filter 100-9 and 
RGS filter 73:6 mW em-? (incorporating small filter 
corrections eonvering to the —30^ C eut-off values of 
527 and 687 nm, respectively). 

Fig. 2 represents the vertical profile of the atmosphere. 
The two aircraft and the basic instrument calibration 
locations are indieated relative to the principal atmo- 
spheric regions. 

The site for the natural sunlight calibrations*? is the 
JPL Table Mountain, California (lat. 34-4? N., long. 
1177? W., altitude 225 km), facility. A primary group 
of Eppley-Ángstróm electrical compensation pyrhelio- 
meters, maintained in Newport and frequently compared 
in Davos (Switzerland) with the World Meteorological 
Organization standards, constitutes the radiometric 
referenee for the experiment, in reproduction of the 
International Pyrheliometrie Scale. During the JPL- 

 Eppley experiment it has been customary to (a) inter- 
compare two multiehannel radiometers in the basic 
calibration programme and (b) conduct such calibrations 
before and after each set of flight operations. Calibration 
repeatability is within + 0-2 per cent. Extension to ranges 
of ambient temperature and pressure encountered aloft 
was undertaken in the laboratory. 

Table 2 is a summary of the principal results obtained 
in all eight solar-constant determination aircraft flights. 
Considering the repeatability of the individual readings 
in a flight series (+ 0-2 to 0-5 per cent), it is judged that 
the accuracy of the final values is, in general, within 1 per 
cent. 

Independent verification of the B-57B jet aircraft 
(atmospheric uncorrected) measurements of total flux 


USAF/NASA X-15 FLIGHT 
NO. 3-64-95: 17 OCT 1967 
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Fig. 1. JPL-Eppley solar constant measurement experiment (Y-15 


rocket research aircraft)—sequence of events. 
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Fig. 2. Standard atmospheric vertieal profile (US 1962), with common 
systems of nomenclature, and showing the different solar radiation 
measurement locations of the experiment. 


has been provided by the NASA Lewis Research Center 
in Cleveland, Ohio, in connexion with its solar cell calibra- 
tion programme (private communieation from H. W. 
Brandhurst) The mean maximum observed total radia- 
tion based on five flights above the troposphere, with the 
same aircraft but with other instrumentation at 145 
km (air mass 0-16), during the period May 1964—March 
1967, was 129-6 mW cm. This value is corrected for 
Earth mean distance. There is close agreement with the 
corresponding B-57B overall mean of 128-5 mW em- 
at 13-5 km (air mass 0-21), the difference of 0-8 per cent 
being in the right direction. 

The associated narrow bandpass filter measurements for 
all flights (at lower tropospheric levels as well) is under 
evaluation and will be reported when results are available. 
Preliminary data for the July-August series have been 
published?. 

We thank the personnel of the NASA Edwards Flight 
Research Center, NASA Lewis and Ames Research Centers, 
Jet Propulsion Laboratory and Eppley Laboratory, 
whose efforts made these flights possible. We aiso thank 
Dr A. Ángstróm who advised on the programme for 
atmospheric extinction correction to the jet flight measure- 
ments. The joint JPL-Eppley investigation was spon- 
sored by NASA. 
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Close Continuity of Compressibility at 
the Earth's Mantle-Core Boundary 


CALCULATIONS? made from 1936 to 1942 on the variation 
of the density p in the Earth's interior, along with data 
on the P and S seismic velocities « and B, gave a surpris- 
ingly small discontinuity in the incompressibility k at the 
Earth's mantle-eore boundary, N. Let Ak denote the 
excess of the value of k on the core side of N over the value 
on the mantle side, and let p denote pressure. The 1942 
calculations, which were incorporated? in the Earth model 
A, gave the proportionate jump Ak/k in k at N as —5 per 
cent. 

The smallness of Ak/k was in marked contrast to the 
large proportionate changes at N in p and the rigidity u, 
and was used as an important item of evidence in formu- 
lating the k-p hypothesis*, the essence of which is that 
k varies fairly smoothly with p throughout the Earth 
below a depth of 1,000 km. The hypothesis carries 
important implications and led, for example, to the 
inference that the Earth's inner core is solid. 

Since 1942, a variety of new evidence bearing on p, « 
and 8 has made it desirable to re-estimate Ak/k. It has 
now also become practicable to assess the orders of un- 
certainties in contributions to Ak/k. Details of calculations 
on these points will be presented elsewhere. This report 
contains a brief outline and discussion of the salient. 
results, 

The contributions to changes in Ak/k from the Model A 
value have been separately examined for all sources of 
new evidence considered relevant. The contributions are 
all found to be sufficiently small to be treated additively, 
and reach magnitudes of 3-4 per cent with just three of 
the sources. First, the change‘ in y from 0-3335 to 0-3309, 
where J, M and R are the Earth's moment of inertia, mass 
and radius, and I =yMR?, gives à correction of about 
-- 4-0 per cent to the Model A value of Ak/k. Second, the 
revised density gradient" inside the region D” (approxi- 
mately the lowest 200 km of the mantle) gives a correction 
of —3-5 per cent. Third, revised estimates" !° of 9 and « 
in the lower core give +3-0 per cent. Other corrections, 
principally arising from free Earth oscillation results, 
total less than +1-0 per cent. The latter corrections 
include inter alia allowances for an increased core-radius 
and a reduced conventional crustal thickness. 

When the corrections are applied, the estimate of 
| Ak|/k is reduced to less than 1 per cent. The revised 
estimate is, moreover, confirmed in the results for a recent 
Earth model", H B,, which takes full account of the free 
oscillation data as well as other evidence. As far as Ak 
is coneerned, the only significant correction required to 
Model HB, is that associated with the abnormal region 
D^". When this correction is applied, the amended Model 
HB, also gives | Ak|/k <1 per cent. 

Scrutiny of the uncertainties in the various corrections 
makes it improbable that the actual value of Ak/k in the 
Earth much exceeds +1 per cent. This conclusion seems 
likely to be upset only if unexpectedly sizable deviations 
from the Williamson-Adams values of d p/dz occur inside 
the lower mantle (apart from D”), or possibly the outer 
core. In a later paper, it is hoped to extend another 
series of ealeulations!? to the point of setting a well. 
determined upper bound to Ak. 

Using considerations largely independent of those which 
gave rise to the k-p hypothesis, other investigators are 
mainly agreed that that part of the hypothesis which 
takes dk/dp as nearly continuous at N is well supported. 
‘The smallness of the 5 per cent change found in k at N 
in the Model A calculations, has, however, sometimes 
been deseribed, in particular by some geochemists, as 
mere coincidence. The present calculations, by reducing 
the estimate of | Ak|/k to a still smaller value, raise anew 
the important question of how far pressure (where it 
exceeds 0-4 x 10° atm.) falls short of determining the whole 
variation of k inside the Earth. 
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The value found for Ak raises a further important 
question as to the degree of precision which ean be reliably 
attached to applications of Birch’s finite-strain theory!? 
inside the Earth at pressures of the order of 10* atm. On 
plausible assumptions as to composition, simple applica- 
tion of Birch's formulae gives an appreciably larger value 
of Ak than seems admissible on the present caleulations 
(my unpublished results). 

At first sight, Birch's formulae might be reconciled with 
the near-zero value of Ak/k by inferring approximately 
similar chemical compositions on the two sides of N. This 
possibility, which is in line with earlier suggestions!** 
that the discontinuity in o at N is caused by a phase 
change, should not be too lightly dismissed. At the same 
time, it has to be noted that a discontinuity in p brought 
about by pressure introduces into the relation d p/dp= p/k 
a singularity whieh complieates the drawing of definite 
conclusions. 

A final important point is that when A-type and B-type 
Earth models? are amended to fit the recent evidence the 
differences between the two types virtually disappear. 

This note was prepared at the International Institute 
of Seismology and Earthquake Engineering, Tokyo, and 
I should like to express my thanks for the facilities kindly 
provided. 
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Deep Crustal Origin for Oligoclase 
and Andesine Phenocrysts in Basalt 
from Gombe, Nigeria 


TWENTY-ONE miles east of Gombe in northern Nigeria, 
one of the numerous Tertiary-Quaternary olivine basalt 
plugs of the Benue trough alkaline voleanie province! 
contains many conspicuous sub-rectangular white feld. 
spar crystals, 1-3 em long. The olivine basalt is a normal 
alkaline variety, quite fresh, with phenocryst and micro- 
phenocryst olivine (close to Fa,,), titaniferous augite and 
titanomagnetite. Moderately zoned plagioclase micro- 
phenocrysts have labradoritie compositions (An;,. 9). 

The large feldspar crystals are fresh, unzoned, sparsely 
multiple-twinned plagioclase, having compositions be- 
tween oligoclase and andesine (An, to An,,). They are 
well rounded and have narrow reaction rims, the outer 
parts consisting of clear plagioclase erystallographically 
continuous with the main part of the crystal, but con- 
taining about 10 per cent more of the anorthite molecule. 
Some erystals enclose small inclusion-filled apatite prisms 
and euhedral (titaniferous ?) magnetite octahedra. 

There are two possible origins for these large crystals. 
They could be xenocrysts derived from anorthositie rocks 
in the underlying crystalline basement, but such rocks 
are not known from this region'. The remaining alterna- 
tive, for which there is strong evidence, is that they are 
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phenocrysts formed at great depth. In the first place 
their sodic compositions are compatible with crystalliza- 
tion in high pressure conditions??. Second, the rounded 
outlines and reaction rims would be expected because of 
abrasion during transport to the surface from deep crustal 
levels, and from equilibration with the basalt in lower 
pressure conditions. 

Experimental crystallization of basalt melts at high 
pressures, however, has shown that ferromagnesian 
minerals are by far the dominant solid phases’. They 
include chiefly magnesian olivine, aluminous pyroxene, 
and spinels, plagioclase formation being inhibited largely 
by entry of alumina into the pyroxene and spinel lattices. 
The same ferromagnesian minerals are found accompany- 
ing ultrabasic nodules in alkaline olivine basalts and 
related rocks and are most probably also derived from 
deep crustal or upper mantle depths‘. Plagioclase crystals 
seem so far to have been reported from only one such 
assemblage, in northern Japan?, where they are andesine 
in composition and subordinate in amount. 

The Gombe basalt seems therefore to present something 
of a unique paradox in terms of deep-level basaltic crystal- 
lization processes as understood at present. On the one 
hand, composition and appearance of the sodic plagioclase 
crystals argue convincingly for separation from the basalt 
at considerable depth. On the other, the implied high 
pressures are known from experiment greatly to inhibit 
such separation; in addition, the experimentally predicted 
ferromagnesian phases are entirely absent. Resolution of 
this problem might well provide further important in- 
formation about the genesis and evolution of alkaline 
basalts and related rocks. 

Further work is in progress, but facilities in this depart- 
ment are limited and interested persons with access to 
sophisticated experimental equipment can be supplied 
with specimens on request. I thank the officers of the 
Geological Survey of Nigeria for their assistance. 
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Ahmadu Bello University, 
Zaria, Nigeria. 
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PHYSICS 


Eliminating Spherical Aberration and 
preserving Phase Contrast Information 
in Electron Microscopy 


Tug method proposed here enables, in principle, the 
optical system of a conventional electron microscope to 
be used to determine both amplitude and phase, free 
from spherieal aberration, of the electron wave trans- 
mitted through a two or three dimensional crystallite of 
sufficiently large unit cell. The condition that the specimen 
must be a crystallite is probably unavoidable in any 
method of high-resolution electron microscopy, because 
the severe electron radiation damage of organie substances 
will probably prevent the visualization of isolated mole- 
cules at atomie resolution. The further condition, that 
the two shortest unit cell dimensions of the crystallite 
should be more than about 10 À (using a good conven- 
tional electron mieroscope), is satisfied by most substances 
of biological interest. 

Because the spherical aberration phase is proportional 
to the fourth power of the scattering angle, spherical 
aberration is very small for waves scattered through less 
than a certain minimum angle. Consequently, the central 
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part of the diffraction pattern formed at the back focal 
plane of the objective lens, when isolated by an objective 
aperture of suitably small size, vields an image virtually 
free from spherical aberration, though of low resolution. 
Tilted illumination! allows any desired peripheral part of 
the diffraction pattern to be brought into this aberration- 
free central region of the back focal plane. It is not 
possible, however, to have, at any given time, more than 
a limited portion of the diffraction pattern almost free of 
spherieal aberration; consequently the dark-field images 
formed in this way are of no higher resolution than the 
conventional bright-field image. 

The principle of the method proposed here consists in 
recording a series of such low-resolution, dark-field* 
images, each virtually free of spherical aberration, and in 
reconstructing from this series the amplitude and phase 
of the image that would have resulted if the entire aperture 
of a perfect objective lens had been usedT. 

The detailed stages of the method are illustrated in 
Fig. l. (1) The entire electron diffraction pattern of the 
crystallite (Fig. la) is recorded. From this pattern we 
ean find the amplitudes |F (£, 7)|, but not the phases 
a (E, n), of the diffraction spots. (2) The illumination is 
tilted so that some portion of the diffraction pattern (the 
group of nine spots} shown encircled in Fig. la, for 
example) passes through the objective aperture. We then 
record, at the Gaussian focus, the image H Gan? formed 
using only these nine diffraction spots (Fig. 15) (3) Some 
(arbitrary) origin is then chosen for the (x,y) co-ordinate 
frame in image space, and the Fourier transform of |Z(2.u)j* 
is caleulated (either by a computer, using values of 
|I(x,y)|? at selected grid points, or by obtaining the optical 
diffraction pattern of the image |I(x,y)|* and using some 
optical method of phase determination*. From this (com- 
plex) transform T'(X,Y) (Fig. 1c), it is possible to find the 
relativo phases of the nine spots of the original diffraction 
pattern (appendix 1). (At this stage, the small residual 
spherieal aberration phase could be evaluated for each 
spot and the necessary corrections made to the calculated 
relative phases.) (4) The illumination is then tilted again 
so as to bring into the aperture a new group of nine spots, 
of which at least three, and preferably six, are in common 
with the first group. The stages of image recording, 
Fourier transformation and phase determination are re- 
peated as before. In the case of the three or six common 
spots, the new relative phases are compared with the 
relative phases found previously. From this comparison 
it is possible to calculate the relative phases of the entire 
group of twelve or fifteen diffraction spots, even though 
both choices of origin for the (x,y) co-ordinate frame were 
arbitrary (appendix 2). (5) In this way the entire dif- 
fraction pattern can be covered in overlapping groups of 
nine spots, and the relative phases of all the diffraction 
spots found. Fourier inversion of the complex amplitudes 
F(E,%) of the spots now yields both the amplitude and 
phase of the image that would have been formed in a 
perfect optical system of unrestricted aperture. 

Most of the practical difficulties of the method (sueh 
as the preparation of suitable crystalline specimens with 
adequately large unit cells), and most of the problems in 
analysing the results it would yield (allowing for the 
effects of multiple scattering in the specimen, and for 
contributions of inelastically seattered electrons to the 
image, for example), would be the same irrespective of 
the optical system or method used to achieve aberration- 
free imaging and the extraction of phase information. 
Two difficulties peculiar to the method merit some discus- 
sion, however. 


* Some of the images would include the central diffraction spot and would 
therefore be bright-field images. 


. t The method is rather similar to the "aperture synthesis" method used 
in radio astronomy?, though the procedure for "synthesizing" the aperture 
is unavoidably different in the two cases. 


1 The method would be essentially the same if a different grouping of 
abon nine spots were required by the shape and dimensions of the diffraction 
pattern, 
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Fig. 1. 
of the objective aperture.) Diffraction pattern is P(E), but only 
tilted illumination and the objective aperture positioned as in a 

dark-tield image in b. For any 


If one of the dark-field images is not recorded exactly 
at the Gaussian image plane (because of inaccurate focus- 
ing of the microscope), the calculated relative phase of 
each of the corresponding diffraction spots includes a 
defocus phase, proportional to the square of the distance 
of the spot from the optic axis’. If it is possible to 
determine the state of focus of the micrograph (from 
diffraction fringes around a non-periodic feature in the 
too innacurate, the defocus phase can still be calculated 
and allowed for. If such determination is impossible or 
too inaccurate the defocus phase can still be calculated 
using the phases of those diffraction spots common to two 
(or more) overlapping groups, in much the same way as 
the arbitrariness of the origin choice can be allowed for 
(appendix 2). (Similar considerations apply to the effect 
of astigmatism in the image.) 

The method yields phase relations between relatively 
close diffraction spots, and the calculated phase relations 
between distant spots therefore includes the accumulated 
errors of several phase determinations. These errors can 
be minimized using the fact that the relative phases of 
two distant spots ean be determined along a variety of 
different 'paths" (each “path” following a series of over- 
lapping groups of spots). A more direct way is to record a 
small number of additional dark-field images, using an 
aperture as large as the spherical aberration of the lens 
permits. Such images, each formed from a large number 
of diffraction spots, is not convenient for the initial phase 
determination, but should permit the relative phases of 
distant spots to be checked. 

The “aperture synthesis" method outlined here is not 
necessarily restricted to the electron microscope, but could 
be used to improve the resolution (for periodic objects) of 
any microscope in which the aperture is seriously re- 
stricted. This is true for the X-ray reflexion microscope 
using mirrors, where the aperture is restricted by the 
requirement of critical-angle reflexion. If the theoretical 
resolving power of ~ 100 A could ever be obtained from 
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a, Electron diffraction pattern of a hypothetical erystal at the back focal plane of the objective lens 
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(c) 


(The cirele indicates the position 
b, Dark-fleld image of the hypothetical erystal using 
Iz.y) * is recorded, e, Fourier transform of the 
the complete complex transform T(Y,Y) is obtainable 


an X-ray reflexion microscope®, it would be possible to 
form an image from a few adjacent diffracted rays with a 
sufficiently small angular divergence. From a series of 
such images, application of the "aperture synthesis" 
method would allow the direet determination of the 
phases of the diffraetion spots of erystals (viruses, for 
example) with unit cell dimensions of the order of a few 
hundred A, 

Appendix 1. Determination of the phases of a 3x3 
group of diffraction spots from the transform of the 
recorded image. The transform 7'(X,Y) of the recorded 
image is the complex Patterson function of the (2.4) 
passed through the objeetive aperture 

a 

rx; = | [ras orav 

- 09 
T(— X)— T(X)*. so it is only necessary to calculate about 
half the transform. Also, if the diffraction spots lie on a 
rectangular lattice, that is, if F(X)= XEF;4,3(X —3X45 

jk 
Tmn ET(MX o NY o) = XXF; m. kanF*j. 1. 

jk 
Table 1 shows Tmn for the case where either suffix of F 
can be 1, 2 or 3. 

The relative phases of the 9 Fy, are obtained from the 
9 known |Z;4| and the 13 non-redundant Tmn (Table 1) 
in the following way. 

(1) The T mn are sealed by using 7'4,— YELP sel? 


(Y -kY,), 


then 


> 


(2) The phase relations (z4,— x,,) and (a,5— x31) are 
obtained directly from the transform values T's, and 7... 
respectively. 

(3) Tas Tig. Ty, and Ta each contain only two terms, 





From each of these 7 values, the two component terms 
can be evaluated (apart from an ambiguity) from a vector 
triangle. because their separate amplitudes are known. 
(T^). 


as well as their resultant From each term, a phase 
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difference of the form (aj;—%mn) can be calculated. The 
four ambiguities can (in general) now be eliminated using 
relations that must hold between the eight phase dif- 
ferences, and incorporating the values of (%33— 9,1) and 
(443— %31) found previously. The solutions can be further 
checked using Tio and T, which contain three terms each. 

(4) In this way the differences between any pair of 
phases can be found, except when one of the phases is a2. 
The remaining phase differences easily follow from any 
one of the transform values Ti, T,, (four terms each) or 
Tz, To (six terms each). 

(5) The remaining unused transform values can be 
used to check the accuracy of the calculated phase 
differences. 

Appendix 2. Allowance for the arbitrariness of the 
origin choice. Consider two groups of nine diffraction 
spots, with at least three spots common to both groups. 
Suppose that, in each group, the relative phases have 
been determined, but an arbitrary origin (different for 
each group) has been used for the (x,y) co-ordinate 
frame. If P,(É) and F,(E) are the complex amplitudes of 
the same spot using the first and second origins, respec- 
tively, then F,(&)= F,(E) exp (2ria- E), where a relates the 
two origins. É is known for each diffraction spot, and a, 
though unknown, is a constant with only two components. 
a can therefore be calculated from two of the spots com- 
mon to both groups. (The third common spot is needed 
to relate relative phases in the first group to relative 
phases in the second.) 

I thank Dr R. D. Heidenreich and Dr D. Keith for use- 
ful discussions and for reading the manuscript. This 
research was supported by a grant from the US National 
Institutes of Health. 
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CHEMISTRY 


Solvation Forces in Soap Films 


Clunie, Goodman and Symons! recently reported what 
is probably the first isopiestic equilibration of an isolated 
soap film against solutions of known vapour pressure. 
The thickness of the equilibrated film was equal to that 
of one formed from the corresponding solution itself. 
They interpreted their results in terms of disjoining 
pressure, which is essentially the equivalent hydrostatic 
pressure within an equilibrium film, and gave values 
reaching 10? atm. (10? dynes) at which the film thickness 
seemed to tend to an asymptotic value of 40 A. This in 
turn led to interesting conclusions about the nature of the 
stabilizing hydration layers. 

Unfortunately. the interpretation and the resulting 
conclusions are applicable only if the “isolated film” were 
nothing but a liquid layer of uniform thickness (initially 
some 130 A thick) and its vapour pressure were not changed 
for simple osmotic reasons, but only by the disjoining 
pressure. 

A truly isolated film can now be obtained only in the 
form of a bubble. The one used by Clunie et al. was, 
however, “supported on the same glass frame" as the 
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film in contact with the solution and this frame is stated 
to be 2 emx5 em. As pointed out by Plateau, such a 
supported film is always surrounded by thicker borders 
produced by the curvature of the two liquid surfaces as 
they join the frame surface. The curvature of this Plateau 
border determines the hydrostatic pressure within the 
film. The initial curvature depends on experimental 
conditions whieh are not reported. If we assume that 
the frame is 2 mm in diameter and that the lower border 
is at equilibrium when the frame detaches from the 
solution at a height of 3mm, we obtain about 5-5 x 10-* em 
for its radius of curvature and about 2-5 x 10-3 em? for 
the volume of liquid in the lower border. The latter is 
more than 200 times the volume of liquid in the 130 À 
film and this neglects the additional fluid in the other 
parts of the Plateau border and in the initial film before 
it drained to the 130 À thickness. 

The “isolated film" is formed from a solution containing 
0-05 M NaBr according to the report, and this is the initial 
salt content of the border. When exposed to lower vapour 
pressures, this liquid will necessarily become more con- 
centrated as the water evaporates, Its volume shrinks 
some 40 times when it approaches saturation. The 
radius of curvature increases simultaneously, but only 
as the square root, or about 6:5 times, corresponding to & 
hydrostatie pressure of a few thousand dynes, which 
should have little effect on this system. 

Thus the perfect agreement between thicknesses of films 
from solutions of increasing NaBr content and of “isolated 
films" in isopiestic equilibrium with them, shown in 
Fig. 2 of that article, is simply the consequence of isopiestic 
equalization of the NaBr concentration in the system and 
has no bearing on disjoining pressure. 

Further four-fold reduction of vapour pressure was 
obtained by equilibration of the "isolated film" against 
other salt solutions and the thickness continued to 
decrease slightly but smoothly with their concentration. 
The lifetime of the films was only of the order of 3 h. 

A simple explanation would be that the Plateau border 
liquid reached the isopiestic condition by becoming 
supersaturated in NaBr up to a roughly four-fold degree, 
and that this condition could persist for up to 3 h. This 
would not be surprising in view of the sub-microlitre 
amount present and the gentle treatment required for 
the survival of the films. The article contains no evidence 
for or against this interpretation. If it is correct, the 
experiment would correspond only to a further trivial 
increase in disjoining pressure. If it is incorrect, and the 
NaBr solution remains at saturation, then a significant 
increase in disjoining pressure must be present. The 
formula used by Clunie et al., however, relating the dis- 
joining pressure to vapour pressure, needs modification. 

Deryaguin? has defined operationally disjoining pressure 
mp as the difference in hydrostatic pressure between a 
plane equilibrium film and the bulk liquid with which it 
is in contact. Thus, clearly, the pure solvent should not 
be used as the reference when the film is in contact with 
a solution of significantly lower vapour pressure. To 
express disjoining pressure as a funetion of vapour 
pressure we can therefore write 

xj = ET in [s \ 
v \pe/ 
where p, is the vapour pressure of the film of thickness 
h, and p, that of the solution in contact with it. In the 
present case this would be the saturated NaBr solution 
of the Plateau border (p./p, = 0:577) which gives for the 
highest zp (at pi/po = 0-11) about 23 x 10° dyne em~? or 
23 atm. which is very significant. If such a disjoining 
pressure is accepted as real, it becomes very difficult to 
explain the smooth change of thicknesses with vapour 
pressure across the saturation value of NaBr (Fig. 2 of 
the article) unless one assumes that the salt is excluded 
from films in contact with salt solutions, whereas, in fact, 
it is more concentrated in such films’. 
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The change in concentration of surfactant as water 
evaporates from the “isolated film" has been neglected. 
This is justified because the film-forming solutions are 
almost saturated in surfactant to begin with! 5. 

The eight-fold increase in concentration within the 
film as its aqueous core shrinks from some 100 A to 12 A 
has also been neglected because by itself it would probably 
make only a minor contribution to the lowering of ps. 

Kanon J. MYSELS 
Research Department, 
R. J. Reynolds Tobacco Company, 
Winston-Salem, North Carolina. 
Received January 29, 1908, 
! Clunie, J. S., Goodman, J. F., and Symons, P. C., Nature, 218, 1203 (1967). 


* Deryaguin, B. V., Research in Surface Forces, 2, 17 (Consultants Bureau. 
New York, 1966). 


1 Snieg S., Corkill, J. M., and Goodman, J. F., Disc. Faraday Soe., 42, 34 

+ Corkill, J. M., Goodman, J. F., Ogden, C, P., and Tate, J. R., Proc. Roy. 
Soc., A, 278, 92 (1963). 

? Hoyer, H. W.,and Doer, I. L., J. Phys. Chem., 68, 2494 (1964). 


Metallized Membrane Electrode : 
Atmospheric Oxygen Monitoring and 
other Applications 


PoLAROGRAPHIC measurement of the partial pressure of 
oxygen in air is usually carried out with the cell devised 
by Clark! or with a similar device. In the Clark device. 
the cathode is embedded in a block of glass, ceramic or 
some other suitable electrical insulator, in such a way that 
it is flush with one face of the block. A membrane, usually 
between 5 and 50 um thick, of rubber or of a polymer such 
as polythene or polytetrafluorethylene (PTFE) is stretched 
over this face, and a thin layer of electrolyte is held be- 
tween the membrane and cathode block either in the 
surface roughness or in paper tissue. An appropriate 
potential is applied to the cell and the magnitude of the 
electrical current depends on the rate at which oxygen 
diffuses through the membrane to accept electrons from 
the polarized cathode. This rate in turn is dependent on 
the partial pressure of oxygen in the atmosphere. 

The layer of electrolyte between the membrane and the 
cathode is one of the drawbacks of the Clark device. The 
layer must be quite thin, otherwise the device would be 
slow to respond to ehanges in the partial pressure of oxy- 
gen. If it is too thin, however, the evaporation of eleetro- 
lyte through the membrane will tend to dry up the layer. 
Unfortunately, the thickness of the layer cannot be fully 
controlled because changes in atmospheric pressure or in 
the dimensions of parts of the device can alter the thick- 
ness, Furthermore, such a device is often sensitive to 
shock, because relative movement between the membrane 
and cathode may bring oxygen-rich electrolyte to the 
cathode. 

A new form of electrode has now been developed con- 
sisting of a metallized membrane in which the thin layer 
of electrolyte between the membrane and the cathode is 
eliminated (British Patent Application No. 46675/66). 

'The metallized membrane used at present consists of à 
film of PTFE 3-12 um thick, coated on one side with a 
thin porous film of gold and silver by a process of vacuum 
evaporation. Although the materials and the method of 
metal deposition are not critical, two factors must be 
satisfied. First, the plastic film must be non-porous but 
have high permeability to oxygen by activated diffusion. 
Second, the metal layer must be deposited in such & way 
that there is ample metal/electrolyte interface spread 
evenly very elose to the plastie film. 

The metallized membrane is clamped into an electrode 
assembly in such a way that electrical contact is made to 
the metal layer, an area of the layer is exposed to the 
electrolyte and a defined part of this area on the opposite 
side of the membrane is exposed to the atmosphere. The 
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defined area is given mechanical support by incorporation 
into a sandwich of suitable materials. On the electrolyte 
side a material such as a dialysis membrane adds to the 
mechanieal strength, is smooth enough not to distort the 
metal layer, and minimizes the interference caused by 
oxygen diffusing through the electrolyte. On the gas side 
a thin, smooth membrane filter backed by a porous poly- 
thene plug provides support while leaving the speed of 
response of the electrode unimpaired. 

A membrane electrode formed with à metal in the 
platinum group can be used as a hydrogen electrode. The 
advantages over a conventional type are: the interface 
between the electrolyte and gaseous hydrogen is constant 
for no bubbling is necessary, ultra-high purity metal ean 
be used because so little is needed, and the thin electrode 
layer absorbs less hydrogen and is thus less sluggish 
than the conventional type. 

The metallized membrane electrode can also be used 
to detect the presence of basic or acidie gases. For example, 
a solution containing quinhydrone and bicarbonate will act 
as a pCO, electrode in conjunction with a platinum group 
metal. The effect of gases on the film of electrolyte con- 
tained in the metal layer will be rapid and large when it 
is backed by & dialysis membrane or other layer which 
restricts diffusion. 

Metallized membrane electrodes can be used in fuel 
cells; they do not suffer from the disadvantage of flood- 
ing, but give only low eurrent densities with the materials 
eurrently available. 
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MOLECULAR STRUCTURE 


Microwave Spectra of Rotational 
Isomers of Acrylic Acid 


Evipence for cis-trans isomerism of the conjugated 
systems of molecules with bond-structures analogous to 
that of butadiene has frequently been sought (refs. 1 
and 2 summarize earlier work), but it is often difficult to 
establish its occurrence. The possibility of such isomerism 
obviously exists in the case of acrylic acid, but electron 
diffraction? and vibrational speetroscopy* have given no 
clear evidence. We have found that the microwave 
spectrum of acrylic acid shows it to contain compara‘le 
proportions of isomers with the planar structures I and 
II in the gas phase 


H,C=CH H,C==CH 
N bs 
C=0 C—-O 
/ PA N 
O Oo H 
N 
H 
(D Trans (I) Cis 


About eighty lines in the spectra of H,C : CHCO,H and 
H.C : CHCO,D were assigned to transitions involving J 
values between 1 and 10, The rotational constants for the 
four species concerned are shown in Table 1. Each 
species shows absorptions of both a and b types. The 
inertial defeets, A, also tabulated, have very small 
negative values, strongly supporting planar moleeular 
geometry for all the species. A similar mertial defect has 
been found for nitro ethylene*, which is also planar, and 
for acrylyl fluoride, in which the existence of planar cis 
and trans isomers has recently been demonstrated by 
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Table 1 
A B C 
Molecule (MHz (MHz (MHz  4d(-Ic-la-—lp) 
£01) 0-1) +0-1) (Amu. A*) 
H,C=CHCO.H trans 10,716.10 — 4,888-31 3,114-30 ~ 0049 
H,C-CHCO,D trans 10,242.21 4,307-84 3,033:39 — 0-054 
H,C—CHCO,H cis 11,078.79 4,251-89 3,073-42 —0-041 
H,C=CHCO,D cis 11,068-14 — 4,075-53 2,979-52 — 0-046 


microwave spectroscopy? and nuclear magnetic reson- 
ance! In acryly] chloride evidence of such isomerism has 
been found from vibrational spectra’. 

The constants agree well with values expected from 
probable structure parameters, Their changes on deuter- 
ation of the carboxyl group enable the acidic protons to 
be located in the axial frameworks. This shows clearly 
that, in each isomer, the carboxylic OH group has the 
expected cis-geometry with respect to the C==O bond. 
No evidence of isomers with different orientations of the 
OH has been found. 

Stark effects in the spectra strongly support the assign- 
ments, and are being analysed to yield values of the A 
and B components of the dipole moments. Not unex- 
pectedly, the dipole orientation seems very dependent on 
the nature of the isomer, the strongest absorptions being 
of a type in the trans form and of b type in the cis form. 

Strong satellite spectra were also observed which can 
be ascribed to molecules in excited vibrational states. 
By analogy with nitroethylene®, these spectra should 
predominantly include those caused by excited states of 
the carboxyl torsional motion. A closer study of these 
satellites is being made for each isomer. 

We expect to derive considerably more accurate geo- 
metrical information about each isomer from studies of 
further isotopic forms, although some limits are set by 
the closeness of the terminal carbon atoms to the A axes. 

We thank the Science Research Council for a grant. 
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PHYSIOLOGY 


Effect of Bicarbonate on Sodium 
Absorption by the Human Jejunum 


THERE is much evidence to suggest that the absorption 
of sodium and water by the small intestine depends on 
concomitant absorption of non-electrolytes. Thus, in man, 
jejunal absorption from isotonic saline is very slow, but 
the rate of absorption of both sodium and water is greatly 
increased by the addition of glucose to the intestinal 
lumen??, Galactose, but not fructose, has a similar effect 
on water absorption in man?. During the course of per- 
fusion studies in man, we have found that bicarbonate 
ions have a stimulant effect on jejunal absorption of 
sodium and water and, furthermore, the magnitude of the 
effect on sodium is comparable with that of glucose. 
Fifteen normal adult volunteers have been studied by 
means of the continuous steady state perfusion system, 
using a double-lumen tube according to the method of 
Holdsworth and Dawson?*. A 30 em test segment 
and an infusion rate of 20 ml/min were used in all 
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eases. 'The solutions used were isotonie saline (sodium 
concentration 150 mequiv/l.); isotonic saline-biearbonate 
mixture (sodium 150 mequiv/l.; bicarbonate 30 mequiv/l. ; 
chloride 120 mequiv/l. and several isotonic glucose- 
saline mixtures. The results refer to 56 mM glucose 
eontaining initially 120 mequiv/l. of sodium and chloride. 
All the solutions contained the non-absorbed marker 
substance polyethylene glycol (PEG) in a concentration 
of 2-5 g/l. An equilibration period of 30 min preceded 
triplicate collections of samples during each perfusion and 
the results on individual subjects represent the mean of 
three observations over a 20-30 min collection period. 

In a further thirteen adults a triple-lumen tube tech. 
nique* was used, because there is current controversy 
about the effects of contamination of the perfusion zone 
by endogenous gastro-intestinal secretions from above’. 
A 15 em mixing segment and 30 em test segment were 
used, and the initial infusion rate was adjusted so that 
fluid entered the test segment at approximately 20 ml./ 
min. In view of the possibility that any bicarbonate 
effect might be due to pH differences, in the last seven 
subjects the saline was buffered with 24 mM phosphate to 
give an initial pH range of 7-45-7-61 and the saline-bi- 
carbonate solution was gassed with 95 per cent oxygen 
to 5 per cent carbon dioxide to give a comparable pH 
(1-45—7-86). Equilibration periods and collection of samples 
were similar to those described. 

The concentration of polyethylene glycol was estimated 
by the turbidometrie method of Hyden* and sodium was 
determined by flame photometry. 


Table 1. SODIUM AND WATER ABSORPTION FROM ISOTONIC SOLUTIONS, USING 
A DOUBLE-LUMEN TUBE WITH A 30 CM TEST SEGMENT FLOW RATE 20 ML./MIN 
Sodium Water 
Solution perfused absorption P absorption P 
mequiv/h 30 em mil./h 30 em 

Saline 8-7 + 3-2 (18)! T 32424 (15)! i 
Saline-bicarbonate 22 $3504) 5091 127519504) «991 
56 mM glucose 30 +3-7(11)} >04 832432 (11)} <00 


Mean values + S.E.M. Significance of difference judged by paired t testing. 
Numbers in parentheses refer to the number of subjects studied, 


Table 1 shows the results obtained with the double- 
lumen tube. The effects of 56 mM glucose are shown for 
comparison, because in concurrent studies using a wide 
range of glucose concentrations, it has been found that 
maximum rates of sodium and water absorption occur 
from isotonic solutions, 56-84 mM with respect to glucose. 
Bicarbonate has a significant effect on sodium and water 
absorption and the effect on sodium is not significantly 
different from the maximum effect exerted by glucose. 
Glucose has a more striking effect on water absorption. 
because the absorption of the sugar itself greatly in- 
creases total solute absorption and this seems to deter- 
mine water absorption rates from isotonic solutions’. 


Table 2. SODIUM AND WATER ABSORPTION FROM ISOTONIC SOLUTIONS, USINe& 
A TRIPLE-LUMEN TUBE WITH A 30 CM TEST SEGMENT 


Sodium Water 
Solution perfused absorption P absorption P 
mequiv/h 30 cm ml./h 30 em 
Unbuffered saline 6 z172(0)) 27+ 14 (6)} 
Ungassed saline- + 5 p 50020 
bicarbonate 125233 (6)) 80227 (8)! 
Buffered saline -93z75 (0)) ~ 50+ 70 (7)) 
Gassed saline— t «0:025 r <005 
bicarbonate 19 448 (0! 112130 0)! 


Mean value +1 S. E.M. Significance of difference judged by paired t testing. 
Numbers in parentheses refer to the number of subjects studied. 
Negative values mean secretion into the lumen, 


Table 2 shows that this effect can also be demonstrated 
with the tfiple-lumen tube and that an effect is stili 
apparent when the pH of the infused solutions is made 
closely comparable. The mean secretion of sodium and 
water and the large standard errors in the case of buffered 
saline are due to the fact that two subjects in this series 
showed unusually large secretion rates when perfused with 
buffered saline, although the same subjects showed good 
absorption from the gassed bicarbonate mixture. 
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We conclude that bicarbonate ions have a stimulant effect 
on sodium absorption by the human jejunum, comparable 
with that of glucose. A similar effect on sodium transport 
by the isolated frog colon was demonstrated by Cooper- 
stein and Hogben’ and, recently, Funder, Ussing and 
Wieth* have shown that bicarbonate increases net sodium 
transport. by the isolated frog skin. The effects of pH on 
jejunal absorption of sodium and water are well recog- 
nized’, but we have shown that the bicarbonate effect is 
independent of luminal pH. This would suggest that an 
Nat- H+ exchange mechanism, as proposed by Fordtran!*, 
is unlikely to be the explanation of this phenomenon. 
Furthermore, an anion exehange mechanism for the 
absorption of bicarbonate would not affect eation trans- 
port and so could not account for these findings. 

Whatever the mechanism, these results may be relevant 
to some observations on intestinal sodium and water 
transport in vitro. Wilson™ showed that everted jejunal 
sacs of the hamster could absorb sodium and water in the 
absence of glucose, and he used a bicarbonate-containing 
buffer in all but one of his reported experiments. On the 
other hand, Fisher!?, using rat intestine in vitro, showed 
that glucose was essential for water transport, even in 
the presence of Krebs bicarbonate medium. A specific 
effeet of bicarbonate on small intestinal absorption in 
vitro has never been shown, but seems possible at least 
in the case of the hamster. 

These observations may have physiological significance, 
because large quantities of bicarbonate-rich secretions, 
from the pancreas and liver, enter the upper small in- 
testine during normal digestion. 
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Structural Alterations after in vivo 
Administration of Phytohaemagglutinin 


THE addition of phytohaemagglutinin (PHA) to tissue 
cultures in vitro has been shown to produce the trans- 
formation of normal lymphocytes into blast cells which 
undergo mitosis}, Although PHA has been widely 
investigated in vitro, few reports have appeared about the 
in vivo effects of this plant mitogen. Thus an increase 
in the mitotic rate of bone marrow cells has been found 
in young rats after PHA administration?. Conflicting 
results have been reported about the effect of PHA in 
human anaemias?-^, the immune response in laboratory 
animals*-* and transplantable tumours", A marked 
depression of the carbon phagocytosis has been found 
after a single large dose of PHA!*, Small doses of PHA, 
however, do not alter the rate of disappearance of aggre- 
gated human albumin from the circulation’. Despite 
the considerable interest existing concerning the in vivo 
action of PHA, no reports of histological changes have 





NATURE. VOL. 218. APRIL 20. 1968 





Vai € te 


Fig. 1. 
between the cortical and medullary areas disrupted by the presence of 
The number of small 
Haematoxylin-eosin, x 300, 


Thymus of mouse injected 6 days earlier with PHA, Limit 


several immature (B) transitional cells and oedema, 
lymphocytes (L) is markedly diminished. 





Fig. 2. Lymph nodes of mouse injected 6 days earlier with PHA. 

The limit between the cortical (C) and medullary (W) areas has lost its 

clear definition, Several immature cells (2B) appear in the cortex, in the 

medulla and around the efferent lymphatic vessels (V). Haematoxylin- 
eosin, x 3060, 


appeared, other than the splenic cellular alteration des- 
eribed by Gamble'*, This study was therefore undertaken 
to provide further understanding of the cellular alterations 
occurring in the spleen as well as in the thymus, lymph 
nodes and the liver after the in vivo administration of PHA. 

The PHA used throughout was the Difeo P form. The 
desiecated powder was dissolved in sterile saline and 
immediately injeeted intraperitoneally into male mice aged 
5 months of the C3H/He Jax inbred strain. The animals 
received a single injection of 30 mg/100 g body weight. 
Control mice were injected with saline. Five animals were 
killed at each interval of 12 h and 24 h and every 3 days 
for 9 days after administration of PHA or saline. Blocks 
of tissues and cytological smears from the thymus, lymph 
nodes, spleen and the liver were processed for light 
microscopy by standard techniques. 

The earliest structural changes were observed 12 h after 
administration of PHA and were obviously marked at 
24 h. One day after injection of PHA the lymphocytic 
cortex of the thymus, the germinal centres of the lymph 
nodes and the splenie follieles all eontained numerous 
mitotic lymphocytes. An increasing number of immature 
cells replaced the lymphocyte population by the third day. 
The blast cells usually possessed a strongly basophilic 
and vacuolated cytoplasm, leptochromatic nuclear material 
with one or more nucleoli (Fig. 45). In general, the 
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Fig. 3. Liver of mouse injected 6 days earlier with PHA, Marked 
hypertrophy of the Kupffer cells (K). Increased number of binucleated 
parenchymal liver cells (P). Haematoxylin-eosin, x 300. 





= . 4. A, Liver sinusoidal space showing three Kupffer cells with 


vesicular nuclei, and another in mitosis (M). Haema- 

toxylin-eosin, xc. 400; B, characteristic blast and transitional cells 

from a mesenteric lymph node. Similar blast cells were found in the 

thymus and the spleen. Mouse injected 6 days earlier with PHA, 
Wright stain, x e. 675. 


blast cells were three times larger than the normal lympho- 
eytes found in the thymus, lymph nodes or spleen follicles. 
Intermediate forms between the small lymphocytes and 
the blast cells were also observed (Fig. 4B). During the 
6-9 day period after a single injection of PHA, the blast 
cells were noted in the medulla of the thymus and lymph 
nodes and around the lymphatie vessels (Figs. 1 and 2). 
Blast cells were also found surrounding the efferent blood 
vessels and in the blood stream. In the spleen the blast 
cells were found in the marginal zone of the Malpighian 
follicles. The numerous immature cells and oedema dis- 
rupted the well defined limits between the cortex and 
medulla of the thymus and lymph nodes. As a consequence 
of a remarkable proliferation of immature cells in the 
marginal zone, the splenic follicles appeared progressively 
confluent giving rise to giant lymphoid masses. These 
masses were integrated by the coalescence of two or more 
splenic follicles easily distinguished by the persistence 
of the same number of follicular arteries. The lymphatic 
sheaths also participated in the process. An increased 
accumulation of erythrocytes was seen in the red pulp, 
which seemed to be compressed by the lymphoid masses 
described earlier. These results suggested that the blast 
cells may have migrated from the cortex to the medulla 
of the thymus and lymph nodes, as well as from the centre 
of splenic follicles to the marginal zone. 

Numerous parenchymal liver cells appeared bi- 
nucleated (Fig. 3) 24 h after administration of PHA. 
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The number of binucleated hepatocytes decreased with 
the progress of the experiment, but some were still present. 
9 days later. Hypertrophy of the Kupffer cells with 
vesicular nuclei (Fig. 44) was found as early as 12 h after 
injection of PHA and remained present until the sixth day. 
At the same time a few Kupffer cells appeared to be in 
mitosis (Fig. 44). Blast cells similar to those described 
in the lymphoid tissues were found in the liver sinusoidal 
lumen. 

This study showed that the administration of PHA to 
mice eauses a prompt and striking proliferation of the 
lymphoid cells of the thymus, lymph nodes and spleen. 
Furthermore, the cellular alterations observed are similar 
to those found after the addition of PHA to lymphocyte 
cultures in vitro'. Of interest was the finding that PHA 
also stimulated the division of hepatocytes and Kupffer 
cells. The liver cell alterations, particularly those 
present in the Kupffer cells, may account for the impair- 
ment of the phagocytosis found in a previous study 
from this laboratory'*. It has also been reported that 
an enlargement of the liver, spleen and lymph nodes, 
with a decrease of the weight of the thymus, occurs 
in these experimental conditions'*. The microscopic 
features explain the cause of the organ enlargement 
and seem to indicate that the hypotrophy of the thymus 
was caused by a decreased number of thymocytes. 
The latter finding was particularly striking when 
comparing the thymuses of control mice with those 
receiving PHA. The present results agree with the 
changes found in the mouse splenic cells after the intra- 
venous injection of erythroagglutinin free PHA in its M 
form, Our experiments suggest, however, that the 
injection of the P form (100 per cent active protein) of 
PHA produces in the spleen a proliferation of immature 
cells which is more sustained and marked than that 
produced by the M form (40-50 per cent active protein). 
The failure of other investigators to obtain significant 
structural alterations in rats given multiple injections 
of PHA" is not surprising, because evidence seems to 
indicate that the in vivo effect of PHA varies according to 
the animal species, dosage, timing and the PHA prepara- 
tion used. 

The alteration of the liver cells found in this study, and 
the previous demonstration that PHA affects a variety of 
in vitro cultured!’ cells, most of them unrelated to immuno- 
logical phenomena, suggest that PHA may act by non- 
specific mechanism rather than as an antigenic stimulus. 
These studies suggest that the effect of PHA may involve 
a much broader range of cells than has been studied to 
date. 

We thank Dr Anthony Kattine for his 
criticism and suggestions on this manuscript. 
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Effect of Intraventricular Injection of 
Anti-brain Antibody on Defensive 
Conditioned Reflexes 


It has been suggested that intraneuronal storage of 
information is based on the production of specific proteins 
following changes in RNA base composition, so that the 
neurones of an experienced animal differ biochemically 
from the neurones of a naive one!-?. It can therefore be 
assumed that the molecular and biological properties of 
RNA and proteins make them probable substrates for 
intraneuronal storage of information. On the other hand, 
it has been shown that the in vivo interaction between 
anti-brain antibodies and brain antigens results in a 
series of electrical and behavioural echangesi-*. Because 
of its specificity an antibody reacts differentially with 
cells and subcellular constituents, and with molecules 
which are otherwise indistinguishable by physical and 
chemical methods. These properties of antibodies make 
possible the functional dissection of the nervous system. 
Thus we have investigated the relationship between brain 
proteins and learning processes using immuno-neuro- 
physiological techniques. We report here the in vivo 
effect of anti-brain protein antibodies on defensive 
conditioned reflexes in the cat. 

Brain proteins were prepared as follows. Cat brain 
was removed, quickly frozen, homogenized in 0-14 M 
saline (1 mg of tissue to 2 ml. of saline), kept at 0° C for 
3 h and then centrifuged at 3,000 r.p.m. for 20 min. The 
supernatant was dialysed overnight against redistilled 
water. The proteins were precipitated by cold ethanol 
at —10°C, centrifuged, redissolved in saline and lyo- 
philized. In the same way proteins were isolated from cat 
liver. Lyophilized brain and liver proteins were treated 
with a 3: 1 mixture of ethanol and ether to separate out 
phospholipids”. The residues were dried over phosphorus 
pentoxide in a cold room and used as antigens. In 100 mg 
of brain protein fraction there was 97 mg of protein*, 2 mg 
of RNA and 0-1 mg of DNA. The liver protein fraction 
was composed of 96 mg of protein, 3 mg of RNA and 0-2 
mg of DNA. 

Immune sera were prepared by injecting rabbits with 
brain protein or liver protein incorporated in complete 
Freund’s adjuvant. The mixture of antigen and adjuvant 
was injected into the toe-pads of each leg (20 mg of 
protein was administered to each rabbit), and 20 days later 
each animal received a 20 mg intraperitoneal injection of 
corresponding antigen without adjuvant. A further group 
of animals was given a single injection of adjuvant alone 
and served as the control. The sera were separated, pooled 
and heated at 56°C for 20 min. Anti-brain protein and 
anti-liver protein antibodies were identified by a diffusion 
gel technique, passive haemagglutination using formalin- 
ized erythrocytes, complement fixation and quantitative 
precipitin. Anti-brain antibodies were present only in 
anti-brain sera. The gamma globulin fraction was isolated 
from pooled sera by the method of Coons?, passed through 
sterile Seitz-filter and lyophilized. Dried gamma globulins 
from anti-brain, anti-liver and normal rabbit serum (ob- 
tained from animals injected with adjuvant alone) were 
dissolved in distilled water (75 mg of protein/ml.) before 
injection into the lateral ventricle of the cat brain. 

Bipolar electrodes were implanted in cortical and sub- 
cortical sites of naive cats, together with a cannula 
directed toward the right lateral ventricle. The electro- 
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encephalogram (EEG) was recorded from these leads, and 
the electromyogram (EMG) was recorded through silver 
disk electrodes attached to the dorsum of the right hind 
leg. After being allowed to recover from surgery for at 
least a week, the cats were trained in defensive conditioned 
reflexes according to the following schedule. Each animal 
was permitted 1 week of preconditioning to become 
accustomed to the training environment (sound-proof 
room, personnel, diffuse illumination, standard tempera- 
ture, and so on), after which it was habituated to the 
"positive" eonditioned stimulus (800 Hz, 3 s duration) 
through a speaker positioned approximately Im from 
the animal's head. Between twenty-eight and forty trials 
were carried out each day for between 8 and 17 days. 
The eriterion used was the disappearance of EEG and EMG 
activation on positive tone. The animal was then sub- 
jected to the same 3 s tone and after 2:5 s an electrical 
shock (100 Hz lasting 0-5 s) of sufficient intensity to pro- 
duce leg flexion was applied. A minimum of thirty trials 
a day were continued for each cat until it was trained to 
show an EMG response to positive tone alone in at least 
90 per cent of trials for 3 consecutive days. The last trial 
each day was reinforced with shock following the prin- 
ciples of classical conditioning. After conditioning, a 
second "negative" stimulus (700 Hz lasting 3 s) was 
introduced randomly into the trials with the positive tone. 
These partieular trials were reinforced with shock either 
occasionally or at the end of daily training, and training 
was continued for fifteen to twenty more sessions until 
there was differentiation of responses to the tones, judged 
by the ability of the cat to respond correctly in 92-100 
per cent of trials for 3 consecutive days. During habitua- 
tion—training for the establishment of defensive condi. 
tioned reflexes and differentiation —each animal was given 
an intraventricular injection of 0-2 ml. of saline every 
second day. Fully trained cats received through a cannula 
a single injection of 0-2 ml. of anti-brain protein, anti-liver 
protein or normal gamma globulin. Electrical activity 
and behaviour were recorded before injection, immediately 
after the injection and on subsequent days. Defensive 
conditioned reflexes were tested immediately after injec- 
tion and every day thereafter. At the end of the experi- 
ment, the cats were killed and nervous tissue was inspected 
histologically. 

The results (Fig. 1) show that the intraventricular 
injeetion of anti-brain antibody produces significant 
changes in conditioned responses immediately after the 
administration and on subsequent days. 'The type and 
degree of incorrect response varied from day to day and 
from cat to cat. Most animals failed to respond cor- 
rectly to both tones. Several cats exhibited an inadequate 
response to positive tone, while others demonstrated a 
loss of differentiation. These changes persisted in some 
animals for as long as 27 days, and retraining was un- 
successful. Intraventricular injection of anti-liver anti. 
body, normal gamma globulin and saline produced no 
effect on defensive conditioned reflexes (Table 1). Histo- 
logical examination of brain sections revealed no patho- 
logical changes. The EEG activity recorded during the 
training of cats and before and after intraventricular 
administration of anti-brain antibodies will be published 
later. 

Although there have been no definite suggestions as 
to the way the biosynthesis of RNA, DNA and protein 
could be involved in learning, the neural correlate of 
learning must include structural changes at the cellular, 


Table 1l. LOSS OF DIFFERENTIATION IN TRAINED CATS FOLLOWING INJECTION OF ANTI-BRAIN ANTIBODY 
Response to positive tone Response to negative tone 

Group No. of Total Correct Incorrect Total Corree Incorrect 

cats stimuli (per cent) (per cent) stimuli (per cent) (per cent) 

Injected with saline 9 448 424 (94-6) 24 (54 450 422 (93-7) 28 (63) 

(3 consecutive days) 

Injected with normal gamma globulin 4 256 240 (93-7) 16 (63 268 252 (94.2) 16 (58) 
Injected with anti-liver antibody 7 398 383 (96-2) 15 (97) 315 353 (94-4) 21 (56 
Injected with anti-brain antibody 9 1,231 697 (56-6) 534 (43-4) 1,054 580 (55-0) 474 (45.0) 
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subcellular and molecular levels'*. There is a high degree 
of turnover of cerebral proteins, and brain proteins 
certainly play an important part in neuronal function!*. 
According to Sehmitt!?, very small change might induce 
the eombination in quaternary conformation of neural 
soluble acidic proteins. Bogoch!* deseribed specific pro- 
tein changes related to the learning phenomenon, and 
stated that the information is coded in the glycoproteins 
of the brain. On this basis, it can be assumed that given 
information causes not only the accumulation of RNA in 
the functioning neurones, but also the production of new 
protein perhaps by modifying sites of protein synthesis. 
In immunological terms, a protein molecule with a new or 
altered antigenic identity could be formed during learning. 
It should be said, however, that the antigens used in this 
study to produce anti-brain antibodies were derived from 
cats which were not previously familiar with the condi- 
tioned stimuli. The activity of antibodies thus obtained 
was therefore probably not directed toward the total 
molecule of a “‘learning-linked protein" but rather to a 
portion of it. Consequently, it seems reasonable to expect 
that an anti-brain antibody which was formed after 
immunization with a brain protein from cats trained to 
perform a given task would act more specifically and would 
differentiate between two different types of learning. 
Several specific antigenic materials, particularly pro- 
teins, were isolated from nervous tissue!5-!*. The exoplasm 
of squid contains at least fourteen antigens, and anti- 
axoplasm antibodies ean block the propagation of action- 
potential. It has been suggested that there are more 
than 100 proteins of different size and charge in the human 
brain!*:s», The antigenic material used in this experi- 
ment contained different brain proteins, and so the anti- 
brain immunoglobulin injected into the cerebral cavity of 
trained eats represented a mixture of anti-brain antibodies 
which were probably capable of differentiating between 


Percentage of correct responses 
to positive tone (800 Hz) 


Percentage of correct respouses 
to negative tone (700 Hz) 


Days 


Fig. 1. Effect of intraventricular injection of anti-brain antibody on 

defensive conditioned reflexes of nine cats (Nos. 2-10). The injection 

waa given on day 0. Top, response to positive tone; bottom, response to 

negative tone, Calculations of correct and incorrect responses to positive 
and negative tone are based on leg flexion and EMG activity. 
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nerve cell constituents. But, except for the behavioural 
phenomenology, this work can offer no evidence that 
anti-brain immunoglobulin entered the nervous tissue or 
that its effect on brain function was truly a neuronal one. 
Experiments to elucidate the mechanism, site and speci- 
fieity of anti-brain antibody interference in the learning 
process are in progress. 
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Effect of Acetoxycycloheximide on 
Learning and Memory of a Light-Dark 
Discrimination 


THERE are reasons to believe that memory storage, 
particularly “long-term” memory storage, is mediated 
by the synthesis of protein which facilitates synaptic 
connexions!. We have recently reported studies which 
show that cerebral protein synthesis may be necessary 
for “long-term” memory but not for learning or "short. 
term” memory?. In these studies mice whose cerebral 
protein synthesis at the time of training had been inhibited 
about 95 per cent by intracerebral injections of acetoxy- 
cycloheximide were found to learn a left-right discrimina- 
tion in a T maze normally, to remember normally 3 h 
after training, but to have marked impairment of memory 
6 h or more after training. The effect of acetoxycyelo- 
heximide on memory 6 h or more after training (“long- 
term" menory) was marked when training was continued 
until the mice made three out of four consecutive correct 
responses, but was not significant when training was con- 
tinued until the mice made nine out of ten consecutive 
correct responses. We concluded from these findings that 
the small amount of intact protein synthesizing capacity 
might be sufficient to mediate storage of memory if 
repeated training of a very simple task was given. It 
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therefore seemed worthwhile to determine the effects of 
acetoxycycloheximide on learning and memory of a more 
difficult task. This report describes the effects of this 
drug on learning and memory of a light-dark discrimina- 
tion in a T maze. We found, as in our studies with the 
left-right discrimination, that acetoxycycloheximide had 
no effect on learning or on memory of the correct solution 
for 3 h after learning, but it did impair memory 6 h or 
more after learning. With this task the effect of acetoxy- 
cycloheximide was striking even when training was 
continued to a criterion of nine out of ten consecutive 
correct responses. 

Male Swiss albino mice (30-40 g, 2-3 months old) were 
anaesthetized with ether, mounted in a stereotaxic instru- 
ment and injected in both temporal regions of the brain 
with a total volume of 20 ul. of 0-15 N sodium chloride 
with or without a total of 20 pg of acetoxyeycloheximide, 
as deseribed previously?. Five hours after intracerebral 
injeetion of this drug whole cerebral protein synthesis is 
inhibited approximately 95 per cent? and inhibition is 
maintained at about this level for at least 3 h afterwards. 
The training and testing procedures were the same as 
those in our studies of the position habit except that the 
correct side of the T maze was now given by a light. The 
rear wall of the T maze was lined with white paper and a 
section of black cardboard half the size of the rear wall 
was mounted on the rear wall in à way so that it could be 
moved from side to side. The white side was illuminated 
by a lamp and the position of the lighted side was randomly 
varied. The mouse was placed in the T maze and 5 s later 
à shock was applied through the grid floor. The shock was 
ended when the mouse entered the lighted side of the maze 
and each trial was continued until the lighted side had 
been entered. A correct response was recorded only if the 
mouse entered the lighted side without having entered 
the dark side of the T maze. Training was conducted to 
& eriterion of either five out of six, nine out of ten, or 
fifteen out of sixteen consecutive correct responses, 

Mice which had been injected with acetoxycyclohex- 
imide learned this task to these criteria in the same number 
of trials as those injected with saline. There was no 
significant difference in learning when measured either by 
the average number of trials to criterion or by the average 
number of correct responses at any given trial during 
learning (Fig. 1). The light-dark diserimination is a more 
difficult task for the mice to learn; that is, it requires 
Tnore trials for them to reach any criterion than are 
required to reach an identical eriterion in the left-right 
discrimination. It might be expected therefore that, if the 
injections of acetoxycycloheximide had any effect on 
learning, this might be more easily demonstrated with the 
task of light-dark diserimination. Because both the saline- 
and acetoxycycloheximide-injected mice learned indis- 
tinguishably in this more diffieult task, this provides 
support for our previous conclusion? that learning is 
normal despite inhibition of approximately 95 per cent 
of cerebral protein synthesis. 

Groups of mice injected with acetoxycycloheximide or 
saline were trained to the five out of six criterion and 
tested for retention at one of a number of times after 
training (Table 1). Mice injected with acetoxyeyolo- 
heximide remembered as well as mice injected with saline 
when tested 3 h after training. Because retention at this 
time was normal, this is further evidence that acquisition 
was normal. When tested 6 h after training or thereafter, 
however, mice injected with acetoxyeycloheximide had 
very impaired retention whereas mice injected with saline 
continued to show substantial retention. The effects of 
more extensive training on memory are shown in Table 1. 
Mice injected with acetoxyeycloheximide and trained in 
the light-dark diserimination had considerably impaired 
retention even when trained to the nine out of ten criterion. 
When training was continued to a criterion of fifteen out 
of sixteen consecutive correct responses the amnesie effect 
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of acetoxycycloheximide was considerably less pro- 
nounced (Table 1). The light-dark discrimination task 
which is more difficult to learn therefore remains sus- 
ceptible to the amnesic effect of acetoxycycloheximide 
even when extensive training is given; but very prolonged 
training can antagonize its amnesic effect. 

Several additional experiments were performed. We 
had previously found that, after intracerebral injections 
of the doses of acetoxyeycloheximide which we used in 
this experiment, maximal inhibition of protein synthesis 
was not established until more than 3 h after the intra- 
cerebral injections were given? This is probably because 
time is required for the acetoxyeycloheximide to diffuse 


Position discrimination. 3/4 criterion 


100 


90 


"0 


70 


60 


Correct responses (per cent) 





Trial 


Light-dark discrimination, 5/6 criterion 


100 


90 





= 
x 
E: 
= 
E 
[m 





40 
30 
0 2 4 6 8 10 12 l4 16 18 20 
Trial 
Fig. 1. Percentage of correct responses made on each trial during train- 


ing of mice injected with acetoxy oheximide or aaline in a left-right 
discrimination or a light-dark discrimination. Mice were trained to 
escape shock by choosing the left limb of a T maze to a criterion of 
three out of four consecutive correct responses or to choose the lighted 
limb of à T maze to a criterion of five out of six consecutive correct 
responses, Training was ended when the appropriate series of correct 
responses was made. The numbers in parentheses indicate the cumula- 
tive percentage of mice whieh had learned to the eriterion by the indica- 
ted trial. Because the curves became very irregular when the percentage 
of mice still being trained became small, only the data for ten trials ot 
left-right discrimination of training and twenty trials of light-dark 
discrimination training are shown. There were no significant differences 
between performance of mice injected with aeetoxyeycloheximide or 
with saline either in any of the individual trials shown or in the remain- 
ing few trials, For the left-right discrimination the data are the average 
of 104 mice injected with acetoxycycloheximide and 100 mice injected 
with saline. (Studies of memory in these same mice were reported 
previousiy?.) The reason for the greater than chance initial preference for 
the right side of the maze in both groups is not known. In the light-dark 
discrimination the data are the average of 108 mice injected with 
acetoxyeycloheximide and sixty-eight mice injected with saline. 

@-—— @. Acetoxycycloheximide; © -~ -- 0,015 M NaCl, 
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throughout the brain and thereby cause maximal in- 
hibition of total cerebral synthesis. We tested the effect 
of intracerebral injections of acetoxyeycloheximide given 
immediately after training (five out of six criterion) in the 
light-dark discrimination, and we found that memory was 
normal afterwards (Table 2). This suggests that inhibition 
of cerebral protein synthesis must be established at the 
time of training or within several hours of it in order to 
prevent the storage of the memory of the task which we 
used. We also studied the effects of acetoxyeycloheximide 
given 30 min before training. At the time of training over- 
all inhibition of cerebral protein synthesis would be 
expected to be less than 60 per cent, but those sites rapidly 
exposed to the drug would be expected to be more exten- 
sively inhibited. We found that mice trained 30 min after 
injection had already recovered sufficiently from the intra- 
cerebral trauma to learn normally and, when tested for 
retention, had much less impairment of savings (Table 2) 
than mice which were trained 5 h after administration of 
the drug (Table 1). This again suggests that maximal 
inhibition of cerebral protein synthesis must be established 
either at the time of training or shortly after to influence 
memory and that later establishment of inhibition is 
relatively ineffective. 


Table 1l. LEARNING AND MEMORY OF A LIGHT-DARK DISCRIMINATION IN 


MICE INJEOTED WITH ACETOXYCYCLOHEXIMIDE OR SALINE 
Mean trials Savings 


Criterion trained Time tested (per cent) 
Acetoxycycloheximide 

5/0 14:6 (75) 3h 79-8 (10) 
6h 323 (9) 

24 h 37-9 (46) 

7 days 33-8 (10) 

9/10 22:6 (20) 24 h 34:8 (11) 
7 days 401 (9) 

15/16 36-3 (14) 24 h 62-6 (14) 

0-15 M NaCl 

5/6 15:4 (43) 3h 80:3 (10) 
6h 72-0 (8) 

24h 74:7 (18) 

7h 74-2 (10) 

9/10 22-6 (20) 24h 73-6 (10) 
7 days 75-2 (10) 

15/16 351 (9) 24 h 774 (9) 


Mice were injected intracerebrally 5 h before training, trained to the 
indicated criterion and tested for retention at the indicated times after 
training, There was no significant difference between acetoxycyeloheximide- 
and saline-injected mice in the mean number of trials through criterion. 
Mice injected with acetoxycycloheximide remembered as well as mice 
injected with saline when tested 3 h after injection but differed significantly 
(at least at 0-05 levels of significance, Mann-Whitney U test) from saline- 
injected mice when tested at all other times in all the experiments exoept 
those in which training was continued to a criterion of fifteen out of sixteen 
correct responses. The numbers in parentheses are the numbers of mice in 
each group. 


Table 2. EFFECT OF INJECTIONS OF ACETOXYCYCLOHEXIMIDE OR SALINE 
30 MIN BEFORE OR 1 H AFTER TRAINING 


Savings 
Material injected ‘Time injected (per cent) 
Acetoxycycloheximide 30 min before training $3.2 (19) 
Acetoxycycloheximide Immediately after training 66-8 (15) 
0-15 M NaCl 30 min before training 71:4 (8) 


The mice were trained to a criterion of five out of six consecutive correct 
responses and tested for retention 7 days later. Numbers of mice in each 
group are given in parentheses. The acetoxycycloheximide and saline groups 
injected 30 min before training differed significantly (P<0-05, Mann- 
Whitney U test) The groups injected with acetoxycycloheximide 30 min 
before training had significantly greater retention than the group shown in 
Table 1 which had been injected 5 h before training and tested 7 days later. 
The group injected with acetoxycycloheximide immediately after training 
did not differ significantly from groups injected with saline before training 
or with uninjected groups. 


We conclude from these experiments that learning and 
“short-term” memory, that is, memory lasting for at 
least 3 h after training, are not dependent on cerebral 
protein synthesis but that “long-term” memory apparently 
is dependent on cerebral protein synthesis either at the 
time of training or within several hours afterwards. The 
studies with the light-dark discrimination increase our 
confidence that the acetoxycycloheximide does not have 
any influence on the manner in which the animal learns. 
The significance of the effectiveness of acetoxycyclohex- 
imide (nine out of ten criterion) after prolonged training 
of the light-dark discrimination but not of the left-right 
discrimination is uncertain. We have previously sug- 
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gested? that the left-right discrimination is a very natural 
task for mice who are adapted for finding their way to 
their burrows. Choosing a light as opposed to a dark area 
may be a far less "natural" response. The lesser innate 
tendency of the mice to learn the light-dark discrimination 
might express itself in less active stimulation of protein 
synthesis in appropriate neuronal pathways. The number 
of alternative neuronal pathways available for the storage 
of this task might also be smaller than those available for 
the position habit so that the likelihood that one of these 
pathways might escape inhibition could be smaller. These 
factors might explain our finding that the synthesization 
of a small amount of residual cerebral protein after treat. 
ment with acetoxycycloheximide is not apparently suffi- 
cient to store the memory of the less natural task. The 
vagueness of this explanation reflects the poor state of 
knowledge about the neuronal events which mediate 
memory. The differences which we find between the left 
right and the light-dark diserimination point to the 
importance of using multiple learning situations in the 
investigation of the role of protein synthesis in learning 
and memory. 
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New Direct Evidence against 
Intermittency or Sampling in Human 
Smooth Pursuit Eye Movements 


IN 1962 and 1963 a sampled data model for eye move- 
ments following unpredictable targets was proposed by 
Young and Stark??. Five important experimental results 
were given as evidence leading to a dual sampled data 
control system with position (saccadic) and velocity 
(pursuit) paths, both with sampling periods lasting approx- 
imately 0-2 s (ref. 3). The model thus proposed was quite 
successful in organizing these facts, as well as predicting 
others relating to those newly suggested experiments in 
whieh the feedback of the control system was varied. 

While most of the evidence that human eye movements 
were part of a sampled data system concerned the saccadic, 
discontinuous eye movements, constant target acceleration 
experiments showed the eye velocity to change in discrete 
jumps at 0-2 s intervals. This latter fact was taken as 
experimental verification that the smooth pursuit move- 
ments of the eye were also determined by a sampled data 
system. In all of these experiments, however, a saecade 
occurred at the same time as the diseontinuous velocity 
change. Now that it is possible to produce records, as 
we shall show, without this obscuring saccade, the under- 
lying nature of the pursuit loop can be better appreciated 
and can be seen not to be sampled. 

Some indireet evidence that the pursuit loop does not 
operate in a sampled data fashion is available. In the 
first places there is the behaviour of the eye when tracking 
unpredictable target motions. As previously shown‘, when 
tracking simple sinusoids the eye behaves in a predictive 
mode leading to an entirely different descriptive Bode 
plot and transfer function from the one produced when the 
eye follows an unpredictable sum of sinusoids. In this 
latter case, if the velocity or pursuit system were sampling 
only discretely, one would expect the eye movement 
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its oscillations by the system’s pursuit 
loop. In such conditions, records of eye 
movements such as those of Fig. 1C ean 
be produced, It should be noticed that 
there are relatively few saccades in this 
record, and the underlying smooth pursuit 
system oscillates continuously rather than 
discretely. 

The most direct type of evidence con- 
cerns the behaviour of the eye when short 
duration, step changes in velocity are 
superimposed on an underlying ramp as 








the target. If the velocity system were 
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sampling only discretely, one would not 
expect there to be changes in velocity 
occurring more often than every 0-2 s, if 
that were the sampling period. In other 
words, if the system operated in a sampled 
data fashion, sampling discretely at 
particular instants in time, then the 
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in target motion which occur during 
periods of time when sampling does not 
occur. The most direct evidence concern- 
ing sampling in the pursuit loop would thus 





Records of smooth pursuit eye movement. 
and C, Eye movement in conditions of 
feedback. 


Fig. 1. 
an unpredictable target. 


record to be composed of straight line segments each 
0-2 slong. These line segments might be modified to have 
rounded corners by the recording system, the muscle 
and eye dynamic system, but their underlying nature 
should not be obscured. In fact, during these experi- 
ments, the eye velocity frequently changed continuously 
as shown in Fig. 14. Thus the behaviour of the eye 
when tracking unpredictable target motions does not 
suggest that the pursuit loop operates in a sampled data 
fashion. 

Related to this observation is that of Merrill and Stark* 
which showed that if one removed the saccadic, discontinu- 
ous portions from a record of optokinetie nystagmus 
(OKN), one was left with a smooth continuously varying 
eye movement. Here again, if the OKN velocity pursuit 
system was sampled, the record of these smooth move- 
ments would be expected to show only 
straight lime segments varying at the 
sampling times, which is not the case. 

Related to these observations is the 


behaviour of the eye when its position is „#2 9*9 
led back to act as target. In this situation &$ 4 
the feedback gain of the system can be | ££ 
artificially inereased so that the eye will 8 -95 
break into saccadic oscillations. Robin- 

son®, in this situation, removed the 

saccades directly from the eye movement 

by first differentiating the record, non- 

linearly clipping the resulting wave form 2 365° 
and then integrating before feeding back „£ 

the result as target movement. He thus 2 0 
found oscillations in the underlying pur- es» 
suit system showing smooth rather than 

diserete changes, thus arguing against - 
sampling. Actually, however, if the eye : RE 
position signal is heavily linearly filtered Hr: 
before being fed back to pe ho É § 
target, much the same type of reco ze 


result. As long as saccadic movements of 
the eye are sufficiently filtered so that they 
will not cause rapid saccadic like move- 
ments of the target, the target, as shown 
in Fig. 1B, can then be followed in 


A, Normal eye movement following 
eavily filtered variable 


80 ms 


be obtained by investigating the beha- 
viour of the system when presented 
with changes in target velocity occurring 
more often than every 0-2 s, the presumed 
sampling interval. Because of the con- 
siderations already discussed, this prob- 
lem should really be investigated in 
records relatively free of saccades and, for that reason, 
the underlying target ramp should be only about 
7° per s. Fig. 2 shows the results of a typical experi- 
ment, illustrating both the underlying target ramp with its 
brief change in velocity, the eye position while following 
the target and the derivative of the eye position as reeorded 
with an analogue differentiator during the experimental 
run, As can be seen, the eye can change its velocity 
successively within as brief a time period as 0-08 s. 
Thus the pursuit loop can be activated within a period of 
time as short as 0-08 s. This behaviour is certainly not 
consistent with a sampled data model of the pursuit 
system with a sampling period of 0-2 s. Thus there is 
now direct as well as indirect evidence that although the 
horizontal eye tracking control system can be represented 
as a sampled data system with sampling period of 0-2 s, 
140 ms 


120 ms 190ms 





Fig. 2. Responses of the eye x que change. Note the absence of a refractory period 
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smooth pursuit eye movement, 
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the pursuit portion does not seem to operate in this way. 
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Electrophysiological Experiments on the 
Action of Some Partial Agonists and 
their Application to Receptor Theory 


Some partial agonists accelerate the liberation of acetyl- 
choline from the isolated ileum to contract it, yet also 
antagonize the action of the released acetyl- 
choline?*, We have now examined electro- 
physiologically the mode of action of the 
partial agonists* using the guinea-pig taenia 
caecum which we found to have an extensive 
intramural inhibitory innervation but a 
sparse sympathetic inhibitory and cholinergic 
excitatory innervation. 

Experiments were made on strips (about 40 
mm in situ length and 2 mm in diameter) of the 
taenia caecum isolated from the guinea-pig. 
The strips were mounted in the sucrose-gap 
apparatus described earlier‘. The membrane 
potential was amplified by a high gain d.c. 
amplifier and recorded on a pen oscillograph ü 
simultaneously with tension change, which 
was mediated by a mechano-electric trans- 
ducer (RCA-5734). The Locke Ringer solution 
used contained 9-0 g of NaCl, 0-4 g of KCI, 0-1 g 
of CaCl,, 0-2 g of MgCl., 0-2 g of NaHCO, and 
0-5 g of glucose in a litre. This solution was 
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depolarized, the spike becoming smaller and more 
frequent. These phenomena were accompanied by a rise 
in tension (Fig. L4). The similar results in electrical 
and mechanical activities were obtained in the experi- 
ments with HepTMA in the low concentration of 
3x10-5 g/ml. The effect of HepTMA in the high eon- 
centration of 3x10- g/ml. was diphasie in both 
electrical and mechanical activities. ‘The membrane of 
the smooth muscle was depolarized, the spike becoming 
more frequent (first stage), and then the membrane was 
hyperpolarized and the spike abolished (second stage). 
These phenomena were accompanied by an increase of 
tension in the first stage and then by a decrease in the 
second stage (Fig. 1B). The autoinhibition of HepTMA 
may be attributed to its inhibitory effect at the second 
stage. The similar phenomena in both electrical and 
mechanical activities were also observed in the experi- 
ments with OcTMA which acts as a partial agonist. 
DodTMA (10-5 g/ml.) which displaced the concentration— 
action eurves of BuTMA and histamine towards their high 
concentrations (the pA, value against BuTMA was 5:8 
and that against histamine 5:5) hyperpolarized the mem- 
brane and abolished the spike (Fig. 1). By treating the 
smooth muscle with adrenaline (10-* g/ml.), the membrane 
was hyperpolarized, the spike being abolished (Fig. 12). 
This concentration of adrenaline displaced the concen- 
tration-action curves of histamine and BuTMA towards 
their high concentrations. The response to adrenaline, 
however, was completely abolished in the presence of 
trazoline (10-* g/ml.) or propranolol (10-* g/ml.) which 
themselves had no effect on spontaneous activity? (Fig. 1G). 
The effect of BuTMA (10-? g/ml.) or histamine (10-* g/ml.) 
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Of the compounds used, acetylcholine 
chloride (ACh), butyrylcholine bromide (BuCh), 
ethyltrimethylammonium iodide (EtTMA), B 
butyltrimethylammonium bromide (BuTMA) 
and = hexyltrimethylammonium bromide 
(HeTMA) were complete agonists. Pentanoyl- 
choline iodide (PeCh), heptyltrimethylammon- 
ium bromide (HepTMA) and octyltrimethyl- 
ammonium bromide (OcTMA) behaved as 
partial agonists, all of which exhibited strong 
autoinhibition*. Only dodecyltrimethylam- 
monium bromide (Dod'TMA) was an inhibitor. 
After administration of Bu'TMA or histamine 
to the taenia caecum, the membrane was 


Fig. 1. 
activity; 
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Records of electrical and mechanical changes in the taenia. Upper trace, electrical 
lower trace, mechanical activity; 
(107 g/ml.); H and J, traces after treatment with trazoline (10-* g/ml.) and propranolol 


D, traces after treatment with atropine 


(10-* g/ml.). 
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on the membrane was completely blocked by atropine 
(10-* g/ml.) or diphenhydramine (10- g/ml.) (Fig. 1C). 
Depolarization of the membrane and the spike produced 
by HepTMA (3x10-* g/ml.) were also abolished in the 
presence of atropine (10-7 g/ml.) (Fig. 1D). These con- 
centrations of atropine and diphenhydramine also had no 
effect on spontaneous activity (Fig. 1C). These results 
indicate that the competitive inhibitors did not affect 
the spontaneous electrical activity. The compound sub- 
stituted by a heavy group has atropine-like activity as a 
rule. The concentration of DodTMA which displaced the 
concentration-action curve of BuTMA towards higher 
concentrations was effective on spontaneous activity, so 
that Dod TMA must have atropine-like activity and also 
non-specific inhibitory activity (Fig. 1F). Because the 
inhibitory effect of HepTMA, OcTMA and DodTMA was 
unaffected in the presence of tolazoline (10-9 g/ml.) or 
propranolol (10-5 g/ml.), the effect was not mediated by 
adrenergic receptors (Fig. LH and J). 

We used the isolated taenia caecum suspended in the 
organ bath to analyse the coneentration-action curve. 
The effect of dibenamine (10-5 g/ml.) on the action of 
ACh, BuTMA and EtTMA was tested cumulatively by 
the method of van Rossum and Ariens’. The inhibitions 
of the concentration-action curves of the complete 
agonists such as ACh, BuTMA and EtTMA by dibenamine 
(10-5 g/ml.) were identical with each other. Bando’ 
reported that the response of the taenia caecum to ACh 
is reduced by replacement of Ca++ with Sr++ in Ringer 
solution. In our experiments, where the cumulative 
technique’ was not applicable, the concentration—action 
curves of ACh, BuTMA and EtTMA were also displaced 
towards concentrations about 200 times greater by 
replacement of Catt with Sr++ in Locke Ringer solution 
(Sr-Locke Ringer solution), besides also giving a decrease 
of the maximal responses. This suggests that stimulus 
evoked by formation of the drug-receptor complexes is 
reduced in Sr-Locke Ringer solution. The maximal 
responses of the taenia caecum to BuTMA and EtTMA 
were the same as the response to ACh in Sr-Locke Ringer 
solution. 'The ratio of the maximal responses to all the 
agonists in normal Locke Ringer solution to those in 
Sr-Locke Ringer solution is about 0-5. This means that 
the stimulus produced by the full agonist-receptor com- 
plexes is identical even in Sr-Locke Ringer solution. On 
the other hand, the partial agonists such as HepTMA 
and OcTMA did not contract the smooth muscle in Sr- 
Locke Ringer solution. This phenomenon is thought to 
be caused by the non-specifie inhibitory action of the partial 
agonists, because the non-specific action, such as the 





"These results suggest that the stimulus produced by 
the complete agonist-receptor complexes or the efficacy 
of the full agonists is identical. The response to the partial 
agonists is inhibited by their own non-specific inhibitory 
action which may be Ariens's autoinhibition*, although 
the stimulus produced by the partial agonist-receptor 
complexes is the same as that by the full agonist-receptor 
complexes. The efficacy of the partial agonist or the 
stimulus produced by the partial agonist-receptor com- 
plexes is therefore observed as though it were less than that 
of the full agonists. This mechanism is thought to be 
responsible for that action of the partial agonists when 
they do not act by inereasing the liberation of acetyl- 
choline. 
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Effect of Anions on the Volume 
of Smooth Muscle 


ELECTRICAL measurements in guinea-pig taenia coli 
indicate that the smooth muscle cell membrane is less 
permeable to ethanesulphonate (C,H,SO,) and benzene- 
sulphonate (C,H,SO,) and more permeable to nitrate 
(NO,) than it is to chloride (CI). This conclusion is based 
on the following observations. (a) The membrane is 
depolarized by about 7 mV when Cl in Krebs solution is 
replaced with C,H;SO,, and is hyperpolarized by 6 mV 
with NO, substitution for Cl (ref. 1). (b) The maximum 
change of the membrane potential per ten-fold change of 
the external K concentration is 47 mV in C,H480,, 
38 mV in Cl and only 15 mV in NO, (ref. 1). (c) The 
membrane resistance is higher in C,H,SO, or C,H,8O,. 
and lower in NO, than in Cl Krebs solution (unpublished 
results of Bülbring and Tomita). 

We have investigated the osmotic effects of C,H,SO;, 
Cl and NO, on the taenia, in order to determine whether 
the anion permeabilities thus estimated agree with the 
eleetrophysiologieal findings. Assuming that excitable 
membranes are more permeable to potassium than to 
sodium, potassium salts of the ions were used, either to 
replace NaCl (isoosmotie solution) or added to the normal 
Krebs solution (hyperosmotic solution). 

The methods were the same as those described before?. 
The fresh weight of the tissue was measured directly after 
dissection. After equilibration in normal Krebs solution 
at 35° C for 1 h, pieces of the taenia were transferred to 
the experimental solutions. After immersion for various 
times (2-60 min), the tissues were blotted with filter paper 
and reweighed to obtain the wet weight. 

Fig. 1 shows the change in the ratio of wet weight to 
fresh weight in isosmotie potassium solution with three 
different anions (NO,, Cl and C,H,80,). When NaCl 
was replaced with equimolar KCl, the tissue weight re- 
mained more or less constant, as observed before?. The 
tissue, however, gained weight by about 10 per cent in 
NO, solution and the weight was decreased by more than 
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Fig. 1. Change in tissue weight of the guinea-pig taenia coli in Krebs 

solution in which NaCl was replaced with equimolar KNO,, KCl and 

KC,H;SO, The ordinate is expressed as percentage of wet weight/ 
fresh weight. 
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Fig. 2. Change in tissue weight in Krebs solution to which 154 mM of 
KNO, KCl and KC,H,80, was added, The ordinate is expressed as 
percentage of wet weight/fresh weight. 


15 per cent in C,H,SO, solution. The weight did not 
recover during exposure to the foreign anion for up to 1 h. 
A reduction in weight by about 10 per cent has also been 
observed when C,H,SO, was used for substitution?. 

If K and Cl can penetrate the cell membrane, con- 
sideration of the Gibbs Donnan distribution indicates that 
replacement of NaCl by KCI should result in redistribution 
of these ions and a swelling of the tissue. The lack of 
swelling has been explained by Casteels and Kuriyama 
on the assumption that the cell is able to maintain its 
intracellular Cl concentration constant by an active 
transport mechanism, thus effectively preventing pene- 
tration of K ions. Casteelst has also shown that, in a low 
external Cl concentration, the tissue loses Cl. The 
shrinkage of tho tissue in KC,H,SO, or KC,H,SO, medium 
could then be explained by the loss of Cl, which, in the 
presence of impermeant external anions, would have to 
be accompanied by the loss of cations. The swelling in 
NO, solution would imply that the Cl lost had exchanged 
for NO,, and that a further penetration and accumulation 
of K and NO, ions had occurred, the cell presumably not 
being able to regulate the intracellular NO, concentration 
in the same way as Cl. Thus the behaviour of the tissue in 
these experiments is consistent with a greater permeability 
to NO, than to C,H,SO,. 

When the osmolarity of the medium was doubled by 
the addition of KNO,, KCl or KC,H,SO,, the tissues lost 
about 20 per cent of their weight, which then remained 
roughly constant for up to 2 h in all solutions (Fig. 2). If 
NO, is a permeant ion as indicated here, the tissue weight 
would be expected to recover as a result of penetration of 
NO, and K ions and water, as observed in skeletal muscle®. 
No significant recovery was seen during the experiments. 
The lack of recovery of weight in solutions made hyper- 
osmotic by addition of KCl could be explained by Casteels 
and Kuriyama's hypothesis of an active control of the 
intracellular chloride concentration, but this would not 
explain the laek of recovery in solutions made hyper- 
osmotie with KNO,. 

In none of the experiments described was there a clear 
increase in cell ionic content, and most treatments actually 
caused a loss of ions. The ionie content of the cells seems 
to be nearly maximum in normal conditions. If little 
further uptake of ions is possible, this would explain why 
there is no difference in osmotic effect when various salts 
are added, regardless of their permeabilities. Recovery 

.Of the tissue weight has only been observed in a solution 
made hyperosmotie with permeant non-eleetrolytes. Addi- 
tion of 240 mM. urea caused a transient shrinkage of the 

tissue which returned to the original weight within 30 min 
(unpublished observation of Brading). 
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Thus, although the results suggest that NO, is more 
permeant than C,H,SO,, they cannot be explained without 
postulating properties of smooth muscle quite different 
from those of skeletal muscle. In particular it is difficult 
to reconcile the fact that the cell volume behaves as would 
be predieted for a perfect osmometer in hypertonie solu- 
tions? with the apparent inability of the cells to take up 
appreciable quantities of ions. The cells seem to regulate 
not their internal ionie concentration but their actual 
ion content, and it is difficult to envisage a mechanism 
by which this could be achieved, particularly because all 
the cell water seems to be osmotically available. 
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Laterality Effects in Dichotic Listening 


Tur hypothesis of a laterality effect in dichotic listening 
(D-L) has been challenged by Oxbury, Oxbury and Gar- 
diner!, The authors concluded that the right ear superi- 
ority may have been the result of an attentional bias 
toward the right ear when free recall methods are used. 
This argument is based on the following data. When 
different half-spans of digits are presented in simultaneous 
pairs to each ear through stereo headphones, and at rapid 
rates, Ss tend to recall the messages (under free recall) 
by an ear order of report rather than by a temporal 
order of report?. Furthermore, information presented 
to the ear reported first (perceptual channel) is more 
accurately recalled than information presented to the 
ear reported second (delayed or storage channel). 
If therefore Ss, under free recall, tend to report more 
often from the right ear first, an ear asymmetry in favour 
of the right ear would be expected because of the failure 
to eontrol for a bias in the order in which messages are 
reported. This hypothesis also assumes that the right ear 
superiority should disappear when the order of report is 
controlled’. 

I wish to show that this conclusion is misleading, that 
it ignores central nervous system mechanisms which are 
probably associated with the asymmetry, and that the 
conclusion is inconsistent with experiments which have 
controlled for order-effects and have found a right ear 
superiority. 

Certain questions are raised by the design and pro- 
cedure used by Oxbury et al}, which might account for 
their negative findings. First, their rate of presentation 
in both conditions was slower than other D-L experiments. 
For example, their “fast” condition (90/min) translates 
to roughly 1:5 pairs/s, which is slower than the standard 
fast rate (2 pairs/s or 120/min). It has already been 
shown that at slower rates of presentation the ear asym- 
metry decreases and overall recall increases*.*. 

Second, re-analysis of the data of Oxbury et al. showed 
that overall recall was relatively low for both the 90/min 
eondition (mean recall=83 per cent) and the 30/min 
condition (mean reeall= 75 per cent). Other studies have 
reported an overall accuracy ranging from 91-96 per cent 
for three-pair digits at these approximate rates of pre- 
sentation?:?, In addition, it was reported that overall 
recall was lower for the group which received the slower 
rate of presentation (30/min), a finding discrepant with 
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studies which have reported higher overall recall at the 
slower rates of presentation‘. Thus the quality of the 
tape may be questioned (for example, synchronization 
and clarity). 

These design criticisms may account for the negative 
findings reported by Oxbury et al. with respect to the 
ear asymmetry. Furthermore, their hypothesis that the 
laterality effect is caused by a failure to control for a bias 
in order of report has simply not been confirmed when 
Ss have been instructed as to which channel to report 
from first (refs. 7-13 and unpublished work of K. Achen- 
bach). 

Briefly, it has been found that the two ears differ in 
the ease with which verbal materials are perceived— 
recall is superior for information presented to the right 
ear. Order-effects are related only in part to the ear 
asymmetry largely beeause of the tendency of Ss, under 
free recall", to report initially from the right or preferred 
ear while delaying recall for those messages presented to 
the left ear. When order-effects are controlled, however, 
the right ear superiority still prevails. 

It has also been shown that the ear asymmetry increases 
as task diffieulty (for example, meaningfulness) or list 
length (three-six parts) is increased^:15,:-25, By con- 
trast, the ear asymmetry has been shown to decrease as 
rate and amount of material is decreased’, This is because 
the probability of perfect recall is increased as list length 
is decreased (for example, two pairs) particularly at 
slower rates of presentation (for example, 1 pair/s). 
Studies have also shown that the ear asymmetry depends 
on the simultaneous presentation of disparate auditory 
messages. When verbal messages are presented suc- 
cessively or monaurally, the ear asymmetry has not 
been observed*:19:17, 

The ear asymmetry has also been influenced by varia- 
tions in the type of stimulus materials used. The right 
ear superiority has consistently been reported for different 
classes of verbal materials, including digits, words, non- 
sense syllables and even consonants, and for both left- 
handers and right-handers*.5:9.13-15, The ear asymmetry, 
however, has not occurred for vowels!*. Similarly, the 
right ear superiority has been attenuated by variations in 
the level of meaningfulness or “saliency” of the stimulus 
materials delivered simultaneously to each ear (ref. 9 and 
unpublished work of W. Bartz). On the other hand, the 
dichotic presentation of non-verbal melodie stimuli has 
resulted in a striking reversal of the ear asymmetry. 
Subjects in these experiments have shown superior recog- 
nition for complex melodic patterns presented to the left 
rather than the right ear!?;*9, 

These findings, in summary, clearly establish the ear 
asymmetry as a real phenomenon, not an artefact. They 
also show that the asymmetry is dependent on a number 
of stimulus and experimental conditions which have not 
always been identified. The serial order explanation 
given before}? refers to only one source of variation 
which may account for some aspects of the free recall 
situation. It does not, however, explain the tendency of 
the Ss to choose the right ear first. 

The most reasonable explanation of the ear asymmetry 
has been postulated by Kimura‘, and states that the 
superior perception of verbal materials presented to the 
right ear is brought about by the more efficient connexions 
which exist between the speech areas in the left temporal 
lobe and the contralateral ear. This hypothesis invokes 
an asymmetry at two levels of brain function: (1) lateral- 
ization or dominance" at the level of the cortex, in this 
case, speech and language; and (2) more humerous or 
more efficient pathways subserving contralateral con- 
nexions up to the cortex. The first part of this hypothesis 
has already been well established for man*!. The second 
part, that is, an asymmetry or predominance of the 
contralateral pathways, has received less direct sup- 
port?-", A more rigorous examination of this problem 
has recently been made (unpublished work of 8. Sparrow, 
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D. Knapp and L. Roberts), and the findings clearly 
demonstrate an asymmetry or “dominance” of the crossed 
auditory pathways in the eat. 

Thus the right ear superiority for verbal materials 
may be brought about by the more efficient connexions 
between the right ear and the contralateral regions in the 
left hemisphere which are “dominant” for speech and 
language*. Conversely, the left ear superiority for non- 
verbal melodic materials may be a consequence of the 
more efficient connexions between the left ear and the 
contralateral regions of the right hemisphere which are 
"dominant" for auditory pattern discrimination®®, 
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Measurement of Relative Thyroid 
Activity in Free-ranging Rodents along 
an Altitudinal Transect 


DETERMINATION of the relative rates of physiological 
activity in free-ranging animals in different environments 
is important to the understanding of the interaction 
between an organism and its environment, as well as in 
comparative studies of energy flow in ecosystems. Methods 
should be used which permit determinations over a period 
of several days or longer so that most of the animal's 
daily activities are involved. Odum and Golley! have 
expressed some of the points of view and methods applie- 
able to the use of radio nuclides for this purpose. 

The present investigation was made to determine the 
relative thyroid activity of free-ranging rodents occurring 
along an altitudinal transect by means of the rate of 
release of iodine-131. A relative measurement of thyroid 
activity in groups of free-ranging, non-reproductive 
animals occupying different habitats and eeological 
niches would provide at least a partial indicator of the 
extent of the relative adjustment required of them by 
their total environment. 
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Vig. 1. Whole body counts of pocket gophers living at three altitudes 

after injection with lodine-131. To provide a common origin for the 

fitted curves, the first count is considered as 100 per cent and all subse- 

quent counts as percentages of the first. A, 2,200 m, b= — 0-005924; 
B, 2,600 m, b= — 0-004880; C, 2.900 m, b= — 0004658. 


Relative activity of the thyroid in the field was estab- 
lished by determining the rate at which iodine-131 was 
released from the thyroid gland. This method is simple; it 
can be based on a time interval of several days, and is suit- 
able for natural populations. Brown-Grant, von Huler, 
Harris and Reichlin? have used this method in the labor- 
atory for determining relative thyroid activity in indi- 
vidual rabbits under different test conditions. In the 
present communication the animal to be measured was 
injected peritoneally with a small amount of sterile 
solution of sodium iodide-131, and at the end of 48 h 
both the thyroid gland and the whole body were counted. 
Four or more counts were then made at intervals of 2 days. 
The logs of the counts were plotted against normal time 
units. Curves were fitted by the method of least squares, 
and values of the slopes calculated. The thyroid was 
counted by placing the animal in a glass tube restrainer 
set in a wooden frame?*. A Nuclear Chicago DS8, 6 mm 
collimated surgical scintillation detector probe was used 
to find the thyroid gland by moving the probe at intervals 
of 1/8 in. along the ventral side of the neck. Replicate 
eounts were made at that point at which the highest 
counts were recorded. These were averaged and the mean 
was used in the statistical analyses 

For whole body eounts all animals were confined in à 
circular container which kept them in a curled position 
on their sides. The container was placed in the well of a 
lead container at a fixed distance from a Nuclear Chicago 
916 2 in. exposed crystal detector centred overhead. 
The geometry was such that the container was well 
within the detection cone. At the time of injection, an 
aliquot of sodium iodide-131 was placed in a planchet 
arid counted. At each subsequent whole body count, the 
planchet standard was counted so that corrections for 
machine drift could be made. Only those counts which 
were in excess of three times the background counts were 
used. Three replicate whole body counts were made 
each time and averaged for the statistical analyses. It 
should be emphasized that the process of counting 
required only a few minutes, and the animals seemed to 
unaffected by the process. 

Two species of rodents, the pocket gopher (Thomomys 
talpoides) and the Uinta ground squirrel (Citellus armatus), 
were used for the determination of rates of release of 
thyroid at different heights. Both species commonly 
oceur along an altitudinal transect extending from 2,000— 
:3,000 m on a southern slope of the Beartooth Range, 
‘Park County, Wyoming (45° 55’ N., 109° 34' W.). In- 
dividuals of the two species were live-trapped at 2,200 m, 
2,600.m and 2,900 m. All the animals which were used 
were clearly adult as indicated by body weight and 
reproduetive development and did not differ significantly 
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in weight at different altitudes. None was in a repro- 
ductive condition because the experimental work was car- 
ried out in August and both species have only one annual 
litter which is born in the spring. Al animals were 
marked and returned to their home burrows. Pocket 
gophers (70-80 g body weight) were given 3 mCi, and 
ground squirrels (400-500 g body weight) were given 
5 mCi, of sodium iodide-131. These amounts are below 
the level considered damaging to thyroid tissue. The 
injected animals were recaptured and counted at intervals 
of 2 days. 

The effect of body size on the weight of the thyroid in 
the pocket gophers was removed by regressing each 
thyroid weight on its respective body weight by means 
of covariance analysis. As Table 1 indicates, there is no 
significant difference in the weights of thyroid glands of 
this species from the different altitudes. 





Table 1. RESULTS OF ANALYSES OF VARIANCE AND COVARIANCE 
Elevation 2 445-44 114 Covariance analysis—net body weights 
Error 32 389-93 (X) and thyroid weights (Y) of 


thirty-five pocket gophers from three 
altitudes 


Elevation — 2 2,199,050 5:04* Variance analysis of slope values for 
















Error 10 436,150 whole body release rates of iodine-131 
from thirteen adult male pocket 
gophers living at three altitudes 

Method 1 73,477 Variance analysis of slope values 8880- 

Error 10 436,150 ciated with whole body and thyroid 
release rates of iodine-131 from 
twenty-three ground squirrels 

Elevation 2 5,580.5 43-3¢ Variance analysis of pooled slope values 

Sex 1 456,691 3:5 associated with thyroid and whole 

E+S 2 36,024 body release rates of iodine-131 from 

Error 15 128,788 twenty-three ground squirrels at 


three altitudes 
* Significant at 5 per cent level. 
+ Significant at 1 per cent level, 
Symbols follow Snedecor’, 





Fig. 1 shows the mean slope values for curves calculated 
from whole body counts of pocket gophers; Table 1 








shows the results of variance analysis of the thirtcen 
adult males which were used. The slope values associated 


with the 2,200 m station differed at the 5 per cent level 
from those associated with the 2,600 m and 2,900 m 
stations. The slope values for animals from the 2,600 m 
and 2,900 m stations did not differ. Figs. 2 and 3show the , 
mean slope values for fourteen male and thirteen female 
ground squirrels from the three stations. Both the 
thyroid and whole body counts were made of each animal 
whenever it was recaptured. Table 1 shows the results 
of variance analysis of the slope values for thyroid and 
whole body counts on these animals. No significant 
differences were found, so these values were pooled for 
the variance analysis given in Table 1. The results show 
a high significance for the differences between the heights. 
Differences between sexes were not significant. The 
interaction between altitude and sex was not significant, 
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Fig. 2. Whole body counts of ground squirrels living at three altitudes 

after injection with iodine-131. To provide a common origin for the 

fitted curves, the first count is considered as 100 per cent and ali subse- 

quent counts as percentages of the first. A, 2,200 m, b= — 0-003050; 
B, 2,600 m, b= —0-001944; C, 2,900 m, b= ~ 0-002003, 
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Fig. 3. Thyroid counts of ground squirrels living at three altitudes after 

injection with iodine-131, To provide a common origin for the fitted 

curves, the first count is considered as 100 per cent and all subsequent 

counts as percentages of the first. .4, 2,200 m, b= —0-003056; B, 
2,000 m, b: — 0002073; C, 2,900 m, b= — 00021053. 


which indicates that the effect of height on thyroid 
activity was consistent for either sex. 

Christian* has reviewed thyroid activity in relation to 
environmental adjustment. Most of the research con- 
cerned with thyroid activity in relation to altitude has 
been accomplished by transporting confined animals from 
one altitude to another, or by maintaining them in 
chambers where the atmospheric pressure could be 
altered to simulate different altitudes. Verzar, Sailer and 
Vidovie* demonstrated a decreased uptake of iodine-131 
by the thyroid in association with low pressures in 
chambers and with high altitudes, although the decrease 
was only temporary. Surks* showed that hypoxia in- 
hibits thyroid metabolism and that a similar effect is 
produced by taking rats to an altitude of approximately 
4,000 m. In these experiments, the levels of PBI and 
conversion ratio wero reduced in tbe hypoxie rats, 
although the size of the gland did not change. The 
inhibition lasted for at least 37 days, the longest period 
tested. 

Because these two species are quite different in habits 
and occupy different ecologieal niches in the habitats 
provided by tbe three altitude stations, it is interesting 
that they show the same pattern of relative thyroid 
aetivity, although the levels of response differ. Because the 
differenee in slope values between the 2,600 m and 
2,900 m stations is not significant, the reversal of the 
relative slope values for the two species at these two 
altitudes is probably not important, although it may 
merit further investigation with more precise methods. 
Tho over-all effect is of one ambient factor overriding the 
numerous daily environmental events that affect thyroid 
activity. 
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Blastomogenic Effect of 
Dimethylnitrosamine on Pregnant 
Rats and their Offspring 


EwBRvos are highly sensitive to the harmful action o 
different chemicals, and several groups of investigator 
have recently published new data on the long-term con 
sequences resulting from the action of chemical carcinogen 
during embryogeny!-t, 

Dimethylnitrosamine (DMNA) is a potent carcinoge: 
which induces tumours of the liver, lungs and kidneys ii 
rats; the tumours develop even after a single or short-tern 
administration of DMNA*. Our previous experiment 
with DMNA® have shown that this agent has no terato 
genic effect in rats when given in doses of different con 
centrations (from tolerable to toxie for pregnant females 
for different periods of time (single or long-term treat 
ment) and by several routes of administration (per os 
intraperitoneally or intravenously) during all stages o 
embryogeny. It does, however, increase embryo mortality 

This communication includes observations of the car 
einogenie action of DMNA on pregnant rats and th 
development of tumours in their F, offspring. 

The experiments were carried out in white non-inbre 
rats of the loeal eolony. Female rats (140-160 g), fo 
which the date on which pregnancy commenced had beer 
precisely determined by the presence of sperm plugs ir 
vaginal smears, were divided into four groups according 
to the time and duration of exposure to the carcinogen 
In the first group, 1 mg of DMNA was given to each ra 
through a stomach tube each day during the first week o 
gestation, Animals in the second and third groups wer 
subjected to the same treatment, but DMNA was ad 
ministered during the second and third weeks of pregnancy 
respectively. In the fourth group 0-5 mg of DMNA wa: 
given to each rat daily from the first to the twenty-seconc 
day of pregnancy; the total dose of the carcinogen fo: 
each animal was 11 mg. Preliminary experiments showec 
that daily administration of 1 mg of DMNA for 7 days o 
0-5 mg for 22 days were the largest doses that pregnan 
rats could tolerate. The fifth control group consisted o 
female rats and their offspring whieh were nob exposec 
to any specific treatment. 

By the eightieth week after the final administration o 
DMNA most of the adult female rats which had beer 
treated with the carcinogen during pregnancy had de 
veloped renal tumours. In the group treated for 22 days 
neoplasms were found in twenty-one out of twenty-foui 
animals, and in the groups treated for 7 days thirty ow 
of thirty-eight rats developed neoplasms. In the mother: 
DMNA induced multiple renal tumours such as adenomas 
adenocarcinomas, low-differentiated | nephroblastomas 
neoplasms of mixed structure and sarcomas. The mea: 
latent period required for formation of renal tumours was 
390 days. In one rat which had been exposed to the 
treatment during the second week of pregnancy, lung 
carcinoma was found after 461 days, and one rat from the 
group receiving treatment for 22 days developed chol- 
angioma of the liver after 420 days. 

No essential differences were observed during early 
post-natal development between the offspring of mother: 
from experimental and control groups. Tumours of the 
kidney developed by the age of 120 weeks, however, ir 
three out of ninety-four descendants born to females oi 
the fourth group (DMNA administered during the entire 
period of embryogenesis) and in four out of ninety-twc 
descendants born to females of the third group (DMNA 
administered from the fifteenth to twenty-first day ol 
embryogeny). The descendants with tumours (four male 
and three female) were of different litters and originated 
from mothers which also had renal tumours. The mean 
time required for induction of renal tumours in descendant: 
was 611 days. Moreover, one female from the group which 
received treatment during the whole period of embryogeny 
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ind one rat exposed to DMNA during the third week of 
restation developed fibroadenomas of the mammary 
rland by the age of 2 yr. No tumours were found during 
ihe same period in the progeny of the females from the 
irst (twenty-nine descendants) and the second experi- 
nental groups (eighty-five descendants) or in the 
srogeny of the control group (fifty-one descendants born 
;» eleven untreated females) Spontaneous tumours of 
che kidney have never been observed in rats of the colony 
that were used. 

It is generally accepted that the mechanism of the 
blastomogenie aetion of DMNA is connected with its 
enzyme demethylation and formation of diazomethane 
or carbonic ion which show high biological activity. Lee 
and Spencer? showed that demethylation of DMNA in 
the organs of the rat foetus was rather weak even within 
1 or 2 days before birth. This could explain the much 
lower sensitivity of the organism to the blastomogenic 
effect of DMNA during embryogenesis than during post- 
natal life. In our experiments, induction of tumours was 
still possible in some rats which had been exposed to 
DMNA during their prenatal life when enzymatic de- 
methylation of the substance in the embryonic tissues is 
almost absent. 
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Centripetal Sequence of Appearance 
of Receptor-Bipolar Synaptic Structures 
in Developing Mouse Retina 


VISUALIZATION of layering phenomena in several light 
microscopic studies!-* has given rise to the view that the 
retina matures morphologically in a centrifugal sequence 
from inner to outer layers, with ganglion cells maturing 
first and receptors last*. On the other hand, in a variety 
of species (mouse’, rat®, rabbit?, dog?, chick!? and frog!!) 
in which the order of appearance of light-evoked electro- 
retinographie wave forms has been followed through the 
developmental period, the a-wave, which is believed to 
arise at an outer retinal level!?:33, could be elicited several 
days earlier than the b-wave which is believed to arise at 
an inner retinal level'*-!*, A centripetal sequence of at 
least certain aspects of functional maturation, from outer 
to inner levels of the retina, is suggested by these data. 

This lack of congruence between electrophysiological 
and morphological interpretations of retinal maturation is 
perhaps in part a result of the fact that electrophysiologi- 
cal data tend to reflect definitive maturational events 
whereas light microscopic observations concerning the 
organization of retinal components into layers may be 
more specifically related to differentiation phenomena. 
To provide morphological data about the definitive 
maturational events that are presumably reflected in the 
eleetrophysiology of the developing retina, an eleetron 
microscopie study of synapse formation in neonatal retina 
was undertaken. Observations of the order of appearance 
of synaptic structures in photoreceptor and bipolar 
terminals are reported here and a possible correlation 
between these observations and available eleetrophysio- 
logieal data is considered. 

Twelve litters of Swiss albino mice (forty-eight surviving 
animals) and three litters of C57-Bl6 black mice (twelve 


281 


surviving animals) 1-15 days old were studied. Retinal 
maturation is known to proceed most rapidly at the 
posterior pole, and so observations in this region were 
used as reference in establishing the order of first appear- 
ance of synaptic structures. Other regions were routinely 
also examined in that the small size of the neonatal mouse 
eye permits inclusion of all regions from the ora serrata 
to the posterior pole within the same ultrathin section. 
Multiple specimens from each of several animals repre- 
senting each day of neonatal development, from the first 
to the fifteenth days, were studied. Retinae from more 
mature animals (18, 20, 30 and 60 days) were also examined 
to establish the appearance of more mature synaptic 
complexes for comparison with those in developing 
retinae. In order to assure accurate orientation, retinae 
were fixed in situ. Stained light microscopic sections 
from each specimen were examined and ultrathin sections, 
prepared according to routine standards for electron 
microscopy, were viewed with an ‘Elmiskop 14’ electron 
microscope. No differences were found in the maturation 
schedules of the two mouse strains studied, and so no 
distinctions are made between them in the results reported 
here. 

In keeping with light microscopic appearances, a 
significant degree of maturation had taken place in the 
inner plexiform layer by the time of birth, involving 
processes which seemed to have their origin in ganglion 
and amacrine cells. Before the tenth post-natal day, 
however, no structures were found which could definitely 
be identified with bipolar synaptie morphology, such as 
synaptie lamellae or the dyad synaptie configuration whieh 
has recently been deseribed!'-1*, Between the tenth and 
twelfth post-natal days a few typical bipolar terminals 
with synaptic vesicles, early forms of synaptic lamellae 
and the dyad synaptic contacts could be identified with 
confidence (Fig. 1). From the twelfth to twentieth days, 
these terminals increased both in numbers and size and 
the profiles of lamellae at dyad synaptie sites grew from 
small ovoid shapes to the more elongate appearance 
characteristic of the adult form. 

Although a gap between receptors and inner neurones, 
representing the outer plexiform layer, did not become 
evident until the fourth post-natal day, developing 
synaptic lamellae surrounded by synaptic vesicles defin- 
itely could be identified as early as the second post- 
natal day in a few primitive processes destined to mature 
into outer plexiform photoreceptor terminals, Between 
the second and twelfth post-natal days the morphogenesis 
of the photoreceptor synaptic complex in most photo- 
receptor terminals proceeded nearly to completion so 
that on the tenth, eleventh and twelfth post-natal days 
when only the first evidence of the bipolar synaptie com- 
plex was beginning to appear in the inner plexiform 
layer, the outer plexiform layer contained a continuous 
row of vesiele-laden photoreceptor terminals with well 
developed synaptic lamellae, arciform densities and 
typical contacts with second order neurones characteristic 
of those seen in the adult (Fig. 2). 

The electron microscopic finding of early synapse 
morphogenesis in photoreceptor terminals raises the 
question as to whether photoreceptor maturation is the 
last funetional link in the developmental chain as has 
been assumed from the findings of light microscopy, 
Brown et al., in a recent review of receptor potentials, 
have presented considerable evidence that the a-wave, 
which they term the late receptor potential, arises from 
the photoreedptor cell and probably involves its synaptie 
terminal. If this is so, and the e-wave is the earliest 
eleetroretinographie response which can be elicited from 
developing retina?-!!, it would seem that the photo- 
receptor achieves functional maturity before at least 
the inner retinal elements responsible for the later appear- 
ing b-wave. The ultrastruetural appearance of early 
maturation of synaptie components in photoreceptor 
terminals strengthens this functional interpretation. 
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Fig. 1. One of the few configurations of structures which could be identified as a bipolar dyad synapse in the inner plexiform layer of an 


11 day old Swiss albino mouse. 
ovoi 


Fig. 2. 


The synaptic lamella, encircled by vesicles and positioned in dyad relation to processes of other cells, is small, 
and of an irregular density suggesting its immature state ( x 60,000). 


A row of typical photoreceptor terminals in the outer plexiform layer of an 11 day old Swiss albino mouse. 


The terminals contain 


vesicles, well developed synaptic lamellae, arciform densities and show contacts with second order neurones characteristic of those seen in the 
adult ( 26,000), 


In that the formation of bipolar dyad synapses and 
eleetroretinographie b-wave activity are both related to 
the inner retina, and each seems to occur relatively late 
in development, there might be a correlation between 
them. In both rabbit (my unpublished work) and mouse 
retina it is possible with the electron microscope to identify 
early forms of the bipolar dyad synapse several days 
before a b-wave reportedly becomes detectable electro- 
retinographieally??. Because it would be possible with 
the eleetron mieroscope to identify examples of synapses 
üt à time when they are not yet functionally mature or 
are so limited in numbers as to be inadequate for generat- 
ing an eleetroretinographieally detectable effeet, these 
data do not exclude the dyad synapse as a possible source 
of the b-wave. Morphological studies have suggested 
that the dyad synapse on the bipolar terminal often 
includes a ganglion cell dendrite, thereby completing a 
vertical path from receptor to ganglion eell", It could, 
however, be argued that. b-wave generation is not related 
to this vertical pathway in that Noell?, by recording light- 
evoked ganglion cell responses from the surface of rabbit 
retina, has demonstrated a functioning vertical path 
several days earlier than he could detect an eleetroretino- 
graphic b-wave. In that two dissimilar electrophysiologi- 
eal techniques of differing sensitivities were used in 
acquiring the data being compared, this argument is 
difficult to evaluate, Presumably, aetivity recorded from 
single ganglion cells would indicate functional competence 
of more numerous bipolars impinging on them, but it has 
not been established, in either the mature or immature 
retina, what concentrations of functional cells are required 
to generate a detectable electroretinographie b-wave or 
to activate a single ganglion cell. A separate line of evid- 
ence suggesting that the bipolar-ganglion cell synapse is 
unnecessary for generation of the b-wave is provided by 
experiments which demonstrate an apparently normal 
b-wave from retinas in which most ganglion cells have 
degenerated following section of the optic nerve®®, Dow- 
ling”? has pointed out that bipolar dyad synapses not only 
participate in a vertical pathway through contacts with 
ganglion cell dendrites but that they are also linked in a 
horizontally oriented chain of neural connexions through 
contacts with amacrine neurites. In this horizontal 
system amacrine neurites, in addition to post-synaptic 
involvement at the dyad synapse, also form numerous 
pre-synaptie contacts on bipolar axons, on other amacrine 
neurites and on ganglion cell constituents. In that numer- 
ous inner plexiform contacts, many of which seem to 
involve bipolar terminals and amacrine nevrites, develop 
in the mouse during the period following the first appear- 
ance of dyad bipolar synapses, the last necessary steps 
for b-wave generation perhaps lie in these late developing 
connexions. 

Electron microscopie data indicate that receptor and 
bipolar synaptic terminals mature in a centripetal 
sequence, in contrast to the light microscopic observa- 
tion that the formation of retinal layers progresses 


from inner to outer retinal levels. Additional studie 

employing the best available morphological and physio 

logical techniques will be required to establish in detai 

the true maturational pattern for all components of th 

retina. In view of these findings in the retina, it i 

suggested that caution be employed in inferring definitiv 

maturational sequences from light microscopic layerin 

appearances in other parts of the central nervous system 
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GENETICS 


Sexuality in a Blue-Green Alga: 
Genetic Recombination in 
Anacystis nidulans 


Kumar’ reported the results of an investigation whiel 
seemed to demonstrate, for the first time, genetic re 
combination in the blue-green alga, Anacystis nidulans 
This conclusion was based on an experiment in which ; 
streptomycin-resistant and a penicillin-resistant straii 
were cultured together in the absence of antibioties. Sub 
culture of this mixture into liquid medium containin; 
both antibiotics resulted in the growth of an apparent]: 
doubly resistant, recombinant strain. Because resistan 
clones had not been isolated, these results did not un 
equivocably demonstrate genetie reeombination. Pikálek 
repeated Kumar’s experiments and contested his con 
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alusions by showing that the medium in which the ap- 
parently recombinant cells were growing lacked penicillin. 
He concluded that the observed growth was due to non- 
metabolizing streptomycin-resistant cells which were able 
to survive in penicillin for the short time before the 
decay of this antibiotic. 

The only other published report of recombination in a 
blue-green alga is that of Singh and Sinha‘, who isolated 
non-sporulating, streptomycin-resistant and spore-form- 
ing, penicillin-resistant strains of the filamentous cyano- 
phyte, Cylindrospermum majus. Subculture of a mixture 
of these strains into a medium containing both antibiotics 
yielded doubly resistant, spore-formingstrains. The authors 
interpreted the results in terms of recombination. Although 
the strains were clonally derived, the stability of penicillin 
in the medium is open to question and the level of re- 
sistance of the streptomycin-resistant strain was very 
low, only 0:2 ug/ml. of streptomycin. There was therefore 
the possibility of adaptation or mutation by the penicillin- 
resistant strain to this concentration of streptomycin, 
giving results similar to those observed by Singh and 
Sinha. Thus the question of sexuality in the Cyanophyta 
is still unresolved, there being no definitive evidence for or 
against genetic recombination in this group of organisms. 

Evidence is presented here for genetic recombination 
in Anacystis nidulans, based on experiments with clonally 
derived strains resistant to antibiotics. Both Kumar and 
Pikálek used strains of Anacystis nidulans that do not 
form diserete colonies on agar plates. Using the modified 
Kratz and Myers medium C described by Van Baalen! it 
is possible to plate the Indiana University strain of this 
alga quantitatively (my unpublished work). 

Treatment of Anacystis nidulans (Indiana University 
Culture Collection of Algae, No. 625) with 50 ug/ml. of 
8-azaguanine yields a small number of mutants resistant 
to 100 ug/ml. of polymyxin B (my unpublished work). 
This substance is a potent inhibitor of the wild-type cellss. 
Strains resistant to streptomycin in excess of 10 ug/ml. 
are readily isolated by overlaying algae growing con- 
fluently on agar plates with medium containing 10 ug/ml. 
of streptomycin and 1-5 per cent agar (personal com- 
munication from H. D. Kumar) The colonies which 
eventually appear on the surface of the overlay agar are 
streptomycin resistant. A polymyxin B-resistant (Pol-4) 
and a streptomycin-resistant strain (St-6) were used in 
the following study. Both strains have been repeatedly 
*loned in the presence and absence of antibiotie and their 
resistant characteristics have remained stable, with no 
sign of reversion, for several months. 

Pol-4 and St-6 were grown separately in 125 ml. shake 
cultures in modified Kratz and Myers medium C under 
constant fluorescent illumination at 40? C. Actively grow- 
ing cells were collected in 10 ml. batches and spun down 
at 1,000g. The pellets were resuspended in 1 or 2 ml. of 
sterile distilled water. Some of the suspensions were 
mixed while others were kept separate as controls. All 
of the suspensions were incubated under fluorescent light 
at 20? C overnight. The viable count of the tubes contain- 
ng a mixture of the strains was determined by diluting a 
small sample with medium and spreading 0-1 ml. portions 
onto five plates of modified C medium containing 1-5 
ger cent agar. Samples of 0-2 ml. of the undiluted suspen- 
sions of Pol-4, St-6 and the mixture of the strains were 
9lated onto similar medium containing 100 ug/ml. of poly- 
nyxin B and 10 ug/ml. of streptomycin. All the plates 
vere ineubated under fluorescent illumination at 25? C. 

After about 2 weeks, a few colonies appeared on the 
Plates containing both antibiotics which had been inocu- 
ated with a mixture of the two strains. No growth was 
»bserved on the plates which had been spread with only 
me of the strains. Thus Pol-4 and St-6 are not cross- 
sistant and their spontaneous mutation rate is slower 
shan could be determined in this experiment. The colonies 
wiginating from the mixture of the strains were sub- 
sultured onto medium free of antibioties and then sub- 
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cultured again onto plates containing both antibiotics. 
Growth was observed after 1 day if the transfers were 
made by streaking the plates and after about 10 days if 
the plates were spread so that discrete colonies formed. 
The doubly resistant strain is therefore stable. Its appear- 
ance cannot be explained by a decay of either of the 
antibioties, for the time period involved when the trans- 
fers were streaked was too short for such àn occurrence 
and no growth was observed on media containing both 
antibiotics when a single strain was transferred, indicating 
the persistence of toxicity. When samples of batch eul- 
tures of the apparently doubly resistant strains were 
spread onto plates containing both antibiotics, a confluent 
lawn of algae grew on the surface of the agar. Only a few 
colonies appeared when a mixture of the strains was 
spread, so complementation cannot be the explanation 
for growth on medium containing both antibiotics. 

These results strongly suggest that genetic transfer fol- 
lowed by recombination is taking place between the two 
algal strains. Such experiments have now been repeated 
successfully six times in our laboratory. A total of 152 
recombinant clones have been isolated. The frequency of 
recombination, determined by comparing the number of 
recombinant colonies with the viable count, was very low-— 
ranging from 4-5 to 491/10? cells. Because no colonies 
were found on the plates which had been spread with only 
one strain, the recombination frequency must be at least 
a thousand times greater than the spontaneous mutation 
frequeney. In no experiments were the results compatible 
with an explanation other than that of recombination. 

These results seem to provide definitive evidence for 
sexuality in a blue-green alga. It should now be possible 
to assess recombination frequencies more accurately with 
various standardized eulture procedures and to investigate 
the mechanism of genetic transfer in Anacystis nidulans. 
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Induced Dominant Lethality in Mice by 
Phosphorus-32 

Desrire much work on the induction of mutations in 
mice by ionizing radiations! and chemicals?-*, the possible 
mutagenic effects of internally admin ed radioisotopes 
have received little attention (see, howe o Th Any 









er, ref 
genetie effects of radioisotopes are important from the 
point of view both of the hazards of radioactive fallout 
and of the use of certain isotopes in human medicine, We 
present here the results of preliminary observations of the 
effeets of phosphorus-32 in work concerned with the 
evaluation of genetic hazards of certain important radio- 
nuclides in mice. Phosphorus-32 is known to produce 
mutations in Drosophila? and in micro-organisms?. 

Mice of the inbred strain 101 were used. Males, 10-12 
weeks old, were given an intraperitoneal injection of 
phosphorus.32, as orthophosphate, in 0-5 ml. of isotonie 
saline solution in doses of 50, 75 and 135 uCi. The isotope 
has a half life of 14-3 days and emits 8 rays (1.7 MeV) 
with à maximum range of 0-7 em in soft tissues. 
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Fig. 1. The percentage of intrauterine deaths when matings took 


place 1-4 weeks after the males were injected with P: ©, 50 aCi; 
A, 75 uCi; €, 135 aCi. 

Twenty-four hours after injection each treated male was 
mated with three untreated females of the same age. 
Vaginal plugs were examined every morning and females 
which had copulated were replaced by fresh females. The 
matings were continued until the end of the sterile period 
(aspermia). The mated females were dissected on the 
fifteenth day of gestation and the numbers of live and 
dead embryos (including deciduomata) and corpora lutea 
were recorded. Simultaneous control observations were 
made on comparable females mated to untreated males of 
the same generation. 

Table 1 gives the results of matings during the first 4 
weeks, which show that injection of phosphorus-32 had 
a demonstrable effect on intrauterine deaths. The obser- 
vations are clearly indicative of the mutagenic effects of 
phosphorus-32 in mice. Fig. 1 shows graphically the 
effect during the different periods of mating (1-4 weeks). 
The peak period for all doses seems to be the second and 
third weeks. The sperms screened during these periods 


Table 1. RESULTS IN FEMALES DISSECTED ON THE FIFTEENTH DAY OF 

GESTATION (FERTILE MATINGS ONLY) 

Total No, Total Dead 

Treatment Weeks females im- Total Percentage embryos 
of males dissected plants dead dead per female 
Control l-4 109 769 28 38 0-26 
50 aCi P T 3 94 2 83 0-67 

2 14 go 21 21-2 1-50 

3 8 56 8 143 1:00 

4 9 49 2 4-1 0:22 
Total 1-4 24 228 33 145 0-97 
75 uCi **P 1 23 157 33 21-0 1-44 

2 12 82 24 29-3 2-00 

3 16 97 26 26.8 1:63 

4 T 50 H 22-0 1:57 
Total 1-4 58 386 94 24:3 1-62 
135 pCi P 1 23 170 35 20-8 152 

2 29 221 66 ?9-0 2-27 

3 10 TR 21 28-8 2:1 
. 4 3 19 5 26-3 66 
Total 1-4 65 483 127 26-96 1:95 


P «0-01 for all comparisons between 1-4 week totals except for the 
comparison between the 75 &Ci and 135 wCi dose groups where the value is 
0-50 < P «0:70, 


Table 2. 
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would probably have been in the spermatid stage at th: 
time of injection’. The high sensitivity of spermatids i 
in accordance with the observations of others using X-ray: 
(ref. 10) and also strontium-90 and caesium-137 (ref. 7) 
Cells screened as early as the first week (Fig. 1) show tha: 
phosphorus-32 induced chromosomal breaks even ir 
spermatozoa. The proportion of intrauterine deaths ir 
the fourth week was similar to the control value in th« 
group given 50 uCi while the effects are still apparent ir 
the higher dose groups. This suggests a lower sensitivity o: 
the spermatocytes at the time of injection to higher doses 

Table 2 shows the effects of phosphorus-32 on surviva 
and fertility of male mice. A dose of 50 pCi, whicl 
produced 15 per cent mortality over a 4 week period, mon 
than doubled the mutation rate. The effects on fertility 
are evident from the decrease in the percentage of fertili 
matings and the length of sterile period. 

The element phosphorus is a universal cell constituen 
and is distributed throughout the body. Injected phos 
phorus is abundant in actively proliferating tissue anc 
phosphorus-32 is used in the treatment of certain diseas 
conditions in man. The results of the present investiga 
tion point to the possible genetie hazards of any indis 
eriminate use of radiophosphorus in human therapy. 
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IMMUNOLOGY 


Production of Immune Tolerance 
in Humans 


Immune tolerance has been established to a variety c 
antigens in many animal species!, but few data are avail 
able for humans?. The ease of inducing immune tolerance 
varies inversely with the maturity of the subject and th 
potency of the antigen. Humans are immunologieall; 
immature at birth. The ability to synthesize immunc 
globulin G is limited until 3 months of age, and does no 
approach normal levels until 6 months of age or older 
so an attempt was made to induce immune tolerance i 
humans at birth. 

Newborn infants of blood group O were parenterall 
exposed to purified human A substance. The ABO bloo 
group system provided a safe test procedure necessar: 
for studying the induction of immune tolerance in human: 
This experimental approach avoids the necessity of chal 
lenging the immunologically mature child with a dangerou 
foreign antigen. Possible anaphylaxis or hypersensitiza 





EFFECT OF PHOSPHORUS-32 ON SURVIVAL AND FERTILITY OF MALE MICE 


Onset of Return of Duration of 


Percentage 
Treatment No. treated — No. dead mortality No. females 
males males (28 days) mated 
Control — — — 116 
50 “Ci 20 3 15 38 
75 wh 89 18 20 69 
135 gti 66 35 53 82 





No. females Percentage sterility fertility sterility 
fertile fertile (median day) (median day} imean + S.E.) 
109 aS as 
34 38 T 
58 38 Vik 
65 36 id 
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tion was thereby eliminated. Failure to induce tolerance 
would result in the production of “natural” anti-A. 
Success would lead to the absence of anti-A, as in blood 
group A individuals. These subjects would be protected 
against the inadvertent transfusion of type A blood. 

Thirty-six newborn infants were studied and randomly 
assigned to various test categories. Each was blood group 
O and the product of a normal pregnancy with a healthy, 
normal mother. Twenty infants were followed as controls 
and sixteen infants received purified A substance paren- 
terally, Because all blood group O individuals normally 
develop anti-A, immune tolerance was evaluated by the 
degree of inhibition of anti-A formation in subjects 
exposed to A substance. Each was seen every 3 weeks 
after delivery, until 6 months of age. "Thereafter, they 
were examined every 2 months, until 10-11 months of age. 

The A substance employed was obtained from human 
ovarian cysts and amniotic fluid. It was extracted and 
purified by the Morgan-Watkins procedure’. Physical, 
chemical and immunological studies demonstrated two 
components in the preparation. A mucopolysaccharide 
containing all A substance activity was identified. Human 
albumin was the contaminant and constituted approxi- 
mately 4 per cent of the total reagent. The material was 
autoclaved without destroying A substance activity, and 
was pyrogen free in human volunteers. Haemagglutina- 
tion of human type A erythrocytes by human anti-A 
(titre 1: 16) was partially inhibited by 0-003 ug/ml. and 
completely inhibited by 0-1 ug/ml. solutions of purified A 
substance. Human anti-B of similar titre was unaffected 
by this reagent. 

Sixteen newborn infants received A substance intra- 
museularly at birth. The longest interval between birth 
and injection was 20 min. Ten children received 5 mg of 
A substance repeated daily for 5 days totalling 25 mg. 
Six children received 10 mg of A substance at birth 
repeated daily for 5 days totalling 50 mg. No adverse 
reactions or side effects were observed. No differences in 
effect on anti-A production were noted with the two dif- 
ferent dosages employed. Accordingly, the sixteen children 
were treated statistically as a single group. One-half of 
the infants did not receive additional A substance (initial 
group). The remaining eight subjects received 10 mg of 
A substance intramuscularly every 6 weeks until age 8 
months (continuous group). Blood samples for anti-A 
analysis were drawn before administration of A substance 
on these repeated visits. 

Although all subjects were entered into the individual 
groups at random, differences were observed. Table 1 
summarizes the sex distribution, gestational age and birth 
weight of the three study groups. It is apparent that the 
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groups obtained at various ages of the infants. 


continuous group began with a younger population of 
infants. Gestation age, as determined by maternal history, 
was approximately 14 days less. In addition, the median 
birth weight was substantially less than the control group. 

Anti-A titres were determined sequentially from birth 
to 10-11 months of age. Cord blood specimens were 
studied initially. Capillary blood specimens were obtained 
thereafter. The last specimen at age 10-11 months was 
obtained by venepuncture. Titres were determined using 
a micro system (Cooke Engineering, Alexandria, Va.). 
Two-fold serial dilutions of serum in isotonic saline were 
employed. Equal volumes (0-02 ml.) of a 4 per cent sus- 
pension of human A erythrocytes were mixed with test 
serum. Serum-cell mixtures were rotated at 100 r.p.m. for 
30 min at room temperature using a Clay-Adams rotator. 
Agglutination was read directly and microscopically, and 
scored from trace positive to 4+ agglutination. Positive 
reactions were added to obtain a numerical representation 
of titre and degree of agglutination, as is customary in 
serological practice. 

Fig. 1 shows the mean anti-A titre scores of each group, 
plotted against age. Table 2 summarizes the data obtained 
and statistical treatment. All cord blood samples con- 
tained anti-A. Presumably this represents the trans- 











Table 1. THE SEX, GESTATIONAL AGE AND BIRTH WEIGHTS OF THREE GROUPS OF INFANTS ANALYSED AS TO CAPACITY TO PRODUCE ANTI-A 
Number Sex Gestation age (weeks) Birth weight (kg) J 
Study group studied Male Female Range Mean Median Mean Median 
Control group 20 1 9 36-5-42 40 40 3-07 3-08 
Initial group 8 4 4 38 -41 40 40 3-18 3-05 
Continuous group 8 3 5 31:5-40 38 38 3-06 2-89 
Table 2. ANTI-A TITRE SCORES OF CONTROL, INITIAL AND CONTINUOUS STUDY GROUPS OBTAINED DURING MATURATION OF THE INFANTS 
Anti-A titre acores 
Age of infants (weeks) . E 
Birth 5-7 10-14 15-18 20-22 34-37 40-45 
Control group 
Number tested 20 20 18 17 15 14 14 i4 
Range 1-5 0-7 0-13 1-18 4-18 7-18 7-18 8-328 
Median i25 30 40 4-0 10-0 14-6 14:0 i90 
Mean 55 3-2 48 TO 10-2 12-3 13-0 19-6 
Initial group 
Number tested 8 8 8 8 7 6 
Range 8-11 0-4 1-3 0-11 3-14 4-15 
Median 6-0 15 r5 560, 6-0 12-0 
Mean . 63 115 1-9 51 63 11-3 
P value of mean compared with > 0-5 01 0-05 «05 0-05 >05 se 
control group* 
Continuous group 
Number tested 8 8 8 s 8 7 4 8 
Range 0-13 i-2 60-3 0-5 1-4 1-7 1+? 
Median 4-0 1-0 1-0 2-5 2-0 1 30 
Mean 58 li 13 2-4 2-3 28 38 
P value of mean compared with 205 0:015 0-02 0-02 «60:001 «001 «0001 


control group* 
* P value determined by Student's ¢ test, 
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placental passage of maternal antibody. Significant dif- 
ferences of mean anti-A titre scores were not found 
between the three groups at birth. In the control group, 
anti-A titres decreased at 5-7 weeks of age indicating 
disappearance of maternal antibody at a more rapid rate 
than newborn synthesis. At 10-14 weeks, significant but 
limited anti-A production became apparent. Titres in- 
ereased markedly over the next 3 months and continued 
to rise throughout the test period. 

The initial group which received parenteral A substance 
only during the first 5 days of life showed a similar pattern 
of anti-A production. Titres at 5-7 weeks and at 3 months 
of age, however, were lower than those seen in the control 
group. The significance of differences between this group 
and controls of the same age is difficult to assess. The 
titres reflect an admixture of maternal and newborn 
anti-A. Only the latter production would be influenced 
by the establishment of immune tolerance through the 
early administration of A substance. With age anti-A 
titres in the initial group increased and were essentially 
identical to those found in normal controls. If immune 
tolerance had been established, it had terminated by 
6 months of age. 

A different pattern of anti-A formation was seen in the 
continuous group. Newborn infants who received par- 
enteral A substance for the first 5 days of life and every 
6 weeks thereafter until age 8 months had reduced anti-A 
titres during the first 3 months. This decrease was greater 
than that observed in the controls, with P values for the 
difference approximating 0-02. With further loss of 
maternal anti-A, the decrease in anti-A formation by the 
infant became more apparent. After 5 months the 
reduction of mean anti-A titre scores from those of con- 
trols was highly significant, with P<0-001. The control 
infant anti-A titres averaged 1:64. The anti-A titres of 
infants continuously exposed to A substance averaged 
1:2, a 32-fold reduction. 

Venous blood specimens obtained at 10-11 months of 
age were analysed further. Anti-A titres were determined 
by different investigators at a different institution. A 
standard saline tube test system for complete erythrocyte 
antibodies was used. Identical results were obtained, 
eonfirming the marked reduction in anti-A titre in the 
continuous group. A search was made for incomplete 
anti-A antibodies, using the antiglobulin test. This pro- 
cedure was necessary as "natural" anti-A is mostly a 
complete antibody of an immunoglobulin M type. After 
immunization an incomplete anti-A of an immunoglobulin 
G type is frequently found. Anti-A titres with the anti- 
globulin test were essentially identical to those found in 
the saline procedure. These data have added meaning 
when the test procedure is considered. Blood group O 
infants in the continuous group received multiple injec- 
tions of A substance during an age when an immuno- 
logical response could be anticipated. Without immune 
tolerance, such infants should have produced anti-A at 
titres substantially higher than the control population. 
In particular, an clevation of incomplete anti-A would 
have been anticipated. The lack of production of either 
incomplete (gamma G) or complete (gamma M) antibody 
after such exposure reinforces the significance of the 
reduced anti-A titres. 

Immune tolerance represents a specific immune un- 
responsiveness. Accordingly, anti-A formation should be 
reduced without affecting the capacity to produce other 
antibodies. The ABO blood group system has the advan- 
tage of testing this premise. The cord bloed and 10-11 
month blood specimens obtained from all three study 
groups were analysed for the presence of anti-B. The 
mean anti-B titres were statistically identical in all three 
groups, in both cord and 10-11 month specimens. This 
result indicates that a specifie inhibition of anti-A forma- 
tion was present, fitting the concept of immune tolerance!. 

The deficiency of anti-A may represent inhibition of 
antibody synthesis (immune tolerance) or neutralization 
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by circulating A substance. The latter possibility seem: 
unlikely to us, although it cannot be discarded. The half 
life of A substance is unknown. Substantial dilution of our 
reagent must have occurred. A substance is distributec 
in all body fluids and is probably bound to most tissues® 
Witebsky* noted that 10 ml. (10 mg ?) of AB substance 
(Lilly) intravenously caused an immediate drop of iso. 
antibody titres which returned to normal in 2-5 days 
Thereafter a progressive rise in titre was observed 
Anti-A titres in the current series were sequentially 
determined 6 weeks after injection of A substance. The 
last analysed specimens were obtained 8-10 weeks after 
last exposure to A substance. Jn vitro studies* showec 
that 1 ml. (1 mg?) of AB substance was necessary par 
tially to neutralize the anti-A present in 8 ml. of whok 
blood. Comparable levels in our subjects could only b« 
reached by assuming accumulation of all A substance 
administered over à 10 month period without degradation 
tissue fixation, dilution into other body fluids or immune 
clearance. If immune tolerance was not present, sub 
stantial produetion of anti-À should have oceurred 
Kabat and Bezer' have shown that in such instances the 
A substance required to neutralize anti-A prior tc 
immunization must be increased 180-fold to neutralize 
the additional anti-À produced. 
It is concluded that a state of partial immune tolerance 
to A substance may be induced in human blood group € 
individuals by parenteral exposure to A antigen at birth 
The environmental exposure of such infants to related A 
substances (food, bacterial products and so on) through 
the gastrointestinal tract is not sufficient to maintain the 
tolerant state. Àn apparent immune tolerance establishec 
at birth by the initial exposure to A substance disappearec 
by age 6 months. Immune tolerance may be better 
established and made to persist by parenteral re-exposure 
of the maturing infant to A substance every six weeks 
Studies eurrently in progress suggest that more markec 
tolerance may be induced by exposure of the blood group 
O foetus to A substance through the amniotic fluid. 
These studies were supported by the John A. Hartford 
Foundation, Ine., New York. 
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Myoid Cells in Adult Human Thymus 


Myorp cells are a common constituent of the thymus in 
lower vertebrates. Many recent electron microscopic 
studies of amphibia, reptiles and birds!'-*, as well as foetal 
mammals**, confirm the presence within these cells of all 
the principal components of skeletal muscle. 

Thymic mycid cells have been identified, with the light 
microscope, in foetal and perinatal’ and adult" human 
thymus. Van de Velde and Friedman have demonstrated 
their presence in three human thymomas and have 
shown the presence of myofibrils in one of these by 
electron mierography?. This communication confirms 
the presence, in normal adult human thymus, of myoid 
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Fig. 1. Electron micrograph of myoid cell in normal adult human 
thymus. Prominent Z lines (Z) are evident. Myofibril diameter and 
orientation is variable, A ear ger a space (C) surrounds the 
ui cell, (x8,750. 


cells with ultrastructural features similar to those in 
lower forms. 

Thymic tissue was removed from one female (age 27) and 
two male (ages 59, 43) patients during preparation for 
heart surgery. Fixation in buffered formaldehyde- 
glutaraldehyde mixture! at 4^ C for 24-72 h was fol- 
lowed by post-fixation in osmium tetroxide and further 
preparation for electron microscopy by routine tech- 
niques. Routine paraffin sections were also prepared. No 
pathology was observed. Myoid cells were found only in 
the female patient. 

Fig. 1 shows a portion of one of these cells. Myofibrils, 
composed of thick and thin myofilaments, are oriented in 
various directions within the cytoplasm. Myofibril dia- 
meter is variable. Prominent Z lines of adjacent myo- 
fibrils sometimes tend to lie side by side, but this align- 
ment “in register" never reaches the degree typical of 
skeletal muscle. Such disposition of fibrils makes 
identification of cross-striation with the light microscope 
very difficult. Mitochondria and glycogen granules are 
interspersed between, and peripheral to, myofibrils. 

Degenerating myoid cells were observed in the same 
patient. They were characterized by disappearance of 
detectable banding and loss of discrete myofibrils and 
myofilaments. An electron-dense, almost homogeneous 
mass resulted. No immature myoid cells? were observed. 

Antibodies in some patients with myasthenia gravis 
react in vitro against skeletal muscle, cardiac muscle and 
certain thymic cells. It seems more and more probable 
that the reactive thymic cells are myoid (striated muscle) 
cells?:3343, Their role in the aetiology of myasthenia 
gravis is unknown. Serum from some individuals with 
thymomas but no myasthenie symptoms contains similar 
autoantibodies'?, Small amounts of antibody are detected 
in control sera, and Strauss and Kemp"? raised the ques- 
tion as to whether there is a normal homeostatie balance 
between muscle antigen and autoantibody which is dis- 
turbed in patients with myasthenia and/or thymoma. 
They also suggest, as have Mackay and Goldstein"*, that 
thymie myoid cells are involved in the mechanism of 
tolerance to muscle self-antigens: autoantibodies in high 
titre could result from a break in tolerance. 

If thymie myoid cells are effective in maintaining 
tolerance through destruction of self-reactive cells within 
the thymus, they could be expected to be retained with 
some regularity into adult stages. Although their fine 
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structure is distinctive, the arrangement of their myo- 
fibrils may make light microscopic identification difficult. 
unless special stains are used. It is suggested that myoid 
cells are a more common constituent of the normal human 
thymus than is usually thought; as more are sought, 
more will be found. Further investigation should precede 
acceptance of myoid cells as the result of an accidental 
event during embryonic development®”, 

I thank Dr James W. Pate and Dr Rodney Y. Wolf 
for co-operation in obtaining thymic tissue, and Miss 
Peggy Stephenson for technical assistance. This work 
was supported by grants from the US National Science 
Foundation and the US National Institutes of Health. 
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New Immunochemical System for 
Study of Intracellular Host-Parasite 
Relationships 


SERUM proteins are often altered when an animal is 
infected by an intracellular parasite, but do the soluble 
proteins of the parasitized cell itself change ? This ques- 
tion and others involving intracellular host-parasite 
relationships were studied using two antigenically different 
cell lines grown in a chemically defined medium free of 
antigenic molecules and antibiotics'. In these cloned 
lines, antigenie differences resulting from the same 
parasite infection were compared. 

Whether a given parasite can actually mimic the anti- 
genic structures of its host or whether the parasite takes 
up and retains host macromolecules are questions of 
fundamental interest?. Possibly the parasite can selec- 
tively concentrate certain host proteins*. To make sure 
that Rh strain Toxoplasma gondii no longer carried specific 
molecules of its former host, the Swiss-Webster mouse, 
the parasite was cultured for 1-5 yr and passaged fifty- 
seven times in C3H-mouse, NCTC-2071 cells. During 
this time toxoplasma was exposed to only those proteins 
produced by its unicellular host and did not lose virulence 
for the Swiss-Webster mouse!. 

No washing procedures were necessary to prepare 
immunogen or test antigen because the culture medium, 
NCTC 135, is completely devoid of antigenic molecules. 
Both infected and uninfected cells were prepared by 
centrifuging cultures; supernatants were discarded and 
organisms of the pellet were lysed by freezing and thawing, 
An uninfected culture had a cell volume approximating 
0-06 ml. with a Lowry-protein content between 6-7 mg. 
Antigen welfs were loaded with an undiluted slurry of 
lysed organisms. In all figures, antigen coefficients 
indicate the number of cultures needed to fill the reactant 
well. Organisms from four to nineteen cultures diluted to 
l ml. with medium and mixed with an equal volume of 
Freund's complete adjuvant were used to prepare anti- 
bodies in rabbits. Antibodies were concentrated about 
twenty-fold from antisera using a cold-ethanol fractiona- 
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Fig. 1. Single-host analysis. AB, Concentrated gamma globulins of 
antiserum against toxoplasma-parasitized NCT7'C-2071 cells. MT, 
NOTO-2071 cells parasitized by toxoplasma, M, NCTC-2071 cells. 





14- ^ 
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Fig. 2. Schematic of single-host analysis. — Normal-host precipitin 
bands are not numbered, 





Fig. 3. 


Dual-host analysis patterns. 
globulins from antiserums against both parasitized hosts, 
is read in the upper-right reaction area of each frame and compares the normal antigens of NCTC-2071 (M) cells with NCTC-3075 (H) cells 


for cross reacting soluble antigens. 


appear in Fig. 1. T identifies parasitized hosts. 





Frames a, b and e are of the same analysis at different times. 
The analysis consists of four reactions, three of which are controls, 
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A precipitin band which could appear in the reaction 
area of either parasitized host is very important. At one 
end it would not be continuous with a normal-host band, 
and at the opposite end it would not have continuity with a 
band of the other parasitized host; thus it can be referred 
to as a (parasitized-host) non-identity band, Its impor- 
tance lies in the fact that it may represent either a new host 
antigen in response to the parasite or a different parasite 
antigen not synthesized in the other host. A non-identity 
band may also represent a normal-host antigen concen- 
trated or solubilized to the point of detectability by the 
parasite. 

Fig. 3b illustrates an advanced pattern of the dual-host 
analysis. At this time the most pronounced precipitin 
band of the human host has fused with that of the mouse 
host to form a pattern of "identity". These bands do 
not cross react with normal host antigens, so they could 
represent at least one parasite antigen synthesized in 
both hosts.  Unequivocally clear non-identity bands 
have not appeared. Interpretation of other antigen bands 
will require further analysis with different reactants and 
geometries, 

Observation of the final pattern of analysis (Fig. 3c) 
indicates that the concentrations of reactants of the 
common parasite band approximated optimal propor- 
tions in the mouse-cell host because it did not broaden 
toward either reactant after 2 weeks. The band lies equi- 
distant from the reactant wells and forms an angle 
approximating 45°, and so the common parasite antigen 
had a diffusion rate similar to that of rabbit gamma 
globulin*. 





Centre cross: concentrated gamma 


The first control 


The remaining controls, read in the upper-left and lower-right reaction areas, are single-host analyses a8 
Patterns in these control areas separate normal-host from parasitized-host antigens. 


The 


ast reaction, read at the lower left, is the dual-host analysis comparing soluble parasite antigens synthesized in both hosts. 


tion technique; immunodiffusion reaction areas were 
restricted, and photographs were made using a dark- 
field-enlarger technique®. The agar gel consisted of 1 per 
cent ‘Ion Agar’ No. 2 in 0-05 M veronal, pH 7:9, with 
0-01 per cent merthiolate as inhibitor. 

When the parasitized tissue cultures were analysed 
using immunodiffusion methods (Figs. 1 and 2), the 
antigen bands were either of host or parasite origin. By 
using the uninfected host as a control, normal-host antigen 
bands could be identified by an Ouchterlony reaction of 
"identity". In addition to normal-host bands, between 
twelve and fifteen bands appeared as a result of the intra- 
cellular parasite. To determine whether individual bands 
were of host or parasite origin, the concept of dual-host 
and multiple-parasite analyses has been introduced. 

Fig. 3a illustrates the beginning pattern of a dual-host 
analysis 24 h after reactant wells were foaded. The 
additional host was the human (H) epidermal cell line, 
NCTC 3075. This host was parasitized (HT) by toxo- 
plasma grown for 1-5 yr in NCTC-2071 cells. The parasite 
was cultured for 2 months in NCOT'C-3075 cells before 
experiments began. Monolayers inoculated with toxo- 
plasma ‘were collected 2 weeks after inoculation. At this 
time most if not all cells had been parasitized. 


Other hosts and many intracellular parasites could be 
analysed using similar systems, and non-identity bands 
detected in precipitin tests could be further studied by 
infecting the same host with different intracellular para- 
sites. The appearance of the same non-identity band 
using several different intracellular parasites or chemical 
or physical agents could suffice to indicate that the 
antigen band was of host origin. 
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CYTOLOGY 


Formation of Cell Aggregates by 
regenerating Isolated Tomato 
Fruit Protoplasts 


IsonaTED protoplasts from tomato fruit locule tissue 
maintained in suitable culture media readily regenerate 
anew cell wall'. Regeneration usually results in the forma- 
tion of single spherical cells. It has been suggested* that 
these protoplasts be called "gymnoplasts", largely on 
the basis of a statement that Küster, who first used the 
term "gymnoplasts" to describe naked protoplasts’, was 
the first cytologist to describe naked protoplasts of higher 
plants. Klercker* in 1892 described "Eine Methode zur 
Isolierung lebender Protoplasten" in which he referred 
to them as isolated protoplasts (die isolierten Protoplasten) 
and we have consistently used his terminology*. 

Cell wall regeneration depends on the presence of the 
nucleus: enucleate isolated sub-protoplasts fail to regener- 
ate a cell wall’. This finding closely parallels the earlier 
observations of Townsend* on cell wall regeneration in 
plasmolysed sub-protoplasts within the epidermal hair 
of Cucurbita, which have been well illustrated in James's 
textbook of plant physiology’. 

If these isolated protoplasts are kept in contact with 
each other during cell wall regeneration, cell aggregates 
are formed. Formation of cell aggregates is most readily 
achieved by using a simple culture chamber as illustrated 
in Fig. 1. In this culture chamber aseptically isolated 
protoplasts floating on the surface of the culture medium! 
are readily brought into contact and pushed together by 
moving the ‘Perspex’ sliding piece. When cell wall 
regeneration is allowed to proceed, the resulting cells are 
joined together to form cell aggregates. A typical small 
cell aggregate after 4 days of incubation is shown in 
Fig. 2. The size of the cell aggregates varies with the 
initial concentration of isolated protoplasts in the surface 
and the initial pressure to which they are subjected. 
Many of the cells within these cell aggregates are no 
longer spherical and cells of à variety of shapes and sizes 
are present. It is possible that in these cell aggregates 
isolated enucleate sub-protoplasts may come to be 
surrounded almost entirely by a cell wall of other cells. 
Close association between nucleate and enucleate sub- 
protoplasts in these conditions could result in the forma- 
tion of a new cell wall around the enucleated sub-proto- 
plast, in a manner similar to that described by Townsend‘. 
There is also the possibility that fusion of isolated proto- 
plasts* may occur prior to cell wall regeneration in the 
cell aggregates. In our experience this is likely to be very 
rare in these conditions. Fusion of isolated protoplasts is 
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Fig. 1. 


*Perspex' culture chamber for the formation of cell aggregates 
from isolated tomato fruit protoplasts. 


(Constructed by Mr H. Hill.) 





Fig. 2. Photo- 


Small cell aggregate of regenerated isolated protoplasts. 


graphed using bright field illumination. Scale 20x. 

known to be dependent on the nature of the plasmolyti- 
cum and the forces to which the protoplasts are subjected. 
Any fusion of isolated nucleate sub-protoplasts from differ- 
ent plants before cell wall regeneration would result in 
the formation of multinucleate cells comparable with 
hybrid multinucleate animal cells*. 

In these cell aggregates the cells do not readily separate 
from one another and it seems likely from the very nature 
of their mode of formation that no middle lamella is 
present between the cells, and that plasmodesmata may 
be absent. If plasmodesmata are absent between cells in 
these aggregates, studies of virus movement between 
infected and uninfected regenerated protoplasts in the 
aggregates would indicate more quantitatively than 
hitherto possible the role of plasmodesmata in this 
movement. Electron microscopy is being carried out 
because cells in these aggregates seem to share a common 
cell wall as judged by light microscopy. Similar aggre- 
gates of yeast cells are formed during the regeneration of 
isolated protoplasts of Saccharomyces cereviseae when they 
are growing contiguously in gelatine. By electron micro- 
scopy it appears that a single common wall is formed at 
the contact area of their surfaces!*. The variation in cell 
shape which is evident in these cell aggregates is interest- 
ing because by studying the variation in shape in different 
conditions it may be possible to obtain a fuller under- 
standing of the factors controlling cell shape in plant 
tissues. The ability to form cell aggregates from regenerat- 
ing protoplasts is significant in relation to investigations 
of the factors influencing the development of cells of plant 
chimaeras". It is now possible to isolate protoplasts 
from a whole range of different plants and plant tissues*:!? 
and to investigate the mode of formation of cell aggregates 
from regenerating protoplasts of different kinds. 
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BIOCHEMISTRY 


Role of Protein in Removal of 
Copper from the Liver 


THE relationship of liver proteins to the metabolism of 
copper in the mammalian organism is poorly understood. 
The euproprotein engaging the attention of most investi- 
gators is ceruloplasmin, which seems to be synthesized in 
the liver^?, although its serum concentration is the para- 
meter measured in various physiological and disease 
states. Other hepatic proteins or enzyme systems have 
been suggested to be involved in the uptake of copper 
from the plasma and its incorporation into ceruloplas- 
min*^*; in the storage of copper in the developing foetus? 
—in the adult when abnormal amounts of copper enter 
the organism?** or in patients with hepatolenticular 
degeneration’; and in the transport of copper within the 
liver cell. The predilection of copper for binding to 
proteins? suggests that this process is important in the 
metabolism of the metal in the liver, for example, in the 
maintenance of neutral copper balance after early post- 
natal growth. If so, interferenee with protein synthesis 
could then be expeeted to result in an altered ability of 
the liver to retain copper. This hypothesis was tested in 
subaeute experiments by treating rats with copper sul- 
phate and with inhibitors of protein synthesis. 

Sprague-Dawley rats were used. Initial weights were 
100-200 g, but in any given experiment all rats were 
within a narrow weight range; mean initial weights 
XS.E. (standard error) are given in Tables 1 and 2. 
Females were used for the experiments with ethionine?, 
male rats in the other experiments. The diet consisted 
of Purina laboratory chow (miero-mixed), which contains 
9-7—10-4 ug of copper/g. The animals were given tap 
water to drink; its copper concentration was 0:04- 
0-05 p.p.m. 

In copper-loading experiments the rats received by 
intraperitoneal injection copper sulphate providing 1:25— 
2-50 mg (- 20-40 umoles) of Cu**/kg body weight/day. 

The inhibitors used included actinomycin D, given as 
a daily dose of 0-08 mg/kg 0-5 h before the copper sulphate; 
pi-ethionine, 500 mg/kg given 3 h before the copper 
sulphate; and acetoxycycloheximide, 0-25 mg/kg given 
4 h before the copper sulphate. The test compounds were 
injected intraperitoneally every day for 3-5 days. Twenty- 
four hours after the last dose the rats were guillotined, 
and the liver was removed, weighed and sampled for 
determination of copper. These are termed accumulation 
experiments. In other cases, copper sulphate alone was 
injected for several days, and this course of treatment 
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Fig. 1. Elimination of injected copper from rat livers, Rats were given 


four daily injections of copper sulphate providing 2-5 mg of copner/kg 
body weight. Actinomycin D, 0-08 mg/kg, was administered in two orfour 
daily injections to test animals, Rats were killed 24 h after the last injec- 
tion for estimation of hepatic eopper. Filled symbols, copper alone; the 
regression line illustrates the rate of decoppering of the liver following 
termination of the copper-loading schedule of treatment. Open symbols, 
copper treatment, followed by actinomycin D. Initial weights: circles, 
94-101 g; squares, 189-208 g. Ordinate, ug of Cu/g liver. Abscissa, 
number of days from last injection of copper-load. 


was replaced by the administration of the test com. 
pounds for a further 2-4 days. The aim of these elimina: 
tion experiments (spontaneous decoppering) was tc 
determine whether there is interference with the loss ol 
accumulated copper from the liver of the copper-injected 
rats. 

Copper was estimated, after dry-ashing the liver and 
extracting the metal into 6 N HCl, as the coloured eom: 
plex formed with zine dibenzyldithiocarbamate™. 

In both the accumulation and elimination experiments 
all parameters measured were significantly affected by 
the inhibitors of protein synthesis (Tables 1 and 2) 
changes in body and liver weight, total hepatic copper 
and concentration of hepatic copper. Thus ethionine o: 
acetoxycycloheximide given with the injected copper, oi 
subsequently, resulted in the retention of considerably 
more copper, on an absolute or relative basis, than in the 


Table 1, EFFECT OF INHIBITORS OF PROTEIN SYNTHESIS ON THE ACCUMULATION OF INJECTED COPPER IN THE LIVER OF RATS 
Actinomycin D DL-Ethionine Acetoxycycloheximide 
- + P - + P - * P 
Mean initial body weight (g) 209 + 1-6 168 +53 201 44-5 
Dose of copper (mg/kg/day) 1-70 185 1:25 
Dose cf inhibitor (mg/kg/day) 0-08 500 0-25 
No. of days both were given 4 3 3 
No. of rats 5 6 7 5 5 6 
Change in body weight (2) 185426 ~17-5+2-6 < 0-001 61425 ~21:043-0 < 0-001 G8rI54 ~19-348-1 < 0-026 
Liver weight (g) 9740-3 5903 « 0-001 81z03 51x04 « 0-001 9-004 7-540°3 < 0-025 
Concentration of copper (ug/g) 48-4461 107-2456 < 0-001 29°56 42°3 62-0127 < 0-001 234 t24 54218 < 0:001 
Total hepatic copper (ug) 458 + 34 635 +31 < 0-005 224216 298418 « 0-05 200 + 20 402 +34 < 0-001 


Table 2, EFFECT OF ETHIONINE AND ACETOXYCYCLOHEXIMIDE ON THE ELIMINATION OF COPPER FROM THE LIVER OF RATS PREVIOUSLY INJECTED WITH COPPEE 
SULPHATE 
7 DL-Ethionine Acetoxycyeloheximide 
- + P - * P 
Mean initial body weight (g) 156 x40 179 $ £6 
Dose of copper (mg/kgiday) 2-50 2: 50 
Number of days given 3 3 
Dose of inhibitor (mg/kg/day) 00 6-50 
No, of days given 3 A 2 , 
Chine d ht (g) 1 tog 182220 0-001 160427 184167 < 0-005 
Change in body weight (g 532° — 18-24 2 sU "rea ELA EO "DU. 
Liver welght D b 81204 61-203 < 0-010 8-8+0-3 67:104 « 0:01 
Concentration of copper (ug/g) 16-444-2 46-643-7 < 0-005 23-34 2-4 76-2 +81 «0-001 
Total hepatic copper (sg) 135 +23 408 + 20 «0-005 203 +20 501 +30 « 0:001 
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iver of the controls (copper injection only). The same 
eld for actinomycin D in accumulation experiments 
Table 1) or elimination experiments (Fig. 1). 

The results adduced in these experiments with a variety 
f test compounds suggest that protein synthesis is 
equired for the removal of copper from the liver. 

'The influence of protein synthesis could be effected in 
;number of ways. The first possibility would be through 
he accumulation of excessive amounts of preeursors of 
wotein which would be available for the binding of 
opper. The second possibility would be through reduced 
ynthesis of specific proteins needed for the normal 
emoval of the excessive amounts of hepatic copper. 
Jeruloplasmin could be one such protein: it is syn- 
hesized in the liver, and, once it passes into the circula- 
ion, its copper is lost from the hver??. Other proteins 
night provide intracellular transport to the parenchymal 
'ell membrane where eopper would be transferred to the 
xile-colleeting ducts’, or might serve as the biliary excre- 
ory form of eopper. The amassing of large quantities of 
wnino-acids is unlikely, for virtually none of the copper 
(f the liver is dialysable (unpublished results of G. 
3regoriadis), as would be expected if the excess metal 
vere present in complexes with amino-acids. Furthermore, 
'opper accumulates in the liver to a much greater extent 
vhen dietary protein is very low than in animals 
'eceiving adequate protein!'. The synthesis of proteins 
nay be accelerated in conditions of copper-loading*, and 
he new protein may be concerned with the elimination 
of copper (compare our present data) or with its mobil- 
zation to other tissues. In either case, the end result 
would be the decline of the copper concentration in the 
iver. In this connexion it is interesting that increased 
»xeretion of copper into the bile was found to be associated 
with increased concentrations of copper in the liver”. 

'The normal neutral copper balance in the adult mammal 
vould be consonant with this hypothesis, but in this work 
nhibitors of protein synthesis did not significantly 
nerease the copper concentration of the liver of rats 
ziven no other copper than that in the diet. It is possible 
:hat the doses of the compounds used were not great 
»nough or their application not of sufficiently long dura- 
aon to affect the usually low concentration of copper in 
she liver of the adult rat. 

Several hepatic euproproteins have been described, 
mong them the cuproproteins of normal beef!, horse! 
and human’® liver; the mitochondrial euproprotein of 
1ewborn? liver; and the specific protein thought to occur 
n hepatolenticular degeneration’. One of these could be 
nvolved in the function suggested here. Furthermore, à 
zenetieally determined deficiency of such a protein oceur- 
"ing in hepatolentieular degeneration would favour 
accumulation of copper in the liver. It cannot be determ- 
ined on the basis of this evidence whether ceruloplasmin 
is involved in such a function. 

It was recently demonstrated!?:!* that the concentration 
of copper in the liver of rats chronically fed an iron 
lefieient diet increases far beyond control values. The 
present results indicate still another factor regulating the 
soncentration of hepatic copper, namely, protein syn- 
thetic mechanisms. 

This work was supported by a grant from the Medical 
Research Council of Canada. We thank Miss Brenda 
Willey for technical assistance. Acetoxycycloheximide 
was given by the John L. Smith Memorial for Cancer 
Research, Chas. Pfizer and Co., Ine., Maywood, New 
Jersey. G. GREGORIADIS 

T. L. SourKes 
Laboratory of Chemical Neurobiology. 
Department of Psychiatry, 
McGill University, 
Montreal 2, Quebec, Canada. 
Reeeived February 12; revised March 11, 1968. 


! Lang, N., and Renschler, H. E., Z. Ges. Exp. Med., 180, 203 (1958). 
* Owen, jun.. C. A., and Hazelrig, J. B., Amer. J. Physiol.,210, 1059 (1966). 


291 


Amer. J, Physi 





? Hazelriz, J. B., Owen, jun., C. A., and Ackerman, E., 
211, 1075 (1966). 

* Osborn, S. B., and Walshe, J. M., Lancet, i, 346 (1967). 

5 Porter, H., Sweeney, M., and Porter, E., Arch. Biochem. Biopkus., 
(1964). 

* Porter, H., in The Biochemistry of Copper (edit. by Peisach, J., Alsen, Pu 
and Blumberg, W. E.), 167 (Academic Press, New York, 1966). 

7 Porter, H., Arch. Neurol., 11, 341 (1964), 

* Sass-Kortsak, A., Ade. Clin. Chem., 8, 1 (1965). 

* Shall, K. H., J. Biol. Chem., 237. PCIT34 (1962). 

1? Gregoriadis, G., and Sourkes, T. L., Canad. J. Hiochein.. 

u Reinhold, J. G.. Kfoury, G. A.. and Thomas, T. A., 
(1907). 

12 Scheuer, P. J., and Barka, T., Nature, 201, 1135 (1964). 

33 Mann, T., and Keilin, D., Proe. Roy. Soc., B,126, 303 (1939). 

33 Mohamed, M. S., and Greenberg, D. M., J. Gen. Physiol., 87, 433 (1954). 

13 Morell, A. G., Shapiro, J, R., and Scheinberg, I. H., in Wilson's Disease, 
Some Current Concepts (edit. by Walshe, J. M.. and Cumings, J. N.) 
(C. €. Thomas, Springfield, Illinois, 1961). 

16 Sourkes, T. L., Lloyd, K., and Birnbaum, H., Canad. J. Biochem., 46, 287 
(1968). 


104, 97 


45, 1341 
J. Nutrit, 


(1967). 
92, 173 





Origin of D-Amino-acids in Microbial 
Peptides: Rule of «-Epimerization 


Recent surveys! of the structural relationships of pep- 
tide antibioties and other peptides of microbial origin 
have revealed that the biosynthesis of these compounds 
differs!:? from that of proteins and does not involve the 
nucleic acid based genetic code. Some contrary evidence, 
the isolation of a messenger-RNA for synthesis of grami- 
eidin S, has been withdrawn?. Nevertheless, some common 
features between proteins and microbial peptides can also 
be recognized. Such a common feature could be that 
both originate from amino-acids of the L-cenfiguration® ’. 
Indeed, we have evidence that the p-amino-acid residues 
are derived from L-amino-acids. 

Early investigations clearly demonstrated that the pre- 
cursor of the D-penicillamine moiety of penicillin is not 
D but L-valine®, and the p-valine of actinomycins is also 
derived from the t-valine?. Moreover, the p-alanine of 
bacterial cell walls is a product of isomerization catalysed 
by a “racemase’’®, Our recent study? of the chemistry of 
the antibiotic stendomyein!? showed the presence of two 
D-alloisoleucine residues and two D-allothreonine moieties. 
An additional threonine derivative, N-methylthreonine, 
had the r configuration. In amino-acids with two centres 
of asymmetry, epimerization at only one centre produces 
an acid belonging to the allo-series. The four allo-acids 
found in stendomycin are all p-acids showing that epimer- 
ization occurred at the x-carbon atom. The N-methyl 
derivative of threonine is not allo and correspondingly has 
L configuration, 

An inspection of the amino-acid composition of the 
known peptide antibiotics convinced us that the findings 
made with stendomycin represent a rule: that all iso- 
leucine moieties in microbial peptides belong to the L and 
all alloisoleucines to the p-series. For example, the iso- 
leucines in angolide!!, bacitracins!*, destruxin BS, grami- 
cidin A“, polymyxins', polypeptin!*’, subtilin!? and thio- 
strepton!* are all the r-isomer, while the alloisoleucines 
found in actinomycin C?*, angolide!!, sporidesmolides B28, 
peptidolipin N.A. ?! and stendomycin® are the D-isomer. 
Similar relationships were observed with the threonines: 
the L-isomer found in actinomycinP, etamycin?*, poly- 
myxins!*, telomyein?*?*, thiostrepton!*, staphylomycin*, 
ostreogricin B?*, vernamycin B’, peptidolipin N.A.?! and 
the p-isomer.of the allothreonine in stendomycin?. [t 
should be noted that, in the case of threonine, epimeriza- 
tion at the 8-carbon atom producing L-allot hreonine is also 
conceivable. Nevertheless, L-allothreonine has so far only 
been found in telomyein??-?5, but it was only tentatively 
described as an r-aeid and re-examination may show that 
it does not contradict the proposed rule. Although all 
this evidenee does not represent final proof, it serves as 
strong support for the view® that the p-amuno-acid 
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residues of microbial peptides originate from L-amino- 
acids, 
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Microelectrophoretic Technique for 
Fractionation of RNA 


tar electrophoresis separates RNA fractions with higher 

resolution than the commonly used techniques of column 
ehromatography and sucrose density gradient centrifuga- 
tion’, Filtration in gel electrophoresis of RNA is well 
doeumented?:*-* and several electrophoretic media have 
been examined:  agar!", agarose’, starch* and poly- 
acrylamide (refs. 4 and 6 and unpublished work of U. 
Grassbach and I. B. Weinstein). For the microanalysis 
of RNA base composition?, electrophoresis ean be scaled 
down over a wide range by adopting a system in which the 
overall dimensions are reduced, the diffusion is restricted 
hy greatly increased viscosity and the migration rate is 
still sufficient because of a very steep voltage gradient. 
In spite of such a high field strength there is no problem 
of inadequate cooling because there is a favourable ratio 
of surface to volume. We report here that gel electro- 
phoresis can be similarly modified, and describe a pro- 
cedure which permits fractionation of native RNA in 
amounts of 10-* to 10-!^ g. 

Agarose gel was chosen as the most convenient electro- 
phoretie medium because of its firm but flexible con- 
sistency and its transparency to ultraviolet light. Aga- 
rose gel (4 per cent) was prepared as follows: 1 g of 
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agarose was dissolved in 25 ml. of 0-02 M éris-HCl buffer, 
pH 7-9, containing 0-02 M NaCl and 0-002 M EDTA, and 
heated in a boiling water bath for 10 min. The solution 
was cooled slightly and poured into a ‘Plexiglass’ dish and 
allowed to gel. From the resulting agarose block, thin 
slices (30 x 4 x 0-1 mm) were cut with a microtome. These 
slices were immediately transferred to a solution of high 
viscosity whieh was produced by adding glucose (4 
g/ml.) to the buffer. The slices were equilibrated 
in this solution at room temperature for 6 h or more. 
Before the gel was used excess moisture was removed from 
the surface by repeated transfer onto a clean glass surface, 
and the gel was placed on a quartz glass (24 x 30 x 0-5 mm; 
Zeiss, Oberkochen, West Germany) parallel to the long 
side. To permit application of RNA extracts, fine slits 
(about 200p long) were cut in the gel with a piece of a 
razor blade. (Many slits can be made on the same slice 
and several separations run simultaneously.) The gel 
was imunediately eovered with liquid paraffin to avoid 
evaporation. The gel could not be exposed to air for more 
than 1 min. The quartz glass with the gel slice was then 
inverted in an oil chamber as described before*. RNA was 
dissolved in the tris.HCl buffer to a concentration of 
4-5 mg/ml. and a droplet (about 0:1 mul.) was introduced 
into each slit from a micropipette with a tip of diameter 
10-15p. The quartz glass was then inverted in an electro- 
phoretie chamber proportioned as described by Wieme!* 
but made smaller so that it fitted the quartz glass used. 
The buffer bridges were formed by blocks of 2 per cent 
agarose in the tris-HCl buffer. The electrophoretic 
chamber was connected to a power supply (LKB Power 
Supply, type 3290 B, LISB-Produkter AB, Stockholm) by 
platinum electrodes. Because the demands on cooling 
were moderate, liquid paraffin instead of petroleum ether 
could be used to cover the gel during the run. The separa- 
tion was carried out for 1 h at 4° C with a constant field 
strength of 130 V/em and a constant current of about 0-1 
mA. The separation of RNA species can be visualized 
and photographed during and after the run in an ultra- 
violet microscope. The ultraviolet picture shows the 
position of the three major bands. In a 4 per cent agarose 
gel the fastest moving RNA component, 48 RNA, migrated 
600-700u during 60 min and both ribosomal components 
entered the gel. Quantitative measurements can be made 
by photographing the gel and a reference system? in the 
light of wavelength 265 my and then making a densito- 
metric tracing of the photograph with a Vitatron densito- 
meter (Vitatron, Amsterdam, The Netherlands) Im- 
proved contrast could be obtained by staining with 
acridine orange (C. T. 46005, S. No. 902; Merck, Darm- 
stadt, Germany). This procedure permits analysis of 
smaller amounts which gives a better resolution. The 
quartz glass with the gel was immersed in 10 per cent 
trichloroacetic acid for 30 min at 4° C. The gel was then 
transferred to distilled water for 2 min and then to 10-* M 
acridine orange in distilled water for 5 min and finally 
to distilled water for 30 min. The gel was then examined in 
a Zeiss fluorescence microscope (with a mercury high 
pressure lamp HBO 200 W, absorption filter Bg 12, trans- 
mission filter 53 and a total magnification of x 80). In 
these conditions RNA bands appeared red against a dark 
background. 

RNA from larval salivary glands of Chironomus 
tentans was extracted by pronase digestion, followed by 
phenol-SDS treatment as described earlier’. We have 
studied this RNA with the microelectrophoretic technique 
as well as with the more conventional sucrose density 
gradient centrifugation"! and large scale electrophoresis 
on agarose essentially by the method of McIndoe and 
Munro’. The microelectrophoresis has a resolution not 
yet comparable with that of large scale electrophoresis, 
but it is superior to that of sucrose density gradient 
centrifugation. A separation of about 10-9 g of RNA 
prepared from Chironomus tentans is illustrated in Fig. I 
together with a densitometer eurve of a photograph of 
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Fig. 1. Microelectrophoretogram of RNA from larval salivary glands of 


Chironomus tentans. The separation was performed in a 4 per cent 

agarose gel and stained with acridine orange and photographed in a 

fluorescence microscope, 'The densitometer scanning of the photograph 
is shown above the separation. 


a separation stained with acridine orange. The various 
bands have been identified in separate experiments using 
isolated ribosomal and 4S RNA fractions obtained by 
sucrose density gradient centrifugation. 
To take full advantage of the technique requires an 
extraction procedure for high molecular weight RNA on a 
micro level. Such a procedure is technically feasible and 
is currently being developed. ‘This electrophoretic method 
in combination with autoradiography should be particu- 
larly well suited for tracer studies. The microadaptation 
is not restricted to agarose gels but has been found useful 
for separation of low molecular species of RNA on poly- 
acrylamide gels. 
We thank Dr J.-E. Edstróm for his help and generous 
support. This work was supported by a grant from the 
Swedish Cancer Society and the National Institute of 
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Fractionation of Ribonucleic Acids by 
‘Sephadex’ Agarose Gel Electrophoresis 


THE possibility of using gel electrophoresis for the 
fractionation of RNA was first well illustrated by Tsanev!, 
who obtained excellent separation of RNA main fractions, 
as well as minor components, by agar gel electrophoresis. 
More recently, Loening? used the polyacrylamide gel 
electrophoresis recommended by Richards et al.* and was 
able to obtain a very good separation of the two ribo 
somal fractions and transfer RNA in 2-2 per cent and 2-6 
per cent gels and a separation of 4S and 5S RNA in 5 
per cent and 7 per cent gels; this latter fractionation is 
not possible by agar gel electrophoresis. 

We have developed a method based on the use of a 
‘Sephadex’ agarose gel which allows simultaneous separa- 
tion of both ribosomal RNA transfer and 5S RNA des- 
cribed by Rosset and Monier! together with several minor 
components to be carried out with considerable accuracy. 

The gel contained 1-25 per cent agarose and 3-20 per 
cent ‘Sephadex G-200'. ‘Sephadex’ (8 g) was mixed care 
fully in a mortar with 130 ml. of MacIlvain phosphate 
citrate buffer, pH 8-0. The ‘Sephadex’ was left to swell 
at 4° C for 48 h. The preparation was then heated by plac- 
ing the mortar in an incubator at 50° C. The agarose gel 
was prepared by heating at 80° C a mixture of 3-15 g of 
agarose and 120 ml. of buffer. The two preparations, at 
50^ C, were mixed rapidly in the mortar and the gel was 
poured immediately into a tray, 25 x 15 em and 0-5 em 
deep. The perfectly homogeneous mixture hardened 
rapidly. 

Electrophoretic migration was carried out at about 5° C 
in a refrigerator. A solution of about 2 mg/ml. of RNA 
in the buffer was placed in a 2 mm x 2-5 em well cut in 
the gel and covered with a glass coverslip. Electrophoretic 
separation was carried out at pH 8-0 (Maellvain phosphate 
citrate buffer diluted ten times) for 6 h with a potential 
gradient of 6-5 V/cm. 

After electrophoresis the gels were placed in a fixative 
bath (one part ethanol and one part 2 per cent acetic 
acid) for 2-5 h. An upper and a lower both 
0-5 mm thick, were removed from the gel with a steel 
thread and the middle part which was left was stained by 
immersion in toluidine blue for 2 min (1:25 g of toluidine 
blue in 400 ml. of 1 per cent acetic acid); the stain was 
differentiated in glycerine-acetic acid solution (1 kg of 
glycerine/10 1. of 2 per cent acetic acid). 

The preparation can be preserved by desiccation before 
or after staining and, for that purpose, the gel was left for 
4 h in the acetic acid-glycerine bath and then placed on a 
glass plate covered with glycerine and dried at 37° C in 
an ineubator. Such a preparation dried without staining 
is perfectly suitable for examination in ultraviolet light 
to give an abgorption spectrum and for autoradiography. 

In Fig. 1 the electrophoretic patterns obtained with a 
sample of RNA, extracted from rat liver cytoplasm with 
phenol, on agarose gel and on 'Sephadex' agarose gel are 
compared. The absorption spectra in ultraviolet light 
(2580 A) corresponding to each electrophoregram are 
also presented. Clearly the spectrum obtained using 
‘Sephadex’ agarose is more complex than that obtained 
using agarose alone. As well as 28S and 18$ ribosomal 
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260 my (Joyce-Loebl *Chromoscan'). 


RNAs, 4S (tRNA) the newly identified 5S RNA is 
clearly demonstrated. 

The advantage of this new eleetrophoretie supporting 
gel is that it is possible to separate on the same plate all 
fractions of cellular RNA. Furthermore, ultraviolet 
absorption is unaffected by the components of the gel. 
Other types of ‘Sephadex’ are not as satisfactory as 6-200, 
‘Sephadex 6-100', which is suitable for fractionation of 
RNA on chromatographie columns, can also be used for 
electrophoretic separation of 48 and 5S RNA but not as 
clearly. In our experience ‘Sephadex 75° is not suitable 
for the separation. 

R. VENDRELY 
K. ALEXANDROV 
M. €. DE Sousa LECHNER 
Y. COIRAULT 
Institut de Recherches Scientifiques sur le Cancer, 
94 Villejuif, 
France, 
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Selenium-75 in the Harderian Glands 
and Brown Fat of Rats given Sodium 
Selenite labelled with Selenium-75 


SELENIUM is an essential micro-element for animal tissues, 
which can, however, cause acute and chronic poisoning 
and even liver tumours when its concentration in food 
exceeds a few p.p.m. Its specific role is still unknown; 
it has been suggested that it acts as an anti-oxidant and 
can prevent epoxidation of unsaturated fatty acids and 
probably of other unsaturated cell constituents. The 
small quantities involved in its physiological effects might 
indicate a more specific role, possibly of a co-factor of 
some enzyme(s) systems (compare ref. 1). 
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Electrophoretograms of rat liver RNA and corresponding absorbancy curved at 
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The distribution of selenium-75 radio 
activity after trace doses of sodiun 
selenite labelled with radioactive selen 
ium-75 has been believed to parallel the 
distribution of selenium among thi 
tissues, on the assumption that radio 
active selenium exchanges with thi 
tissue selenium, but this assumptior 
may not be correct. Selenium fron 
selenite has been reported to become 
chemically bound to sulphur com 
pounds", so the selenium-75 radio 
activity after labelled sodium selenite 
might also indicate the presence of suck 
compounds*, 

48 In view of the complicated chemical 
^ interrelationships between selenium and 
| sulphur compounds, depending on theii 
various stages of oxidation, and the 
micro-quantities of selenium involved. 
this aspect of the problem is particu- 
larly difficult to interpret. 

During studies connected with the 
interaction of the carcinogenie alkyl- 
nitrosourethanes and related compounds 
with sulphydryl and selenohydryl- 
groups, the distribution of selenium-75 
was investigated in a variety of organs 
of the rat after subcutaneous injection 
i of sodium selenite labelled with selen- 

1um-75. "The results are listed in Table 1. 

The data for most of the organs agree 

essentially with those reported by 
; ; previous workers. — Surprisingly, no 
previous estimations of selenium seem to have been made 
in the brown fat or in the Harderian glands. 

The high values shown by the Harderian glands and 
the brown fat deserve attention because these organs 
seem to have some specific function in situations of 
stress, whether caused by extreme environmental tem- 
peratures or by toxic substances. The brown fat has been 
shown greatly to inerease in rats on exposure to cold and 
in hibernating animals during hibernation, to decrease on 
arousal and to play an important part in the regulation 
of body temperature which is facilitated by the high 


il 


Table 1. RADIOACTIVITY OF SELENIUM-75 IN RAT TISSUES AFTER SUBCUTAN- 
EOUS INJECTION OF SODIUM SELENITE LABELLED WITH SELENIUM-75, 
EXPRESSED AS A PERCENTAGE OF THE LIVER VALUES* 

E 2-3 h 24-26 h 
l'issue (means of six rats) (means of three rats) 

Liver 100 100 
Kidney 64 (29-73) 50 (30-86) 
Heart 31 (1845) 25 (14-30) 
Harderian gland 30 (26-39) 20 (20) 
Lung 28 (17-34) 18 (12-25) 
Adrenal 23 (14-33) 18 (15-23) 
Brown fat 21 (13-39) 15 (11-18) 
Pancreas 21 (15-28) 16 (12-20) 
Spleen 20 (13-28) 13 (8-21) 

tuitary 18 (11-24) 
Intestine, small 14 (6-26) 6 (5-7) 
Stomach, ndular 13 (11-16) 12 (7-17) 
Intestine, large 10 (6-25) 6 (5-6) 
‘Tongue 9 (4-18) 4 (3-5) 
Thymus 7 (3-14) 7 (5-9) 
Salivary gland 7 (4-11) 
Stomach, squamous (forestomach) 7 
Testes 6 (2-17) 5 (2-10) 
Muscle 6 (3-10) 
Epididymal fat 5 (3-9) 4 (2-6 
Skin +fur 5 (3-10) 6 (2-11) 
Brain 4 (3-6) 4 (3-5) 

e 2 2 
Blood 53 (24-119) 24 


* White male rats were given a single subcutaneous dose of an aqueous 
solution of labelled sodium selenite (Radiochemical Centre, Amersham), 
2-6 uCi/rat, and were kept in metabolic cages at about 20° C, The rats were 
killed by guillotine, the rapidly dissected tissues or their parts — not 
exceeding about 500 mg) were blotted free from blood, accurately weighed 
and counted in a Packard automatic scintillation gamma-counter, model 
450 A (Packard Instrument Co., USA). The activities of the tissues (c.p.m./g 
wet weight) varied in relation to the given dose. In order to facilitate com- 
parison they were expressed as a percentage of liver values, the latter being 
taken as 100, In parentheses are given the variation limits, 
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concentration of cytochrome c and by the abundance of 
its mitochondria and their enzymes’. 

The little studied Harderian glands are known to con- 
tain, besides non-haem  melanin(?) pigments, proto- 
porphyrins which have been correlated with the sus- 
ceptibility of rodents to carcinogenesis by light*? and to 
"spontaneous" tumours*. They give rise to “red tears", 
chromodacryorrhoea, after injection of acetyleholine® and 
in poisoning with cholinergic substances, or on exposure 
to high temperature and high humidity!*. 

The high values of selenium-75 radioactivity found in 
the Harderian glands after a dose of labelled sodium 
selenite imply selenium plays some part in their function. 
Selenium dioxide can act as an oxidizing agent and is 
known to form sulphur trioxide from sulphur dioxide, 
becoming itself reduced to the elemental form!!. 

If selenite catalysed in vivo the formation of sulphate 
the distribution of the latter and possibly of sulphatases 
would be expected to be related. It is thus of interest 
that there is some parallelism between the distribution in 
the organs of the rat of selenium-75 from sodium selenite 
labelled with selenium-75 and the activity of aryl sul- 
phatases'*. A high sulphur-35 radioactivity has been 
detected by autoradiography in the brown fat after 
intraperitoneal injections of aryl sulphates!*. 

It has been suggested that selenium, a high concen- 
tration of which has been found in the retina and iris of 
the human eye (and also of other species), may play a 
part in light perception". 

The high selenium-75 radioactivity present in the brown 
fat and in the Harderian glands of rats given sodium 
selenite labelled with selenium-75 indicates the need for 
further study of these rather specialized organs and of 
the interrelationship of their selenium and sulphur 
metabolism. 

I thank Mr A. R. Henderson for valuable technical 
assistance. 

R. SCHOENTAL 
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Woodmansterne Road, 
Carshalton, Surrey. 
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Newberyite—its Formation in 
Human Urinary Calculi 


SEVERAL workers have reported the occurrence of new- 
beryite, MgHPO,.3H,0, in the human urinary calculi, and 
we found it in 17 per cent of the stones studied in this 
laboratory}. Newberyite, however, is not mentioned by 
other workers who have also made extensive studies of the 
composition of ealeuli'. The stones in which we found 
newberyite were, apart from those in an allegedly modern 
Indonesian collection, all old, the Norwich ones dating 
from the ‘eighteenth and nineteenth centuries. Data 
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recently received on the Indonesian collection show that 
the stones were obtained from patients about twenty 
years ago and are therefore old enough for certain con- 
stituents to have undergone chemical change. 

Struvite, MgNH,PO,.6H,0, which is a common con- 
stituent of urinary calculi, is known to decompose into 
newberyite^?. Whitaker? showed in experiments con- 
ducted at room temperature that the decomposition of 
synthetic single crystals of struvite into newberyite 
started after exposure to the atmosphere for 6 days and 
was complete in 6 months. Synthetic powder sarnples of 
struvite (2-3 g) were more stable, but complete de- 
composition to newberyite occurred within 10 months. 
On the other hand, we have found struvite both as a 
powder and as single erystals in many old calculi usually 
in the nucleus and interior regions. One good crystal 
from a stone developed a white powder of newberyite on 
the surface, but there had been no further decomposition 
after 12 months. The surface of the calculus removed 
from Napoleon III in 1873 (stone supplied by courtesy of 
the Royal College of Surgeons, London) consisted of 
struvite with only a trace of newberyite; the stone had, 
however, been kept in a tightly sealed container. 

In view of the instability of struvite, all caleuli in which 
we found newberyite have been carefully examined. In 
most of them, it occurred as a fine white powder on the 
surface of the stone and X-ray photographs of material 
taken from there showed that struvite was frequently 
present. When newberyite had been found in the nucleus 
or interior regions, either the stone was very porous allow- 
ing ammonia and water to escape easily or, usually, only 
half a stone had been supplied (as in the Norwich collec- 
tion) and the nucleus and interior sampled had been 
exposed for a considerable time. Again newberyite 
occurred as a fine white powder on the exposed surface 
and struvite was usually present. In several eases, stones 
with newberyite in central exposed regions were split 
open to provide a fresh surface. Samples taken from these 
surfaces had à reduced amount of newberyite or no trace 
of it, and an increase in the amount of struvite. 

The question arises as to whether newberyite is ever 
deposited in stones as such or is always formed by the 
decomposition of struvite. The solubilities of struvite 
and newberyite in urine are influenced by the concentra- 
tion and type of ions present, for example, the solubility 
of struvite in aqueous solutions is decreased by ammonia 
and increased by ammonium chloride. Although no 
experimental data are available to show that struvite is 
always more insoluble than newberyite other evidence 
indieates that newberyite was probably formed from 
struvite in every case. 

I thank Dame Kathleen Lonsdale for her interest in 
this work and the Medical Research Council for financial 
support. 
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MICROBIOLOGY 


Photosuppression of Mitomycin-induced 
A-Phage Development 


MrrouvciN C, an effective anti-cancer agent, is also a 
potent inducer of 4-phage formation in lysogenic Escheri- 
chia coli K12 (X) (refs. 1 and 2). In this report we show 
that mitomycin-induced phage formation and cell lysis 
can be suppressed when E. coli K12 (4) cells are exposed to 
light from a projection lamp. 
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Fig. 1. Effect of light on the mitomycin-induced cell lysis in E. coli 


K12(2) cultures. a, Control; b,irradiated culture; c, culture incubated 
in the dark. 


We used bacteria of a lysogenic strain, E. coli K12 (2), 
and an indicator strain, Æ. coli C600. The lysogenic cells 
were grown in a nutrient broth (‘Ex-broth’) which is 
^-broth?* containing 1 per cent dried yeast extract. Cells 
were collected in the phase of logarithmie growth and 
were washed once to remove free phages by centrifugation 
and resuspended in A-broth. After the addition of various 
concentrations of mitomycin C, the cell suspensions were 
immediately incubated in a water bath at 37? C for various 
times in the dark or under irradiation supplied from a 
distance of 31 em by a lamp giving 1 kW of projection. 
After the irradiation the cell suspensions were diluted 
with 'Ex-broth' and shaken in a water bath at 37? C; the 
change in turbidity at 660 my was followed. 


Table 1, EFFACT OF LIGHT ON THE MITOMYCIN-INDUCED A-PHAGE DEVELOP- 


MENT IN E. coli K12 (A) 


Incubation No. of developed phages* Irradiated/ Suppres- 

period (min) Control Dark Irradiated dark sion (95 
10 0 637 196 0-308 9-2 
30 0 1,527 31 0-020 98.0 


* Values are expressed as the number of developed phages per one hundred 
cells contained in the original suspension. 


When the cells were incubated for 30 min with 0-1 
y/ml. of mitomycin C, the lytic process began after shaking 
for about 60 min whether or not the culture had been 
irradiated. As Fig. 1 shows, however, lysis occurred to a 
much smaller extent in the irradiated culture than in the 
dark-incubated one. After the cultures had been shaken 
for 120 min, chloroform was added to kill the bacteria 
and the released free phages which were titrated. 
The cultures which had been treated with chloroform 
were diluted and plated with cells of the indicator strain, 
E. coli C600 on agar'. After incubation overnight at 
37° C, the plaques were counted. Table 1 shows that the 
release of phage in the irradiated culture is suppressed 
compared with the dark-incubated culture. There is no 
photosuppression if either cells exposed to mitomycin C 
or the lysogenic cells are pre-irradiated and_then mixed 
with each other. These facts show that the photosuppres- 
sion is caused by the interaction of mitomycin C and light 
on the lysogenic cell. The mechanism of this phenomenon 
may be photodynamic damage to constituents of the lyso- 
genic cell caused by mitomycin C. According to Iyer 
and Szybalski‘, mitomycin C incorporated into the 
lysogenic cell is reduced by an enzyme with NADPH; 
this reduced mitomycin C may act as an active inducer of 
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-phage development. It is not known whether any 

damaged constituents belong to the mitomycin-reducing 

enzyme system and/or the X-phage multiplication system. 
Tosuivo TAKENO 
TAKESHI NAGATA 
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PSYCHOPHARMACOLOGY 


Personality Structure as the Main 
Determinant of Drug Induced 
(Model) Psychoses 


IN previous communications, others"? and ourselves?*-* 
have dealt principally with faetors other than personality 
structure involved in drug produced model psychoses. 
The importance of the personality structure was explicitly 
suggested by Hess*, who emphasized that psychotomimetic 
compounds "only provoke symptoms which are already 
potentially present within the cerebral organization ...” 

We report here studies on the behavioural effect of 
160-200 ug/kg of psilocybin in fifteen unpaid university 
Student volunteers—nine males and six females—with a 
median age of 23-2 yr. Before any experiments were 
carried out, the Myers-Briggs type indicator (MBTI)’, a 
brief, self-reporting inventory based on Jungian typology, 
was administered which revealed that eleven of the fifteen 
subjects were introverts and fourteen of the fifteen were 
intuitors. The significance of these data is evident when 
compared with those of MacKinnon’, who reports that in 
the United States three out of four in the general popula- 
tion show a preference for the actualities of sense percep- 
tion while the rest prefer the possibilities of intuitive per- 
ception. The prevalence of intuitors among our subjects is 
in agreement with the data of McGlothlin and Cohen’, who 
also noted a preponderance of intuitors among their 
student subjeets with "positive attitudes towards taking 
LSD”. 

In another study we have found’ that taste sensitive 
subjects, that is, those with low thresholds for quinine, are 
sensitive drug reactors, whereas taste insensitive subjects, 
that is, those with high thresholds for quinine, require 
larger doses to elicit an effect comparable with that 
obtained from taste sensitive subjects. 

Macrotaste threshold determinations for quinine, using 
our double blind, forced choice procedure": and a semi- 
miero retest of a ten-fold greater reolution administered 
3 months later!* showed in our fifteen subjects that there 
was a shift of the normal distribution toward greater taste 
sensitivity with 80 per cent of our sample being able to 
taste quinine concentrations at below the mean of the 
normal distribution, that is, 1-1719 x 10-5 M. Using critical 
ratio analysis, the mean quinine threshold of our volun- 
teers is significantly different (¢= 2-00, p< 0-02) from that 
of a randomly selected control group which is comparable 
with respect to age, education and sex (N — 41). In other 
words, our experimental group contains significantly more 
taste sensitive subjects than a comparable randomly selec- 
ted group. These data indicate that taste sensitivity on the 
one hand, and introversion as well as intuition, on the 
other, are directly related. The relation is not unexpected. 
We have found a significant association between acuity in 
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rustatory chemoreception—taste sensitivity—and certain 
»ersonalityy traits in terms of the MBTI; insensitive tasters 
48 a group tend to be extroverts and sensors, that is down 
to earth organizers, whereas sensitive tasters are introverts 
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and intuitors, that is theoreticians with insight who fellow 
their inspirations. 

It is in this predominantly taste sensitive, intuitive and 
introversive group of volunteers—who to some extent ean 
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Fig. 1. Averaged male behavioural profiles (N =9) obtained from the Minnesota multiphasic personality inventory (MMPI) before (7), during 


(T4) and after (T) the administration of 160 ng/kg of psilocybin. 
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be regarded as predisposed to schizophrenia (for example, 
ref. 15)—that we have studied the behavioural effects of 
doses of 160-200 ug/kg of psilocybin. Two weeks before 
experimentation a 10 mg oral dose of the drug familiarized 
the subjeets with the psychodysleptie experience. During 
the ensuing experimentation each subject was adminis- 
tered the individual (card) form of the Minnesota multi- 
phasie personality inventory (MMPI)'*5 during the week 
before (T',), during, that is, at the time of drug-peak (T,), 
and during the following week (73) oral ingestion of 160— 
200 pg/kg of psilocybin. Drug-MMPI reactivity was caleu- 
lated using the sum of the squared differences (D?)* of 
thirteen K-corrected MMPI T-scores at pre-drug (T,) and 
drug-peak (7',). 

D? analysis yielded drug-MMPI reactivity scores ranging 
from 77 to 2,888. Five males and three females (reactors) 
achieved difference scores greater than 1,000 and T, 
profiles clearly characteristic of an acute psychotic state. 
Four males and two females (non-reaetors) obtained 
difference scores less than 500 and T, profiles similar to 
their pre- and post-drug mental states (see Figs. 1 and 2 
where reactors and non-reactors are grouped according to 
sex). Females were more drug-reactive (T,—T,) than 
males, whereas males were more retest variable (T,—T,) 
than females. 

All subjects displayed at 7’, an increase in pupillary size 
together with other vegetative signs of the “excitation 
syndrome"! in accordance with an expected dose- 
response relationship. These findings, if evaluated with 
respect to MMPI 7',—T differences, suggest that the clinical 
terms "exogenous" and “endogenous” psychoses!? could be 
applied to the non-reactors and reactors, respectively. 

Finally, we should like to call attention to another 
relation which apparently exists between the drug-MMPI 
reactivity of our fifteen volunteers after being given 160 
ug/kg of psilocybin and their performance on simple 
perceptual tasks. We find in Table 1 that the rank order of 
drug-MMPI reactivity to psilocybin as measured by 
thirteen K-correeted scores across sexes— D? — (Table 1, 
column 2) is positively correlated with the magnitude of 
their taste retest variability without any drug (Table 1, 
column 3) and with the degree of brightness preference 
retained between pre-drug (T,) and drug-peak (7) 
conditions (column 8). The magnitude of taste retest 
variability without any drug is also positively correlated 
with the difference in spatial distortion—as measured by 
the phorometer—between T, and 7, conditions (Table 1. 
column 4). The Spearman rank order correlation coeffi. 
cients (rS), corrected for tied rank, are 0-49 [p < 0:05]. 
0-64 [p « 0-01] and 0-78 [p « 0-01] for columns 3. 4 and 5 
respectively, 

It therefore seems that, in general, subjects with a small 
retest variance on a perceptual task can be expected to 
respond with lower levels of arousal as well as lower drug- 
MMPI reactivity scores to psychotomimetic drug exposure, 
whereas the converse is true for subjects with a large 
retest variance on a pereeptual task. 

In summing up we conclude that we were able to induce 
in healthy volunteers through the administration of 
psilocybin, that is, experimentally, and to assess with the 
MMPI both of those psychotie reaction types which in 
Bonhoeffer’s'® terminology would be labelled exogenous 
and endogenous. The extent of variability in perceptual 
acuity we find is part and parcel—and thus often a predic- 
tor—of drug-MMPI reactivity, the unique pattern of 
which overwhelmingly influences the outcome, type and 
intensity of a psychotie reaction. If we still retain, for 
empirical reasons, the “model” in model psYchoses, it is 
because these varieties of experimental states can be 
elicited at will and, if contrasted with the schizophrenias, 
have the distinction of being aeute and reversible. 

This work was supported by a grant from the Founda- 
tions Fund for Research in Psychiatry and by NIH 








* D* = Ed*, where d is the difference in F score points between thirteen 
corresponding scales of the MMPI. 
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Table 1l. RANE ORDER OP: MMPI REACTIVITY TO PSILOCYBIN; TAST 
THRESHOLD RETEST VARIANCE IN NO-DRUG CONDITIONS; THE DEGREE ¢ 
SPATIAL DISTORTION RETAINED FROM T, TO Fa, AND THE DEGREE OF CHANG 
IN BRIGHTNESS PREFERENCE FROM 7, TO T, 
MMPI reactivity taste retest 
variance 
Magnitude of Degree of spatial 
change in distortion re- 
Sd (T,-T.) molarity between tained from pre- 
K-corrected — first macro-taste drug to drug- 
T-scores threshold and peak (phoro- 
semi-micro-retest meter base up) 









Degree of 
change in 
brightness 
preference 
from pre-drug 
to drug-peak 





N=15 
subjects 
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All perceptual data were obtained as a result of forced choice procedures 
For correlation coefficients (7$). corrected for tied ranks, see text. ‘AN proba 
bility values are for two-tailed tests, 
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Alicyclic Analogue of Mescaline 


WE wish to describe the preliminary pharmacology of a 
mescaline analogue, —2-(3.4,5-trimethoxyphenyl) -eyclo- 
propylamine (TMT, II). This compound was selected for 
synthesis as a potential long-acting psychotomimetic 
which would be useful for studying the mode of action of 
mescaline-like compounds. 

TMT has the phenethylamine skeleton and three nuclear 
methoxyl groups, structural features which are common to 
two psychotomimetie agents, mescaline (Ia) and «-methyl- 
mescaline (Ib. On the other hand, TMT can be con- 
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idered as a substituted tranyleypromine (III), the 
^henethylamine skeleton and the cyclopropyl moiety 
ppearing in both compounds. It is to the latter moiety 
hat the prolonged behavioural effects of the stimulant 
ranyleypromine are due. 


e? 


Cy Hs OCHs 
CH, cH 
H 
R 
H NH2 H NH2 
la: R=H, Mescaline I: TMT 
lb: R=CHy,, a-Methylmescaline 
H 
H NH, 


IH: Tranyleypromine 


On this basis it was anticipated that TMT might induce 
»ehavioural aberrations which are qualitatively similar to 
he effect of mescaline, and which persist for a longer time 
han those caused by mescaline. 

TMT was synthesized, starting with trimethoxycin- 
amic acid, by methods used by Kaiser et al., and by 
Weinstock* for the preparation of tranyleypromine. The 
ntermediate 2 - (3,4,5, -trimethoxyphenyl)-eyelopropane 
*arboxylie acid had a melting point of 1387-139? C. The 
nfrared spectrum (Fig. 1) of the final product (free base) 
ind the elemental analysis of its hydrochloride salt 
melting point 204-206^ C with decomposition) was 
sompatible with structure II for which the trans- configu- 
"ation is tentatively assigned. The pierate had melting 
Joint 1857-186? € with decomposition. 

Mescaline (10-300 mg/kg), TMT (3-100 mg/kg). and 
'ranyleypromine (1-200 mg/kg) were compared initially 
with respect to their relative effects on the motor behaviour 
of male albino mice. In this species, the values for LD,, 
were 261 mg/kg, 76:5 mg/kg and 100 mg/kg, respectively. 

Each animal was observed in isolation for 15 min before 
ind for 3 h after intraperitoneal injection of the individual 
lrugs as solutions of their water-soluble salts in normal 
saline. Changes in the animals’ responses were rated for a 
vide range of doses of each drug ranging from doses 
»rodueing no noticeable effect to those causing convulsions 
ind death. 

Subsequent comparisons of mescaline (22-5 mg/kg), 
FMT (15 mg/kg) and tranyleypromine (7-5 mg/kg) for 
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long-term effects were carried out on three male hooded 
rats which had been trained on a 1 min variable-interval 
schedule of reinforcement to press a lever for food reward. 
This type of reinforcement schedule has the advantage of 
producing steady response rates in well trained animals, 
thus providing very stable reference baselines for the 
assessment of drug effects. All animals had been trained 
for at least 75 h before the beginning of drug trials. Trials 
were conducted once a day in a standard Grason-Stadler 
single lever-chamber over 22 consecutive days. The drugs 
were administered daily, from the fifth to the fifteenth day 
inclusive, by intraperitoneal injection 30 min after the 
onset of individual 2 h test sessions. The animals were 
also observed directly, through one-way glass windows, at 
regular intervals throughout each session. The primary 
data in this phase of the study were absolute response 
rates (number of lever presses) during each free-operant 
test session and categorized descriptions of the individual 
animal's behaviour. Observational data were systemati- 
cally recorded using a double-blind procedure. 

Acute effects: tranyleypromine produced a biphasic 
syndrome in mice which was characterized by an initial 
phase of tense and rigid immobility followed by a second 
and longer amphetamine-like phase of hyperactivity, 
auditory and tactile hyperflexia and tremor. These two 
components of the tranyleypromine effect have previously 
been described in quantitative terms by Melander and 
Gliniecke*, 

Mescaline and TMT resulted in identical changes in mice. 
which differed clearly from the tranyleypromine syndrome. 
Both drugs caused a generalized decrease in activity and 
tactile hyporeflexia. Occasional small unidirectional steps 
or brief grooming were typically initiated by a myoclonic 
twiteh. This syndrome was identical for the two drugs for 
a wide range of doses and corresponds closely to the 
mescaline effect first referred to by Noteboom® and later 
by Michaux and Verly* as experimental catatonia and by 
Ernst? as the hypokinetie rigid syndrome. 

As Fig. 2 shows, the acute effect of all three drugs was 
to depress the rate of lever-pressing of rats during the free- 
operant testing sessions. The observational data recorded 
during the operant sessions, however, indicated that in the 
case of tranyleypromine, this performance decrement is 
accounted for by a large increase in what can be termed 
"irrelevant" hyperactivity. That is, the tranyleypromine 
animal consistently engaged in behaviour such as explora- 
tion, grooming and circling which were incompatible with 
lever-pressing. The picture for animals injected with 
mescaline or TMT was quite different, their behavioural 
displays resembling those already described in similarly 
treated mice. It is clear from Fig. 2 that the acute effects 
of TMT were briefer than those of either mescaline or 
tranyleypromine. 
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Fig. 1, Infrared spectrum of 2-(3,4,5-trimethoxyphenyl)-eyelopropylamine (TMT), 5 per cent solution in chloroform. 
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Fig.2. Response rate divided into 15 min time blocks for pre-drug, drug 
and post-drug tests. For each drug, rates during 1 day are shown by 
column and rates during all the days of the experiment are shown by row. 
Thus the first two rows indicate the 30 min test period before each daily 
drug injeetion while the remaining rows describe, in cumulative 15 min 
time blocks, the 90 min test period after injection. Total daily testing 
time was 2 h. Doses for each drug were: mescaline (22:5 mg/kg), TMT 
(15 mg/kg), and tranyleypromine (7-5 mg/kg). 


Long-term effects: Fig. 2 also shows the average change 
in response rate during the pre-drug interval of the 
operant task on successive test days. Tranyleypromine 
had a depressant effect on response rate during this period 
as well, the effect reaching a maximum on the seventh 
drug day; 5-6 drug-free days elapsed before rate recovered 
to its pre-drug level. Mescaline, by contrast, showed no 
significant effect during the same period while TMT 
exhibited marginal effeets with an optimum on the tenth 
drug day and a persistence of 3 days post-drug. 

Because the initial 30 min block of Fig. 2 (the top two 
rows) is a record of response rate during within-day pre- 
drug periods throughout the 22 day test series, a significant 
change in rate indicates a carry-over effect of the drug. 
This effect, although absent for mescaline, was clearly 
evident for tranyleypromine, and is to be expected in view 
of our clinical knowledge of the relatively long-term effects 
of tranyleypromine*. 

The status of TMT as a substance producing long-term 
behavioural changes is uncertain, based on this limited 
study, and depends on more extensive trials for confirma- 
tion. There is no doubt that it is mescaline-like in its 
acute effects on rodents. Whether TMT has psychoto- 
mimetie aetivity in humans and whether the time-course 
of this activity is appreciably greater than that of other 
psyehotomimeties are questions that warrant additional 
investigation. f 

A limited quantity of TMT is available to interested 
investigators and can be obtained by contacting P. D. C. 
This work was assisted by grants from the National 
Research Council of Canada, the Ontario Mental Health 
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GENERAL 


Mongolism and Duration of Marriage 


GERMAN! suggested that the cause of mongolism is con- 
nected with delayed fertilization and that this depends 
on factors related to the duration of marriage. 

To test the hypothesis that the duration of marriage 
is, by itself, aetiologically significant, we have examined 
the distribution of this variable in a sample of 988 mongols, 
of whom 228 were hospital patients and 760 were at 
home. The diagnosis had been confirmed cytologically in 
about 20 per cent of the cases. This material was com- 
pared with distributions of marriage duration at the 
births of a control sample of 1,146 non-mongols, nearly 
all of whom were mentally retarded and most of them 
severely affected. Of these, 466 were patients in hospitals 
for the mentally retarded and 680 were living at home. 
The ages of those in the control group covered the same 
range as the ages of the mongols. The results of the 
comparison are shown in Table 1. 


Table 1. DURATION OF MARRIAGE IN YEARS BY AGE OF MOTHER AT BIRTH 


OF CHILD 


Mongols Controls Differ- Standard 

Ageof No.of Mean No.of Mean ence of error of 

mother cases duration c cases duration 6 means difference 
15-24 96 2-13 1:18 282 2-06 *0:07 £014 
25-29 152 432 2-58 364 435 - 0:03 +025 
30-34 147 $84 382 271 CTI ~ 0-27 +039 
35-39 281 11-04 5:30 166 10:52 + 0-62 + 0°51 
40-49 312 1428 6:25 63 13:15 *133 +091 
All 988 954 6:45 1,146 5:82 +372 t025 





It is clear that mean duration of marriage at the births 
of all mongols is very significantly longer than that for 
births of all members in the control group; there is a 
difference of 3-72 yr, which is nearly fifteen times its 
standard error. This effect, however, is the consequence 
of the known association of mongolism with maternal 
age, for, when the maternal age is kept constant, it dis- 
appears. In each separate maternal age group in Table 1 
the difference between mean marriage duration for mongol 
and control births is statistically insignifieant. 

'The results do not, of course, directly disprove German's 
eonjeeture about the origin of mongolism, but they show 
that it is not supported by statisties on duration of 
marriage. 

We thank Dr J. T. R. Bavin and Dr R. C. Greenberg 
for assistance in obtaining some of the material presented. 
We are in receipt of grants from the Medical Research 
Council. L. 8. PENROSE 
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BOOK REVIEWS 


FOSSIL HOMINIDS CATALOGUED 


Catalogue of Fossil Hominids 

Part I; Africa. Edited by K. P. Oakley and B. G. 
Campbell. (Trustees of the British Museum (Natural 
History), London, 1967.) 


Tms book is the first part of a comprehensive three volume 
work which is intended to include fossil hominids recovered 
from all parts of the world. Subsequent volumes will be 
devoted to Europe and to America, Asia and Australia 
respectively. 

The catalogue supersedes the Catalogue des Hommes 
Fossiles published in 1953 under the joint editorship of 
Professors H. V. Vallois and H. L. Movius. Clearly, a 
revision of the earlier catalogue was overdue, since new 
discoveries, advances in dating methods, faunal analysis, 
anatomical assessment and cultural classification have 
made the former work obsolescent. 

The contents are arranged geographically following the 
style of the earlier book, but the information relating to 
each fossil site is presented under eighteen numbered 
headings. These headings are fully defined in the intro- 
duction and are repeated, in abbreviated form, on a handy 
bookmark provided for ease of reference. 

The information concerning each site and find ranges 
from its location, geology, stratigraphy, archaeology, 
palaeontology and dating, through a list of the bones and 
references to the literature, to the addresses of repositories 
of both the fossils and of moulds for casts. 

The editors are to be congratulated on their revision of 
the catalogue which has obviously been prepared with 
great care and attention to accuracy of detail. In this 
sense the eatalogue stands as a definitive list and should 
be owned by every worker with a serious interest in the 
field of human evolution. 

Having emphasized its value, perhaps it is not unfair to 
draw attention to two deficiencies; one concerns the 
location of the sites and the other the index. It is suggested 
that loeation has been included in such a way that a visitor 
eould find the site from the information given in the 
catalogue; in local terms this may be true. However, the 
map of Africa which is included makes no attempt to 
indicate political boundaries or natural features, neither 
does it include any indication of scale, latitude or longi- 
tude. I feel that the reader would have been considerably 
helped by the inclusion of a sketch map of each country 
listed, with indications of the find sites in relation to the 
capital city, principal railways, roads, rivers and moun- 
tains. 

My second criticism concerns the inadequacy of the 
index. The catalogue contains a mass of factual informa- 
tion, yet the only means of reference to this information is 
in geographical terms through the list of sites. A compre- 
hensive index would permit simpler access to the contents 
and would increase its value enormously to researchers 
in a wide range of fields. 

Despite these criticisms, the editors deserve our thanks 
and admiration for undertaking this onerous task. 

M. H. Day 
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WHAT HOPE FOR THE BEASTS? 


Extinct and Vanishing Animals 

A Biology of Extinction and Survival. By Vinzenz 
Ziswiler. (English edition revised by Fred and Pille 
Bunnell.) Pp. x+133. (London: Longmans, Green and 
Co. Ltd.; New York: Springer-Verlag, 1967.) 355. net, 
cased; 25s. paperback. 

In the past few years there has been such a spate of 
propaganda books about the extermination of animals, 
and the devastation of the wild, that some readers may 
be excused for beginning to tire of so much talk and so 
little action. This short book, however, gives an excellent. 
summary of the whole subject of extinction and conserva- 
tion, and examines with sound common sense the reasons 
why the protection of nature is desirable. 

The author, like many propagandists, rather overdoes 
the horrors—photographs of the slaughter of fur seals on 
the Pribilofs in the last century do not tell us that the herd 
on those islands now numbers about one and a half million 
and is cropped scientifically without danger to the stock; 
wastepaper baskets made from elephants' feet may be 
tasteless souvenirs, but we are not told that the elephants 
of East Africa multiply so fast when undisturbed that 
thousands must be killed every year to keep their numbers 
within reasonable bounds. He does, on the other hand, 
take a well deserved swipe at trophy hunting and killing 
for pleasure. 

The chapters on indirect extermination by the spolia- 
tion and pollution of natural habitats, and on the biology 
of extinction, give a good review of what is happening, 
to man's ultimate loss, throughout the world. In dis- 
cussing what ean be done to halt the progress of destruc- 
tion the author stresses the need for research on animals 
and their environments, and describes some outstanding 
examples of what has been done in conserving and 
increasing the numbers of animals that were until recently 
threatened with imminent extermination. Such tech- 
niques should be applied to others, for, with the exception 
of certain species that are few in numbers from the processes 
of nature and not from harassing by man, there is no 
reason why flourishing populations should not be preserved 
to be exploited for economic or aesthetic purposes. The 
prospect could be bright, even in the face of the human 
population explosion, but hope is not encouraged by a 
glance at what has happened to the whales. For many 
years biologists have been paid to investigate and advise 
on whale fisheries. They have studied the problems 
deeply and arrived at conclusions showing the annual crop 
of whales that can be harvested without damage to the 
stocks, and how stocks can be increased. But governments, 
swayed by the interests of big business, have ignored the 
advice they have bought; the blue whale may already 
be beyond the point of no return, and the fin and sei 
whales are rapidly following it. What can the biologista do, 
besides talking, to prevent the world becoming a man-made 
desert? As the author shows, there is hope if they can 
demonstrate to the tycoons that there is money to be made 
out of conserving the world's flora and fauna. 

L. HARRISON MATTHEWS 


FAMOUS VIVIPAROUS QUADRUPEDS 


The Imperial Collection of Audubon Animals 

The Quadrupeds of North America. Original text by 
John James Audubon and the Rev. John Bachman. 
Edited and with new text by Victor H. Cahalane. Hlus- 
trated by John James Audubon and John Woodhouse 
Audubon. Pp. xvi+ 308 (150 full colour prints). (Feltham 
Middx.; The Hamlyn Publishing Group, Ltd. 1968. 
Published for Country Life Books.) 105s. net. 

Tus is a coffee-table book with a difference. Unlike many 
such books, this one must be read as well as looked at, 
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because with each of the 150 reproductions of Audubon's 
colour paintings of American mammals there is an account 
of each animal's natural history brought up to date by the 
editor, Vietor H. Cahalane, former assistant director of 
the New York State Museum. 

Many naturalists probably associate the name of 
John James Audubon (1780-1851) with birds after his 
monumental work The Birds of America, for which he 
completed more than 435 illustrations, and the com- 
panion five volume text, Ornithological Biographies. Al- 
though ornithology was Audubon's first field of study, 
he later went on to collect, paint and describe mammals, 
in which task he was assisted by his friend the Rev. John 
Bachman. Towards the end of his life, Audubon was also 
helped in the painting by his son John Woodhouse 
Audubon. The result of this eombined effort was The 
Viviparous Quadrupeds of North America. The plates 
for this book were first published in three imperial folio- 
sized volumes between 1845 and 1848, and these were 
followed by three volumes of text in octavo size. "These 
editions, and a later small edition of plates and text 
together, soon became rare collectors’ items. For the 
many without-—naturalists, art lovers and collectors of 
Americana-—Hamlyn's have now published this new 
edition of reproductions of Audubon's paintings-—the 
first complete collection of full colour reproductions since 
1848. 

'The animals in the imperial folios appeared in the order 
in whieh Audubon painted them, so that rodents, carni- 
vores, inseetivores and hoofed mammals appeared in 
any order without reference to natural relationships. The 
same lack of order was repeated in the smaller octave 
edition which followed. Fn this modern edition, the 
paintings and text have been rearranged to follow 
accepted zoological order, so that the only representative 











of the marsupials, the opossum, in North America (exclud-. 


ing Central America) now begins the collection. Related 
species, for example, the twenty-four specics of tree 
squirrels which Bachman recognized, are now brought 
together for the first time. Many of the mammal names 
in use a century ago, including those invented by the 
authors to identify what they believed were new species, are 
no longer valid. This is true not only of vernacular names, 
but also, although to a lesser extent, of scientific names. 
Today, under the trinominal system of classification, 
many of the “species” of Audubon and Bachman's time are 
considered geographie races (subspecies). Other changes 
of name have also been necessary because some mammals 
were given names by Bachman not realizing that they had 
been identified and named by other zoologists. Under 
this modern arrangement, 147 of Bachman's different 
"species" illustrated in the imperial folios have been 
reduced to 119, including one, the “Wooly squirrel” 
which is unidentifiable. Each of the 147 "species" and an 
additional eight “varieties” depicted on 150 plates in the 
imperial folios appears in this edition. Each plate with 
its description is given two pages. On the left-hand page 
are excerpts from the original text which have been 
chosen not only for their interesting and usually accurate 
information on the habits of the particular animal, but 
also for their anecdotes and personal experiences of one 
or more of the authors. In places, Audubon's rather 
flowery and rambling style can be contrasted with Bach- 
man's more concise descriptions. Frequently, Cahalane 
has commented on unusual, obscure or erroneous state- 
ments—he is quick to point out Audubon’s exaggerated 
and vivid comments on the ferocious ande murderous 
behaviour of the jaguar, for example. Other information 
has been added to make the text more meaningful. Brief 
identification of other naturalists has been given where 
their surnames only are given in the text. Modern syno- 
nvms of common and scientific names have also been 
inserted. On the right-hand page, Cahalane has written 
a short modern aecount, under Audubon's painting, of 
the habits of the animal. 
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Some of Audubon's paintings might be described as 
being a little anthropomorphie today, and some look as 
if they are of stuffed animals—you can almost see the 
dried skin stretched over the skeleton. Audubon admitted 
at the time, in fact, that he had to resort to skins and 
mounted animals at times and occasionally to pictures 
by other artists. For his time, Audubon’s paintings are 
full of life and movement. It is amazing really how 
Audubon was able to paint as he did, considering the 
difficulties under which he worked; for example, rushing 
a painting before the animal finally collapsed with decay. 
Tn this production, the fine colouring of the original paint- 
ings has reproduced well—the plates were in fact prepared 
from photographs of the imperial folio plates in the collec- 
tion of the Kennedy Galleries in New York. Some of the 
lettering of titles was also reproduced from the original 
edition. The paper is of good quality and was specially 
made for this edition. All in all, this book seems very good 
value for money and it must be welcomed by many—~ 
particularly by naturalists in America where Audubon's 
and Bachman's descriptions combined with a modern 
text give it special value. SARAH BUNNEY 















HOW ANIMALS COMMUNICATE 


Signals in the Animal World 
By Dietrich Burkhardt, Wolfgang Schleidt and Helmut 


Altner. Translated by Kenneth Morgan. Pp. 150. 
(London : George Allen and Unwin, Ltd., 1967.) 63s. 
net. 


Tas refreshing and informative book avoids the usual 
pitfall of describing some aspects of the complex subject 
of animal behaviour in equally baffling and complex 
terms. The presentation is excellent, and the numerous 
illustrations are outstanding. Although some biological 
knowledge would provide a useful background, on the 
whole the book is one which the intelligent general reader 
should find is not beyond his comprehension, At the same 
time, however, it provides a scholarly treatment of the 
subject for the benefit of the specialist. 

The approach is simple and enthusiastic, and the con- 
tents of the book fall into three parts. The first part 
is concerned with the functioning of sense organs and 
describes the mechanical, light, temperature, chemical and 
electrical senses with which different organs are concerned. 
The second part of the book shows some of the methods 
which animals use to orientate themselves in their environ- 
ment, indieating that this may involve several senses 
often working in conjunction with one another. The third 
part of the book deals with the question of how animals 
communicate and understand one another, describing the 
organization of life in animal communities. Thus signals 
have evolved as a means of demareating territory, of 
expressing a willingness to mate and of suggesting friend- 
liness. Odour signals may serve to demonstrate an 
animal's rank and strength, and among penguins waggling 
of heads and loud braying are signals that "marriage 
partners" have found each other again after a year or 
more apart. 

This is a useful book, and all those concerned are to be 
congratulated for their modern approach. 

ANNE CLAYTON 





PLANET OF THE APES 


First Holloman Symposium on Primate Immunology and 
Molecular Genetics 

Edited by C. H. Kratochvil. (Primates in Medicine: a 
Series in Experimental Medicine and Surgery in Primates.) 
Pp. xv +99. (Basle and New York : S. Karger, 1968.) 
16.50 Sw. francs; 30s.; 84. 

Arr the primates are more nearly related to man than 
are any other animals, and the ehimpanzee is man's 
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earest living relative. Thus primates, and chimpanzees 
i particular, are the ideal subjects for experiments which 
jay throw light on human biology but which are too 
angerous to perform on human beings. 

“Chimpanzees are, however, in great danger of extine- 
ion, partly through the pressure of African civilization 
n their living space but very substantially also because 
f the eapture of young animals, usually by slaughtering 
he mother, to supply the demands of exhibition and 
esearch. The only branch of research which is beyond 
my possibility of ethical criticism in this respect is that 
chich depends on the study of animals in their own 
nvironment, and this will perhaps be the one which will 
a the long run make the greatest contribution to the 
mderstanding of human biology. 

If, however, we admit, as we must, to any justification 
or the more direct use of chimpanzees in medical research, 
hen we cannot but admire the frank introduction to this 
ymposium volume, written by Kratochvil, and the very 
reat efforts made to ensure, by multiple use, that the 
inimals held by the 6571st Aeromedical Research Labora- 
ory, with its unique facilities, make the greatest possible 
contribution to knowledge. 

This symposium is one of a series on primates in medical 
esearch, and in this context the contribution of Alepa 
m chemical suppression of the immune response in mice, 
hough good in itself, is out of place. Alepa has, however, 
iso examined the Gm and Inv antigens of the immuno- 
lobulins of primates as compared with those of man and 
of one another, while Poulik has carried the comparisons 
‘urther by means of molecular structure studies. 

Goodman has used the Ouchterlony test and immuno- 
jlectrophoresis to compare the plasma proteins of man 
and various primates. He has also made comparisons of 
the transferrin polymorphisms in apes and man. Hoff. 
mann and Gottlieb have compared the haemoglobins of 
shimpanzees and gibbons with those of man at the level 
of the a and 8 chains, but without fingerprinting or 
amino-acid analysis. 

The subject of the remaining three papers is blood 
groups, in the striet sense of erythroeyte agglutinogens. 
Masouredis and his colleagues examine quantitatively 
in primates an antigen related to the human Rh, or D. 
Moor-Jankowski and Wiener provide a valuable summary 
of all that is known of blood groups in non-human 
primates. In collaboration with Kratochvil the same 
authors diseuss the chimpanzee CEF system and its 
relationship to the human Rh system. It is confusing 
that these letters have been chosen, but that the factors 
whieh they designate bear no systematie relationship to 
the similarly designated Rh factors in man. 

Taken as a whole, this publication brings together a 
great wealth of information derived from blood studies 
and bearing on the phylogeny of the primates including 
man. Further symposia in the series are eagerly awaited. 

A. E. MOURANT 


WORKING WITH CHROMOSOMES 


Primer of Chromosome Practice 

Plant and Animal Chromosomes under the Microscope. 
By G. Haskell and A. B. Wills. Pp. xv + 180+ 38 plates. 
(Edinburgh and London: Oliver and Boyd, Ltd., 1968.) 
458. net. 


Tuts book sets out to give a basic training in practical 
cytology, but devotes one third of its content to ele- 
mentary theory. In this section, as in all the book, there 
is much repetition, and the majority of this elementary 
theory is readily available in nearly all the books on 
genetics and cytology. 

The section of the book devoted to techniques starts 
with an adequate list of necessary equipment, and à 
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simple description of the theory and use of the microscope 
is given. 

We then come to the meat of the book, the recipes and 
techniques used to demonstrate all that has be de- 
scribed. Adequate recipes are given for prefixatives, 
fixatives and stains, but the actual techniques are 
described with such latitude of times of treatment and 
in such loose terms that the elementary student or his 
teacher, for whom this book is primarily intended, may 
well see nothing on his finished slide, and no help is given 
to enable him to find and correct his error. The range 
of time of hydrolysis for Feulgen staining is given as 
10-30 min, with no indication as to whether to add hot 
or cold acid. One is told to use colchicine solution 
sparingly because of cost, and to make up a 0:3 per cent 
solution. Surely the authors do not intend the use of 
this strength as prefixative, when a solution one tenth as 
strong is adequate for most spe This chapter, on 
basie staining and squashing techniques, the first stage 
to be mastered by any cytologist, is poorly presented 
and inadequate, and there is some needless repetition of 
these basic techniques in the following chapters, which 
include pollen culture, salivary gland chromosome pre- 
parations, anther squashes, culturing human leucocytes, 
and cutting and staining serial sections. 

The last part of the book deals with the presentation 
of data, and elementary statistics, with an appendix on 
sources of material, and a glossary. 

The thirty-eight plates warrant special mention, for they 
range from adequate, such as that of human chromosomes; 
through poor, those of meiosis in Vicia faba showing very 
little of what oceurs in prophase (including a photograph 
captioned "Leptotene" which claims to show lengths of 
pairing chromosomes and therefore would be in Zygotene 
anyway); to an example of how not to present data 
(unfortunately not quoted as such) showing sex chromatin 
in man, where the male and female nuclei differ so much 
in size and density of staining that no comparison is 
possible. In many cases the features to which the authors 
refer in the captions are not clearly illustrated. 

'This book does not eontain the precise, unambiguous 
instructions whieh are needed by a beginner, and js very 
poor value for the price asked, I would not recommend 
it to the beginner, his teacher or even to the more advanced 
cytologist, for eheaper and far better books are readily 
available. J. P. Moss 
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PLASMA TURBULENCE 


Electromagnetic Fluctuations in Plasma 

By A. G. Sitenko. Translated by Morris D. Friedman. 
Pp. xii - 256. (New York: Academic Press, Ine.; London: 
Academic Press, Inc. (London), Ltd.. 1967.) 100s. 


ELECTROMAGNETIC fluctuations play a central part in 
plasma kinetic theory, where the long range nature of the 
interaction makes the coneept of particle collisions arti- 
ficial and. if taken literally, nonsense. Such fluctuations 
are also important in the interaction of plasma with 
radiation in its role as a source, a scatterer and a trans- 
mitting medium; thus plasma fluctuations are essential 
to our understanding of plasmas both in the laboratory 
and in the cosmos. 

Sitenko’s book, the first devoted solely to the topic of 
fluctuations in the plasma, is an important contribution 
to the literature in the field. His approach to the problem 
is ingenious. While most treatments begin with a kinetic 
equation in some form. Sitenko begins with a generalized 
Nyquist noise theorem, relating the fluctuating fields and 
the fluctuating currents by a spatially and temporally 
non-local permittivity. The resistive part of the permit- 
tivity is related to the spontaneous current fluctuation in 
the absence of field fluctuations, the reactive part cal- 
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culated using the Kramers Kronig relations. Having the 
permittivity, the field fluctuations and corrections to 
the current fluctuations can then be caleulated. After 
developing these results, Sitenko proceeds to apply them 
to the calculation of the fluctuations expected in unmag- 
netized and magnetized plasmas in and out of thermal 
equilibrium; to fluctuations in quantum plasmas and 
superconducting plasmas, He uses his ealeulated power 
spectra to discuss the dynamie friction and diffusion 
coefficients in a plasma, to calculate the energy loss of a 
fast charged particle passing through a plasma, and to 
caleulate the differential scattering cross section for 
electromagnetic radiation and the cross sections for wave 
species transformation. 

This is excellent work, but when Sitenko applies his 
methods to unstable plasmas I have reservations. The 
algorithm he has developed, which is, at least in its 
results, equivalent to a perturbation treatment of the 
dielectric, does not seem suitable if at any point the 
predicted fluctuations are large. This is exactly what 
happens for an unstable plasma; in some regions. 
Sitenko's method will predict unbounded fluctuations. 
In his illustrations, Sitenko is careful to avoid considera- 
tion of such points, but they remain in the spectrum and 
must be rendered finite by non-linear processes that are 
omitted from his treatment. Non-linear processes, how- 
ever, will distribute the energy in these large fluctuations 
down into the part of the spectrum in the stable zone. 
Indeed, these difficulties arrive even in the simplest case. 
for the unmagnetized plasma can suppert undamped 
oscillations at the plasma frequeney, and in particular, a 
calculation of the Raman line at œp in the scattered 
spectrum is disconcerting. 

Because of these qualifications--and a few others (for 
example. although three wave interactions in the same 
specles are forbidden in the unmagnetized plasma, there 
is no universal law)—1 would hesitate in recommending 
Sitenko's work to the novice, who might, in any case, be 
put off by the rather abrupt style. It is, however, a work 
highly to be reeommended to the critical reader; it 
contains a great many useful results, will short-cut a 
great deal of work, and serves as an essential background 
to non-linear ealeulations and the d of plasma 
turbulence. W. B. THOMPSON 








MORE TURBULENT PLASMA 


Theory of Turbulent Plasma 

By A. A. Vedenov. (Achievements of Science: Plasma 
Physies.) Pp. iv+96. (Jerusalem: Israel Program for 
Scientific Translations; London: Macdonald-Oldbourne 
Press, 1966.) 31s. 6d. 


Tue theory of turbulence which is difficult enough in a 
classical fluid becomes even more complex in a plasma 
which can sustain many more modes of oscillation and 
the accurate description. of which requires a larger number 
of fundamental parameters. The book under review has 
the encouraging feature of being short, less than 100 
pages bemg devoted to ten chapters. some of which are 
only two or three pages long. Each chapter is devoted 
to one particular aspect of the subject and the logical 
development of the book makes it a good introductory 
text on turbulence for those with some knowledge of 
plasma physics. The description of turhulence can be 
highly mathematical, but it seems that an attempt has 
been made here to reserve the most difficult mathematics 
for the appendices at the end of the book and to appeal 
to physical intuition throughout the text. 

The opening chapter is devoted to a formal description 
of a plasma in terms of magneto-gas dynamics, and this 
is followed by a review of the conditions in which the 
various kinds of plasma oscillations may exist. When 
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these oscillations propagate as waves with decayü 
amplitudes the plasma retains its "laminar" state, but 
the amplitude of any parameter such as density, velocit 
electrie or magnetie field is allowed to grow the plasn 
becomes unstable, turbulence sets in and the partic 
distributions depart from thermodynamic equilibriut 
A number of these instabilities are already well doc 
mented and the third chapter which reviews them 
followed by a diseussion on the eriteria for the onset 
turbulence. 

In a weakly turbulent plasma the energy contained 
turbulent fluctuations is much smaller than that of ti 
random motion of the partieles and such a plasma 
amenable to the quasilinear theory of the fifth chapte 
whieh diseusses the energy growth and deeay of the: 
fluctuations. The next two chapters show that it 
possible in such à weakly turbulent plasma to consid: 
the interaetion between low and high frequeney waves an 
to find equations whieh deseribe the situation when tk 
energy in these waves is large enough for the interactic 
to become a "collision". The quasilinear treatment breal 
down when these interactions are so strong that the plasm 
is highly turbulent and the last three chapters deal wit 
such a plasma. 

Even in extreme turbulence some physical deseriptio 
is possible if the assumption is made that the velocit 
amplitudes of the particles in the strong oscillations ay 
of the same order of magnitude as the phase velocity « 
the waves the growth of which is responsible for tk 
onset of turbulence. The physieal arguments for th 
assumption àre put forward in the eighth chapter an 
the principle is applied to the examples of electron plasm 
waves and a turbulent plasma carrying a current. TE 
ninth chapter deals with the transport coefficients of 
strongly turbulent plasma and the scattering of eleetr 
magnetie waves from such a plasma completes the tex 

To sum up, this is the kind of introduction to a diffieu 
subject which encourages further pursuit. Jonn PAIN 











SPECTROSCOPY LETTERS 


Spectroscopy Letters 
An International Journal for Rapid Communication 


Vol. 1, No. 1. Executive editor: James W. Robinsor 
Pp. 54. (Published monthly by Marcel Dekker, Inc., Ne 


York.) $3.00 per volume. 


THIS is à new journal the aim of which is “to provide 
means of communicating all valuable observations i 
spectroscopy to the community of spectroscopists 1 
general". The first number contains a mixed bag of te. 
letters, four on electronic spectra, two on electron spi 
resonance, one on nuclear magnetic resonance, one on th 
theory of reflectance spectroscopy, one on flame emissio 
with application to analysis and one on M.O. calculations. 
There exist already quite a large number of journals i 
ehemistry, physics and spectroscopy in which letters c 
this kind may be published. To judge from the slende 
evidence of this first issue, the established journals ar 
domg their job very well. R. F. Barrow 


OBITUARIES 


Lord Florey 
Howarp WALTER FLonEv, who died on February 21 
was a distinguished experimental pathologist, a grea 
university teacher and an outstanding President c 
the Royal Society. In addition he played the crucis 
part in the greatest contribution medical science eve 
made to humanity, the production of penicillin and th 
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ther antibiotics which followed it. For this he was 
warded, with Fleming and Chain, the Nobel Prize for 
Wedicine of 1945 “for the discovery of penicillin and its 
Mirative value in a number of infectious diseases". It 
vas a discovery the significance of which could be under- 
food by everyone, and the world was eager to honour 
ihose responsible. Florey was knighted in 1944; he was 
ireated a life peer in 1965 and became a member of the 
Jeder of Merit later in the same year. He was recognized 
4 France by the Legion of Honour and in America by 
the United States Medal for Merit. 

Florey was born in Adelaide, South Australia, in 1898 
ind educated at St Peter's Collegiate School and the Uni- 
'ersity of Adelaide, where he graduated in medicine. He 
gent to Oxford as a Rhodes scholar in 1921 and from then 
m he made only occasional short visits to his native land; 
ais life, his interests and his influence centred around 
dxford. After working under Sherrington, he spent two 
seriods in Cambridge separated by a year as a Rockefeller 
Vellow in America and with several shorter visits to Euro- 
sean centres of research. In 1931 he was appointed to the 
hair of pathology at Sheffield, but in 1935 Florey went 
sack to Oxford as professor and head of the Sir William 
Junn School of Pathology. Sir Edward Mellanby played 
sn important part in this appointment, which was a mile- 
stone in the history of pathology in Britain. For the first 
ime a man trained in experimental physiology and looking 
at pathology with a physiologist's eye had come into a 
position of influence in the subject. Soon afterwards 
snother Australian, Cameron, brought a related experi- 
inentally minded approach to pathology in London at 
Jniversity College Hospital Medical School. Between 
chem they laid down a new pattern for teaching and 
*esearch in the pathology departments of Britain and the 
Jommonwealth. 

The School of Pathology at Oxford flourished and during 
he years of Florey’s direction, 1935-62, it produced a 
&otable output of scholarly work and of workers who 
sttamed distinction in their own right. Florey’s own 
interests ranged widely, but throughout his career there 
was a continuing preoccupation with the structure and 
"unetion of the smaller blood vessels and their relation 
© the movement of lymph and cells in the process of 
inflammation. He was an experimentalist who was also 
ntensely interested in the fine structure of cells and 
issues; he enjoyed skilled manipulation and he was an 
enthusiastic photographer. All these qualities were given 
"ul play in his studies on capillary function and cell 
migration. They were manifested in his masterly use 
arst of the rabbit ear chamber and other techniques for 
in vivo microscopy, and later of the electron-microscope. 

The physiology of mucus secretion was another topic 
n whieh he did valuable work, particularly in clarifying 
ts protective function in bronchus and intestine. Almost 
accidentally this initiated his first interest in the produc- 
sion of antibacterial agents by bacteria and fungi. 
Lysozyme is an enzyme present in significant amounts in 
3uman mucus as in many other cells and secretions. It is 

a glycosidase capable of breaking down the glyeopeptide 
structure of the bacterial wall and it was first recognized by 
Fleming as an agent capable of killing and dissolving a 
harmless bacterium which he named Micrococcus lyso- 
deikticus. The enzyme is present in large amounts in egg- 
white and was isolated from this as a protein of low molecu- 
iar weight by Roberts in Florey's laboratory. This work 
on lvsozyme and the studies of Dubos on gramicidin, 
at about the same time, led Florey in 1938 to sense the 
need for a thorough investigation of some of the anti- 
bacterial substances produced by organisms. With the 
outbreak of war in 1939 the potential importance of any 
agent capable of dealing with bacterial infection of wounds 
probably accentuated his interest in the field, but Florey 
was insistent that this was not just “war work" but real 
science. — Gramieidin, the products of Pseudomonas 
pyocyanea and Fleming’s penicillin were all eonsidered, 
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but it soon became clear that the last was much the most 
promising. Florey and Chain initiated a combined attack 
on the problem, a substantial team was built up and early 
in 1941 the effectiveness of crude penicillin in dealing 
with infections of animals and man by streptococci and 
staphylococci had been established. Methods of purifica- 
tion and concentration and a relatively aceurate method of 
biological assay had been developed. 

It then became Florey's task to persuade American 
authorities of the need to make major facilities available 
for the rapid development of penicillin production in 
quantity and to enthuse scientists and industrialists to 
co-operate. He was completely suecessful and the Oxford 
methods were developed. or superseded, so effectively 
that large amounts of penicillin were available for clinical 
use during the last stages of the Second World War. 

Florey remained an active laboratory investigator all 
his life. After penicillin the main topics with which he 
was personally concerned were the relatively insoluble 
antibiotic, micrococcin, the electron-microscopy of blood 
vessels and the nature of atherosclerosis. He was an 
excellent teacher, concentrating on the experimental 
sides of pathology and illustrating them largely with his 
own photographie material. With his colleagues at Oxford 
he published, in 1954, Lectures in General Pathology, à 
book which rapidly went through three editions and had 
a significant influence on the teaching of pathology 
throughout the world. In 1962 he resigned from his ehair 
to become provost of the Queen's College, Oxford. 

At the end of the Second World War, Florey was by far 
the best-known of Australian scientists and, largely under 
the influence of one of his former Australian colleagues at 
Oxford (Professor R. D. Wright), action was mooted both 
to attract Florey back to Australia and to raise the stand- 
ard of medical research in the country. Florey was inter- 
ested and in one way and another the idea broadened. 
Eventually the Australian Prime Minister, John Curtin, 
was persuaded that a national centre for advanced research 
in all fields of science would attract expatriates like Florey 
and Oliphant back to their own country. Out of this grew 
the Australian National University and its John Curtin 
School of Medical Research. Florey was largely respon- 
sible for the detailed planning and policy of the John 
Curtin School and many Australians were deeply dis- 
appointed when he preferred to remain in England 
instead of accepting its directorship. He did, however, 
maintain a keen interest in its progress and in 1965 he 
became chancellor of the Australian National University. 

Florey become a Fellow of the Royal Society in 1941. 
received a Royal medal in 1951 and the Copley Medal in 
1957, and filled the office of president with great distinc- 
tion from 1960-65. During his presidency tbe society 
moved from Burlington House to its new quarters in 
Carlton House Terrace, five new Royal Society professor- 
ships were established, and, one hears, & significant new 
vigour was introduced into the society's business. He 
was one of the “great” presidents of the Royal Society 
and the first Australian and the first pathologist to hold 
the office. 

In temperament Florey was reserved but sure of 
himself. To anyone outside the small group who knew 
him intimately, his chief characteristic was his clear 
common sense and his intense sense of obligation toward 
and responsibility for his scientific colleagues. He was 
insistent that any scientist in his laboratory should be 
adequately paid and have the best research facilities that 
he could obtaip for him. For Florey, financial security 
and prestige were more important in stimulating a seient- 
ist to good work than any sense of dedication. It was a 
manifestation of the same absence of what he regarded ax 
humbug that he had no liking for speculation. An idea 
was not worth having unless it could be used to help design 
an experiment which would or could in principle give a 
definitive result. Perhaps this is what made him one 
of the most effective medical scientists of his generation, 
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CORRESPONDENCE 


Effect of Humming on Vision 


Sir,---I have read with interest the paper by W. A. H. 
Rushton on “Effect of Humming on Vision" (Nature, 216, 
1173; 1967). The description of his experiments was 
most interesting, but I am still at a loss to discern his 
exact conclusions. Nevertheless, I would like to bring to 
his attention another use of the stroboscopic technique. 
which we employed about 1950. 

At that time, the sky contained large numbers of aero- 

planes, both civil and military, which were powered by 
piston engines and airscrews. While many of these 
engines rotated clockwise when viewed from the front, 
there were several—mainly American—which had anti- 
clockwise rotation. As members of the Air Training 
Corps we were keenly interested in aircraft recognition 
and this often led to arguments concerning the direction 
of engine rotation. Some of us hit on a reliable method 
of determining this, which was particularly suited for 
aireraft in flight. 
The technique was similar to that described by Pro- 
ssor Rushton, that is, to vibrate the head at a slowly 
increasing frequency until the propellers "stopped". A 
slight decrease in vibration frequency then allowed the 
propellers to advance in phase, thus showing the true 
direction of rotation. The vibration was produced in a 
different way from that described. The method was to 
curve the tongue against the roof of the mouth and 
exhale gently. This produced controllable "purring" due 
to the vibration of the end of the tongue as it fluttered, 
driven by the air stream over the palate. The vibrations 
so produced influenced the eyes in exactly the same way 
as in Professor Rushton's descriptions. 





Yours faithfully, 


J. L. Scorr-Scorr 
53 Barbridge Road, 
Bulkington, 
Nr. Nuneaton, 
Warwickshire. 


Biosatellites are a Waste of Money 


Sin, —"Biosatellites are a Waste of Money” (Nature, 217, 
899; 1968) cannot be considered as a responsible and 
balanced view of the NASA bioscience programme. 

The clear implication of its lead paragraph is that the 
Biosatellite II mission would have justified its cost had 
the results been "exciting". To suggest that "exciting" 
results are the normal expectation and that all other 
outcomes are a waste is to express a total and arbitrary 
misconception of what research is all about. It also does 
a grave injustice to the dedicated biologists, engineers 
and NASA administrators who aecepted an unequal 
challenge for several difficult years and succeeded in their 
endeavour. 

The very conclusion that studies on orientation and 
morphogenesis did not reveal unexpected effeets is of 
great importance for future work, and sufficient of itself 
to justify the effort and eost. 

There is, however, an even more important contribution 
to biology being made by the Biosatellite project: it 
represents the first formal achievement of a Combined major 
effort of the biologist with the engineer. The biologist has 
had to convert a working hypothesis into a very complex 
and reliable piece of hardware, and to make it work in a 
very harsh environment with extremely severe temporal 
limitations. Biclogical knowledge is being recognized as 
an increasingly important component for the survival of 
our society saturated as it is by the bitter fruits of tech- 
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nology, and the integration of biology with engineering 
of the greatest possible significance. 

To suggest that the money might have been beti 
spent for other purposes is probably true, but in tl 
context it is a non sequitur. Such a choice does n 
actually exist. An excellent and well publicized rebut: 
to this argument was made in the columns of the N 
York Times by Professor Harold Urey a few years ag 

A far better case might have been made by suggesti 
that less than a half a day of the Vietnam war wou 
have easily paid for the Biosatellites. 

There are sound arguments to be made against t) 
concept and the execution of Biosatellites, and fe 
responsible biologists and engineers would dispute the 
There always is criticism against projects of this ma 
nitude, but the following quote is pertinent in tl 
respect: ". .. I wish to emphasize that our ignorance 
living organization—of how living matter works—is 
general so profound, and our laek of any real theory ( 
the sense that the physicist uses that term) so complet 
that we cannot afford the luxury, or rather the scienti: 
arrogance, of insisting that we know the space enviro 
ment will bring us no surprises. In short, we cann 
afford an arrogance that may cause us to lose the pos: 
bility of major discovery" (C. S. Pittendrigh, Seientis, 
Testimony on Space Goals, hearing before the Committ 
on Aeronautical and Space Science, USS 88th Congres 
June 10-11, 1963 (USGPO).) 


Yours sincerely, 





Errg A. SHNEOUR 
Associate Professor 
Molecular and Genetie Biology, 
University of Utah, 
Salt Lake City. 


“Memo” Functions and Machine Learning 
Sir,—I have just noticed two howlers in my paper whic 
you published on April 6 (Nature, 218, 19; 1968). TI 
passage “ * Factorial’ (of a natural number) is a function 
so is ‘highest common factor’ (of a pair of real numbers)’ 
should, of course, read ‘‘ ‘Factorial’ (of an integer) is 
function; so is ‘highest common factor’ (of a pair ı 
integers)” 

These errors occurred in the course of a redraftin; 
I changed the example functions and forgot to change tl 
argument types accordingly. 


Yours faithfully, 
Dowarp MICHIE 


Experimental Programming Unit. 
Department of Machine Intelligence 
and Perception, 

University of Edinburgh, 
Edinburgh. 


Erratum. The following corrections should be made t 
the article "Possible Model for a Rapidly Pulsating Rad: 
Source” by Jeremiah Ostriker (Nature, 217, 1227; 1968 
in the inequality on page 1227. 17s should read 1-7: 
on page 1228, J — 3-46 10° g em? s^! should read J: 
3:46 x 1059? g em? s^; in Table 1, 1:35 x 10** em shoul 
read 1-35 x 10* em; and in the inequality on page 122: 
7x10? day- should read 2x 10-? day-!. 


Erratum. In the article "Intellectual Style and Hig 
School Science” by A. J. Cropley and T. W. Field (Natur 
217, 1211; 1968) the incorrect insertion of a footnote i 
the text obscured the fact that the AL-AQ tests of n 
telligence are published by the Australian Couneil f 
Education Research (ACER) and are specifically designe 
for use with above average groups. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk ave open to the public) 


Monday, April 22— Wednesday, April 24 


CNSYITUTION OF ELECTRICAL ENGINEERS (at Savoy Place. London, WC2) 
nferenee on "Interference Problems Associated with the Operation of 
"rowave Communication Systems", 


Tuesday, April 23 


OCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at the School of 
armacy, Brunswick Square, London, WC1), at 9 a.m.—All-day Sym- 
jum on "Pesticidal Carbamates" 
STITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London. WC2), 
30 p.m.—Colloquium on "Some Aspects of Speech Recognition for Man- 
achine Communications". 

SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP (at the 
Parmaceutical Society, 17 Bloomsbury Square, London, WC1), at 2.30 
in,-—Meeting on “New Pharmacological Assays”. 

Socipty OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at the School of 
sarmacy, Brunswick Square, London, WC1), at 5.55 p.m.—Fourteenth 
„nual General Meeting. 

'ASLIB (in the William Beveridge Hall, Senate House, University of London, 
pet Street, London, WC1), at 6 p.m.—Sir Frank Francis, KCB: "The Two 
Mtures in Information Work” (Second Aslib Annual Lecture). 


INSTITUTION OF BLECTRONIC AND RADIO ENGINEERS, AEROSPACE, MARI- 
SEE AND MILITARY SYSTEMS GROUP (at —9 Bedford Square, London, WC1), 
6 pm.—Mr P. C. Haines: "Simulation Safety and the Air Traffic 
agineer’’. 
MNSTITUTION OF MECHANICAL ENGINEERS. HYDRAULIC PLANT AND MACH- 
RY GROUP (Fluid Power Transmission Section) (at 1 Birdcage Walk. 
tminster, London, SW1), at 6 p.m. —Discussion Meeting on “Correlation 
“Laboratory Testing and Field Use". 


Wednesday, April 24 


HGEOLOGICAL SOCIETY OF LONDON (at Burlington House, Piccadilly, London 

il), at 3 p.m.—Annual General Meeting. 

BROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, SW7), 
5 p.m.— Annual General Meeting followed by Dr F. K. Hare: “The Arctic" 

residential Address). 

MNSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London. WC2), 
6.30 p.m.—Mr R, Farrall, Mr R. Wardrop, Mr W. H. Bunting and Mr C. H. 






























curseheim: "Land and Sea Transportation of Very Heavy Power Station 
uipment”. 


OCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (joint 
peting with the Heavy Organic Chemicals Group, at 14 Belgrave Square, 
wndon, SW1), at 6 p.m.—Dr D. M, Bell: *E.E.C. and the U.K. Chemical 
gidustry". 


Thursday, April 25 


{FERTILIZER SOCIETY (at the Geological Society, Burlington House, Picca- 
ily, London, W1), at 2.80 p.m.—Dr G. W. Winsor: "The Nutrition of 
asshouse and other Horticultural Crops". 


“Roya Sociery (at 6 Carlton House Terrace, London, SW1), at 4.30 p.m. 
“Meeting for the election of Foreign Members, followed by Sir Charles 
Lean FRS: “Two Atoms—the Basis of the Steel Industry" (Review 
*eture). 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects 
: Upper Belgrave Street, London, SW1), at 5 p.m.—Mrs M. G. Treadgold 
ud Mr D. J. Walters: "The Presentation of Navigational Information”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W1), at 
30 Ed F, Vermersch: “Problems and Techniques in Producing Sour 
as Wells". 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London. SWD). 
5.30 p.m.—Informal Discussion on “Engineering Aesthetics" introduced 
z Professor S, R. Sparkes and Mr Bernard Myers. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
§.30 p.m,—Dr B. J. Mason: "Recent Developments in Meteorology and 
World Weather Watch” (59th Kelvin Lecture). 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EDUCATION GROUP 
k 8-9 Bedford Square, London, WC1), at 6 p.m.—Dr H. L. Haslegrave: “A, 
palistic Appraisal of the Higher National Certificate". 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
kour (at 1 Birdcage Walk, Wesminster, London, 3W1), at 6 p.m.-—Discus- 
on Meeting on "Piston Rings— The Achilles Heel of the Diesel Engine". 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
it 14 Belgrave Square, London, SW1), at 6 p.m.—Annual General Meeting, 
alowed by Mr D. H. Matthews and Mr R. Hardman: "Statistical Tech- 
ques in Relation to the Control and Compliance with Specification of 
‘oad Materials". 

SOCIETY FOR ANALYTICAL CHEMISTRY, SPECIAL TECHNIQUES AND BIO- 
GICAL METHODS GROUPS (at the Sir John Cass College, Jewry Street, 
ondon, EG), at 6.30 p.m.— Professor William €. Purdy (University of 
aryland): "Applications of Coulometric Titrations to Clinical Analyses", 





Friday, April 26 


INSTITUTION GF ELECTRICAL ENGINEERS (joint meeting with the JERE and 
ae Royal Television Society, at Savoy Place, London, WC2), at 9.30 a.m. 
Jolloquium on “Aspects of Colour Television Engineering". 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
iarle Street, London, W1), at 1 p.m.—Dr M. Kuzmin: “Photochemical 
actions of Heterolytie Substitution".* 

RoYAL STATISTICAL SocteTy (at the Royal Society of Edinburgh, 24 
bis ae Edinburgh), at 2 p.m.—‘Some Recent Statistical Studies in 
zotland”. 
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ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p m=- 
Professor E. Laithwaite: "Fashionsin Engineering". 


Monday, April 29 
INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Dr D. E. N. King: "Reed Relays”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W 2), 
at 5.30 p.m.— Professor E. R. Laithwaite: "Magnetic Equivalent Circuits for 
Electrical Machines”. 





APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

ASSISTANT (preferably with special interests in human geography) IN 
GEOGRAPHY—The Secretary and Bursar, University College, Dublin, Republic 
of Ireland (April 25). 

LECTURER (with a good honours degree and preferably some teaching. 
research or industrial experience) IN ZOOLOGY—The Academie Registrar. 
Brunel University, Uxbridge, Middlesex (April 28). 

DEMONSTRATOR or SENIOR DEMONSTRATOR in the DEPARTMENT OF 
PsycHoLoGy—The Registrar, The University, Liverpool quoting Ref. 
RV/438 (April 30). 

DEMONSTRATORS (2) in the DEPARTMENT OF GEOGRAPHY~~The Registrar. 
The University, Keele, Staffs (April 30). 

FELLOW (organic chemist, with research experience in the pharmacology of 
synaptic transmission in the mammalian central nervous system) IN Puysi- 
OLOGY (Neurochemistry) at the John Curtin School of Medical Researc 
Institute of Advanced Studies, Australian National University— The A 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, SW1 (Australia and London, April 30). 

LECTURER IN ANIMAL PRODUCTION in the DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE =the Registrar, University of Nottingham, Nottingham 
(April 30). 

SENIOR DEMONSTRATOR in the DEPARTMENT OF CHEMISTRY —The Regis- 
on and Secretary, University of Durham, Old Shire Hall, Durham (April 
30). 

TECHNICIAN in the DEPARTMENT OF BIOLOGY for 18 months in the first 
instance— The Bursar, University of York, Heslington, York (April 30), 

LECTURER or ASSISTANT LECTURER IN PuiLosopPHY—The Registrar, The 
University, Newcastle upon Tyne (May 1). 

POSTDOCTORAL RESEARCH FELLOW in the DEPARTMENT OF Puysics for 
work in the field of nuclear magnetic resonance—The Registrar, The Uni- 
versity, Nottingham (May 3). 

RESEARCH ASSISTANT (graduate specialized in petrology or mineralogy) in 
the DEPARTMENT OF GEOLOGY for duties with joint Birkbeck/Cambridge 
geochronological research team--The Deputy Secretary, Birkbeck College 
(University of London), Malet Street, London, WC] (May 3). 

RESEARCH ASSISTANT in the DEPARTMENT OF CRYSTALLOGRAPHY for duties 
with a research team working on protein erystallography-—Dr C. H. Carlisle, 
Department of Crystallography, Birkbeck College (University of London), 
Malet Street, London, WC1 (May 3). 

LECTURER (with qualifications in pure mathematics) IN MATHEMATICS at 
the University of Tasmania, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8W1 
(Australia and London, May 6). 

READER IN MORBID ANATOMY at the Royal Postgraduate Medical Schoo! 
—The Academic Registrar, University of London, Senate House, London, 
WC1 (May 6). 

. ASSISTANT LECTURER in VETERINARY PaTHOLOGY--The Registrar, The 
Senate House, University of Bristol, Bristol, 2 (May 10). 

PROFESSOR or READER or SENIOR LECTURER IN DEVELOPMENTAL PSYCH- 
oLOGY—The Secretary of Arts and Social Studies, Arts Building, University 
of Sussex, Falmer, Brighton, BN1 9QN, Sussex (May 11). 

JUNIOR LECTURER IN PHYSIOLOGY—The Secretary, The London Hospital 
Medical College (University of London), Turner Street, London, E1 (May 13), 

LECTURER/SENIOR LECTURER IN MATHEMATICS at Flinders University of 
South Australia— The Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW; 
or The Registrar, Flinders University of South Australia, Bedford Park, 
South Australia (May 15). 

SENIOR LECTURER/LECTURER in SOCIOLOGY at Rhodes University, 
Grahamstown, South Africa—The Association of Commonwealth Unive 
(Branch Office), Marlborough House, Pall Mall. London, SW1 (South Afric 
and London, May 20). 

LECTURER IN INORGANIC CHEMISTRY at Fourah Bay College, University of 
Sierra Leone—The Inter-University Council, 33 Bedford Place, London, 
WC1 (May 21). 

LECTURERS (with good academic qualifications, teaching experience, and 
an interest in one or more of the following fields: education psychology. 
sociology of education, comparative education, educational measurement) in 
EDUCATION at Fourah Bay College, University of Sierra Leone-—-The Inter- 
University Council, 33 Bedford Place, London WC1 (May 21). 

LECTURER (with a good honours degree and preferably a minimum of t 
years practical experience in industry and/or research) in the DEPARTME 
of CIVIL ENGINEERING— The Registrar, Queen Mary College (University of 
London), Mile End Road. London, El (May 24). 

CHAIR OF GEOPHYSICS at the University of Adelaide, Australia- The Sec- 
retary-General, Association of Commonwealth Universities (Branch Office). 
Marlborough House, Pall Mall, London, SW1 (Australia, May 31). 

LECTURER (experimental physicist with experience in nuclear structure) 
in Puysics to lead a NUCLEAR Puysics GROUP—The Registrar. King's 
College (University of London), Strand, London, WC2 (June 1). 

ASSISTANT PROFESSOR (preferably with an interest and experience in the 
biochemical aspects of developmental genetics) IN GENETIC he Acting 
Chairman, Department of Genetics, MeGill University, Montreal, 2, Quebec, 
Canada. 

LECTURER IN EDUCATION with special reference to MaTHEMATICS-- The 
Seeretary, University of Stirling. Scotland, 

RESEARCH STUDENT (interested in experimental work in the fields of lasers, 
plasma physics or materials science) in APPLIED Puvysics— The Registrar, 
The University, Hull, Yorkshire. 
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SCIENTIFIC OFFICER (honours graduate or with a higher degree preferably 
in biochemistry or chemistry) to take part in investigations on digestive 
processes in the pig—The Secretary, National Institute for Research in 
Dairying (University of Reading), Shinfield, Reading, Berkshire, quoting 
Ref. 68/15. 

TEMPORARY ASSISTANT LECTURER IN PHYSICAL — CHEMISTRY — The 
Academic Registrar, Loughborough University of Technology. Lough- 
borough, Leicestershire, quoting Ref. 68/11, 

ZOOLOGISTs (7) to teach at the undergraduate and graduate levels and to 
carry out research in one of the fields of entomology, fisheries, marine 
biology, parasitology, radiation biology, and wild-life biology— Professor K. 
Ronald, Chairman, Department of Zoology, University of Guelph, Guelph. 
Ontario, Canada, 






REPORTS and other PUBLICATIONS 


(not ineluded in the monthly Books Supplement) 


Great Britain and Ireland 


Bulletin of the British Museum (Natural History), Geology, Vol. 16, No. 
1: Silicifled Brachiopods from the Visean of County Fermanagh (EE). By 
C. H. C. Brunton. Pp. 1-70--9 plates. 50s. Vol. 16, No.2: A Revision of 
the Foraminiferal Genus Axstrotrillina Parr. By C, G. Adams. Pp. 71-07 +6 
plates, 32s. (London: British Museum (Natural History), 1968.) [82 

Diamond Research 1968. Pp. 27. (London: Industrial Diamond Intor- 
mation Bureau, 1968.) 104. [52 

Sable and Sputnik, By Professor R, E. F. Smith, (An Inaugural lecture 
delivered in the iversity of Birmingham on 9th November, 1967.) Pp. 16. 
25. bd, A University and the Theatre. By Professor John Russell Brown. 
(An Inaugural lecture delivered in the University of Birmingham on 26th 
October, 1967). Pp. 16. (Birmingham: The University, 1968.) (162 

Department of Education and Science: Scottish Education Department. 
Committee on Research and Development in Modern Languages— First 
Report. Pp. vii+39. (London: H.M. Stationery Office, 1968.) 5s. net. [162 

Council for National Academic Awards. 1966-7 Report. Pp. 54. (London: 
Council for National Academic Awards, 1968.) [162 

University of Birmingham. Report of the Vice-Chancellor and Principal 
for the calendar year 1967. Pp. 561. (Birmingham: "The University. 
1968.) {192 

British Museum (Natural History). Economic Leaflet No. 15: The Straw- 
berry Seed Beetle, Pp.3. 3d. Economie Series No. 4: Mosquitoes and their 
Relation to Disease: Their Life-history, Habits and Control Seventh 
Edition. Pp. 15. 1s. 6d. [192 

The Zoological Record, 1965. Vol. 102, Section 6: Vermes, Part 1 com- 
piled by Stephen Prudhoe and C. G. Ogden. Part 2 compiled by R. W. 
Sims and Gillian V. Little, Part 3 compiled by S. Ware. Pp. v +141. 60s.; 
$8.40. Vol, 102, Section 16: Amphibia, Compiled by Hazel A. Bartlett. 
and Andrea R. P. Rhodes, Pp, 107. 40s; $5.70. (London: The Zoologiral 
Society of London, 1967.) [192 

University of Birmingham. Report of the Council for the year ended 31st 
December 1967, and Accounts for the year ended 31st July 1967, Pp. 34. 
(Birmingham, The University, 1967.) [192 

Ministry of Agriculture, Fisheries and Food. Laboratory Leaflet (New 
Series), No. 18: The Torrey Canyon Disaster and Fisheries. By A. €. 











Simpson. Pp. 43. (Burnham on Crouch: Fisheries Laboratory, 1008.) [192 

The Schools Council. Examinations Bulletin No. 18: The Certificate of 
Secondary Education: The Place of the Personal Topic— History. Pp. 46. 
(London: H.M. Stationery Office, 1968.) 3s. net. [202 





Ministry of Technology. Committee on Tribology—Report 1966-67. Pp. 
viii--23. (London: H.M. Stationery Office, 1968.) 3s. 6d. net. [202 
The Council of Engineering Institutions. Annual Report 1967, Pp. 28. 


(London: The Council of Engineering Institutions, 1968.) [202 
Bulletin of the British Museum (Natural History). Geology. Vol. 16, 


No.8: British Neocomian Rhynchonelloid Brachiopods. By E. F. Owen and 
R. G. Thurrell. Pp. 99-123-- 4 plates. (London: British Museum (Natural 
History), 1968.) 21s. {202 

Ministry of Transport, Ro rch Laboratory. RRL Report LR 109: 
A Method of Measuring the ns in Bolts. By D. S. Moss. Pp. 12. 
RRL Report LR 101: Low Friction Sliding Surfaces for Bridge Bearings: 
PTFE Weave, By M. E. Taylor. Pp. 26 (7 plates). RRL Report LR 153: 
High Strength Friction Grip Bolts-—-Slip Factors of Protected Paving 
Surfaces. By W. Black and D. 8. Mo Pp. 46. (Crowthorne, Berkshire: 
Road Research Laboratory, 1967 and 1968.) Gratis. [202 

Papers from the Department of Geology, University of Glasgow. Vol. 27, 
Octavo and Small Quarto Papers of 1963-66. 48 papers. (Glasgow: Jackson, 
Son and Company, 1967.) [212 
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The Year Book of the Royal Society of London 1968. (No. 72.) Pp. 3$ 
(London: The Royal Society, 1968.) 21s.: $9.75. 2 


Annual Report of the International Tin Research Council 1967, Pp. - 


(Greenford, Middlesex: Tin Research Institute, 1968.) ig 
Rank Audio Visual Limited. Catalogue of Training Films. Pp. 64. (Ix 
don: Rank Audio Visual Limited, 1965.) [2 


" Aid to the Selection of Mechanical Equipment for Steelworks Automa 
Control Systems. Prepared by the Working Group on Mechanical Co 


ponents appointed by the Control Engineering Committee of the Pla 
Engineering and Energy Division, BISRA. Pp. 39. (London: The Briti 
Iron and Steel Research Association, 1067.) 10s. (2 
M Balletin of the British Museum (Natural History), Entomology. Vol. $ 
No. 4: f; T f 


Contributions Towards a Revision of Afyrsidea Waterston, 9 
By The Clay. Pp. 203-2434 plate 
idae des Iles Canaries. Par J. de Beaumos 
» 1: The Evolution and Dispersal of the Gra: 
n "anus, with Keys to the Old World Spec: 
(Cicadellidae: Hemiptera). By H, H. Ross. Pp. 1-30. 13s. (Lond 
British Museum (Natural History), 1968.) z 
The Properties and Applications of Tin-Coated Steel Sheet and Stri 
By W. E. Hoare and B. T, K. Barry. Pp. 15. (Greenford, Middlesex: T 
Research Institute, 1967.) [2 
University of Birmingham, Research and Publications, Session 1066-194 
(No. 38.) Pp.218. (Birmingham: The University, 1968.) $ 
Index of Pig Research supported by PIDA, with Reports and Reference 
Pp. 79. (London: Pig Industry Development Authority, 1968.) {2 
Annual Report of the Leicester Museums for the year ended 31st Mare 
1967, the 61st Report to the City Council. Pp. 64. (Leicester: City 
Leicester Museurns, 1968.) 2. 
Institution of Electrical Engineers, 1068 Amendments to the Regulatio 
for the Electrical Equipment of Buildings, Pp. 10. (London: Institution 
Electrical Engineers, 1968.) 3s. post free, (2 
The Physics Exhibition 1988: 52nd Exhibition of Scientific Instrumer 
and Apparatus—Handbook. Pp. 288452. (London: The Institute 
Physics and the Physical Society, 1968.) [5 
A New Perspective on War, (Chemical and Biological Warfare. A stu 
with Special Reference to Vietnam.) Hy John Cookson and Judith Nottin 
ham. Pp. 127. (Neweastle upon Tyne: Chemical and Biological Warfa 
Study Group, Neweastle University, 1968.) 2: 
Cell and Tissue Kinetics, Vol. 1, No. 1 (January 1908), Edited by E, € 
Field. Pp. 1-88. Published quarterly. Subscription price: 100s.; USA ax 
Canada, $17.50 per annum, post free. (Oxford and Edinburgh: Blackwe 
Scientific Publications, 1968.) {2 
National Parks and Ace to the Countryside Act, 1049.  Eighteen 
Report of the National Parks Commission for the year ended September 5 
da Pp. vii 76 * 8 plates. (London: H.M. Stationery Office, 196% 
Ss. 6d. net. I2: 
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United States Department of the Interior: Geological Survey, Prote 
sional Paper : Stratigraphy and Regional Tectonic Implications of Pa 
of Upper Cretaceous and Tertiary Rocks, East-Central San Juan Basin, Ne 
Mexico. By Elmer H. Baltz, Pp. iv+ 101+ plates 1-6. (Washington, D.C 
Government Printing Office, 1967.) H 

Field Museum of Natural History. Fieldiana: Anthropology, Vol. 5 
Chapters in the Prehistory of Eastern Arizona, WI, By Paul S. Marti 
William A. Longacre and James N, Hill, Pp. 1758. (Chicago: Field Museu 
of Natural History, 1967.) . € 

World Health Organization. Technical Report Series. No. 370: T! 
Education of Engineers in Environmental Health-—Report of a WHO Expe 








Committe Pp. 26. 2 Sw. francs; 4s.; $0.60, No, 879: Control « 
Ascaria Report of à WHO Expert Committee. Pp. 47. 3 Sw. frane 





6s.; $1. No. 378: Joint FAO/WHO E 
Report. Pp. 127. 3 Sw. francs; 108.; $1.75. (Geneva: World Heal! 
Organization; London: H. M. Stationery Office, 1967.) fi 

Mitteilungen aus der Biologischen Bundesanstalt für Land- und Forstwir 
schaft, Berlin-Dahlem. Heft 126 (Dezember, 1967): Uber die Anwendur 
von Herbiziden an Gewässern, Von Dr H. Johannes. Pp. 118. (Berli: 
palten; Biologische Bundesanstalt für Land- und Forstwirtschaft, di 
27 DM. 

State of California: Marine Research Committee. California Co-operatiy 
Oceanic Fisheries Investigations, Reports, Vol. 11, 1 July. 1963 to 30 Jun 
1966. Pp. 136. (Terminal Island, California: State Fisheries Laborator 
California Department of Fish and Game, 1967.) [t 

India: Council of entific and Industrial Research, Research Pr 
grammes of Universities and Research Institutes (Non-CSIR)— Physic 
Geophysics, Biophysics. Pp. vi-- 60, (New Delhi: Directorate of Researc 
Coordination and Industrial Liaison, Council of Scientific and Industri 
Research, 1967.) à 

Commonwealth of Australia. 
Bureau of Mineral Resources, Geolo 
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(Parkes, A. C. T.: Department of N 
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NATURE 
No Future for ELDO 


By deciding, as he has done, to withdraw the British 
contribution to the European Launcher Development 
Organization after 1971, the Minister of Technology 
has given form to the wishes implicit in the report 
of the Estimates Committee on Space Research and 
Development a year ago, but that should not be held 
against him. It has for some time been common 
ground between those who would like to see a larger 
British space programme and those who fear that too 
much enthusiasm for these activities may lead to 
further waste of money that ELDO had proved to be a 
broken reed. The Estimates Committee took a bullish 
view of the future of space research and development 
in Britain—it called for more money to be spent, and 
for a greater proportion of it to be spent on national 
programmes. As yet, it is too soon to know how far 
the Ministry of Technology will go in satisfying the 
committee’s yearning after more exclusively British 
 rockets—the case against participation in ELDO was 
strong, but there is no reason to believe that spending 
commensurate sums of money on an exclusively British 
programme would serve any better purpose. On the 
face of things, at least, it is likely to cost more and not 
less to attain the same inadequate goals that now 
seem within the grasp of ELDO. In other words, it 
is to be hoped that the realism which has now prompted 
the Ministry of Technology to cut its losses will not be 
swamped in a wave of euphoria about the prospects 
for Black Arrow—the rocket waiting in the wings— 
and for electric propulsion of satellites into more 
distant orbits. Modest expenditure and open-ended 
programmes are required and it would be in every- 
body's interest if the Ministry of Technology and its 
dependants would openly acknowledge that there is 
no chance, this side of 1980, in competing with the 
United States or the Soviet Union in the launching of 
large communications satellites. 

That said, there remains the question of what kind 
of European collaboration on space research and related 
activities there should be. In the first place, it is 
important that ELDO has from the beginning been a 
splendidly artificial concept. To begin with, at least. 
it was hard to know whether it was a device for making 
some use of the rocket Blue Streak or whether, or 
perhaps as well, it was meant to be Mr Peter Thorney- 
croft’s personal contribution to European goodwill. 
In practice, it was foolish for those who sponsored 
ELDO, the British Government chief among them, to 
hope that a rocket launcher which had been robbed 
of its always dubious military role should have been 
the ideal instrument for launching communications 
satellites and the like, and many of the strains 
which have beset the ELDO organization in the past 
five years have arisen from attempts to make this 


rocket serve a purpose for whieh it was not originally 
intended. But it has also in recent years become 
apparent that ELDO was not serving, as the idealists 
had hoped, as a means of genuine collaboration on a 
European basis. The Government of France, particu- 
larly, has made no secret of its belief that ELDO could 
only be an adjunct to a national programme and not 
a substitute for it. This is the message which the 
Estimates Committee echoed in its report a year ago. 
It is to the British Government's eredit that it has given 
ELDO an honest trial in the past five years, and it is 
also sensible now to agree that there should be more 
money for the European Space Research Organization. 
An extra six per cent a year is not much to promise 
that organization. But it should at least ensure that 
ESRO, unlike ELDO, has a chance to prove itself. 
For the rest, it would be better if the British Govern- 
ment could persuade its European colleagues that the 
future lies not so much in the development of hard- 
ware as in the creation of political and commercial 
institutions for making the fullest use of the opportuni- 
ties which lie ahead. 

By now it is apparent that such commercial benefits 
as there are likely to be from the exploitation of 
space will be in the use of communications satellites. 
Moreover, it is plain that the satellites as such play only 
a comparatively small part in the construction of 
an integrated communications network. "The ground 
stations, the coding equipment, and the elaboration of 
communications networks on the ground are by far 
the largest part of any system. It follows from this 
that the interests of ordinary people in Europe and of 
the commercial companies who consider that they have 
a contribution to make to the development of satellite 
communications would be best served by a series of 
international agreements which make sure that inter- 
national communications by means of satellites are as 
fully and quickly developed as possible. In this sense, 
the most urgent need is not to create further technical 
organizations for launching satellites but rather to 
make sure that the international agreement which at 
present governs the operations of such satellites as 
exist will work more effectively in the next few years 
than it has done so far. In particular, there is an 
urgent need that the preliminary consortium of com- 
munications carriers known as Intelsat should be placed 
on a surer foundation. At present, understandably 
enough, the American partner in Intelsat, the hybrid 
publie and private corporation known as Comsat, has 
a dominant share of responsibility and profit. This 
should be changed quite drastically at the next revision 
of the treaty in 1969, and it is particularly important 
that European countries should act in concert in those 
negotiations. It is also important that Europeans 
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somehow convey to their colleagues in the United 
States that Comsat as such is in need of re-examination, 
to say the least of it. As things are, its image oscillates 
between that of a tyrant beating the communications 
companies over the head and that of a kind of a puppet 
doing what the telephone companies command it. 
One way and another, matters like this should be 
attended to as a matter of urgency. Within a revised 
framework for international communications by satel- 
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lite there is no reason why contractors who are not 
American should not be quite successful in making 
bids for tenders to build satellites (but not to launch 
them). When it comes to domestic satellites, there is 
no reason why European nations should not copy the 
Canadians and ask the Americans to launch a suitable 
satellite for a fee. In the long run, that should be a 
good deal cheaper than trying to breathe life into 
ELDO. 


Writing the History of the Future 


Dr Herman Kaun is no Enid Blyton, which is to say 
that the books he writes can usually be counted on to 
cause something of a stir or, more explicitly, an 
abreaction. On Thermonuclear War is probably the 
best known of his works, and it is only fair to say in 
Dr Kahn’s defence that many hasty readers did not 
properly appreciate that his purpose in putting to- 
gether several outlandish and even weird visions of 
what the future might bring was not that of a prophet 
in the strict sense but that of a man bent on a considera- 
tion not merely of the most likely course of future 
events but of certain deviations from it which prudence 
suggests should also be considered. In other words, 
the argument goes, it is important to consider the 
implications of what he called, some years ago, a 
"doomsday machine" by means of which attackers as 
well as their vietims might be destroyed, if only to 
appreciate more accurately the kinds of steps which 
powerful nations should take to prevent involvement 
in suicidal wars. By that test, of course, it was unfair 
for people to complain that Dr Kahn is the sort of 
man who would relish the invention of such a device, 
but it must be allowed that he was tactlessly reticent 
on the subject. Fortunately, there is much less chance 
of misunderstanding about his most recent book, 
The Year 2000, written jointly with Dr Anthony J. 
Wiener (Collier-Maemillan, $9.95), for this is well 
supplied with detailed justifications of what has come 
to be known as the technique of analysis by "scenario". 
It is therefore something of a disappointment to have 
to record that in its special way this new book is as 
much of a disappointment as its predecessors. Either 
it is a kind of science fiction or it is dangerously incom- 
plete. 

The origin of the latest volume is to be found in the 
programme of studies on which the American Academy 
of Arts and Sciences has embarked under the banner 
of the “Commission on the Year 2000". The first 
fruits of that study were the essays collected in the 
special issue of Daedalus devoted to the subject just 
over a year ago, and everybody is grateful for them. 
What Dr Kahn and Dr Wiener—by trade a sociologist — 
have done is to make a much more detailed prediction 
of the course of events in the remaining third of this 
century. To be fair, they are at great pains to point 
out that they eannot even determine the most likely 
course of history —the goal is instead a "surprise-free" 
prediction. It is also important that the subtitle of 
their book is "A Framework for Speculation"—this 


is meant to indieate that nobody should interpret 
literally each single word they write. It is also true 
that they have hedged in several places by making 
long lists of words of all kinds—descriptions of inven- 
tions which may yet be made, adverbs -weary, for 
example—which describe the conditions of govern- 
ments, and even adverbial clauses which describe in 
some shape or form the attributes of some society, 
past, present or future. (The authors at one point 
ingenuously suspect that this practice may “irritate” 
their readers; they are, of course, correct.) It is, 
however, even more serious an objection that the 
middle-of-the-road projection which Drs Kahn and 
Wiener have produced is not merely irritating but 
unconvincing. What they have really done is to 
assemble a huge piece of fiction masquerading as a work 
of scholarship, which is why nobody should be sur- 
prised that the book does actually lapse into a frankly 
fietional horror story for a couple of pages at one 
point. 

As far as it goes, however, the surprise-free predic- 
tion is pedestrian enough. Drs Kahn and Wiener 
make the perfectly proper point that mere extrapola- 
tion forwards is not good enough in trying to predict 
what is going to happen several decades from now. 
and as a result provide a sensible if unoriginal calcula- 
tion of how the population of the world may grow less 
quickly in the years ahead than continuity would 
suggest. There is also some convincing arithmetic to 
support the view that the disparity between developed 
and developing nations is more likely to grow than to 
diminish in the years ahead, together with a timely 
reminder of how comparatively easy it is for developing 
countries to accumulate a stock of social capital if 
only they put their minds to it. 

The trouble, alas, is that Drs Kahn and Wiener 
transfer their confidence in the use of numbers from 
situations in which the use of numbers is appropriate 
to situations in which it cannot fail to be misleading. 
Thus it is that Drs Kahn and Wiener describe as part 
of what they call the “basic long-term multifold trend" 
leading to their surprise-free world of the year 2000. 
the tendency towards “increasingly sensate cultures” 
& term which they have borrowed from one Pitirim A. 
Sorokin but which they define with their own list of 
key words, "Empirical, This-Worldly, Secular, Human- 
istic, Pragmatic, Utilitarian, Contractual, Epicurean 
or Hedonistic, and the Like". On the whole, they say. 
the Sensate condition is already to be found among 
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minorities in the United States, but the Late Sensate— 
which is even more dislikable—is not yet upon us and 
may yet be avoided. All this may strike a clear bell 
with those who consider that contemporary social 
problems are all reducible to variations on the tale of 
what happened to Lot’s wife, but it is impossibly 
schoolboyish as a description of the character of social 
change. Although they claim the support of “most 
philosophers of history” for their belief that signs of 
what they call Sensate in, say, art are also evidence of 
the emergence of Sensate tendencies elsewhere in 
society, their application of the principle is foolish. 
The truth is that there is no evidence to suggest that 
the evolution of societies is a linear process, that 
societies at any time can be described by a single 
adjective, or that the kinds of historical conditions of 
which the world already has experience are likely to 
exhaust the range of historical possibilities. In brief, 
Drs Kahn and Wiener, who let their imaginations run 
riot on science and technology, are curiously leaden 
when it comes to history. The kinds of futures which 
they foresee are almost entirely determined by recent 
political experience in the United States. That this 
should be so is not surprising, but it does mean that 
the book, huge though it is, is not so much a framework 
for speculation as a tightrope. 

When it comes to suggesting what kinds of technical 
possibilities may be opened up in the three remaining 
.. decades of this century, Drs Kahn and Wiener are 

. imaginative enough but lacking in judgment or at 
least the appearance of judgment. One of the most 
tangible parts of their book is a list—another list— 
“One hundred technical innovations very likely in the 
last third of the twentieth century". This is a brave 
enterprise but one which is largely meaningless. What, 
for example, is to be made of the item "new and useful 
plant and animal species" fairly high on the list, among 
the near certainties? It is natural to ask whether 
the authors are thinking of new varieties, such as the 
strains of wheat and rice which seem to have brought 
joy to farmers in India and Pakistan in recent months. 
If, however, they are really thinking of new species, 
it is surely their duty to be a little more explicit. 
Unfortunately a good deal of their list is ambiguous in 
the same way, somehow straddled between platitude 
and outrage. To be sure, on one reading, Drs Kahn 
and Wiener are merely following the fortune-tellers 
and hedging their bets, but the process diminishes 
their eredibility. "The real trouble, however, is that 
Drs Kahn and Wiener seem not to appreciate as clearly 
as they should the practical distinction between 
innovation and change. Even very recent history, 
however, shows clearly enough that even the important 
technieal revolutions may be slow to have a practical 
effect. The speed with which atomic power stations 
will come into service is probably determined as closely 
by the availability of capital as by technical con- 
siderations. By the same test, the rate at which new 
devices sueh as lasers are likely to influence the pattern 
of telecommunications will be determined by the speed 
with which existing networks, already huge, can be 
extended and renewed. In other words, in technological 
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prophecy, the real interest is to know what will happen 
and not what might happen. 


Canadian Science Policy 


Is Canada a developing country ? Dr O. M. Solandt, 
Chairman of the Science Council of Canada, thinks it 
is. When he gave the third Science of Scienee Founda- 
tion Lecture at the Royal Institution on April 23, he 
suggested that Canada's experience was an unusual 
combination, sharing the characteristics of highly 
developed economies and the large uuder-exploited 
regions more typical of underdeveloped countries. For 
this reason, he was hopeful that Canada's experience in 
trying to put science to work would be valuable both 
to the mature nations of Europe and to the developing 
nations of Asia and Africa. 

Most nations, Dr Solandt said, have neither explicit 
goals nor a mechanism for formulating them. Scientists 
had a duty to point this out, although it would be 
presumptuous for scientists to try to formulate the 
goals—science is by no means the only important 
activity in the nation. Those who were responsible 
for trying to recommend science policies would have 
to establish hypothetical goals as a basis for policy. 
One of Canada's aims, he implied, was that of shifting 
expenditure away from the government laboratories, 
and towards universities and industry instead. This 
process had now been going on for some years and was 
of considerable importance. 

He explained that the Canadian Science Council, the 
body charged with advising the Government on science 
poliey, had no operating or budget responsibilities to 
interfere with its objectivity. One of its recom- 
mendations had been that a Canadian Space Agency 
should be set up to co-ordinate and plan Canadian 
space programmes. Unfortunately, it had proved 
impossible to implement the recommendation, because 
there was no effective body in the Government to 
convert the policy recommendation into action. Each 
of the agencies concerned with space activities already 
had its own vested interests. In the event, Dr Solandt 
said, an ad hoc group in the cabinet secretariat had been 
set up to deal with the problem. As a more permanent 
solution to these problems, Dr Solandt suggested the 
formation of a Ministry of Science with no responsibility 
for operations, which could deal both with the formation 
of policy and its conversion into reality. 


Jaguar Unveiled 


Ox April 17 the strike/trainer aircraft Jaguar was 
rolled out from the Breguet works in Velizy-Villa- 
coublay. After the dismal experiences of the past 
few years, when cancellations have come thick and fast, 
it is very hard to see how the Anglo-French Jaguar 
has survived. But it has, and now seems set to go into 
produetion, with orders for 200 from the Royal Air 
Force and a similar number from the French Air Force. 
No doubt the comparatively modest cost of the 
aircraft (although each will cost £620,000, the Fill 
would have been four times as much), the hope of 
export orders, and the fact that it is a collaborative 
project have all helped to keep the Jaguar in business. 
But these are hardly eompelling strategic arguments. 
Without the Fl11 or the Anglo-French variable 
geometry aireraft (both cancelled by the British 
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Government under financial pressure), the need for an 
advanced trainer, which is what the Jaguar is, is very 
far from obvious. 

Of course, like most aircraft these days, the Jaguar is 
expected to do more than simply train pilots to fly at 
Mach 1-7. The aircraft has five roles: as an advanced 
trainer for the French and British air forces, as a tacti- 
cal support aircraft by both air forces, and as a tactical 
aircraft for the French Navy. As a tactical aircraft, 
Jaguar can carry a variety of systems—air to air 





missiles, 1,000 Ib bombs, rocket launchers and Martel 
missiles, though not all at once. The British Ministry 
of Defence originally stated that the Jaguar would be 
used to enable Phantoms to be released to replace 
obsolete Lightnings. In this sense, it is a secondary 
strike system, cheap to buy, easy to fly, with the 
capacity to take off from short, ill-prepared runways 
and with a good range. It is small, about the same size 
as the Hawker Hunter, has a radius of actio». of 320 
nautical miles, and can be flown for 2,430 nautical 
miles if external fuel tanks are fitted. The aircraft 
has two engines, built jointly by Rolls-Royce and 
Turbomeca, and called the RB 172 T260 Adour. 

So far, this sounds like a blueprint for a replacement 
for the Hawker Hunter in air forces like those of 
Jordan. And it is clear that the makers of the aircraft 
are hoping for substantial export orders—they hope 
1,000 Jaguars can be sold. If they are not, the project 
can hardly be justified. Although the aircraft has 
some room for development, it is never likely to 
amount to an effective substitute for the cancelled 
variable geometry aircraft. £124 million is a lot to 
pay for a squadron or two of relatively unsophisticated 
aeroplanes—even in the training function, the Jaguar 
will not be the complete answer. The Ministry of 
Defence also intends to produce a training version of 
the Harrier, another small aircraft which at least has 
vertical take-off to recommend it. But there are signs 
that an export market exists—a fairly well substanti- 
ated story suggests that Japan is in the market for the 
Adour engine, to power its own training aircraft, the 
TX. This will please Rolls-Royce, although the British 
Aireraft Corporation would doubtless prefer to sell 
the entire aircraft. 


Reflexions on Todd 


ENTHUSIASM tinged with fear seems to be the general 
reaction to the Todd report on medical education (see 
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Nature, 918, 121; 1968). Enthusiasm for a majority of 
the proposals is dampened by the fear that the report 
will be pigeonholed and no action taken. Develop- 
ments now in the pipeline but not in line with the 
report would therefore be dropped with nothing else 
put in their place. As it is, changes like a reorganiza- 
tion of curricula have been hanging around waiting 
for the recommendations. Building plans in various 
stages of completion are also affected. 

Expansion of medical training is obviously necessary. 
The recommendations for the form that the training 
should take seem to have received widespread approval. 
Pre-clinical teachers are welcoming the idea of a medical 
degree, although the cost of providing enough labora- 
tory accommodation is likely to be a drawback. Voca- 
tional training for general practitioners as described in 
the report includes much that has already been called 
for by the College of General Practitioners. Although 
some critics say that, with the current shortage of 
general practitioners, this is no moment to raise the 
standards, there is a feeling that unless something is 
done in this direction people will not be attracted into 
general practice at all and the shortage will become 
more serious. Recommendations for reorganization of 
the curriculum are welcomed, although there are doubts 
about the availability of staff and money which would 
be necessary. Contributions by the students would 
help this problem, and it has been suggested that this 
would be a good moment to review the whole question 
of student financing, both in medicine and other 
subjects. 

A large section of the report deals with the hospitals 
and medical schools in London. It has been recognized 
for some time that some sort of rationalization is 
necessary, and the proposed links of teaching hos- 
pitals with university colleges are weleomed. On the 
other hand, there is a feeling that the postgraduate 
hospitals might lose their identity if grafted on to the 
new double undergraduate hospitals. The report 
suggests rather than makes definite recommendations 
about how the various institutes and postgraduate 
hospitals might join up, but it seems likely that even 
the suggestions will not be too kindly received. The 
Institute of Neurology and the National Hospital in 
Queen Square, for example, are already involved with 
plans for rebuilding on the present site, and they see 
no reason to move to join the Guy’s/King’s College 
group when they are so close to various libraries and 
particularly to University College, where basic neuro- 
logical research is carried out. It has been murmured 
that the commission, in its attempts at rationalization, 
ended up playing jigsaws, fitting in the postgraduate 
hospitals to make a tidy picture rather than for positive 
reasons. And the Hammersmith hospital, which has 
its own particular brand of postgraduate school staffed 
entirely by full-time university staff, has been left with 
no undergraduate link, although such links are an 
important feature of the report. 


IBP General Assembly 


Tue International Biological Programme (IBP) is very 
nearly a year into the active phase of its five-year life- 
time, but already there are worries about what is to 
happen to uncompleted projects when the programme 
ends in 1972. There are likely to be quite a number. 
Most of the American and Soviet IBP projects, for 
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instance, have not yet started: the Soviet Union has 
only just published its national programme. This was 
one of the policy themes under discussion at the 
annual IBP General Assembly and meeting of the 
Special Committee for IBP (SCIBP) held this April at 
Varna on the Black Sea coast of Bulgaria. It is now 
"as clear as a bell" according to the IBP Scientific 
Director, Dr E. B. Worthington, that much IBP work 
cannot be finished by the end of 1972. There must 
be a mechanism for checking progress and for con- 
tinuing the promising work after that time. Even 
more important is a mechanism for closing down the 
unpromising activity, but this is now in hand. Plans 
are being made for assessing the work of each of the 
seven sections into which IBP research is organized 
and for evaluating themes within the sections. Before 
the conference an index to IBP projects was abstracted 
by the central office from the thirty-odd national 
programmes so far available. 1,400 projects are 
identified in this document. They are classified 
under subject, section and the scientist responsible 
for them. 

The Eastern Europe venue for the meeting proved 
encouraging not only for Russian participation but 
also to scientists of the other socialist countries, who 
have lacked not enthusiasm but mobility in previous 
years. A curious situation emerged at the meeting. 
Although ecological science appropriate to IBP is at a 
high level in the Eastern European countries, there 
is little co-operation between the different national 
workers. It has needed an IBP to bring them together. 
For instance, on the Lower Danube the com- 
mercially valuable fisheries and vegetation are exten- 
sively studied by the scientists of Rumania and 
Bulgaria for which the river forms a common border, 
but up till now they have not shared their results or 
co-ordinated their activities. 

Soviet authorities have paid lip service to IBP, but 
they have not played much part in the international 
planning and preparations. Things are now on a much 
better footing. Quite a large Soviet contingent was 
present at Varna. Their long awaited programme was 
available—well produced and in English. The newly 
appointed secretary of the national committee proved 
to be a professor of zoology at Leningrad University 
of great energy and with an excellent command of 
English. At the meeting a very distinguished Soviet 
limnologist, Professor Winberg, accepted the vacant 
post of convener for the Freshwater Productivity 
section (PF) from the retiring American. Two major 
international scientific conferences on IBP themes are 
to be held in the Soviet Union this year; one on plant 
root systems at the end of the summer and the other, 
on the place of bacteria in freshwater productivity, in 
the winter. Russian scientists have made both 
subjects peculiarly their own. 

Improved relations in another important sector are 
reported from the conference. FAO (the UN Food and 
Agriculture Organization) is showing a much changed 
attitude towards IBP since the appointment of the 
new Director-General, Dr A. H. Boerma. Lengthy 
discussions held recently between IBP Central Office 
staff and all FAO departments have led to the intention 
to make much departmental work available to the 
programme. 

Shortage of funds continue to hamstring IBP 
activities centrally as well as at the national programme 
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level. The meeting passed a resolution to be forwarded 
to the parent body, ICSU, to raise the national sub- 
scriptions for the coming year. These are on a three-tier 
basis, and on the new tariff the highest subseription 
will be $25,000 instead of $10,000 and the lowest 
$250 instead of $100. But this will not help the 
running expenses for this year. 


New Council for Nature 


Tur argument which has sprung up over the control 
of the Council for Nature concerns the new constitution 
which was adopted at the extraordinary general 
meeting on April 20. Since its foundation in 1959, to 
co-ordinate at a national level the views and opinions 
of unofficial bodies concerned with conservation and 
natural history, the Council for Nature has had an 
executive committee elected from among its member 
bodies, of which there are now 450. Of these, the 
museums and universities had one representative each, 
and there are several representatives from national 
and local natural history societies and conservation 
organizations. "There are also eight places filled by 
experts in various aspects of natural history, nominated 
by the executive committee itself to ensure that 
important sections of nature were not overlooked in 
the council's activities. At a general meeting in 1967, 
it was decided that these eight members should be 
nominated by national societies and not appointed 
by the executive committee. 

Under the new constitution, the executive comi- 
mittee is replaced by a council with members appointed 
by other bodies. Four members will be appointed by 
the Royal Society for the Protection of Birds and four 
by the Society for the Promotion of Nature Reserves 
and its County Naturalists’ Trusts Committee. A 
Natural History Societies’ Committee, to be set up by 
the council and to consist of representatives of national, 
regional and local affiliated bodies particularly con- 
cerned with natural history, will also appoint four 
members to the council. The Fauna Preservation 
Society will appoint two members and the rest will be 
appointed one each by nine other organizations 
including the Scottish Wildlife Trust, the Field Studies 
Council, the Linnean Society, the Botanical Society 
of the British Isles and the Museums Association. 

These changes are regarded by the Council for 
Nature as a necessary step towards closer co-ordination 
with other voluntary bodies concerned with conserva- 
tion. The old executive committee, when recommend- 
ing the changes, advised that "to avoid overlapping 
of function, it is advisable that the Council for Nature 
should neither appear to be, nor act like, a society in 
its own right”. 

The work of the council will continue to involve 
national co-ordination and promotion of ideas and 
activities concerned with natural history and conserva- 
tion. The latest report of the council, entitled Working 
for Nature, records the council's role in promoting in 
Parliament bills concerned with the countryside, the 
protection of wild plants and the conservation of 
seals. The Conservation Corps, with about 13,500 
available volunteers, has continued its various field 
activities such as laying hedges, making nature trails 
and generally helping to manage the countryside. 
The local member bodies have continued to receive 
information and advice from the council. which admits 
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that it is concerned that these bodies subscribe only 
three per cent of its annual income, which comes mostly 
from national sources. 


Power Politics 


THE row over British fuel policy, which started as a 
general rumble of discontent, has recently become 
more shrill. The opponents of the Government's 
policies have found a focus for their irritation—at 
Seaton Carew, in County Durham, where the Central 
Electricity Generating Board wants to build a power 
station. So far, the choice of fuel for the station has 
not been decided, and it looks as if the supporters of 
coal intend to make a test case of it. Seaton Carew 
is in the heart of a mining area, and the coal lobby, 
led by Lord Robens of the National Coal Board, 
and ably supported by a band of mining Members of 
Parliament, is determined that Seaton Carew power 
station will burn nothing but coal. 

The result of this may be that the station will not 
be built at all. The CEGB is determined to build a 
nuclear station at Seaton Carew, almost certainly an 
advanced gas cooled reactor, and is not willing to 
consider anything else. If it is balked, its reaction 
will be to cancel the station altogether and go ahead 
with an advanced gas cooled reactor at Heysham, in 
the north-west, where the problems of coal are not so 
keenly felt. Ironically, the rationale for this may have 
been supplied by Lord Robens himself, by his offers 
of coal at knock-down prices to the aluminium smelters. 
It now seems likely that three smelters will be built; 
Rio Tinto Zinc will build one in Anglesey, British 
Aluminium will get a site at Invergordon, and Alcan 
will be offered a site in the north-east, near Blythe. 
Lord Robens has already promised Alcan coal at 
cheap rates (probably 3-25d. per therm), and the origi- 
nal intention was to ship the coal from the north-east 
to Invergordon. Spared of the need to ship the coal, 
the Coal Board should be able to offer even more 
competitive rates for a smelter in Northumberland. 
This would take the edge off the argument about 
Seaton Carew, and any surplus electricity at Blythe 
could be exported to the national grid, thereby further 
reducing the need for the Seaton Carew station. 

In fact the CEGB could well do without a new power 
station. After two mild winters, and an industrial 
recession which has reduced the growth of electricity 
consumption, it is almost embarrassed by its excess 
capacity. Power stations, of course, take a long time 
to build, and by the time any power station started 
now was finished, the situation could be very different. 
Optimists believe that when the current recession ends, 
the growth of electricity consumption will return to 
traditional rates. In the meantime, however, it would 
be quite possible for the CEGB to delay starting new 
stations for a little while without putting itself in 
any danger. 


Launching Ships . 

LLovp's Register of Shipping has been asked by the 
shipbuilding industry to look into the problems of 
launching very large ships, especially the new genera- 
tion of oil tankers, because of the damage which may 
be sustained by a large ship as it is launched down a 
slipway. The chief ship surveyor of Lloyd's Register, 
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Mr Jack Roberts, points out that this is an old prob- 
lem; the new factor is the advent of very large ships, 
which means that damage sustained during launching 
can be costly to put right. 

One of the factors involved is that during the 
launching of a ship down a slipway the after end is 
partially waterborne and there are supports at the 
bows, but the middle of the ship may not be sup- 
ported at all Another problem is connected with 
Structures known as "ways" which are attached to 
the hull in the shipyard. When a ship is launched, 
the temporary ways fixed to the hull slide over broad 
longitudinal surfaces on the slipway, so that the ways 
do the sliding rather than the ship. The trouble is that 
the pressure of the ways on the ship during launching 
can lead to buckling of the hull. 

The trend toward the building of ships in dry docks, 
so that when the hull is finished the dock is flooded 
and the ship floated out, surmounts the problems 
associated with slipway launchings. Alternatively, 
large ships can be launched in two halves. Ships built 
to pass the assessment of classifieation societies such 
as Lloyd's are inherently strong enough to survive the 
launching process without damage, however, so British 
shipyards are unlikely to have to invest in costly 
building docks. For example, Swan Hunter, the 
Tyneside shipbuilders, plan to launch two 240,000 ton 
tankers on order for Esso down slipways. 

According to Mr Roberts, Lloyd's are unlikely to 
make rules for the launching of ships, because there 
are so many factors involved. It is more likely that 
Lloyd's will simply advise the industry on launching 
procedures. 


Astronomy in Scotland 


Tue Royal Observatory in Scotland is celebrating 150 
years of Scottish astronomy. A brief ceremony to mark 
the occasion, attended by the provost and by a number 
of astronomers working in Scotland, was held in the 
observatory on April 25. 

Astronomy in Scotland got under way in the early 
years of the nineteenth century, chiefly because of the 
influence of the Astronomical Institute of Edinburgh. 
This society decided to build a scientific observatory in 
Edinburgh, which was started 150 years ago in 1818, 
and finished six years later. This was the main building 
of the observatory on Calton Hill, still a familiar land- 
mark in the centre of Edinburgh. Because of the cost 
of building and equipping the observatory, the society 
ran into financial difficulties. It was unable to afford 
the staff to run the observatory and to produce the star 
catalogue—the chief project of the society at the time. 

The city authorities and the university were 
approached for help. The society suggested that the 
professor of practical astronomy in the university 
should be appointed to run the observatory and it 
put forward the title “Astronomer Royal for Scotland”. 
Until then the professorship had been a sinecure, 
because there were no astronomical instruments in the 
university. The first Astronomer Royal for Scotland 
was Thomas Henderson, the only Scot to have held the 
post. Professor H. A. Briick, professor of astronomy 
in Edinburgh university, holds the title at present. 

The observatory was handed over to the Government 
in 1847 to become the Royal Observatory of Scotland. 
In 1895 the Royal Observatory moved to its present 
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site at Blackford Hill on the outskirts of Edinburgh, a 
move prompted by the continuing search of astronomers 
for clear skies, and the observatory on Calton Hill 
became the property of the city. It was used by the 
city as an observatory until 1937, when it was taken 
over by the Astronomical Society of Edinburgh. 1t is 
now run for the benefit of the publie, and the Astro- 
nomical Society uses it for extra-mural classes and 
lectures for schools. 

For the second time in the 150 years of astronomy 
in Edinburgh, astronomers are moving their tele- 
Scopes to avoid the city lights. Only last year an 
observing station of the Royal Observatory of Scotland 
was opened at Monte Porzio, near Rome, whieh should 
benefit from the clear skies of Italy. 


Weather Satellites 


COMMUNICATIONS satellites are turning out to be a 
boon to meteorologists, comparable with photographie 
satellites. There is a wide variety of plans in the 
offing to use satellites to collect measurements trans- 
mitted from automatic weather stations in remote 
regions and to relay the measurements to data collec- 
tion centres. The prospect of more information from 
inaccessible areas, such as the oceans and polar regions, 
is particularly attractive. An experiment at present 
under way in the United States has a different em- 
phasis, however. Its purpose is to test the feasibility 
of transmitting meteorological information from a 
meteorological centre to widely scattered stations by 
means of a communications satellite. Called the 
WEFAX, for weather facsimile experiment, its aim 
is the dissemination rather than the collection of 
information. 

The object is to transmit weather data from certain 
meteorological centres in the United States to receiving 
stations in the Pacific Ocean and within the United 
States. The system can handle weather charts, weather 
forecasts and cloud cover photographs from satellites, 
and is in facsimile format. In the experiment, which 
was begun in December 1966, the transmissions are 
relayed by the satellite ATS I, which is in a synchronous 
orbit over the Pacific Ocean. Weather maps and 
cloud cover photographs of the Pacific area are con- 
verted into a suitable format at the National Environ- 
mental Satellite Center, Maryland, or at the World 
Meteorological Center, Washington, and then sent by 
land-line to Mojave in California. 

A camera on the ATS satellite itself takes photo- 
graphs of clouds over the Pacifie, which are trans- 
mitted to the ground station at Mojave, where they are 
mailed to the National Environmental Satellite Center 
for transmission over the WEFAX network. The ATS 
camera works by focusing an image of part of the 
Earth through a pin-hole aperture on to a photo- 
multiplier tube. A controlled spin of the satellite 
together with mechanical movement of the camera 
means that as the Earth is scanned across the photo- 
multiplier tube a picture can be built up. In this 
way a large part of the Pacific can be scanned in about 
2,000 revolutions of ATS I, taking something like 
20 minutes. 

The ATS satellite, together with the WEFAX 
system, ean also be used to forecast floods. It is 
proposed to collect readings from automatic river level 
and rainfall gauges in the United States bv transmitting 
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measurements from the gauges to the satellite. The 
satellite then relays the information to the Mojave 
ground station, which transmits the readings to Wash- 
ington via the WEFAX land-line. The hydrological 
gauges are made to transmit readings by commands 
radioed from the Mojave station via ATS I. An experi- 
ment along these lines was started last August, using 
four automatic gauges at locations in the United States. 

One of the strong points of the WEFAX system is 
that a large number of stations throughout the world 
are potentially able to receive faesimile information. 
largely because of the several conventional weather 
satellites now in service. This means that any suitably 
equipped station in the line of sight can receive cloud 
cover photographs from the satellite. The British 
Meteorological Office at Bracknell, for example, has 
for some time been receiving photographs taken by 
the satellite ESSA 6. All that is necessary to convert 
these stations to the WEFAX system is to modify 
them to receive the right frequency. 


BA at Dundee 


Tuis year the British Association for the Advancement 
of Science is to hold its annual meeting in Dundee. 
The meeting will take place from August 21 to 28, 
and the preliminary programme, as massive as ever, 
has now been published. Following the innovation 
of last year, the association will be holding three 
general symposia which are intended to appeal to 
scientists of all disciplines and to members of the 
publie. "The most interesting looks like being an all- 
day meeting on disasters—their prevention, control 
and social effects. The demands of technology. and 
the benefits of large scale operation, leading to giant 
tankers, air-buses and nuclear power stations, have 
increased the scale of potential disasters. There is a 
need for a corresponding improvement in safety 
precautions. The meeting will be chaired by Dr H. M. 
Finniston, a deputy chairman of the British Steel 
Corporation, and Lord Robens, chairman of the 
National Coal Board, will be among the speakers. The 
other two symposia will be on regional planning and 
transport development, and factory farming. 

A series of public lectures has for the first time been 
included in the programme; these will be illustrated 
and open to non-members. The programme includes 
Professor D. Michie on computers and the future, 
Dr D. E. Broadbent of the MRC Applied Psychology 
Research Unit at Cambridge on noise and people. 
and Professor R. J. Taylor of the University of Sussex 
on the origin of elements. But the meat of the associa- 
tion's programme will again be the sectional pro- 
grammes. There are now fifteen sections, covering 
all fields of science. The engineering section includes 
diseussions of electronies in medicine, economies of 
scale, and ultra-strong materials, and the general 
section will have a presidential address from Sir 
Gordon Sutherland on the brain drain. 


Forestry Commission Reports 


THERE have been important changes in the structure 
of the Forestry Commission since the seventh report 
from the Estimates Committee in 1963-64, The changes 
—deseribed in the commission’s Progress Report 
1960-65, prepared for the Commonwealth Forestry 
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Conference to be held this year—are geared to the 
increasingly commercial aspect of the commission's 
activities. The Directorates for England, Scotland 
and Wales have been abolished, so that the various 
conservancies come under the direct control of a 
reconstructed headquarters. There are now three full- 
time commissioners for administration and finance, 
for forest and estate management. and for harvesting 
and marketing respectively. To act as intermediaries 
between the commissioners and the work which is 
going on in Scotland and Wales, senior officers for each 
of these countries have been appointed. Thus, the 
report says, co-ordination of policy is made easier, 
and the business of administration is simplified. 

Although the primary concern of the commission 
is to produce timber to help meet the increasing de- 
mands of industry, there is growing recognition of 
the part forests can play in improving the landscape 
and in providing facilities for leisure and recreation. 
Car parks, picnic sites and nature trails are being 
provided to deal with increasing demand for public 
access. An officer with particular responsibility for 
wildlife was appointed in 1964, and the commission 
is taking advice from a landscape consultant. 

The apparent consumption of forest products in the 
United Kingdom increased from 1,265 million cubic 
feet in 1961 to 1,461 million in 1965. The production 
of sawn softwood has increased although sawn hard- 
wood production has declined—there is a limited 
availability of high-quality home-grown hardwood logs 
and strong competition from abroad. The closure of 
uneconomic coal mines and increasing mechanization 
in the more profitable ones have resulted in reduced 
consumption of mining timbers, and home production 
has decreased. The production of pulpwood has in- 
creased rapidly from 10-5 million cubie feet in 1960 
to 17:5 million in 1965. Imports of foreign pulpwood 
in 1965 were lower by 3 million cubic feet than 5 years 
previously. 

The research and development activities of the com- 
mission have also been increasing; expenditure was 
£554,000 in 1965, whereas it was £363,000 in 1960. 
This represents approximately 3 per cent of the 
Forestry Commission's total payments. Under the 
new organization, the director of research is responsible 
to the commissioner for forest and estate management, 
and a management services division has been set up, 
under the commissioner for administration and finance, 
to cover planning and economies, work study and 
organization and methods. 

The planning and economics branch has been 
making field surveys and inventories for the forest 
and conservaney working plans which are prepared by 
district officers and conservators. These working plans 
are a means of translating the commission's policy into 
local management terms. The work study branch is 
composed of seven regional teams and one experi- 
mental team, which conduct most of the development 
work and trials of machinery within the commission. 
Chemical weeding, brushing and draining are also 
being studied intensively. . 

Among the other research sections, an interesting 
development in forest pathology has been the develop- 
ment of a method for using the fungus Peniophora 
gigantea to control another fungus, Fomes annosus, by 
colonizing stumps more quickly and making them 
unsuitable for the root rotting pathogen. In silvi- 
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culture, work has been developing on the effects of 
wind on trees. A technique using winches has been 
developed for estimating the resistance of stems to 
throw, and models have been constructed for study in 
wind tunnels. Aerodynamic studies of actual crops 
are now in progress. 


Tropical Products 


THE first model of a three and a half ton still for extract- 
ing essential oils is now undergoing trials at the Tropical 
Products Institute’s industrial technology department 
at Culham. The still, which costs £3,850, will be shipped 
to Dominica in the autumn where it will be used by 
the institute's staff to improve the quality of bay oil 
used to make bay rum. Enquiries about the still have 
already been received from Grenada, St Vincent, 
Guyana, the Seychelles and Thailand, for use with 
flavouring oils such as cinnamon and nutmeg, the per- 
fumery oil patchouli and for general exploration. 
Essential oils are like wine in that the flavour varies 
with the soil and weather conditions in each area. 
Until now, countries wanting to develop the produc- 
tion of essential oils have had to construct their own 
test stills to produce samples. As these were often of 
the converted oil-drum variety, the flavour or smell of 
the resulting essence differed from the one which would 





The still undergoing trials at Culham (Crown copyright). 


be obtained from a proper still built for larger scale 
production. Thus there were often marketing difficul- 
ties because of the variation in the quality of the oils. 

In July 1967, Dr G. Ames of the TPI produced the 
idea of a still which can be transported to areas of 
possible production and produce oils of consistent 
quality. Specifications for the still were developed by 
the institute and converted into hardware by Rose, 
Downs and Thompson of Hull. Any form of plant 
material can be placed in the stainless steel vessel, and 
the oils are removed by steam. After condensation, the 
distillate passes through two separators, the first for 
the removal of oils lighter than water, the second for 
the heavier variety. The still is run on diesel fuel, so 
that water is the only local requirement for its use. It 
can be carried by lorry to the production site, a distinct 
advantage when the yield from the process is between 
2 and 5 per cent by weight. 
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Central Dogma, Right or Wrong? 


Even if Professor J. D. Watson had set out to write 
his frank account of the discovery of the structure of 
DNA by really believing that it would be accepted by 
everyone concerned, he must have realized long ago 
that there are many critics who, for one reason or 
another, would seek some opportunity to retaliate 
when it came to reviewing The Double Helix. It is an 
open secret that the three people most involved, Drs 
Crick, Wilkins and Pauling, failed in their efforts to 
stop or at least to modify the publication. But they 
may have influenced the decision of President Pusey 
and the corporation of Harvard College to over- 
rule the syndics of Harvard University Press and 
prevent the book appearing under that imprint. Since 
then, however, Drs Crick and Wilkins have sensibly 
stood aloof from personally attacking their friend and 
colleague. That could be left in quite capable hands. 

The real danger of all this furore, however, is that 
fallacious attacks on the validity of the scientific work 
and judgment of Watson, and therefore Crick and 
Wilkins, will insinuate themselves among the personal 
rows. Dr Barry Commoner of Washington University, 
St Louis, an inveterate alarmist ever since the 
days when he decried the validity of ultraviolet 
light measurements of intracellular DNA in the 1950s, 
has taken exception to DNA and has made something 
of a name for himself by attacking the idea that DNA 
is the self-replicating genetic material. He had another 
opportunity to repeat his arguments and he confused 
the issue at a recent symposium in San Francisco 
organized as part of the 155th annual meeting of the 
American Chemical Society. Predictably Watson, 
Crick and Wilkins declined invitations, but several 
knowledgeable people, including Professors Chargaff. 
Kornberg and Commoner, did attend. 

It is understandable that Chargaff may find it as 
hard to be objective about the history of DNA as 
Watson does. He may well feel that he had this prize 
within his grasp. And there should be no mistake that 
molecular biology is such a fiercely competitive field 
that who did what assumes almost as much importance 
as what in fact was done. That, if nothing else, is clear 
from Watson's account. But, in the mood of criticism 
which the book has inspired, Dr Commoner had 
a splendid opportunity to repeat his now familiar 
and, as far as most people are concerned, experi- 
mentally refuted arguments that DNA is not self- 
replicating. The crux of this view, the “crisis in 
biology" as Professor Commoner likes to call it, is that 
DNA polymerase—the enzyme which catalyses the 
polymerization of the four nucleotide bases to produce 
DNA —is not simply a catalyst. He maintains that the 
base sequence of the DNA or the genetie eode is not 


determined solely by the sequence in the template 
DNA but is also somehow affected by the enzyme itself. 
His evidence for this is that the preparation of DNA 
polymerase which Kornberg isolated several years ago 
and has worked on ever since does not exactly copy the 
base sequence in the primer DNA and, furthermore, 
can make DNA in the absence of any primer. But it 
has never been shown that this unprimed DNA specifies 
any protein, and all Kornberg's more recent results, 
including the replication of infective X 174 viral 
DNA in vitro, which received publicity from President 
Johnson in December, point the other way. Kornberg, 
and almost everyone else in a position to judge, believes 
that there is overwhelming evidence that the enzymes 
involved in DNA replication are only catalysts. 

The other plank in Dr Commoner’s argument is that 
the amount of DNA per cell is not related to the 
taxonomic position of the species from which it comes. 
If the average size of genes is constant, the species of a 
higher taxonomic status should contain more DNA per 
cell than species of a lower taxonomic status. As this 
is not the case, Professor Commoner has devised a 
“nucleotide sequestration” hypothesis which explains 
the discrepancy in DNA content at the expense of the 
view that inheritance is exclusively controlled by DNA. 
But variations in the DNA content per cell can, of 
course, equally well be explained by gene duplication. 
A cell may contain many copies of a few genes and have 
more DNA than another cell of higher taxonomic 
status which has only a few copies of a greater number 
of genes. 

When Professor Commoner restricts himself to such 
themes as the hazards implicit in many recent and 
fanciful claims about the possibilities of controlling 
human inheritance or the possibilities of poisoning 
resulting from excessive use of nitrate fertilizers, be 
certainly does little harm and may even do some good. 
But there is a real danger that the repeated publicity 
given to his arguments against the genetic role and 
self-replication of DNA will serve to confuse and to 
delay research. That should not be allowed to happen. 
What has to be clearly kept in mind is that, irrespective 
of the rights and wrongs of publishing The Double 
Helix, the importance to biology of the diseovery of 
the structure of DNA ranks with the rediscovery of 
Mendel’s work and The Origin of Species. 


Pine Martens 


THE pine marten, which looks like a large ferret with 
dark brown fur and a characteristic creamy orange 
patch under the throat, has never enjoyed legal protec- 
tion in Britain. Over the centuries, as a result of 





A pine marten (photo: Geoffrey Kimms). 


progressive enclosure and especially over-trapping, 
it has been exterminated from all but the most in- 
accessible and unplantable areas. Today it survives 
in a few forests in north-west Scotland, Wales and the 
Lake District and is rarely seen even by foresters. 
But the Forestry Commission, in whose forests it has 
always been protected, hopes that the numbers of 
martens will increase naturally and that the animal 
will eventually extend its range. The commission 
itself has no plans for reintroducing the animal but, 
like the closely related Russian sable, martens can be 
bred on ranches. Mr H. G. Hurrell, who has a ranch 
at his home in Devon, has written a pamphlet, Pine 
Martens, for the commission, and it has just been 
published (HMSO). 

Despite their name, pine martens are not especially 
attached to pine trees. The ideal lair is a hollow tree 
or a hole in rocks with a restricted entrance that keeps 
out predators, but these places are hard to find and 
martens are often obliged to live in large birds’ nests 
or, on moorland, to burrow chambers in peat. In fact 
it is an extremely versatile and adaptable animal, 
capable of living in a wide variety of habitats ranging 
from coastal cliffs and open moorland to mountainous 
pine forests. This, no doubt, is one of the reasons why 
it has managed to survive in Britain through several 
ice ages during the past forty million years; Eocene 
fossils are identical to the bones of present-day martens. 

Martens have a very curious breeding cycle. Mating 
takes place in July or August, but implantation of the 
fertilized egg is delayed so the litters, usually of three 
but sometimes of four or five, are not born until the 
first week in April. The birth of the litters is very 
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punctual. AH those that have been born on Mr Hur- 
rell’s ranch arrived between March 31 and April 10. 
The cubs show all the signs of being instinctively 
frightened by heights, but they soon learn to be adept 
climbers and leapers like the squirrels they hunt in 
the tree canopy. The sounds of a squirrel hunt often 
reveal the presence of a marten. Strangely enough, 
although martens are such good climbers, they are 
nocturnal and spend most of their time on the ground 
hunting rabbits, mice, voles and other small mammals 
or occasionally eating slugs or digging out wasps’ or 
bees’ nests. The martens themselves do not damage 
trees although, of course, their prey do. 

Unfortunately, apart from catching sight of a marten 
dazzled by car headlights, the chances of seing one are 
very slight, but there are signs to look for, droppings 
and tracks. There is evidence that martens could be 
successfully reintroduced and, even though the Forestry 
Commission does not intend to do this, private land- 
owners might. Certainly the animal should be legally 
protected. 


Glasshouse Research at Littlehampton 


ALTHOUGH, because of the climate, crops suffer less 
from serious outbreaks of pest diseases in Britain than 
in many countries, there is still much scope for improve- 
ment. In the case of glasshouse crops, grown in an 
artificially warm humid environment favourable to 
pests and diseases, plant pathology has accounted 
for some of the most significant achievements. At 
the Agricultural Research Council's Glasshouse Crops 
Research Institute at Littlehampton, which serves a 
section of the horticultural industry worth £94-2 
million per year, the problem of controlling pests is 
being attacked on four fronts: entomology, virology, 
mycology and plant breeding. 

Biological control is likely to become more impor- 
tant, as insects develop resistance to chemical pesticides 
at a rate which is fast making the use of pesticides 
uneconomical, A group at Littlehampton has 
developed a method of rearing large numbers of the 
mite Phytoseiulus which is a predator of another mite, 
the so-called red spider. Red spider mites, a serious 
pest in greenhouses, eat the leaves of cucumber plants. 
Growers are co-operating in control trials; they receive 
capsules containing about two Phytoseiulus and ten 
red spider mites which they release on to infested 
plants. It has been found necessary to release a few 
red spider mites to provide an initial food supply for 
the predators. Yields of cucumber greater than those 
obtained by control with pesticides have been reported. 
It is hoped that the cost of controlling biologically the 
red spider mite will be half that of chemical control. 
At Littlehampton they have also had success in con- 
trolling some pests of the chrysanthemum, and are 
investigating the economic prospects of biological 
control of these and several other glasshouse insect 
pests. 

Virus diseases are a great problem with glasshouse 
crops, for they are passed from parent to offspring in 
vegetative reproduction, and no chemical is known 
which destroys viruses without upsetting the balance 
of the host cell. One answer is to develop a virus-free 
foundation stock and propagate from this. Growing 
plants at increased temperatures—37°-38° C—shifts 
the balance in the plant cells between replication and 
breakdown of the viruses. At 37° C the viruses are 
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less likely to replicate. If some tissue, such as the 
meristem, is removed from treated stocks and cultured, 
some of the new plants which develop are virus-free. 
These foundation stocks can be stored in sterile condi- 
tions to prevent further infection and used to propagate 
more clean plants. These methods are being used 
at Littlehampton with various commercially grown 
flowering plants, and better flower colours are among 
the results that have been obtained. Testing for the 
presence of virus is nowadays relatively easy with the 
electron microscope. 

Mycologists at Littlehampton are examining the 
biology of fungal pathogens and their relationships 
with the host, in the hope that better ways of protecting 
the hosts from attack can be found. Increased carbon 
dioxide in the atmosphere has been found to reduce 
attack by the fungus Bofritus, and these conditions 
are being investigated as a means of control. 


Chemotherapy 
from a Correspondent 


A svMPOSIUM was held at the Luton College of Tech- 
nology on Thursday and Friday, April 18 and 19. The 
first day was devoted to a consideration of the processes 
in bacteria affected by antibiotics, and the second day 
to a study of agents that are active against cancers, 
viruses, trypanosomes and various parasitic worms. 
The word chemotherapy suggests an attempt to differ- 
entiate chemically between two different organisms or, 
in the extreme case of cancer, between two variants of 
the same cell. In the past, such agents have only been 
discovered empirically, because it is impossible to design 
drugs on a molecular basis until the detailed chemistry 
of the structural components which are to be attacked 
has been elucidated. 

In order to differentiate chemically between the 
parasite and host, it is necessary to search either for 
some structural component found uniquely in the 
parasite or for some biochemical difference. The 
bacterial cell wall mucopeptide and the kinetoplast in 
trypanosomes provide excellent examples of unique 
structural components, and it should be possible to 
inhibit selectively the synthesis of these components. 
p-Cycloserine is a structural analogue of p-alanine and 
competitively inhibits an early reaction in muco- 
peptide synthesis; it is effective only because it has 
such a high affinity for the particular enzyme involved 
and, in general, simple competitive inhibitors whose 
action is reversible are not particularly effective anti- 
biotics. It is an advantage to have a covalent linkage 
formed between the inhibitor and target enzyme, and 
penicillin provides a supreme example of this. 

It is considerably more difficult selectively to attack 
processes involved in nucleic acid metabolism, although 
the action of antibiotics and drugs that are active 
against nucleic acids is particularly well understood. 
Berenil appears to be an exception in this class of drugs 
in selectively attacking the kinetoplast DNA of trypa- 
nosomes, while nuclear DNA remains unaffected. But 
the precise molecular basis for its selective action has 
not been elucidated. It is possible that the drug is 
selectively transported into the kinetoplast, and this 
underlines the importance of membranes as a possible 
site for selective attack by antibiotics and drugs. 

There are differences in the size of ribosomes in 
eucaryotic and procaryotic cells, and many antibiotics 
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selectively inhibit protein synthesis in bacteria, among 
them chloramphenicol and erythromycin. The tertiary 
structure of the complex formed between messenger 
RNA, transfer RNA and ribosomes is extremely com- 
plex, and until this has been investigated further it is 
not possible to show how antibiotics which inhibit the 
overall process work in molecular terms, though it is 
possible to localize the action of antibiotics to indi- 
vidual reactions. 

Biochemical differences between homologous 
enzymes in host and parasite are an important. potential 
site of attack and are utilized in the treatment of some 
parasitic worms. There are definite prospects here for 
the development of new drugs. The lectures on virus 
chemotherapy and anti-tumour agents made the 
audience acutely aware of the advantages enjoyed by 
the enemy, but even in these fields hope was given for 
possible future attack. 


Industrial Fluorocarbons 


from a Correspondent 


A SYMPOSIUM on fluoro-organie compounds with em- 
phasis on industrial applications was held in the 
chemistry department of the University of Birming- 
ham on March 28 and 29. 

Professor M. Stacey presided and welcomed the 
delegates and briefly recalled his department's interest 
in the subject. Professor J. C. Tatlow (University of 
Birmingham) gave a summary of the work of one of his 
teams on polyfluorocyclohexanes and other hydrocar- 
bon ring systems. He showed the ways in which 
hydrogen fluoride could be eliminated and how con- 
formational consideration had revealed,that both cis 
and trans elimination took place to provide a very wide 
range of ene and diene compounds. He outlined the 
theoretical and practical possibilities for these, and 
indicated how they had led to the discovery of fully 
fluorinated aromatic and heterocyclic compounds. 

Dr 8. W. Green (Imperial Smelting Corporation, 
Bristol) spoke on the physical properties and applica- 
tions of some inert fluorocarbon fluids. He showed 
that a demand is growing for inert fluids in modern 
electronic equipment as heat transfer agents and as 
working fluids in heat engines. He deseribed how the 
physieal properties of the liquid are measured, and 
demonstrated with two werking models how their 
thermodynamic properties are ideally suited for 
novel applications. Dr C. Woolf (Allied Chemists 
Corporation, USA) gave an important review of 
knowledge of the relationships of structure of fluoro 
chemicals with their surface active properties. He 
outlined the application of chromium complexes of 
long chain fluorine-containing acids in paper sizing 
and stressed their use with phosphate esters as internal 
sizes. He described various types of fluorochemical 
textile treating agents. He showed how "light water" 
foams containing fluorocarbon derivatives are replacing 
protein foams for fire-fighting purposes. Other uses 
included materials for preventing metal corrosion, 
additives for electroplating baths, levelling agents in 
flow wax formulations and polymerization emulsifiers. 
Dr Uhl (Farbwerke Hoechst, Frankfurt, Germany) 
presented a paper on new fluorine-containing reactive 
dyestuffs. In these, a 2,2; .3-tetrafluorocyclobutyl 
residue (for example) was interposed between a normal 
“dyestuff residue" and the diazo-carrying part. The 
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dyes were "reactive" inasmuch as they form a covalent 
bond with the substrate during dyeing. Dyes were 
marked by high brilliance and good washing and 
peroxide fastness. 

DrJ. E. Brenner (Du Pont International, Geneva) 
summarized a large area of new knowledge on the 
synthesis, properties and polymerization of per- 
fluorocarbon epoxides. Cyclic and acyclic perfluoro- 
olefines are converted to their epoxides by alkaline 
hydrogen peroxide at low temperatures. Hexafluoro- 
propylene epoxide ean also be prepared by an autoxida- 
tion process. It reacts with itself in the presence of 
fluoride ion to form dimers and high oligomers which 
have the general structure of substituted perfluoro- 
polyethers terminating in an acyl fluoride group. The 
stabilized perfluoropolvethers are oils or low melting 
solids which have high thermal resistance both in air 
and vacuum. 

Dr I. M. White (Royal Aircraft Establishment, 
Farnborough) spoke about a new range of perfluoro- 
alkylene-linked aromatic polymers.  Fluoroaliphatic 
iodides, aromatic halides and copper react together in 
&protie polar solvents to form fluoroalkyl-substituted 
aromatic compounds. Thus units of (CF,),--C,H, 
were introduced into aromatic polymers to form 
polyimides and polyesters. These in particular formed 
a range of thermally very stable thermoplastic poly- 
imides, some of which are soluble and may be cast 
into films. 

An interesting applied chemistry paper was that 
presented by Dr G. T. Newbold (Fisons Ltd, Saffron 
Walden, Essex) on a novel class of pesticides. 2-Tri- 
fluoromethylbenzimidazoles have a number of biologi- 
cal activities of interest in the agricultural chemical 
field. Notablé among the many members of the series 
synthesized are 4,5-dichloro-2-trifluoromethylbenzimid- 
azole chloroflurazole, NC 3363, a post-emergent herbi- 
cide which controls broad leaf weeds in cereals, and 
5, 6-dichloro-1-phenoxycarbonyl-2-trifluoromethylbenz- 
imidazole, fenazaflor, Lovozal, NC 5016, an orchard 
acaricide. 


Glucose from Cellulose 


from our Microbiology Correspondent 

ALTHOUGH the numerous investigations of microbial 
breakdown of cellulose illustrate that many species 
can degrade the glucan at a rapid rate and to comple- 
tion, cell-free extracts from these same species possess 
comparatively little of this activity. Indeed, in vitro 
enzyme digests depolymerize cellulose only slowly and, 
unless very low substrate concentrations are used, the 
hydrolysis is severely limited. This pattern of enzy- 
matic digestion of cellulose may be contrasted with 
that of starch. The enzymatic hydrolysis of starch to 
glucose is a well proven commercial process with 
current production approaching half a million tons 
annually. In enzyme mediated starch digestion, the 
glucose level reaches about 30 to 40 per cent; in com- 
parison, the release of glucose from cellulgse by cell- 
free preparations rarely exceeds 5 per cent. It is 
unfortunate that the exploitation of a cellulase diges- 
tion has not been possible to date, particularly because 
cellulose is the most abundant natural product on 
this planet. 

The recent brief report from the Natick Laboratories 
in Massachusetts of glucose production from modified 
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native wood cellulose (Katz and Reese, Appl. Micro- 
biol., 16, 419; 1968) is therefore most encouraging. 
Dr Reese and his colleagues have based their investiga- 
tions on the observation made by Krupnova and 
Sharkov in Russia that wood cellulose, when milled 
at high temperatures, is readily hydrolysed by 10 
per cent sulphuric acid. Katz and Reese milled the 
wood cellulose ‘Solka Floc’ for various times and at 
temperatures as high as 200? C and then tested its 
susceptibility to the cellulase produced by the fungus 
Trichoderma viride, an enzyme system which has been 
studied extensively at Natick. B-Glucosidase was also 
added to the digest. "This second enzyme hydrolyses 
cellobiose which, if it accumulates in the reaction 
mixture, inhibits the cellulase. The conditions for 
producing the optimal cellulose susceptibility to the 
fungal enzyme were found to be a 30 min grinding 
period at 200° C; this proeedure resulted in a suspen- 
sion of 50 per cent solids (other modified celluloses 
produce about a 10 per cent suspension of solids). The 
thick cellulose suspensions, when incubated with Tri- 
choderma cellulase (300 C, units/ml.) and 8-glueosidase, 
yielded glucose in concentrations greater than 30 per 
cent. The initial rate of glucose release was rapid but 
then fell gradually. The authors consider produet 
inhibition and/or substrate heterogeneity are respon- 
sible for these kineties and suggest that higher yields 
might be obtained if more violent milling was used 
during the preparation of the substrate. This pre- 
liminary study indicates the feasibility of producing 
glucose from cellulose enzymatically, but it remains 
to be seen whether or not the system can be scaled 
up to an economically viable process. 





Instant Ribosomes 


from our Molecular Biology Correspondent 


THE reconstitution of functional ribosomes by mixing 
separated RNA and proteins is an experiment the 
feasibility of which one might well have been forgiven 
for doubting. It has now been achieved—at least with 
the 30S sub-unit from E. coli—by Traub and Nomura 
(Proc. US Nat. Acad. Sci., 59, 771; 1968). Earlier work 
by several groups of workers had shown that a substan- 
tial proportion of the total protein could be removed 
from ribosomes by exposure to high salt coneentra- 
tions. The resulting particles or "cores" were inactive, 
but their function could be restored by replacing the 
dissociated proteins. Fractionation of these proteins 
into several groups led to the partial identification of 
the activities of particular fractions. 

In the new experiments, the cores (238) from 305 
ribosomes were also stripped of their proteins by treat- 
ment with 8 M urea and 4 M lithium chloride. Recom- 
bination of the proteins with the 168 RNA occurred at 
37? C (hardly at all at 0? C), and particles sedimenting 
at 30S were regained possessing practically the 
full activity of native ribosomes in cell-free systems with 
both poly-U and f2-phage RNA as messenger. Both the 
core protein and the more easily detached fraction arc 
necessary for activity, and the order of mixing with the 
RNA is immaterial. That a high degree of specificity 
is involved in the recombination is shown by the 
inability of core proteins from the 508 particles to 
replace their counterparts from the 308 particle; and 
by the failure of recombination experiments when the 
RNA was degraded, and when RNA of the small sub- 
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unit of yeast or rat liver ribosomes was substituted for 
E. coli RNA. 

It is, of course, impossible to say with certainty 
whether each single protein molecule has to re-enter its 
individual niche in the structure, or whether only a few 
key proteins of defined activities must oceupy their 
original positions. In any event, however, the spon- 
taneous reassembly of a system of this complexity is as 
staggering as it is unprecedented. It offers exciting 
new possibilities for the study of ribosome function, and 
Traub and Nomura already give one example: they 
have found that the resistance to streptomycin of the 
ribosomes from streptomycin-resistant Æ. coli is asso- 
ciated not with the 168 RNA but rather with the 
core proteins. 

The progressive loss of proteins from Æ. coli ribo- 
somes at increasing ionic strengths has been studied by 
Itoh, Otaka and Osawa (J. Mol. Biol., 38, 109; 1968). 
Whereas previously proteins had in general been 
removed in quite large batches, these workers have 
found that a more or less stepwise release can be 
achieved, using lithium chloride solutions under 
defined conditions. In the process the 50S ribosomes 
are reported to give successively 40, 36, 28 and 258 
products, and the 308 ribosomes 25, 23, 21, 19 and 168. 
The proteins remaining at each stage were identified 
by column chromatography, and their proportions 
determined by radioactive counting, the RNA and 
proteins being labelled respectively with tritium and 
uC, They state that in the cores which remain after 
prolonged lithium chloride treatment, only one or 
perhaps two protein species remain. The results bear 
out earlier evidence of the dissociation of ribosomal 

proteins in several steps by a Russian group of workers. 


Location of RNA Cistrons 
from our Cell Biology Correspondent 


Tur DNA sequences that specify 5S, 238 and 165 
ribosomal RNA and transfer RNAs in Bacillus subtilis 
are located in two clusters, one large and one small, 
in the bacterial chromosome. This is the picture 
that has emerged from some elegant experiments 
by Smith, Dubnau, Morell and Marmur (J. Mol. Biol.. 
33, 123; 1968). In 1965, these workers, and Oishi 
and Sueoka, independently, showed that the majority 
of the cistrons specifying 17,5 and 23S ribosomal RNA 
are located in a restricted portion of the B. subtilis 
genome. But these experiments gave no indication 
of the location of 5S RNA, they did not resolve the 
order of the cistrons specifying each class of RNA 
and they did not show that all the RNA cistrons are 
in one cluster. The latest experiments clarify these 
questions. 

To determine the order of replication of selected 
markers in the chromosome, Smith et al. took spores of 
B. subtilis grown on a light medium and germinated 
them in the presence of deuterium (D,O). In this 
system, newly replicated DNA wil have a hybrid 
density and so can be separated from unreplicated DNA 
by density gradient centrifugation. By taking DNA 
samples at various times after germination and testing 
their ability to transform markers, the order of replica- 
tion of those markers can be mapped. At the same 
time hybridization of the DNA with the various classes 
of RNA reveals the location of the RNA cistrons 
relative to the markers. 


321 


The result of these experiments indicates that 
between 60 and 80 per cent of the 5S, 168 and 238 
ribosomal RNA and transfer RNA cistrons lie in a 
cluster between the cistrons for streptomycin and 
puromycin resistance. The other 20 to 40 per cent 
of the RNA cistrons are probably clustered in a second 
region between cistrons involved in leucine and 
methione synthesis. The hybridization data indicate 
that there are four 5S, nine to ten 168 and 235 and 
about forty transfer RNA cistrons in the entire genome. 
Thus the larger cluster must include two or three 58 
and six to eight 168 and 23S ribosomal RNA cistrons 
and about thirty transfer RNA cistrons. In this 
cluster the average map position of the RNA cistrons 
is strep, 238, 168, transfer, puro, and the 5S RNA 
cistrons are close to the 238 and 165 RNA loci. 

What is the significance of the clustering of the ribo- 
somal RNA cistrons? The obvious suggestion, made 
by Dubnau, Smith and Marmur in 1965, is that it 
reflects the existence of some co-ordinated control 
mechanism for the synthesis of the ribosomal RNAs. 
Certainly the discovery that 5S RNA cistrons are 
localized with the 16S and 23S cistrons supports this 
view. The close linkage between ribosomal RNA 
cistrons and cistrons conferring resistance to anti- 
biotics including streptomycin, puromycin, erythro- 
mycin and kanamycin is also consistent. It is known 
that several of the cistrons that confer resistance to 
these antibiotics are probably concerned directly 
with the synthesis of the 30S ribosomal sub-unit. 

It is also significant that Cutler and Evans (see 
Nature, 215, 7; 1967) found two distinct regions in the 
E. coli chromosome which are complementary to 168 
and 23S ribosomal RNA and transfer RNA. Moreover, 
these regions contain the cistron for streptomycin 
resistance. As Smith et al. suggest, mutation to 
streptomycin resistance may occur in a 16S ribosomal 
RNA cistron. 


Mitochondria producing Heat 
from our Medical Biochemistry Correspondent 


Some newborn mammals, hibernating mammals and 
mammals which have been acelimatized to cold condi- 
tions often contain large amounts of brown adipose 
tissue. This is important in maintaining body tempera- 
ture because it is a very efficient heat producer as 
well as acting as an insulator, like white fat. Each cell 
in brown fat contains a very large number of mito- 
chondria, which are presumed to release energy as heat 
during their respiration. Numerous workers have found 
that the P: O ratio (molecules of adenosine triphos- 
phate (ATP) formed for each molecule of oxygen eon- 
sumed) of mitochondria isolated from brown fat was 
very low, so it was thought that electron transport 
in these mitochondria was permanently uncoupled 
from the reactions which normally produce ATP. 

Two groups of workers have, however, recently 
shown that the mitochondria from brown fat can in 
fact produce as much ATP as other mitochondria when 
they are incubated in the presence of defatted serum 
albumin. Both groups isolated mitochondria from the 
brown fat of newborn rabbits and rats which had been 
acclimatized to cold for several weeks. Guillory and 
Racker (Biochim. Biophys. Acta, 158, 4900; 1968) 
measured the P : O ratios of the mitochondria using 
a-ketoglutarate and succinate as substrates, while 
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Aldridge and Street (Biochem. J., 107, 315; 1968) 
measured respiration and phosphorylation using pyru- 
vate as the substrate. In both investigations unsupple- 
mented mitochondria showed very low P: ratios 
(unmeasurable with succinate, 0-89 using a-ketoglutar- 
ate as substrate and less than 0-3 using pyruvate as 
substrate). These values are those given by the 
production of ATP during the carbohydrate breakdown 
reactions known as substrate level phosphorylation, 
and imply that no phosphorylation is accompanying 
electron transport. When large amounts of serum 
albumin, which had been treated to remove all fats, were 
added to the incubation medium, the P:O ratios 
increased considerably and approached those normally 
found in other tissues; using succinate as substrate, 
ratios of 1-24 and 1-66 were recorded; with pyruvate 
as substrate the ratios became 0-78 to 1-44, while 
the ratio with a-ketoglutarate as substrate rose to 
2-69. 

Aldridge and Street think that the isolated mito- 
chondria must be damaged in some way, and the addi- 
tion of serum albumin restores the mitochondrial 
structure so that phosphorylation again accompanies 
eleetron transport. Guillory and Racker, on the other 
hand, think that the low P : O ratios are caused by the 
presence of free fatty acids which can act as uncoupling 
agents (Pressman and Lardy, Biochim. Biophys. Acta, 
91, 458; 1956) and serum albumin removes the fatty 
acids. During intense heat production, as much as 
50 per cent of the total lipid is lost from brown fat, and 
the lipid hydrolysis is stimulated by norepinephrine 
(Joel, Treble and Bell, Fed. Proc., 28, 271; 1964). 
Prusiner, Williamson, Chanceand Paddle (Arch. Biochem. 
Biophys. 198, 368; 1968) have recently shown that 
norepinephrine increases the temperature, reduces the 
oxygen tension and stimulates the oxidation of reduced 
nicotinamide coenzymes in brown fat im vivo. They 
ealeulate that only 25 per cent of the possible heat 
production is lost if the mitochondria are also producing 
ATP. They believe that the increased respiration can 
account for the increase in temperature without any 
uncoupling of oxidative phosphorylation, though they 
cannot completely account for the way in which the 
phosphate acceptor is regenerated. The amount of 
uncoupling in these mitochondria and the precise way 
in whieh heat production is controlled remains, there- 
fore, a controversial question. 


An All-cone Retina 


from our Neurophysiology Correspondent 
THE retina of the ground squirrel (Citellus maxicanus) 
has cones but no rods. The cones are evenly distri- 
buted, with no fovea or area centralis; the ganglion 
cells and their dendritie arborizations do not change in 
size with retinal location; and only a single pigment, 
with a peak in its absorption spectrum at 525 nm, 
has been detected by microspectrophotometry. These 
anatomical features have now been complemented 
with the results of micro-electrode recordings from the 
optic nerve (C. R. Michael, J. Neurophysiol., 81, 249: 
1968). Michael mapped receptive fields of retinal 
ganglion cells in animals under light nembutal anaesthe- 
sia and describes three classes. The first has what is 
the now classical centre-surround organization ; illumin- 
ation of the centre produces a response antagonized 
by illumination of the surround. own (excited by light) 
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and orF (inhibited by light and excited by cessation of a 
light stimulus) centres are equally common. Threshold 
for the surround is higher than for the centre. This is 
a contrast sensitive organization, and accounts for the 
receptive fields of about half the ganglion cells studied. 
Whether responses are excitatory or inhibitory is 
independent of wavelength of the stimulus. Although 
movement of a light spot through such a receptive 
field produces a brisk response whenever the centre- 
surround border is crossed, the size of this response is 
independent of the direction of movement. 

Receptive fields of the second class do show direc- 
tional selectivity. Their centres are OoN-OoFF, but 
with a moving stimulus a brisk discharge is evoked 
only by movement in a preferred direction, within an 
angular range of 40° or 50°. The preferred direction is 
the same for a white spot on a black background as for 
a black spot on a white background, and while the 
directionally sensitive part of the receptive field 
corresponds with the ON-OFF centre, it is impossible 
to distinguish separate excitatory and inhibitory 
regions within this area: the response is not, therefore, 
the result of a stimulus crossing a boundary between 
inhibitory and excitatory regions. Michael suggests 
a hypothesis for movement detection similar to that 
proposed by Barlow and Levick for retinal ganglion 
cells in the rabbit (J. Physiol, 178, 477; 1965). 
Michael proposes that the spread of inhibition is 
mediated by horizontal cell processes with inhibitory 
synapses on bipolar cells, near the cone bipolar 
synapses. A ganglion cell connected to an array of 
bipolar cells can become a sequence detecting device, 
responding to successive excitation in only one direc- 
tion. Although there is no specific anatomical evidence 
for this arrangement, there are synapses which might 
well be involved in such a system. 

The third class of optic nerve fibres shows opponent. 
colour responses, having receptive fields which are 
either green-oN, blue-orr, or the reverse. Each unit 
apparently has two sets of cones, one blue-sensitive 
(spectral sensitivity peak at 460 nm) and one green- 
sensitive (peak at 525 nm). Each component can be 
suppressed by light adaptation at the appropriate 
wavelength. These receptive fields have three kinds 
of spatial structure: in the first, the blue and green 
cones have the same spatial distribution, so these units 
are probably only functioning as frequency discrimina- 
tors; in the second, green cones are connected only 
to the field centres, while blue cones are connected to 
both centre and surround, allowing a degree of both 
spatial and spectral discrimination; thirdly, there are 
units sensitive to both contrast and colour. These 
have normal centre-surround organization in white 
light, but the field centres receive inputs only from 
green cones, while the peripheries are connected only 
to blue cones. "These receptive field properties are 
similar to some of those found in lateral geniculate 
cells of the rhesus monkey (Wiesel and Hubel, J. 
Neurophysiol, 99, 1115; 1966) and in goldfish ganglion 
cells (Wagner, MacNichol and Wolbarsht, J. Gen. 
Physiol., 48, 45; 1960). 


Drug Dependence 


from a Correspondent 


Can experiments with bacteria or strips of gut help to 
explain the behaviour of the drug addict? Are drugs 
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sought because of their special pharmacological proper- 
ties, or as a form of social currency ? Can Britain learn 
from America? Such were the questions tackled at a 
symposium on the scientific basis of drug dependence 
at the Middlesex Hospital Medical School, London, on 
April 8 and 9. 

Professor W. D. M. Paton (Oxford) opened with a 
working definition: “Drug dependence arises when, as 
a result of giving a drug, forces—physiologieal, bio- 
chemical, social or environmental—are set up which 
predispose to continued drug use”. Sir Aubrey Lewis 
reviewed past attitudes and terminology. Although 
"physical" dependence could be reliably defined, 
“psychological” dependence was a dangerously woolly 
concept. Thus psychogenic polydypsia might be cited 
to prove water a drug of dependence. He underlined 
the need for a sense of proportion by quoting the 
scathing denunciation, by two authorities a generation 
ago, of the danger to mankind of that menacing 
beverage, tea. Professor I. Chein (New York) discussed 
how drugs like heroin served to mask psychological 
inadequacies; they provided an identity, that of the 
junkie; they defined a place in society, whose meaning 
was actually endorsed by society’s condemnation. 
Dr Chein questioned whether the particular drug used 
mattered greatly, or at all; what mattered was involve- 
ment in a special way of life. 

Turning to pharmacology, Professor Paton recalled 
that morphine antagonists prevent both the primary 
action of morphine and also the abstinence syndrome, 
indicating that both depend on a single process. As 
for mechanism, the evidence, mostly from peripheral 
autonomic structures, pointed to an interference with 
the release of chemical transmitter substances. With 
the nerve network of the intestine, low doses of 
opiates depress output of the transmitter acetylcholine; 
potency for different opiates agreed with analgesic 
potency over a 500-fold range; morphine antagonists 
were effective, and tolerance occurred. Retention of 
transmitter might cause a surfeit in pre-synaptic 
nerve endings, leading to a return of transmission 
(tolerance), and excess action when the drug was 
removed (withdrawal effect). Further, post-synaptic 
transmitter deprivation could produce supersensitivity, 
and thus tolerance in the Jonger term. Dr H. O. J. 
Collier (Parke Davis) reviewed evidence, particularly 
from N. Emmelin, that pharmacological denervation 
causes supersensitivity in glands and muscles. Super- 
sensitivity could develop to substances other than the 
transmitter involved; thus acetylcholine deprivation 
might induce supersensitivity to hydroxytryptamine. 
Dr S. K. Sharpless (New York) gave further evidence 
for supersensitivity from experiments with isolated 
slabs of cerebral cortex where hyperactivity developed 
after treatment with barbiturates, and with hypo- 
thalamic temperature regulation after withdrawal of 
scopolamine. 

Professor M. Ginsburg’s work with Dr B. M. Cox 
(London) showed that protein synthesis inhibitors 
prevented acute morphine tolerance in rats; this might 
be genetically controlled. They had not confirmed the 
production, during tolerance, of a transferable brain 
factor. Dr A. C. R. Dean (Oxford) described bacterial 
adaptation to barbiturates, much of which seemed 
permanent. Interestingly, in the subsequent discussion 
support came from behavioural experiments with rats 
that there was no complete recovery either. 
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Complex changes in the distribution, metabolism 
and excretion of drugs in tolerant animals were dis- 
cussed by Dr S. J. Mulé (Lexington) and Professor H. 
Remmer (Tübingen). Professor À. H. Beckett ( London) 
stressed how amphetamines reacted to diet: diets 
which made urine of alkaline pH. delayed exeretion and 
increased metabolic conversion. In a session on the 
perennial search for analgesic drugs with minimum 
addiction liability, Dr J. Madinaveitia (ICI) proposed 
experiments where animals were allowed to choose 
between ordinary and drug-containing diets as a 
possible sereening method. 

Experiments in which animals or human subjects 
administer drugs to themselves are a bridge between 
isolated systems and field work. Dr G. A. Deneau 
(Alabama) showed a film of monkeys pressing levers to 
inject themselves with various drugs; cocaine seemed 
to be the most eagerly sought, even though it produces 
neither tolerance nor physical dependence in animals 
or man. Dr T. Thompson (Minnesota and Cambridge) 
argued that similar conditioning principles applied to 
drugs as to other kinds of reward. Thus morphine- 
deprived animals would learn to seek out morphine as 
a hungry animal would learn to seek out food. An 
animal would also learn to associate a particular 
environment with drugs; re-addiction was quicker in 
an environment in which rats originally became 
dependent on morphine than in a different one. It used 
to be thought essential to make animals first physically 
dependent by repeated injections of morphine before 
they would learn to self-administer. Drs R. Kumar, 
Hannah Steinberg and Mr I. Stolerman (London), 
however, reported that unpremedicated rats learnt 
almost as quickly to prefer morphine solutions to 
water and persist in this preference over long periods. 
They first drank morphine solutions in the course of 
satisfying another drive—thirst—and thus became 
dependent almost incidentally. In self-administration 
experiments withalcoholies, Dr H. B. McNamee ( Dundee) 
found that intake was less the more work that had 
to be done to get it and, surprisingly, risk taking did 
not increase with increased consumption. 

Finally, social and clinical developments were intro- 
duced by Dr G. E. Vaillant (Boston) with extensive 
evidence about American “hard” drug addicts. They 
were often first-generation immigrants with highly 
unstable family and personal histories; parole was 
much more effective than punishment or prison. 
Interesting British work with heroin, fortunately on a 
smaller scale, was reported by Dr N. H. Rathod 
(Chichester) and J. D. Zacune (London), and by Dr 
J. H. Willis (London) who had compared samples of 
British and New York heroin addicts; the Americans 
tended to be exposed to the drug somewhat earlier 
(peak age for first exposure was 15). Mrs Beryl Geber 
(London) described multifarious drug use among non- 
dependent young people; some took "soft" drugs inter- 
mittently for years without increasing the dose or 
“escalating”. 

Dr M. S. Rosenthal (New York) praised special 
therapeutić communities (Phoenix houses) in the 
USA where ex-addicts had to behave according to an 
elaborate set of rules which included total banning of 
drugs, tough training and punishment, but also outlets 
like promotion within the community and formalized 
“bitch sessions”. Dr P. H. Connell (London) predicted 
changes in the British scene following new legislation 
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and the opening of treatment centres, and there was 
much discussion. 

Could so much concentration on drug dependence 
actually intensify the very problems it is trying to 
solve ? To solve problems one has to understand them : 
drugs can, at the very least, be powerful short-cuts to 
wanted effects, and to discover the balance between 
these and unwanted ones is surely proper for science. 


Collagen Meeting 


trom a Correspondent 


Tug third meeting of the Collagen Club, attended by 
about 70 people, took place on April 10 in the Depart- 
ment of Chemistry, University of Leeds. The morning 
was devoted to the topic of ribosomal biosynthesis of 
structural proteins introduced by Dr P. T. Speakman 
of the University of Leeds. Elucidation of coding 
mechanisms in the cell by which complex proteins are 
built up from their individual amino-acids has given 
impetus to this type of study, he said, and there was 
now a picture of the successive stages in the manu- 
facture of haemoglobin by reticulocytes. But 
collagen biosynthesis is a little-explored field, and 
Dr Speakman reviewed his and others’ experiments 
designed to demonstrate polysomes in collagen- 
synthesizing systems. So far, the results have not led 
to clear-cut conclusions. For instance, it has been 
shown that hydroxyproline-labelled polysomes from 
"C-proline-labelled chick embryo, though probably 
attached to cell membrane, had probably aggregated 
together by non-specific interactions between newly 
formed collagen chains. In other experiments very 
concentrated sucrose gradients (up to 60 per cent) had 
been used in the ultracentrifuge to search for collagen- 
synthesizing polysomes and, although hydroxyproline- 
labelled protein had been found on the gradients, 
sucrose of such a high concentration would prevent an 
accurate estimate of average polysome size or range of 
sizes. Dr Speakman thought that in most experi. 
mental work, large non-specific inter-polysomal aggre- 
gates were being examined and it is therefore impossible 
to infer from their size whether these polysomes are 
making a tropocollagen macromolecule, an a-chain 
or some sub-unit of an a-ehain. It was clear from Dr 
Speakman's survey and the subsequent discussion that 
this type of study bristles with difficulties and presents 
a challenge to ingenuity. 

In the afternoon, Dr Rosmus of the Central Institute 
for Food Research, Prague, spoke about cross-links in 
collagen. He dealt mainly with covalent cross-links 
formed between two adjacent polypeptide chains. 
He discussed in some detail those types of cross-linkage 
which can now be considered to be fairly well estab- 
lished. These include 8-aspartyl ester and imide. 
aldol, Schiff base, glycosidic and metal cross-links. 
The recent demonstration of very small amounts of 
cystine in collagen suggests the presence of disulphide 
cross-links. No doubt others will be discovered but 
the best evidence for the existence of any particular 
eross-link would be derived from sequence studies. 
Of special interest was the likelihood that DOPA 
quinone (formed from oxidation of tyrosine) probably 
entered into cross-linking mechanisms. If an enzyme 
was responsible for the oxidation stage, it would, 
because of its size, only be able to approach and oxidize 
tyrosine residues before the macromolecules were 
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formed. Dr Rosmus’s audience included a number of 
people who were actively engaged in the study of 
collagen cross-links so his talk and the subsequent 
discussion comprised an authoritative and up to date 
survey of the subject. 


Using Lasers 


from a Correspondent 


A ONE-DAY meeting on optical methods in atomic 
physics was held by the Optical Group of the Institute 
of Physies and the Physical Society on April 10 at the 
Culham Laboratory of the AEA. Five of the contribu- 
tions dealt with applications of giant-pulse ruby lasers 
with output powers in the range 105 to 10? watt. 
These are now being used more or less as a routine for 
the measurement of electron temperatures and, often, 
electron densities from high temperature plasmas. 
The technique involves the analysis of the light 
scattered when such a laser beam passes through a 
plasma. Because Thomson scattering by free electrons 
is the important process, the Doppler width of the 
scattered line profile gives the electron temperature 
and its intensity yields the electron density. For 
temperatures of the order 200 eV, it is now possible to 
consider temperature measurement to an accuracy of 
5 per cent to 10 per cent, and this has revived interest 
in the techniques of measuring collisional rate co- 
efficients from plasmas. Such techniques depend on 
the coronal excitation equilibrium in which impact 
excitation is balanced by radiative decay. The total 
photon emission rate from a state is then given by the 
impact excitation rate to that state. The improved 
accuracy of plasma diagnosties implies that more 
meaningful comparisons with theoretical predictions 
arenow possible. Departures from coronal equilibrium, 
attributable, for example, to metastable levels, can 
also be studied and give information on the rates of 
stepwise processes. 

Under some conditions of electron density and scat- 
tering angle, the scattered laser light from electrons 
in a plasma undergoes co-operative interference and the 
Spectrum can then give information on wave motions 
in the plasma—for example, ion acoustie or electron 
plasma waves. An interesting discussion at the meeting 
described a first observation by this technique of the 
enhanced wave motion occurring in the dissipation 
front of a collision-free shock wave. 

Another use of high-powered lasers when focused 
on to solid surfaces is for the production of very dense 
plasmas, either for basic studies or for the generation 
of shock waves. Temperatures of 100 eV at electron 
densities of 10 cm can readily be obtained in this 
way. 

"Three further contributions dealt with other aspects 
of collision studies. The measurement of the degree of 
polarization of radiation emitted from electron-beam 
excited atoms poses a number of interesting optical 
problems, and some new methods were proposed. 
These studies require good energy resolution in the 
electron beam, since rapid changes of polarization with 
energy occur near the threshold. On the other hand, 
electron beam excitation carried out at much higher 
energies gives not only the excitation cross-section 
but also the f-value for the transition. Moreover, it is 
also possible to extract f-values by such means for 
optically forbidden transitions. 


NATURE. VOL. 218, APRIL 27. 1968 


Measurement of the Interstellar 


Magnetic Field 


by 
F. G. SMITH 


University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank 


Tue discovery of linear polarization of the radio emission 
from the pulsating radio stars! provides an opportunity 
for the first direct measurement of the average magnetic 
field over distances of up to 100 pe from the Sun. It has 
already been shown that the frequency dispersion in 
arrival time of the pulses can be entirely explained by a 
dispersion in group velocity in ionized interstellar gas. 
and for the pulsating star CP 1919 the integrated electron 
density JN di along the line of sight has been found? 
to be 12-55 cm? pe. If a magnetie field has a component 
H,, along the line of sight, then the Faraday rotation 
of the plane of polarization is a measure of [N Hi, dl: 
the ratio of the two integrals then gives H,,, the average 
value of H,, along the line of sight. weighted according 
to the electron density. 

The Faraday rotation may be measured by observing 
the difference in position angle of linear polarization in 
adjacent frequency bands. The total rotation 0, in rad, 
along a line of sight is given by 0 — 7-3 x 1019 v- [N H, di, 
where v is the frequency in MHz, H, is in G, N in cm, 
and lin pe. For CP 1919, for example, the rotation at 
the radio astronomy frequeney band of 151.5 MHz is 
then 40-7 x 10° H,, rad, and the rate of change of 8 is 0-54 x 
10° H,, rad MHz-. 

CP 1919 is a particularly interesting source for this 
measurement, because it lies at galactic co-ordinates 
l= 55°, b= +3°, very close to the direction of the local 
spiral arm of the Galaxy. Unfortunately the linear 
polarization of this source is not complete, and it is prob- 
ably variable. Measurements have therefore been made 
on the source CP 0950 which, in contrast with CP 1919, 
emits very strong pulses with practically complete linear 
polarization at a position angle which appears to remain 
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The discovery that signals from pulsating radio sources are linearly 
polarized means that interstellar magnetic fields in the local part 
of the Galaxy can be measured. 


nearly constant for considerable periods. This source is 
at [= 229°, b= 43°, which is at about 45° to the spiral arm; 
it is also the source with the least dispersion in arrival 
time, and presumably one of the closest pulsating stars, 
possibly at a distance of only 10-20 pe. The measure- 
ments of magnetic field presented here therefore refer to 
a comparatively local part of the Galaxy. 

Observations were made with two receivers at 151-5 
MHz, using a bandwidth of 1 MHz, connected to ortho- 
gonal plane polarized dipoles in the Mark I telescope. it 
was found that ionospheric Faraday rotation occasionally 
oriented the plane of polarization of the pulses parallel 
to one dipole, and that the ratio of pulse intensity in the 
two receivers could then exceed 20:1. It may be shown 
that the differential Faraday rotation aeross the receiver 
bandwidth must be less than 0-2 rad for such a high degree 
of polarization to be observed even if the source is com- 
pletely polarized. For CP 0950 the measurements of 
dispersion in arrival time give a value of [N dl-3-02 
cm pe leading to a rate of change dO/dv — 0-13 x 109 Hi, 
rad MHz-. The value of H,, must therefore be less than 
1-6 x 10-* G. 

Two further receiver channels, centred at 147.5 MHz 
and 149-5 MHz, each with 1 MHz bandwidth, were then 
also connected to one of the dipole feeds, and recordings 
of a series of individual pulses were made with a fast 
galvanometer, as in Fig. 1. From 1930 to 2100 VT on 
April 3, 1968, the relative strength of the recorded pulses 
changed over a period of 1-5 h by an amount consistent. 
with the change in Faraday rotation during the evening 
decline of the ionosphere. (The source was near the 
meridian at this time, at an elevation of about 45°, so 
that the line of sight component of the Earth's field was 
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Pulses from CP 1919 recorded on linearly polarized receiver channels at 147-5, 149-5 and 1515 MHz, at 2001 UT 
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apparently changed somewhat during the 
experiment, so that the angle of rotation 
between channels 1, 3 and 4 cannot be deter- 
mined accurately, but it is evident that a 
zero pulse strength was recorded in the order 
channels 4, 3 and 1, with a time interval of 
about 4 min between each channel. This 
value has been used for an estimate of the 
rotation between channels by noting that the 
ionospheric rotation was at the rate of about 
90° h-!, as seen on channels 2 and 4. 

In this way the rotation is estimated to be 
0-065 rad MHz-!. The total rotation at 150 
MHz is therefore about 4 rad, which is com- 
3 parable with the total rotation expected from 
the ionosphere in the circumstances of this 
experiment. Furthermore, the observation 
that the lower frequency channels passed 
through zero later than the higher frequency 
channel, while the ionospheric Faraday 





1930 2000 2030 


April 3, 1968 


Fig. 2. Relative pulse intensities on the four receiver channels at 147-5 MHz (1), 
149-5 MHz (3) and 151:5 MHz (4), and on the orthogonal polarization at 151-5 MHz (2). 


not changing.) The relative sensitivity of the four chan- 
nels to the pulses was unknown, but no changes in receiver 
gain were made during the experiment. 

Pulses of moderate height, avoiding effects of receiver 
saturation, were chosen from recordings made every few 
minutes. The pulse heights were plotted in Fig. 2, after 
applying an arbitrary scaling factor to eaeh channel and 
an appropriate factor to each pulse so as to preserve a 
standard pulse intensity. 

Channels 2 and 4 were receivers at the same frequency, 
connected to orthogonal dipoles. As the ionospheric 
Faraday rotation decreased during the evening, the pulse 
strength reached a maximum in channel 2, and passed 
through zero on channel 4, as would be expected, Chan- 
nels 1 and 3 at frequencies 4 MHz and 2 MHz below 
channel 4, but connected to the same dipole, also pass 
through zero at nearly the same time as channel 4, as 
would be expected if the Faraday rotation changed very 
little with frequency. The relative gains of the channels 


rotation was decreasing, makes it clear that 
the measured total rotation is in the same 
sense as the ionospheric contribution. The 
conclusion is that the interstellar Faraday 
rotation is less than 2 rad at 150 MHz, 
so that the weighted mean value of the field is less than 
2x 10-7 G. 

This field is very much less than existing estimates of 
the general galactic field, but it should be noted that the 
measurement refers to one particular line of sight in a 
loeal part of the Galaxy. It is also remarkable that there 
can be no appreciable Faraday rotation within the source 
of the radiation, even though there must exist there a 
magnetic field large enough to generate the impulsive 
radiation. 

I would like to acknowledge the collaboration of J. G. 
Davies, B. J. Riekett and A. G. Lyne in these observa- 
tions. 
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Measurements of the Pulse Shape and Spectra 
of the Pulsating Radio Sources 


by 
A. G. LYNE 
B. J. RICKETT 


University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank 


Forrowrse the observations"? of the pulsating radio 
source OP 1919 at «= 19h19m, ò= 21° 47’, the three other 
sources reported by Hewish et al.! have been studied with 
the 250 ft. telescope at Jodrel Bank. Simultaneous 
observations have been made on frequencies of 151 MHz, 
408 MHz and 922 or 1,412 MHz, to obtain the spectrum 
of the radio emission and to compare the shapes of the 
pulses emitted by the four known sources. 

Preliminary values for the positions of these sources 
were kindly provided by Dr A. Hewish. Improved values 
for the declinations were obtained by repeated scans 
across the sources at 408 MHz, although there may still 


Simultaneous measurements of the pulsating radio signals at several 
frequencies have been made with the 250 ft. telescope at Jodrell 
Bank. Some of the pulses are double, suggesting two separated 
regions of emission. 


have been sufficient error in telescope pointing to affect 
the observations at the highest frequencies. The best 
estimates of the positions are shown in Table 1. 


Table 1. 
a (1950) 6 (1950) 
CP 0834 O0Sn 34m O78 + 15 06° 18 + 10° 
CP 0950 09n S0» 28s 08° 09° t 8 
CP 1133 Hlb 33m 32s + 20 16° 09 + 10° 


The right ascensions are the values provided by Cam- 
bridge. All our measurements used these positions. 
We report measurements on the dispersions, pulse 
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‘The dispersion in arrival time of the pulses for the four sources. 


Fig. 1. 
at 151. 240. 408 and 922 MHz. 


Measurements were made 


shapes, amplitude variations and spectra of these three 
sources together with the earlier measurements on CP 1919 
already published?. The same techniques and analysis 
procedures have been used. 


Pulse Delay 


The delay in arrival time of the pulses has been attri- 
buted to dispersion in propagation time through ionized 
interstellar gas, giving & delay proportional to (fre- 
quency)-?. We tested this law by plotting the difference 
in arrival times t,-£, at a pair of frequencies f, and fa 
against (1/f,;?) —(1/f;?) as in Fig. 1. Ambiguities in the 
whole number of periods in the delay were eliminated by 
observing at 150-5 MHz and 151-5 MHz simultaneously. 

All the sources give straight line plots, with an intercept 
on the vertical axis of 0+5 ms. This suggests that the 
emission takes place within 5 ms at frequencies between 
150 MHz and 922 MHz for all four sources. 

From the slopes of the straight lines we obtain the 
following values for the integrated electron content in 
the line of sight for the four sources. An estimate of the 
distance of the sources assuming a mean electron density 
of 0-1 em- is also given in Table 2. 


Table 2 
JN dl (pe em?) Distance (po) 
CP 0834 12-80 128 
CP 0950 9.94 30 
CP 1133 487 40 
CP 1919 12-55 126 


Pulse Shapes 


High resolution measurements were made both on 
individual pulse shapes using fast galvanometer record- 
ings and on the pulse shapes integrated in an on.line 
computer over a period of a few minutes. The pulses are 
broadened by dispersion across the receiver bandwidth. 
This broadening has been limited in all these observations 
to a few ms by restricting the receiver bandwidth. 

The pulses have been shown to contain components 
which are highly linearly polarized? and hence the detailed 
pulse shapes observed are likely to be strongly dependent 
on the aerial polarizations. During most of the measure- 
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ments, the 151 MHz polarization was circular, giving a 
correct measure of pulse shape, but the 408 and 9822 MHz 
aerials were linearly polarized and some individual pulse 
shapes may have been affected by this. 

Some typical sequences of pulses for the sources CP 
0950, CP 1133 and CP 1919 are illustrated in Fig. 2. 
These galvanometer recordings were made during fairly 
active periods. No records exist for CP 0834, which is 
usually weaker than the other three. At 408 MHz all 
three sources show pulses which have the same general 
characteristics. Individual pulses show power emission 
lasting for between 5 and 50 ms. During this period 
there are often several distinct features some of which are 
unresolved by the recording system and have durations 
of less than 1 ms. These individual features sometimes 
survive for several pulses or they may appear in only a 
single pulse. 

Simultaneous observations of pulse shapes on up to three 
frequencies have been made on CP 0950, CP 1133 and 
CP 1919. Fig. 4a shows one record of two successive 
pulses observed at 151, 408 and 922 MHz on CP 0950. 
The pulse shape appears to be the same on the three 
frequencies. The data on CP 1133 and CP 1919, while 
limited by sensitivity, agree with this observation. 

Although the individual pulse profiles are very variable 
from one pulse to the next, each source does appear to 
have a well defined mean pulse shape when averaged 
over a few minutes. These mean profiles show no signifi- 
cant change during our observations. Typical mean 
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Fig. 2. Series of consecutive pulses recorded directly at 408 MHz. 
(Bandwidth 4 MHz, time constant 1 ms.) 
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Fig. 3. Mean pulse profes averaged over 8 min at 408 MHz for the 
four sources. The receiver bandwidths and effective time resolutions are 
indicated. 
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pulse shapes for each of the four sources at 408 MHz are 
displayed in Fig. 3. The effect of changing polarization 
across the pulse has been removed as far as possible by 
making observations at several different polarization 
angles. The total durations of the mean pulse profiles 
shown in Fig. 3 are all in the range 50 to 60 ms, after 
removal of the effects of dispersion in the receiver band- 
width and the finite resolution of the integration procedure. 
Three of them appear to have a distinctly double nature, 
while the fourth, CP 0950, has a marked extended feature 
before the main peak, whieh could be a second much 
weaker component. This is supported by the occasional 
appearance, on the individual pulse recordings, of & pre- 
liminary pulse some 30 ms before the main pulse. Fig. 2 
shows an example of this in some of the pulses from this 
source. In fact, each profile can be represented by the 
sum of two gaussian components of width 17 +4 ms and 
separation 20+4 ms. It may be significant that the ratio 
of the amplitudes of these two components varies mono- 
tonieally with repetition period of the pulses. 

The double nature of the pulses suggests two distinct 
emitting regions separated by 6,000 km in the direction 
of the line of sight. This interpretation is substantiated 
by the observation that the two components for the 
source CP 1133 have different polarization angles*. This 
requires the magnetic field to be different at the origins 
of the two components, which by implication must be 
separate but which must nevertheless be emitting with 
the same spectrum. 


Pulse Amplitude Variations 


All four sources show large variations in the amplitude 
of the pulses, both from pulse to pulse and ou a longer 
time scale. To allow comparison between observations 
usiug different receiver time constants and bandwidths, 
we have used values of the pulse energy density, the 
energy received per pulse in J Hz-! m-?. Galvanometer 
recordings were used to examine variations from pulse to 
pulse, while longer period variations were sought in values 
of pulse energy averaged over 2 min. 

Because of the polarization of the pulses, the 408 MHz 
and 922 MHz amplitudes are subject to variations due to 
changes in polarization angle caused by the ionosphere 
and the Earth's rotation. Neither of these effects is 
sufficient to account for the observed amplitude variations. 
A possibility which eannot be ruled out is that there is à 
change in the polarization angle within the sources over 
periods of several hours. 

Groups of pulses are often observed for three of the 
sourees at both 151 MHz and 408 MHz, showing that the 
pulse amplitude is correlated over only a few pulses. 
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fig. 4. a, Two consecutive pulses on CP 0950 observed on 922 MHz, 408 MHz and 151 MHz. The relative dispersion delays have been removed, 
id p b. Mean pulse profiles averaged over 2 min on CP 1133 at 151 MHz and 408 MHz. 
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Fig. 5. Simultaneous amplitude observations at two or three frequencies for the four sources, The amplitudes are the mean pulse energy densities 
averaged over 2 or 4 min. 


An apparent exception is CP 1919 at 408 MHz, where 
correlation exists over about 20 pulses. We have no 
useful measurements of the fourth source CP 0834 because 
it seems to be somewhat weaker and individual pulses were 
seldom seen. 


CP 0950 shows clear correlation of the pulse to pulse 


remains constant over a few minutes, and that the short 
term variations are intrinsic to the source. 

The longer term variations are shown in Fig. 5 for each 
of the four sources over a period of a few hours. At first 
glance there is little correlation between variations on the 
different frequencies. Over a few minutes the variations 


amplitude pattern at the three frequencies used. Thus a 
large pulse at 408 MHz can be identified at 151 MHz and 
922 MHz, providing, incidentally, unambiguous confirma- 
tion of the relative dispersion delays. The relative 
amplitudes at these frequencies remain constant for a 
few minutes. This implies that the spectrum of the source 
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do show some correlation, however, eonfirming that the 
spectrum is constant over this time scale. On the other 
hand, there is little correlation over periods of 30 min. 
This could be explained in terms of a changing spectrum 
within the source or possibly by deep seintilations in 
the interstellar medium. 
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Fig. 6. Mean pulse energy density as a function of frequency taken over the periods of observation of Fig. 5. 


X is à measurement made 


on a different occasion. 
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Spectra 


For the purpose of elucidating emission mechanisms, a 
mean spectrum can be defined for each source. Fig. 6 
shows the pulse energy density averaged over the periods 
of observation of Fig. 5 for each source, as a function of 
frequency. "These spectra are subject to possible errors 
in the source positions, the result of which would be a 
reduetion in the observed power at the higher frequencies. 
We have no clear evidence for a cut-off in these spectra, 
though there is a steady decline with increasing frequency. 


Conclusion 

Tn spite of a wide variety of pulse shapes and amplitudes 
at different times and from different sources, some 
general characteristics have emerged. After removing 
the relative dispersion delays we find that the time of 
emission is the same, within 5 ms, over a wide frequeney 
range (151-922 MHz). Although the repetition periods 
are extremely constant, the amplitude and detailed shape 
of the pulses vary over only a few seconds. The pulse 
shapes are the same on all frequencies and show instan- 
taneous fine structure down to a few ms, but have mean 
shapes with total durations about 50 ms. The mean 
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shapes are characteristic of each source and have a tend- 
ency to be double. 

We have measured the emission in the interval between 
pulses, and found it to be less than l per cent of peak 
pulse emission during an outburst on CP 0950. It seems 
hard for the gravitational focusing theory! to explain the 
amplification factor of more than 100 implied by this 
measurement. 

Because of the very high brightness temperatures of 
10? °K implied by our measurements, the emission process 
must be coherent. To account for emission over a very 
broad band, the radiation at any instant must originate 
in a slab only 10 em thick. This may be a shock front or 
layer of particles passing through an emitting region or 
regions the properties of whieh determine the detailed 
pulse shape and amplitude. 
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Curare and Acetylcholine Receptor Substance 


by 
AIDA HASSÓN-VOLOCH 


Instituto de Biofísica, 
Universidade Federal do 
Rio de Janeiro 


‘THE specific action of curare and curare-like substances 
on neuromuscular transmission was first described by 
Claude Bernard in 1857! when he stated that it is impos- 
sible to produce muscular contraction by indirect nerve 
stimulation after treatment with curare, although the 
muscle still reacts to direct stimulation. 

Langley? later proposed the term “receptive substance" 
for the synaptie substance believed to be responsible for 
the impairment of synaptic transmission. 

In 1919 Dale? associated the effect of curare with a 
"nicotine action" and emphasized the known curare- 
like action of quaternary ammonium bases. He also 
recognized that choline and its derivatives have a pharma- 
cological action resembling that of nicotine and of curare; 
acetyleholine (ACh) was the most active of the known 
choline esters. These remarkable observations led 
Loewi* to put forward the theory that nervous impulses 
are transmitted by chemical mechanisms. He also 
described a substance with the characteristics of a choline 
ester, usually present in animal tissues. Loewi* emphasized 
the importance of the site of action of these substances 
in the tissue and showed that it should be localized in the 
“receptive substance”, as postulated by Langley. 

Once this neurchumoral transmission theory was 
accepted, others like Nachmansohn* and Ahriéns? began 
to picture the sequence of events taking place at the motor 
endplate as a result of the action of ACh. The most 
widely accepted theory is that three macromolecules are 
functionally related to ACh; these are: acetylcholinest- 
erase (AChE); cholinacetyltransferase (ChAc), the enzyme 
synthesizing ACh; and the “receptor substance" on which 
the transmitter must act to depolarize the membrane 
of the muscle cell at the endplate. 


Curare, a drug which blocks nerve impulses at the myoneural 
junction, has been used in investigations aimed at the identification 
of the receptor substance of acetylcholine. This article reviews the 
progress so far. 


In 1942, Büchtal and Lindhard* showed that very small 
doses of acetyleholine applied to the motor endplate 
region produce a propagated contraction of the muscle 
fibre. They found this propagation to be blocked in the 
presence of curare. They also found that large doses of 
ACh block the contraction. This effect is usually explained 
as a combination of the curare with the receptors specific 
for ACh at the membrane of the motor endplate, so that 
curare with ACh blocks the action of the transmitter®?, 

Competition between curare and ACh can be attributed 
to their chemical similarity, and so curare and curare-like 
substances have often been used to characterize the so- 
called “ACh specific receptor", a macromolecular con- 
stituent interacting in a highly related and specific manner 
with ACh at the endplate. Curare and related compounds 
do not interfere with the release of ACh, have no effects 
on the electrical properties of the endplate or musele 
fibres, and are not destroyed by AChE. The competitive 
inhibition produced by curare has two principal character- 
isties: (a) the blockade is antagonized by neostigmine or 
tensilon, both inhibitors of AChE, and (b) a lasting tetanus 
effect is not obtained in muscles under the action of curare?. 

There have been many attempts to characterize the 
ACh-specifie receptor. Some have identified the receptor 
substance with AChE which Župančič? called receptive 
cholinesterase. Nachmansohn et aleu, on the other 
hand, dissociated the effect of the enzymes involved 
in the ACh system from the "receptor substance". They 
describe this receptor as a protein which changes its shape 
under the influence of ACh, producing a change of ionic 
permeability. Ahriéns’ and Van Rossum et al.?:? have 
also described the receptor as a protein. 

The first attempt to isolate the ACh receptor substance 
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was made by Chagas et al. using extracts from the 
electric organ of the eel Electrophorus electricus. They 
used a labelled synthetic curare-like compound, gallamine, 
to measure the affinity of a quaternary ammonium ion 
to the fractionated extracts. Wasert®'® used autoradio- 
graphy to detect the localization of labelled decametho- 
nium on the rat diaphragm. Ehrenpreis and others!'-?^ 
also tried to isolate ACh receptor from extracts of the 
electric organ and measured the interaction of labelled 
d-tubocurare with fractionated extracts of the electric 
organ. Feldberg et al. and Chagas?? described the 
physiological similarities of the electric organ of the eel 
and muscle endplates. 

Albe-Fessard et al. showed that the electroplates 
from the electric eel can be stimulated in two ways, 
and thus produce two different responses corresponding 
to the direct and indirect stimulation of muscle. The 
direct and the indirect stimulation of the electric organ is 
abolished by suceinyleholine and other acetyleholine-like 
substances, while curare and curare.like compounds 
inhibit only the direct response. 

The electrie organ is a rich source of AChE and its study 
has increased our knowledge of the physical and bio- 
chemical properties of this enzyme?9"-?, Naehmansohn 
and Machado?* were able, using this tissue, to show that 
ACh is synthetized in the enzyme solution by cholin- 
acetylase (ChAc). 

In Electrophorus electricus the muscular and electrical 
activities are reversibly suppressed after injection of 
curare or gallamine, and the muscular activity recovers 
more rapidly than the electrical activity?*. On the basis 
of this finding, Chagas et al.'* were able to isolate a curare- 
receptor complex from an eel injected with labelled curare. 
They found that extracts removed after perfusion with 
water and then subjected to prolonged dialysis retained 
the labelled compound in the form of a complex with 
macromolecules, but they could not isolate the com- 
plex formed by any of the usual methods of fraction- 
ation®’. 

Experiments were then carried out in vitro to isolate 
the receptor substance?*/?*, The macromolecular con- 
stituents of the electric organ were extracted, fractionated 
and dialysed against a buffered solution of a curare-like 
substance (such as gallamine labelled with carbon-14). 
The interaction between the macromolecules and galla- 
mine was then measured by counting the radio- 
&ctivity?"-?*, An acid fraction was finally found whieh 
interacted preferentially with labelled gallamine. This 
was confirmed histochemically**-*> and the substance 
was in the aqueous extracts of the electric organ charac- 
terized as a mucopolysaccharide.  Trichloroacetie acid 
(TCA) was added to a final concentration of 10 per cent, 
to precipitate its proteins. The polysaccharide remained 
in the supernatant (STCA). When the TCA had been 
removed and STCA submitted to dialysis against a buffered 
solution of labelled gallamine, its binding capacity was 
found to be greater than that of the original aqueous 
extracts. 

DEAE-cellulose column chromatography of STCA 
yielded two fractions: Sf, and Sf,. Sf, was characterized 
as glycogen and Sf, as the mucopolysaccharide which 
was shown to be an analogue of hyaluronic aeid??/$9,38, 
The sedimentation constants of Sf, and Sf, found by 
ultracentrifugal analysis, showed that Sf, is a light 
component with S,,=2 and is not as much polymerized 
as the hyaluronic acids described in the literature. The 
relative amounts of Sf, and Sf, in STCA can be measured 
with fair accuracy by ultracentrifugal analvsis?"?* and 
the binding capacity of both gallamine and curare by 
STCA showed an increase in relation to the concentration 
of Sf. 

By equilibrium dialysis we estimated the binding 
constants of the complexes Sf,-gallamine, Sf,-d-tubo- 
curare,  Sf,dimethyl.d-tubocurare | and  Sf,-succiny]- 
choline in sodium phosphate buffer at pH 7-4, and differ- 
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ent ionic strengths (I- 0-01, 0-02, 0-05 and (10. The 
binding constant between Sf, and gallamine changed 
from 2x 10? at I=0-01 to 5x 10? at I—0-10. This con- 
firms the known effects of ionic strength on the inter- 
action measurements??-??, 

Further studies?! produced direct evidence that neither 
equilibrium dialysis nor precipitating ability provide a 
means of identifying the so-called receptor substance. 
The strong basic character of the ammonium ion would 
always interfere with in vitro measurements of the binding 
capacity of macromolecules. Many acidie groups belong- 
ing to the macromolecules are likely to react. non-specifi- 
cally with ammonium ions. For example, both insulin 
and electric eel cholinesterase are readily precipitated by 
d-tubocurare. Gallamine, however, unlike curare, did not 
precipitate these proteins*. 

Potentiometric titration®®° showed a change in the 
capacity of Sf, to bind H* at different ionic strengths, 
and the intrinsic dissociation constant for Sf, and H* 
was altered in the presence of gallamine. The association 
constant of gallamine and Sf, was found to be 1-1 x 10°, 
a value comparable to the 2 x 10* determined by equili- 
brium dialysis?*9. Unlike other macromolecules, which 
do not stand dialysis for a longer period, Sf, is a fairly 
stable material and in these conditions the determination 
of the described constants was possible. The values 
obtained, however, were rather low compared with the 
association constant of the order of 10° determined in 
vitro by Taylor!! and others, and show a stronger inter- 
action between curare and the receptor system. Chagas 
suggested the term “acceptor” to denote those substances 
which ean interact, like Sf, with curare in a readily 
reversible form, as distinet from the receptors that must 
have a strong interaction to account for the biological 
action of curare*?. 

The effect of curare and related drugs on the enzyme 
activity of electric eel AChE has been investigated? 
Acetyleholinesterase activity was measured after the 
addition of eurare to the substrate, in an assay procedure 
employing the potentiometric method of Hargreaves". 


d-Tubocurare was seen to inhibit the enzyme com- 
petitively. Dimethyl-d-tubocurare and gallamine also 


show competitive inhibition, gallamine being less aetive 
by a factor of 107. This result correlates with previous 
evidence that curare precipitates the enzyme more readily 
than gallamine?'  — Similar competitive inhibition of 
AChE by acetylcholine-like drugs such as decamethonium, 
succinylcholine and carbacol has been observed**“. 

The enzyme which synthesizes ACh (choline acetyl- 
transferase ChAc) and which is present in homogenates 
or acetone powders made from the electric organ of the 
eel has also been studied. The enzyme was synthesized 
using an incubation mixture analogous to that described 
by Hebb*. 

In a system containing an extract of whole electric 
organ equivalent to 100 mg, suspended in tris-KBH,- 
TEPP, in 1 ml. of incubation mixture, 177 ug ACh/g of 
electric organ was synthesized for 1 h (ref. 38). Addition 
of 2 umoles of d-tubocurare dihydrochloride reduced the 
synthesis of ACh to 50 per cent of this value. In the 
same conditions, (5 ymoles of dimethyl.d-tubocurare 
diiodide reduced the synthesis to 30 per cent. One 
possibility is that the effect of the second compound 
is caused in part by the iodine ions. 

It is interesting that 1 umole of hemicholinium (HC,) 
only reduced synthesis to 70 per cent. This must be 
further investigated, for this may be a situation similar 
to that described by Gardiner**, in which the inhibition 
of ACh synthesis by HC; was correlated with the concen- 
tration of choline in the incubation system. 

The fact that the electric organ is so rich in the enzymes 
of the ACh system (ChAc and AChE), together with the 
results mentioned already, suggests that, like Sf, they 
may be “acceptors” for curare. Interaction with several 
acceptors of this kind could result in a large non-specifie 
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loss of ammonium ions in in vitro experiments and would 
thus make the dose necessary to produce a paralysing 
effect many times larger than the fraction acting on the 
receptor component by which it actually causes paralysis. 

The interaction of curare in a system compounded of 
AChE and Sf, has been described, Curves for the 
restoration of enzyme activity showed that the same 
amount of Sf, was more active in the presence of curare 
than decamethonium and this ean be correlated with the 
enzyme inhibitor dissociation constant (Ki) which is of 
the order of 8-9 x 10-? for decamethonium and 5-52 x 10-* 
for d-tuboeurare??,  Gallamine, a synthetic curare-like 
substance, had a smaller inhibitory effect and its associa- 
tion constant with the enzyme was 1-08 x 10-4. T think 
that in these restoration effects, Sf, behaves as a poly- 
electrolyte with cation exchange properties given to it by 
the several carboxy! groups in its molecule. 

These results led Chagas et al. to isolate the receptor 
substance by using gallamine instead of a natural curare, 
for less non-specific interactions are produced in vitro 
with the first substance. 

If AChE shows this interaction with such substances, 
it could be part of a system of macromolecules which can 
be called the receptive system. Župančič, in 1953 (ref. 10), 
pointed out that AChE may be the receptive protein for 
ACh, noting that the active groups attributed to the 
receptor are like those of AChE. I do not think that 
AChE has the required characteristics of the receptor 
substance; one reason for this is the large difference in 
the association constants for the curare-like gallamine 
and the true eurare, d-tubocurare, with the enzyme, which 
are not proportional to the concentration effects of these 
substances as observed in vivo*9?, 

At the symposium on bioelectrogenesis held at Rio de 
Janeiro in August 1959, many facts regarding the ACh 
receptor substance were discussed. I will briefly review 
the results obtained since then. At the meeting in 1959. 
Ehrenpreis reported the isolation of the acetylcholine 
receptor substance from the electric organ, and described 
it as a protein’®, In these experiments, curare was also 
utilized for interaction measurements and Ehrenpreis 
emphasized his technique of isolating the receptor protein 
by its precipitation ability in the presence of curare, 
whieh was added to different fractions obtained by 
ammonium sulphate fractionation. Since then several 
papers have come from the group at Columbia describing 
the receptor protein and its properties; however, there 
was no information about its purity, physico-chemical 
constants or constitution, with only a brief reference! 
to phosphate groups in the molecule. 

More recently, Ehrenpreis described this protein as a 
drug-binding one‘? with non-specifie properties for the 
binding of acetyleholine, whieh was later confirmed by 
Beychock**, who came to the same eonclusions as T did?!, 
indicating that Ehrenpreis's acetylcholine receptor pro- 
tein? could not be regarded as the specifie receptor he 
believed it to be. 

About the same time as Chagas’ group started to work 
on the receptor substance, Waser’? presented the results 
of his in vitro work on the fixation of curare to the rat 
diaphragm, and he gave beautiful autoradiographic 
evidence of the binding of curarizing and depolarizing 
drugs, labelled with earbon-14, at the endplate. A rough 
quantitative measurement of this binding was made. 
but the specifie receptor cannot be characterized in this 
way, and many sites of action ean be involved in such 
experiments. 

Other attempts at the chemical isolation of the acetyl- 
choline receptor were made by Friess et a/,5*91, and by 
‘Trams et al.9?. The former, working with sciatic nerve 
tissues from the frog and dog, tried to correlate the range 
of binding of d-tuboeurare with the characterization of the 
chemoreceptors in the intact tissues, by utilizing the 
precipitating ability of the quaternary ion for the fraction- 
ated macromolecules, and also by equilibrium dialysis. 











NATURE. VOL. 218, APRIL 27, 1968 


Trams et al. have also used electric organ extracts to try 
to isolate the ACh receptor, and deseribed a sialoprotein 
from that tissue as the receptor substance. Comparative 
measurements of the binding ability for curare or gallamine 
of a sample of this sialoprotein and the mucopolysacchar- 
ide. Sf, however. showed the first macromolecule to 
be a weaker receptor than the second. 

More recently. Paton and Rang* described observations 
of the uptake of tritiated atropine, and methylatropin- 
ium and "C.methylfurmethide in vitro by intestinal 
smooth muscle in relation to acetylcholine receptors. 
Their results, obtained using the calculations proposed 
by Paton*! for his “rate theory of drug action" which 
gives a more dynamic idea of drug-tissue interaction, have 
shown that the uptake of atropine by smooth muscle 
can be related to receptor blockade. The uptake of the 
drug by the tissue has not been considered to be restricted 
to receptor sites, and it can be related to the presence of 
“acceptors”, as deseribed by Chagas??, 

On the other hand, I wish to point out that Paton and 
Rang's criticism of the work of Chagas et al. is not con- 
sistent with what has been published by those who have 
been working on this subject at this institute?! 32.02, 
Briefly, although Paton and Rang approached the charac- 
terization of the acetylcholine receptor in a different way. 
I had already reached the same conclusions about the more 
probable multicomponent constituent of this receptor and 
stressed the same difficulties involved in the isolation of 
the so-called “receptor substance’. Paton and Rang’s 
conclusion??, based on an analysis performed on an analogue 
computer, that the receptors must be localized in a series 
of layers of binding sites in tissue, and that only the outer 
one can accept drug molecules (stimulants or antagonists) 
direetly from the surrounding medium, is the obvious 
result of a series of propositions which can be established 
after careful analysis of the in vivo membrane effects of 
these drugs. 

Some experimental work has been carried out along 
these lines by other workers who are trying to measure the 
extent of binding in isolated membranes from tissue 
fractions, from density gradient centrifugation?*, 

The interpretation of the interaction between drug 
and receptor given by Van Rossum, Ahriéns and 
Simonis!?:!3 presents a useful terminology for stimulant 
and antagonist drugs employing the word "affinity" as a 
property of both stimulants and antagonists, and "in- 
trinsic-activity". whieh is inherent to stimulation only. 
Interaction has been described by these authors either as 
specific with a receptor. or with a receptor system, thus 
making a place for à complex of macromolecules in the 
scheme of a stimulant drug such as acetylcholine. 

The techniques available for extraction and fractiona- 
tion of macromolecules from tissues have not helped 
biochemists dealing with this problem. Equilibrium 
dialysis is not the method of choice. for it does not demon- 
strate a specific interaction between quaternary am- 
monium compounds and a macromolecule, such as may 
occur in vivo when they produce their biological effects. 
The quaternary ions behave as strong positively charged 
ions and any non-specific interaction between them 
and various maeromolecles may interfere with the detection 
of their specific effects in vitro. Furthermore, the pro- 
longed dialy necessary to reach equilibrium leads to 
loss of solubility. or denaturation of many unstable pro- 
teins. 

I think that, besides the need for special skill in purifying 
macromolecules, the principal difficulty in the solving of 
the "reeeptor-substance" problem concerns the isolation 
of a substance, or a system of substances, for which a good 
test of activity has not been devised as it has for many 
enzyme reactions. Ja vitro pharmacological methods. 
such as those deseribed by Taylor?! or Paton and Rang? 
are very interesting but they still do not offer any concrete 
results which make it possible to characterize a given 
receptor substance. 
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Another argument that may be pertinent here is that 
biochemists are trying to characterize a macromoleeule 
following a theory which deseribes a given substance (in 
this case the receptor substance) for the existence of which 
there is still no evidence. A specific physiological effect 
is attributed to this macromolecule and attempts are being 
made to prove its existence with inhibitors of this effect. 
If this is the result of several macromolecules acting as a 
system which can bind stimulants and antagonists. a 
special technique should be devised for assembling purified 
molecules, and measuring their interaction with the 
substances mentioned, making practice more complex 
than theory. A new approach to the problem may there- 
fore have to be found. Meanwhile it may be useful to 
these who are attempting to apply in vitro methods to 
the study of the problem to be aware of some of the 
diffieulties and pitfalls we have encountered in this 
laboratory in pursuing the same problems. 
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Modified Model for the Mechanism of Freezing 


Injury in Erythrocytes 


by The salt concentration theory of freezing injury has been a dominant 


one since 1953. 
erythrocytes do not support this theory, however. 
to be caused by an osmotic pressure gradient, and does not result 
from any specific action of electrolytes, but from the excessive 
concentration of any non-penetrating extracellular solute. 


H. T. MERYMAN 


Naval Medical Research Institute, 
Bethesda, Maryland 


Tue discovery in 1949 by Polge, Smith and Parkes! that 
glycerol protects bovine spermatozoa against freezing 
injury has led to the preservation by freezing of a wide 
variety of cells and tissues. Despite this wide application, 
the mechanism of action of glycerol and other eryopro- 
tective agents such as dimethylsulphoxide has remained 
in doubt. In 1953 (ref. 2) Lovelock published a classic 
paper which ascribed freezing injury to the concentration 


Recent experiments involving haemolysis of human 
Damage seems 


of electrolytes which results when water is frozen out of a 
biological solution. He showed that when the concentra- 
tion of à suspending medium of sodium chloride. reaches 
a mole fraction of about 0-014 (0-8 M, approximately 
4-5 times isotonic, or 1,500 mmolar) haemolysis of red 
cells develops regardless of the temperature or concentra- 
tion of glycerol. The mechanism by which this concen- 
tration of electrolytes might injure the cell is not so 
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obvious, and it has often been assumed that some form 
of denaturation in the membrane occurs. 

Lovelock further proposed that the protective action of 
glycerol was a direct result of its colligative properties 
coupled with its ability to penetrate the cell membrane. 
He showed that a protective concentration of glycerol 
prevents sufficient solvent water from freezing to maintain 
the concentration of salts below 0-8 M. Although the salt 
concentration theory of freezing injury has been a domin- 
ant and most useful theory since that time, the lack of 
evidence for any denaturing effect of salt at 0-8 M con- 
centration has worried many investigators. It has been 
observed, for example, that marine organisms live quite 
comfortably in saline environments of roughly 0-56 M 
and in some cases well in excess of 0-8 M. 

Testing the salt concentration theory has not, however, 
been simple. Although red cells frozen in & suspension of 
non-electrolyte show lysis at the same water activity as 
those frozen in electrolyte, the presence of intracellular 
electrolyte in equilibrium with the extracellular solution 
ean still fulfil the requirements for salt injury. Another 
troublesome observation has been that other compounds 
which penetrate the cell, and therefore should have 
protective colligative action, fail to protect or are inferior 
to glyeerol. Protective action has been related to such 
things as the number of hydrogen bonding sites on the 
protecting molecule? or to its ability to substitute for 
water in orientated sites‘. These and other suggestions 
proposed that protection may be the result of some more 
specific mechanism than simple colligative action. Recent 
studies of human red cells in our laboratory, however, 
have not confirmed either a specific action of protective 
agents or that freezing injury results specifically from 
the concentration of the electrolyte. 

The effect of increased concentrations of sodium chloride 
on the volume of erythrocytes has been examined. 
Samples (1 ml.) of fresh human erythrocytes washed with 
saline were diluted at room temperature with equal 
volumes of NaCl solutions which ranged in concentration 
from isotonic (0:178 M) to 10x isotonic. A portion of 
each sample was centrifuged in a capillary tube for 10 
min at approximately 12,000g and the haematocrit was 
determined. Samples mixed with 8x NaCl showed 2:1 
per cent haemolysis which rose to 4-8 per cent in the 10 x 
sample. Appropriate corrections were made in these 
examples. The actual concentration of NaCl of each 
sample was determined by measuring the concentration 
of sodium in the supernatant solution by flame photo- 
metry. 

Fig. 1 illustrates the changes of cell volume observed. 
As expected, cell volume decreases with increasing osmotic 
pressure of the suspending solution. At 4x isotonic, 
however, minimum volume is attained and remains con- 
stant to 5x, suggesting mechanical resistance to further 
shrinkage. Because it seems that the cell cannot respond 
to further increase in external osmotie pressure by the 
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loss of water, the development of a pressure gradient 
across the membrane must result. The most probable 
explanation for the increase in cell volume seen above 
5x isotonic is that the concentration gradient has been 
relieved by the passage of extracellular solute into the 
cell. The haematoerits show no further change after ex- 
posure of cells for 3-5 h to the hypertonic media suggesting 
that, for each cell, this is an all-or-nothing change in 
permeability. Similar results were obtained with sodium 
citrate and with choline chloride. Non-electrolytes also 
yielded qualitatively similar curves, but the higher 
specific gravity of the more concentrated solutions made 
the measurements less dependable. In any event, these 
measurements imply a leakage of extracellular solute 
into the cell under the stress of an osmotic pressure 
gradient, suggesting a large alteration in membrane 
permeability. 

To explore further the possibility of such leakage, the 
concentration of intracellular sodium and potassium 
following exposure to hypertonie solutions was investi- 
gated. Two ml. samples of fresh, saline-washed human 
erythrocytes were suspended in 50 ml. aliquots of sodium 
chloride solutions ranging from isotonic to 7x isotonic. 
A packed cell sample of each of these was assayed for 
intracellular potassium by flame photometry. The 
sodium content was not measured because the very high 
extracellular concentration made assay of this ion un- 
realistic. The original preparations were then gently 
sedimented and the supernatants were removed and 
replaced to the original volume with solutions of choline 
chloride of equivalent osmolarity. This reduced the 
concentration of extracellular sodium sufficiently to 
permit meaningful measurement of intracellular concen- 
trations. Packed cells from the choline chloride suspen- 
sions were then assayed for intracellular sodium and 
potassium at intervals up to 4 h. 

Fig. 2 illustrates the abnormally high intracellular 
sodium content of cells which have been exposed to 
NaCl solutions of 5x isotonic (0-89 M) or higher. The 
steady loss of both sodium and potassium over a period of 
4h indicates that the cells continue to be abnormally 
permeable. Haemolysis is negligible suggesting either 
that the cells are permeable only to small molecules or 
that the haemoglobin is reversibly gelled by the relative 
dehydration. Similar curves for loss of potassium have 
been obtained following exposure to solutions of NaCl 
only throughout the experiment, indicating that the 
choline chloride is not peculiarly responsible. Similar 
curves are also obtained with hypertonic non-electrolyte 
in the presence of sufficient electrolyte to prevent acceler- 
ated loss in isotonic saline. The loss of both sodium and 
potassium, where it oecurs, seems to be roughly exponen- 
tial with time, which would be compatible with an all-or- 
nothing change in membrane permeability. That is, 
when a cell succumbs to the osmotic pressure gradient 
and becomes permeable, this is an irreversible permea- 
bility and the solutes will then diffuse in and out until 
equilibrium is reached between intra- and extracellular 
phases. The higher the osmotic stress, the larger the 
proportion of cells which become permeable. This inter- 
pretation is not only compatible with the haematoerit 
data but also with the observation of an increasing 
percentage of haemolysis with decreasing temperature of 
freezing, reflecting the increasing proportion of cells 
which have succumbed to the osmotic pressure gradient 
and become irreversibly permeable. 

We are therefore proposing the following model for the 
haemolysis of erythrocytes after freezing. As water is 
frozen out of solution, the concentration of extracellular, 
normally non-penetrating solute leads to a reduction in 
cell volume. Up to a concentration of about 45x 
isotonic (0-8 M NaCl) the cells behave as passive osmo- 
meters, but as the concentration rises beyond this value, 
resistance to further shrinkage prevents the cells from 
achieving osmotic equilibrium with the suspending medium 
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and a pressure gradient across the membrane must result. 
This pressure leads to damage to the membrane and the 
aecelerated diffusion of low molecular solutes across the 
membrane. In a hypertonic medium, the cell will then 
acquire a high intracellular solute concentration and a 
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Fig. 2. Intracellular sodium (a) and potassium (5) in red celis following 
exposure to solutions of sodium chloride ranging from isotonic (1 x ) to 
seven times isotonic(7 x )and subsequently to solutions of choline chloride 
of the same osmolarities, 1 x sodium chloride = 0-178 M, 1 x choline chlor- 
ide=0-18 M. Values are corrected for volume change of cell and haemo- 
lysis by multiplying the observed ion concentration by the ratio of 
haemoglobin concentration at 1x to that of the measured sample. 
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sudden return to an isotonic medium will result in osmotic 
haemolysis. 

This model does not rely on any specifie action of 
electrolytes but applies to any normally non-penetrating, 
extracellular solute used as an isosmotic buffer for the cells. 
The function of a cryoprotective agent is assumed to be 
simply colligative, as proposed by Lovelock. Any 
solute which will come to rapid equilibrium across the 
cell membrane should, with freezing, reduce the fractional 
concentration of solutes and, if present in high enough 
proportion, prevent the shrinkage of the cells beyond 
their tolerable limits. We have explored a number of 
penetrating solutes including some like ethanol and 
methanol, alleged to be non-protecting. We find that, at 
modest sub-freezing temperatures these agents are com- 
parable with glycerol in their protective capacity (Table 1). 
Their failure to protect against freezing to low stabilizing 
temperatures can perhaps be attributed to the develop- 
ment of toxic concentrations with the freezing out of 
additional water at low temperature. Ethanol, for 
example, is an acceptable cryoprotective agent down to 
— 30° C when the concentration reaches 8 M and 100 
per cent haemolysis rapidly develops with further tempera- 
ture reduction. 


Table 1, PERCENTAGE HAEMOLYSIS OF HUMAN ERYTHROCYTES SUSPENDED 
IN 2 M CONCENTRATIONS OF FOUR PENETRATING SOLUTES PLUS ISOTONIG 
CITRATE-PHOSPHATE BUFFER, FROZEN AT 1? C/MIN, THAWED AT 37° © 


- 20° -25° ~ 30° ~ 35° ~ 4 
Glycerol 0 2 10 18 38 
Ethanol 0 0 10 41 100 
Methanol 0 0 4 5 i 
Dimethylsul phoxide 0 1-5 45 4-5 14 


Although our model of the osmotie pressure gradient as 
the damaging element during erythrocyte freezing does 
not involve electrolyte concentration as a specific damag- 
ing agent, it does not rule out this mechanism. One can 
argue that it could equally well be the denaturing effect 
of intracellular electrolyte concentrated beyond 0-8 M 
which leads to the increased permeability of the mem- 
brane. 

A solution to this dilemma is found in those ammon- 
ium salts which possess diffusible anions. It is well known 
that although cations universally do not freely penetrate 
red cell membranes, the ammonium ion, in equilibrium 
in solution with neutral ammonia, can penetrate the 
membrane in this latter form, acquiring a proton inside 
the cell to return to the ionized state*. When paired with 
a diffusible anion such as chloride, this creates, in effect, 
a diffusible electrolyte. We find that erythrocytes can 
be suspended in solutions of up to 3 M ammonium chloride 
(plus isotonie non-penetrant) without apparent ill effect 
provided the addition and removal are done gently in 
small steps or by slow continuous dilution. 

It can also be observed that penetrating ammonium 
salts fulfil our simple criteria for cryoprotective agents: 
they penetrate the membrane freely and are non-toxic 
in high concentration. Ammonium chloride is useless 
as a protective agent, for it has a eutectic point at — 158^ 
C and precipitates out. Ammonium formate and ammon- 
ium acetate, however, have no apparent eutectic points 
and do funetion as eryoprotective agents. The formate 
ion is slowly denaturing and unsuitable. | Ammonium 
acetate, however, confers protection comparable with that 
of glycerol as illustrated in Table 2. 





Table 2. PERCENTAGE HAEMOLYSIS OF HUMAN ERYTHROCYTES 
AMMONIUM ACETATE PLUS ISOTONIC CITRATE-PHOSPHATE BUFF 
AT i^ C/MIN, THAWED AT 37° € 





FROZEN IN 
ER, FROZEN 


NH4Ac 
cone. -160 - 20 —30 -40 =50 - 60 -10 
2M 0 3 R 24 28 32 35 
3M 0 g 3 3 5 5 8 
4M 0 [iu uU 6 0 ü a 


In summary, we propose that the haemolysis of erythro- 
cytes from slow freezing is the result of damage to the 
membrane caused by the development of an osmotie 


336 





pressure gradient across the cell membrane greater than 
that which can be compensated by cell volume change. 
The function of the protective compound is simply to 
prevent the concentration of extracellular solute on a 
purely colligative basis. The criteria for a eryoprotective 
agent are merely that it will penetrate the cell freely and 
be non-toxie in high concentration. There does not seem to 
be any reason to attribute injury to a specific toxicity of 
electrolyte concentrated beyond 0-8 M. This model 
applies only to slow o with the system in near 
equilibrium at all times. e do not wish to imply that 
other mechanisms of pn. injury, perhaps leading to 
protein denaturation, may not also be possible. "The 
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erythroeyte seems, however, to be haemolysed by osmotic 
stress well before the dehydration is sufficient to produce 
other forms of injury. Penetrating cryoprotective agents 
of sufficient concentration to prevent osmotie stress will 
clearly obviate all other stresses which might otherwise 
result from further dehydration. 
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Observational Evidence for Sedimentary Rocks on the Moon 


by 
J. J. GILVARRY 


Department of Physics, 
Stanislaus State College, 
Turlock, California 


Tue dark material in the floors of the lunar maria has 
usually been identified as lava, primarily because of its 
appearance through the telescope as dark rock covering 
regions comparable in area with terrestrial lava flows. I 
have recently challenged this view! and showed on assump- 
tions reasonable both physically and geologically that the 
Moon probably has a hydrosphere and atmosphere lasting 
for a time significant astronomically (of the order of 10? yr). 
On this theory, the maria represent relics of ancient seas, 
and what is obvious to the eye is merely the desiccated 
sediments in their floors, 

Very recently, the case for the lava hypothesis on the 
nature of the floors of the maria would seem to have been 
strengthened immeasurably by the results from the alpha- 
scattering experiment of Turkevitch. F ranzgrote and 
Patterson? at the Surveyor V landing site. These authors 
state that the general elemental composition of the mare 
floor is said to be similar to that of a silicate of basaltic 
type. In a discussion of the results, Gault et ai.? are more 
definite that they indicate a basalt. Neither group of 
authors, however, apparently made a comparison with 
sedimentary rocks. I intend to examine the data of 
Turkevitch, Franzgrote and Patterson impartially to see 
whether they point to a sedimentary or igneous type of 
rock. Other data emanating from the Surveyor, Orbiter 
and Ranger missions will be examined also as regards 
their bearing on this question, 


Elemental Abundances 


The three principal cornponents of sedimentary rocks 
are sand, clay and carbonate minerals. For the present 
purpose. sedimentary rocks will be classified into a 
spectrum the end-points of which are represented by 
sandstone at one extreme and limestone at the other, 
with mudstone oceupying the middle region. as in the 
general classification of '(Twenhofel*. — Muflstone is a 
generic term covering clay, silt. siltstone, claystone. 
shale and argillite. and is used when there is doubt as 
to precise identification. because one of these types or 
the deposit represents a mixture of them. "The chemical 
composition of mudstone will be taken as corresponding 
to that of shale, as given by Petüjohn*. who uses the 
speetrum sandstone, shale and limestone rather than that 


Evidence provided by Surveyors | and V and Orbiter IV strongly 
suggests that there are sedimentary rocks on the Moon. 


of 'wenhofel (use of the term mudstone does not neces- 
sarily imply the fissility characteristic of shale), The 
average sediment corresponds in composition to 82 per 
cent shale, 12 per cent sandstone and 6 per cent limestone*. 

In Fig. A the elemental abundances at the Surveyor V 
site from the data of Turkevitch, Franzgrote and Patter- 
son? are compared with the elemental abundances in 
mudstone (shale) from the data of Pettijohn*, in terms 
of the percentages of the total number of atoms. The 
agreement is excellent. The data for the three most 
abundant elements—-oxygen, silicon and aluminium—are 
matched well within the limits of error for the Surveyor V 
data. For carbon and sodium, the Surveyor V results 
provide only maximum amounts possible, but the corre- 
spending abundances for mudstone fall within the possible 
limits. For magnesium, the possible error in the value of 
Turkeviteh, Franzgrote and Patterson as quoted equals 
the amount of the element, and thus the indicated abun- 
dance for mudstone fits the data. There is a discrepancy 
in the heavy elements (indieated in Fig. 14 by H.E. 
corresponding to elements heavier than silicon) whieh will 
be diseussed later. 

A corresponding comparison of the elemental abun- 
danees for sandstone? with the Surveyor V data is shown 
in Fig. 1B. Clearly, sandstone shows an excess of silicon 
and oxygen and a deficieney of aluminium relative to the 
Surveyor V data. Thus. sandstone can be ruled out 
tentatively as the terrestrial rock representative of the 
Surveyor V site, in favour of mudstone. A similar com- 
parison {not shown) for limestone? shows excesses of 
ealeium and carbon and a deficiency of silicon relative to 
the lunar data; thus the possibility of earbonate rocks 
ean be discarded almost completely. as would be expeeted 
from the organic origin of terrestrial earbonates, 

Fig. 1C shows the fit with the lunar data obtained by 
Turkevitch, Franzgrote and Patterson with a plateau 
basalt. from data given by Clark*. It is immediately 
obvious that basalt vields a poorer fit to the Surveyor V 
data than does mudstone for the cases of the most 
abundant elements, oxygen and silieon, while the mateh 
is within the probable error in both cases for aluminium, 
magnesium and sodium. The disparity in the match of 
basalt to the Surveyor data in the case of carbon. 
however, is very significant. 
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The fact that Turkevitch, Franzgrote and Patterson 
were able to assign an upper limit to the lunar abundance 
of carbon means that a detectable amount was present 
in the mare surface on which Surveyor V landed. Igneous 
rocks in general contain only insignificant amounts of 
carbon’ (so little that this element is not usually reported 
in the corresponding chemical analyses, as is true in the 
one from Clark used by Turkevitch, Franzgrote and 
Patterson). This fact alone represents a strong argument 
that the soil examined in the alpha-particle scattering 
experiment was not derived from basalt or any igneous 
rock. On the other hand, my arguments for a sedimentary 
origin of mare floors immediately predict the presence of 
carbonaceous compounds in these surfaces, as I noted’, 
and the possibility of the presence of free carbon exists 
on the premise of at least chemical evolution (if not 
incipient biologieal evolution) in the postulated prim- 
ordial hydrosphere of the Moon'-*-!*, 

'The reason why Turkeviteh, Franzgrote and Patterson 
were able to match the data from Surveyor V reasonably 
with basalt. in the face of the superior fit for mudstone 
obtained here, is obvious from Fig. 1D. This comparison 
of the elemental abundance of shale from the data of 
Pettijohn* with that of basalt from the data of Clark* 
shows significant diserepancies, outside the limits of error 
corresponding to the Surveyor V data, only for carbon 
and the heavy elements. The fact is that the average 
igneous roek and the average sediment do not differ 
greatly in elemental abundances, as is obvious from the 
data of Pettijohn*. 

As Turkevitch, Franzgrote and Patterson note. the 
total amount of heavy elements is surprisingly large. 
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Inspection of detailed eomposition tables for sedimen- 
tary", metamorphic’ and igneous’ rocks seems to indicate 
that no normal terrestrial rock contains indigenously the 
high proportion of heavy elements indicated for the 
Surveyor data in Fig. 1. One suspects therefore a source 
of this high abundance which is peculiar to the Moon. 
The most obvious possibility is contamination of the 
landing site of Surveyor V by meteoritic iron or mekel- 
iron arising from the explosive impact of iron meteorites 
in the production of craters in the vicinity. The possi- 
bility that meteoritie iron or nickel-iron represents the 
dominant contribution to the disproportionate abundance 
of the heavy elements is consistent with the results of the 
magnetic experiment of de Wyst? on Surveyor V. 

In conclusion, it seems that an igneous rock type can 
be ruled out for the Surveyor V site by the observed 
presence of carbon. A sedimentary form. mudstone, 
would seem to fit the data best. 





Particle-size Distribution 

My hypothesis that the dark floors of the lunar maria 
represent sediments deposited in a primordial era when a 
hydrosphere and atmosphere were present on the Moon 
has significant implications as to the size distribution of 
the particulate matter present in these locations. Geo- 
logical sediments show the presence of three distinct 
populations with respect to size, in general corresponding 
to pebbles and gravel, to sand, and to silt and elay. Of 
these, the size distribution of the pebble-gravel population 
is described by the Rosin-Rammler or Schuhmann laws, 
indicating that the basic erosional mechanism in this case 
is a repetitive sequence of single fractures of pre-existent 
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Fig. 1. Comparison (in A, B, and C) of the observed elemental abundances (open bars) of the lunar sample at the site of Surveyor V with the 
average composition of terrestrial rocks (cross-hatched bars): 4, mudstone; B, sandstone; C, basalt. in the open bars, heavy lines indicate 


averages for the lunar surface and light lines represent observational limits: the presence of an arrow in an ope 
corresponding value is an upper limit observationally. In D, mudstone (stippled bars) is compared with basalt (cross-hatched bars). 


bar indicates that the 
HE. 


indicates elements heavier than silicon. 
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Table 1. NATURE OF THE LANDING SITES AND CORRESPONDING CHARACTERISTICS OF THE OBSERVED PARTICLE-SIZE DISTRIBUTION (EQUATION OF DISTRIBUTION 
AND INFERRED NATURE OF PARTICLES) IN SURVEYOR MISSIONS 


Mare Terrain 
I Oceanus Procellarum 
HI Oceanus Procellarum 
v Mare Tranquillitatis 


Surveyor 


On side of large unfilled erater 
On side of small unfilled crater 


fragments!*4, The fragment sizes of sand and silt-clay 
satisfy logarithmie-normal and arithmetie-normal dis- 
tributions, respectively, to some approximation. 

The Rosin-Rammler distribution law appropriate to 
the pebble-gravel population of sediments can be written 
as ycl-—exp(—azx/k), where æ is the average linear 
dimension of a fragment, k is a characteristic length, and 
y is the fraction of the total mass (or volume) of fragments 
with mean dimension less than or equal to x. In this 
form, I have derived the law rigorously on physical 
assumptions from the theory of probability for the case 
of single fraeture!* and checked it carefully against experi- 
ment by myself and Bergstrom!*. As I have already 
proved", the law maintains its form for the result of 
a sequence of repetitive single fractures, with the only 
difference that the parameter k decreases steadily as the 
process of comminution progresses. For the case of small 
fragments (where a<k), the relation can be written 
approximately in the Schuhmann form y —r/k by expan- 
sion of the exponential, and this form will be used here. 
Differentiating this result with respect to x, dividing by 
the volume of a fragment (proportional to 2?) and 
integrating, one obtains the proportionality 








Nor (1) 


for the cumulative number N of partieles with a dimension 
up to a value of x. In practice, it is found that the ex- 
ponent of x in proportionality (1) usually differs some- 
what from the theoretieal value 2. 




















Level mare surface in very large tilled crater 





, Crater Particle-size distribution 
diameter (m) Equation Type of particles 
110,000 — Rosin-Rammler-Sehuhmann Sedimentary fragments 


200 Gault~Shoemaker-Moore 


Impact debris 
10 Gault-Shoemaker—Moore 


Impact debris 


For the suceessful missions I, III and V the locations 
of the landing sites and the natures of the corresponding 
terrain!*-? are indicated in Table 1. Surveyor I landed 
on a part of Oceanus Procellarum partially enclosed 
within a circle of hills and small mountains on the rim 
crest of an ancient crater (a "ghost" crater) that is almost 
completely buried beneath material filling the floor of the 
mare. The landing site is the smoothest part of the mare 
within the mountain cirele. On the other hand, Table 1 
shows that Surveyors III and V came to rest within and 
on the sides of craters not filled with mare material and 
thus presumably showing superficial impact debris in 
their interiors. Accordingly, Surveyor I represents a 
favourable case to test whether the particle-size distri- 
bution on a mare surface is sedimentary in nature, with 
at least the likelihood (for this case among the three) of 
minimum contamination by impact fragments. 

Number eounts of particles of different sizes inferred 
from photographs by television cameras for Surveyors I, 
III and V were taken in each case to correspond to undis- 
turbed lunar surface and to areas of the surface disturbed 
by the spacecraft footpad. Only data corresponding to 
undisturbed lunar surface will be considered here. The 
cumulative number, N, of particles for this surface 
as a function of particle diameter x is shown in Fig. 24 
for Surveyor I, as revised in the discussion? of results for 
Surveyor III. The solid line represents the fit N oc w-?tt 
given for the observations and the dashed line repre- 
sents proportionality (1) from the Rosin-Rammler- 
Schuhmann law. Agreement is excellent. In general 
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Comparison of the cumulative frequency distribution on the lunar surface of particle sizes, indicated by full lines, in A, B, and C for 


V ively. wi i i y its : impact debris. T osin— ler-Schuhmann 
Surveyors I, II, and V, respectively. with corresponding lines for sedimentary deposits and impact debris. The Rosin Ramm 3 
(RRS) line is shown dashed: nd the Gault-Shoemaker-Moore (GSM) line appears dot-dashed. Both lines were constructed in each case to pass 
through the point on the observed line corresponding to the abscissa 3-2 cm (the approximate geometric mean). Averaging of the data for the 
: observations of Surveyor V was done by the author. 
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therefore the particle-size distribution observed in the 
case of Surveyor I is consistent with an origin of the 
fragnents in the erosion associated with sedimentary 
processes. 

In the cases of Surveyors HI and V. however. which 
came to rest on the sides of relatively small craters. the 
possibility arises that the corresponding particle-size 
distribution agrees more elosely with that appropriate to 
the impact debris from a meteoritic crater, rather than 
to an undisturbed mare surface. The proportionality for 
y in the case of impact debris is approximately y a x!/? 
and the cumulative number N of particles with diameter 
up to x follows as 


Noa (2) 


These results have been established empirically by Gault, 
Shoemaker and Moore? by observation of impact of 
projectiles with velocities up to about 6-5 km/s; no 
theoretical derivation is available. It is usually observed 
that the exponent of æ differs somewhat from the average 
value 5/2 given by proportionality (2). 

The cumulative numbers N of particles as a function 
of particle diameter x from Surveyors IH and V are 
shown by solid lines in Figs. 2B and 2C, respectively, as 
observed?*-", The dot-dashed lines correspond to the 
Gault-Shoemaker- Moore proportionality (2). "The ob- 
served distributions show excellent agreement with the 
hypothesis that the fragments represent impaet debris 
produced in the collision of meteorites. 

On the other hand, one observes that the Gault-Shoe- 
maker-Moore relation shown dot-dashed in Fig. 24 yields 
& very poor representation of the data for Surveyor I. 
Thus the results of Fig. 24 show a posteriori that little 
contamination of the size-frequency distribution by impact 
debris for Surveyor I is possible, as tentatively assumed. 

The conclusions of this section are summarized in the 
last two columns of Table 1. On the basis of the observed 
data it is concluded that the size distribution of the 
fragments observed for Surveyor I corresponds domin- 
antly to sedimentary fragments. 


Lunar Topography 


Telescopic observation of the Moon has revealed no 
abundance of voleanoes and. in fact, few unequivocal 
examples of such features. This situation has not been 
reversed by the high-resolution photographs of the Ranger, 
Surveyor or Orbiter series of missions. At a resolution of 
l m in the Ranger 7 photographs, neither the furrows, 
eracks and fissures which would be expected for lava 
sheets appeared, nor the flow patterns anticipated in this 
ease. The earliest pictures from Luna 9 and Ranger 7 
ruled out deep dust or a "fairy castle" strueture as 
dominant features of the topography. 

What the Surveyor series of missions has revealed is 
that the surface material on the lunar maria is rather like 
loose soil**. It consists in large part of granular particles 
with a rather wide range of grain sizes embedded in a 
matrix. A measurable (but weak) cohesion exists. Further- 
more, the soil does not seem to be very porous or open- 
structured, but corresponds to a relatively densely packed 
soil on the Earth. An important fact shown by the 
television pietures from Surveyor V is that many of the 
fragments (up to a few centimetres in size) are aggregates 
of finer particles?!, 

This description tallies with what one would expect for 
an ordinary sedimentary soil on the Earth. The aggre- 
gates in the lunar soil noticed by Shoemaker et al.?! in 
the pictures from Surveyor V would result simply from 
disruption of compacted sediments by meteoritic impact. 

I pointed out in my initial discussion! that on the basis 
of my considerations, much of the erosion evident for 
the lowland regions of the Moon must have taken place 
subaqueously; a significant amount may have been done 
by turbidity currents or mud flows. Erosion by flowing 
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rivers and their tributaries on the Moon should not have 
reached the significance observed on the Earth, because 
of the relatively low surface gravity, small area available 
for watersheds, and thinness of the postulated atmosphere 
(composed in later stages primarily of water vapour). 
Furthermore, I have shown” that many features of the 
lunar surface obviously arising from an erosional mech- 
unism, such as the valley systems in the highlands radial 
to the maria, are understandable on the presence of water 
but are inexplicable on the basis of physical considerations 
otherwise. 

Thus, drainage patterns of the type (dendritic, pinnate, 
or other) charaeteristie of rivers should appear in the 
lunar highlands but not prominently. Pickering? has 
shown from telescopie observations that to some degree 
this actually seems to be the case, as pointed out in my 
initial work'. Many of the features in the highlands 
(somewhat suggestive of a cobra head in outline) described 
by Pickering are indicative of the drainage pattern from 
a tarn or mountain lake. Urey?* has found these features 
revealed in much greater detail in Orbiter photographs 
and has concluded from the morphology that their origin 
can lie only in flow of water; he ascribes the source of 
the water to springs. 

A further consideration is the loss of superficial material 
from the Moon, as a consequence of meteoritic impact 
after that body lost its atmosphere and hydrosphere. 1 
have shown?’ from the theoretical results of myself and 
Hill?’ that impact of a meteorite on the Moon with 
velocity down to the lowest possible. the escape value, 
yields fragments derived both from the lunar surface and 
the body of the meteorite which travel with velocities 
of about the impact magnitude into space. The con- 
clusion that meteoritic impact on the Moon yields a net. 
loss of mass from that body is confirmed by laboratory 
experiments of Gault, Shoemaker and Moore®. Other 
mechanisms creating a mass loss are micrometeorite 
bombardment and the effect. of sputtering by the particles 
of the solar wind and from solar flares?. Thus, the lunar 
surface now seen is the result of a process in which a 
relatively uniform layer of material has been shaved off 
all topographic features by these agents’. 

As a lower limit, I have estimated!^? that. the Moon 
has lost a surficial thickness of about 10 m in this way 
since its atmosphere vanished. Inasmuch as 10 m repre- 
sents a substantial depth for a terrestrial river, it is clear 
that any major river system that might have been present 
on the Moon could be recognizable now only by its traces. 
The same conclusion follows from a theoretical method, 
based on physical principles, of scaling dimensions of 
river systems from the Earth to the Moon (my unpub- 
lished work). 

That such traces of river systems on the Moon do exist 
is strongly indicated by the photograph from Orbiter IV 

shown in Fig. 3. In this picture, Mare Imbrium oceupies 

the smooth region in the lower left corner. Among the 
peaks of the Alps Mountains (in the lower and left centre} 
one sees a set of winding rilles arising in the uplands which 
finally flow together and debouch on the mare. On 
tracing their courses. one finds that they always wind 
around a mountain or hill in their path, following the 
loeal gradient of gravity from mountains to plain. They 
display a width which increases as they approach the 
base of the mountains. The confluences of the rilles are 
clearly similar to those of tributaries of terrestrial rivers. 
It is very unlikely that fissures would reproduce such a 
pattern. . 

The dark region in the upper right-hand corner of 
Fig. 3 represents Mare Frigoris. Running down the floor 
of the Alpine Valley from Mare Frigoris to Mare Imbrium 
is another winding rile, which has been observed tele- 
scopically and to which I have already E atten- 
tion*-?* in the present context. Again. the direction of 
flow implied by the increasing width is in petiole with 
the change in elevation®-*, which corresponds to a drop 
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Fig. 3. 
by the diameter 11:5 km of Alps A, the large crater left of centre. 


Portion of the Alps Mountains and environs of the Moon as photographed from Orbiter IV (May 19, 1967, frame 115), Scale is indicated 
North is up (east is to the right on the selenographie convention), (National 


Aeronautics and Space Administration photograph.) 


of about 2 km from Mare Frigoris to Mare Imbrium as 
determined from Baldwin's contour map of the Moon?*. 
On this hypothesis, the inferred stream was fed by water 
in Mare Frigoris flowing into Mare Imbrium. The latter 
is the lowest region on the surface of the Moon on the 
basis of Baldwin's map and thus has been identified by 
me as the region in which the dwindling waters on the 
visible side of the Moon finally pocketed*-*, 

I conclude on the basis of this and other?* pictures 
from Orbiter IV that traces of river svstems do exist on 
the Moon, consistent with my hypothesis that the mare 
floors represent sedimentary deposits. 


Table 2. POSTULATED MATERIALS IN MARE FLOORS COMPARED WITH EVIDENCE 


FROM SURVEYOR, ORBITER AND RANGER MISSIONS 





Predicted 
topography 


Particle-size 
distribution 


Elemental 
composition 


Material in 
mare floors 


Sediments Yes Yes Yes 
Lava tlows No Nu No? 


In Table 2, the postulated possibilities of sediments or 
lava flows in the floors of the maria are compared with 
the evidence from the Surveyor, Orbiter and Ranger 
Under the heading elemental composition. the 
entry for sediments is yes. The reason is that mudstone 
yields an excellent fit to the Surveyor V data of Turke- 
vitch, Franzgrote and Patterson and provides a reason 
for the carbon abundance. The corresponding entry for 
lava flows is no, on the basis of the inferior fit by basalt 
to the data and the inability of any igneous rock to explain 
the carbon abundance, Under particle-size distribution. 
the entry for sediments is yes, and that for lava flows 
is no, because the lava hypothesis cannot exphun the 
existence of a size distribution appropriate to sedimentary 
deposits at the Surveyor I landing site. As regards the 
question of lunar topography corresponding to the final 
column, a subjective decision on the weight of the evidence 


MUSSIONS. 


is necessary. The author has indicated the answer yes for 
sediments, on the objective basis that Fig. 3 and other** 
photographs from Orbiter missions quite definitely indicato 
traces of river systems on the Moon. A qualified answer 
no is entered for lava flows. 

A final comment can be made, Apart from the last 
column, Table 2 represents conclusions based on quanti- 
tative considerations and observed numbers, and not on 
the possibly meretricious evidence inferred from visual 
impressions in the telescope or a photograph. 

This work was completed during a visit to the Depart- 
ment of Physies, Stanislaus State College, Turlock. 
California, I thank Professor V. Tuman for his 
hospitality and advice. I also thank Dr F. G. Casal, 
Professors D. T. Griggs and W. W. Rubey for helpful 
discussions. 
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THE enzyme lactate dehydrogenase E.C. 1.1.1.27 (LDH) 
is eomposed of four dissociable, inactive polypeptide 
chains! Vertebrate tissues usually synthesize at least 
two different kinds of LDH polypeptide chains, LDH-A 
(M) and LDH-B (H), believed to be under the control of 
two separate genetie loci Ld4 and LdP. Coupling of LDH 
polypeptide chains can take place randomly in vitro and 
may include homologous or heterologous sub-units?. Many 
vertebrate cells synthesize both A and B sub-units pos- 
sessing up to five LDH isozymes. LDH-1 is usually, but 
not always, composed of B sub-units (LDH-B,) and 
LDH-5, of A sub-units (LDH-A,), while LDH-2 (LDH- 
AB,, LDH-3 (LDH-A,B,), and LDH-4 (LDH-A,B) are 
hybrid enzymes. The ratio of A to B sub-units is tissue 
and species specific and remains fairly constant for normal 
tissue at the same stage of maturation. Most mature 
mammalian non-foetal erythrocytes contain both A and 
B polypeptide chains, but among rodents species exist in 
which the synthesis of LDH-B sub-units is completely 
repressed in mature erythrocytes. The phylogenetie dis- 
tribution of this unusual biochemical character is the 
subject of this article. 

Lysates were prepared from fresh red blood cells 
washed four times in isotonie phosphate buffer. When 
minimal amounts of blood were obtained or centrifugation 
and refrigeration were unavailable, whole blood dried on 
strips of filter paper was used for electrophoresis’. The 
comparatively very low plasma and leucoeyte LDH 
activity in these whole blood samples produced no zonal 
bands. Animals were perfused with isotonic saline before 
bone marrow or organs were removed. Tissues were 
homogenized with 0-11 M phosphate buffer (w/v 1:1) in 
a Potter-Elvehjem tissue grinder. Thin-layer starch gel 
electrophoresis! was carried out in sodium phosphate 
buffer 0-015 M, pH 7-0, in the gel and 0-04 M, pH 7-0, in 
the electrode troughs at 2-7 V/em for 16 h at 2? C. Staining 
was carried out by a modification of the method of Vesell, 
at pH 8-10 (ref. 5). After staining, the gels were rinsed 
for 1 h in methanol-acetie acid-water (v/v 5:1:5) to 
remove the stained background and then plasticized 
while drying at 50° C (ref. 4). LDH was quantitatively 
assayed by the method of Henry*. 

Mammalian erythrocyte zymograms usually showed up 
to five LDH bands. Which one was the most prominent. 


A phylogenetic distribution of a lactate dehydrogenase control gene 
has been found in rodents. The Myomorpha and Geomyoidea do not 
synthesize the B sub-unit of this enzyme, and this character has 
interesting taxonomic consequences. 


depended on the species. We designated the general 
mammalian erythrocyte LDH pattern when multiple 
specific bands were present as type AB and found no 
exception to it in Primates (13), Insectivora (1), Chiro- 
ptera (3), Pholidota (1), Lagomorpha (3), Carnivora (3) 
and Artiodactyla (1) (numbers of genera tested in paren- 
theses). There were exceptions among rodents, where in 
five families only a single LDH band, LDH-5, could be 
demonstrated by electrophoresis of lysate from mature 
enucleate red blood cells (LDH AB- type, Fig. 1). Other 
tissues from rodents with LDH AB-, for example, bone 
marrow and heart, possessed the multiple LDH bands 
usually found in mammals. 

The results of the electrophoresis of blood from one to 
ten individuals of thirty-four species of Rodentia are 
summarized in Table 1. All tested representatives from 


Table 1. LDH SUB-UNIT SYNTHESIS IN RODENT ERYTHROCYTES 
No. of 
Family Genus species AB AB 
1 Aplodontidae Aplodontia $ x 
Sciuridae Marmota 1 x 
Citellus 2 x 
Eutamias 3 x 
Castoridae Castor 1 x 
Geomyidae Thomomys i x 
Heteromyidae Dipodomys i x 
Perognathus parvas 1 x 
II Cricetidae Reithrodontomys 1 x 
Peromyscus 3 x 
Onychomys 1 x 
Clethrionomys 1 x 
Arvicola 1 x 
Ondatra 1 x 
Microtus 4 x 
Muridae Rattus 1 x 
Mus i x 
Zapodidae Zapus 1 x 
IH Erethizontidae Erethizon i x 
Caviidae Cavia 1 x 
Chinchillidae Chinchilla i x 
Capromyidae Capromys i x 
Geocapromys E x 
Plagiodontia 1 x 
a Myocastor 1 x 


the suborder Myomorpha consistently displayed a single 
band, LDH-5, representing the LDH AB- type. AH 
individuals from four superfamilies of the suborder 
Hystricomorpha possessed the LDH AB type and so 
did representatives of Aplodontoidea, Sciuroidea and 
Castoroidea, all classified by Simpson’ as Sciuromorpha. 
Two families of the Seiuromorpha, the Geomyidae (pocket 


342 


LDH—1 LDH—2 dpi" : es LDH—5 


origin 
Thin-layer starch gel electrophoresis of blood and bone marrow from rodents. 
The gel was stained for LDH and shows from top to bottom (a) and (b) bone marrow, 


Fig. 1. 


(c) red cell lysate from Rattus norvegicus, (d)-(I) are red cell lysates from: 


canadensis, (e) Plagiodontia hylaeum; 
(h) Geocapromys ingrahami; 
(D Dipodomys ordii. 

LDH-5 of the rat bone marrow is as yet unknown. 


(i) Zapus princeps; (j) Perognathus parvus; 
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gophers) and the Heteromyidae (kangaroo 
rats and pocket mice), possessed the LDH 

a åB- type. 
LDH-5 of red blood cells from Rattus 
b norvegicus (type AB-) was compared with 
LDH from rat heart and human red blood 
cells with respect to heart and substrate 
inhibition, because electrophoretie mobility 
of an LDH isozyme is no absolute criterion 
d for its sub-unit composition’. In 97 pM 
sodium pyruvate solution rat erythrocyte 
e lysate and crude liver extract (mostly 
LDH-5) lost 48 per cent and 33 per cent, 
f respectively, of the LDH activity which they 
showed in 0-6 mM sodium pyruvate. Human 
red cell lysate composed primarily of A sub- 
units and rat heart homogenate (LDH-1 to 
LDH-4), however, lost 66 per cent and 61 
h per cent, respectively. Resistance to a high 
concentration of substrate is à. known pro- 
i perty of LDH-A, (refs. 9 and 10). Konttinen 
and Lindy" found that LDH-A, of human 
, serum is rapidly inactivated in the presence 
| of 2 M urea and a high concentration of 
pyruvate, while LDH-B, showed increased 
k activity. In our investigations, rat erythro- 
cyte and liver LDH in 2 M urea and 2-8 mM 
l sodium pyruvate lost 93 per cent and 98 per 
cent LDH activity, indicating that the rat 
LDH-5 isozyme was composed of A sub- 
units. Electrophoresis of rat red cell lysate 
and crude liver extract heated to 65° C for 
15 min showed almost total disappearance 
of the LDH-5 isozymes, whereas LDH-1 of 


(d) Castor i 
rat heart and human red cells was still 


ane b) and partially active after heating to 70° C. Verte- 
brate LDH-A has been reported to be more 
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Five possible routes of evolution of the LDH AB- character in rodents, 
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thermolabile than LDH-B, (refs. 8 and 9). Low substrate 
inhibition, high urea inhibition and high thermal in- 
stability indicate that LDH-5 in the LDH-AB- rodents 
is composed of four A sub-units. 

The absence of synthesis of LDH-B sub-unit in the 
Myomorpha and the Geomyoidea, evidently a change in 
the regulatory mechanism of the red blood cells and not 
a structural gene change, raised interesting evolutionary, 
taxonomic and biochemical questions. Taxonomists have 
placed members of the superfamily Geomyoidea in the 
suborder Sciuromorpha’ principally on the basis of 
skeletal parts, teeth and pelage. Although these criteria 
have been criticized!*, classification on the superfamily 
level has not recently been changed. This is not to say 
that the position of the Geomyoidea is inviolable, for 
although their North American fossil record extends from 
the Oligocene to the Recent it is inadequate and their 
position within the Rodentia is not well defined’. Char- 
acters the Geomyoidea share with other members of the 
Sciuromorpha, and which are therefore arguments for 
placing them in this suborder, include a zygomatic arch 
formed mainly by the jugal, a small rounded infraorbital 
canal which is not penetrated by the deep portion of the 
masseter muscle, and separate tibia and fibula. The 
infraorbital foramen of the Geomyoidea differs in being 
long and narrow and opening on the lateral side of the 
rostrum, instead of being a slitlike foramen opening on 
the zygomatic plate as it does in the other sciuromorphs. 

The presence of the LDH AB- character in thirty-four 
species of the Geomyoidea and Myomorpha suggests its 
persistence since the early stages of the evolution of these 
taxa. The evolution of the LDH AB- character, a pre- 
sumably adaptive mutation, can be interpreted in several 
ways (Fig. 2). The mutation could have originated in the 
common rodent ancestor (Fig. 24, B and C) or in one 
(Fig. 2D), or two (Fig. 2E) of the phylogenetic sub- 
branches. The former evolutionary situation required 
the occurrence of at least two reverse mutations, no 
matter which phylogenetic relationship, A, B or C, was 
considered to be correct. Reverse mutations other than 
those indicated in Fig. 2 have been observed in some 
strains of inbred and wild Mus musculus“5, Case E 
required at least two independent, parallel mutations in 
the ancestors of the Myomorpha and the Geomyoidea, a 
genetic development entirely possible. Case D, in which 
it is assumed that branching of the Geomyoidea from the 
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Myomorpha occurred after the superfamilies of Aplodon- 
toidea, Sciuroidea and Castoroidea had separated from 
the main stem of the Sciurognathi, required only a single 
mutation. While Case D appeals through its simplicity, 
it would be inappropriate to establish phylogenetic inter- 
relationships im rodents, more biochemical and immuno- 
Such an unusual finding, however, should call for a 
critical review of currently accepted taxonomy. To clarify 
the evolutionary development and phylogenetic inter- 
relationships in rodents more biochemical and immuno- 
chemical data are needed about the taxa involved. The 
results of studies on catalase and glucose-6-phosphate 
dehydrogenase in the species listed in Table 1 did not 
contribute to a solution to the question of the phylo- 
genetie position of the Geomyoidea. 

The hypothesis that the oxidative state of a tissue 
determines its LDH isozyme pattern’ is difficult to 
reconcile with the presence of LDH AB and AB- erythro- 
cytes in the same species or in closely related taxa. The 
presence of LDH.A, as the only LDH isozyme in mature 
erythrocytes of rodents indicates that cathodal isozymes 
oecur not only in nucleate’ but also in non-nucleate 
erythrocytes of vertebrates, and that a cell nucleus is not 
necessary for their presence. 

We thank Drs Murray Johnson and Lloyd Dillingham 
for blood samples. 
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Tue elucidation of the complete primary structures of 
chymotrypsinogen A and trypsinogen has demonstrated 
extensive structural homologies in their amino-acid 
sequences as well as in the positions of their disulphide 
bridgesi. The properties and structure of a similar 
pancreatic zymogen, chymotrypsinogen B, have been 
under investigation for several years. This protein, 
initially isolated by Laskowski, has been shown to have 


Comparison of the amino-acid sequences of the three proteins shows 
that a common pattern of invariant non-polar residues exists. This 
permits a tentative assignment of exterior and interior positions. 
Glutamic acid at position 188 looks like the ionic binding site for 
trypsin substrates. 


many properties in common with chymotrypsinogen A. 
Both zymogens are found in equal amounts in bovine 
pancreatic juice’, are very similar in size and shape*, 
have identical N and C-terminal sequences*-* and are 
activated to enzymes with only slightly dissimilar specifici- 
ties towards polypeptides?-4. They differ, however, in 
their rates of activation by trypsin® "44, in their isoelectric 
points! and in their amino-acid compositions*.*. 
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As a first step in the elucidation of the complete amino- 
acid sequence of chymotrypsinogen B, pepsin digests of 
the native zymogen were subjected to diagonal electro- 
phoresis which resulted in the isolation and sequence 
determination of ecysteic acid peptides accounting for 
seventy-one of the amino-acid residues as well as defining 
the positions of the disulphide bridg The subsequent 
preparation of the reduced and amino-ethylated zymogen 
permitted the tryptic hydrolysis of regions of sequence 
which had already been determined. This approach had 
the advantage that a smaller proportion of insoluble 
tryptic core peptides was produced than in the case of the 
reduced and s-carboxymethylated zymogen. This facilit- 
ated the purification of these insoluble peptides in solutions 
of concentrated urea on columns of DEAE-cellulose, 
a serious problem in the sequence analysis of chymo- 
trypsinogen A (ref. 15). High-voltage electrophoresis 
on paper has been the principal means of peptide purifica- 
tion in this work, giving low yields, and so we thought it 
important to isolate appropriate overlapping sequences. 
For this reason, peptides were isolated and sequenced 
from tryptic and chymotryptie digests of not only the 
reduced and s-aminomethylated chymotrypsinogen B, 
but also of the reduced and s-earboxymethylated zymogen 
and of the separated B and C chains of the reduced and 
s-carboxymethylated enzyme!*. Complete descriptions 
of these analyses will be given later. 

The amino-acid sequences of chymotrypsinogens A and 
B and trypsinogen are presented in Table 1 where the 
corrected structures?" have been arranged to maximize 
homologies as previously deseribed!?, These sequences 
make it clear that chymotrypsinogens 4 and B are much 
more closely related to each other than either is to 
trypsinogen. Using the mutation values for amino-acid 
pairs which were compiled by Fitch and Margoliash'*, the 
mutational distances between the three proteins have been 
calculated and they are presented in Table 2. Chymo- 
trypsinogens 4 and B clearly possessed à common ancestor 
in the mueh more recent past than did either of these 
with trypsinogen. 





‘Table 2. MUTATION DISTANCES BETWEEN BOVINE CHYMOTRY PSINOGENS 
A (CA) AND B (CB) AND TRYPSINOGEN (T) 
CA to CB CA to T CB to T 


64 189 197 


The tryptic activation of chymotrypsinogens A and B 
to their corresponding enzymes involves the cleavage of 
the peptide bond between arginine-15 and isoleucine-16 
in both proteins. The rate of this activation for chymo- 
trypsinogen B, however, is about fifteen times faster than 
for chymotrypsinogen A in comparable conditions’. 
Because the only significant difference in the amino-acid 
sequence of the two proteins from residue 1 to 35 is in 
the substitution of serine-14 of chymotrypsinogen A by 
alanine-14 of chymotrypsinogen B, it has been suggested 
that the flexibility or looseness of this portion of the 
structure in chymotrypsinogen A is reduced by hydrogen 
bonding between the side chain of serine-14 and some 
other residue lving at or near the surface of the molecule. 
This would render the arginyl peptide bond less susceptible 
to tryptic attack’. 

The subsequent autolytic cleavages in chymotrypsin A 
(x form) at the peptide bonds involving the carbonyl 
groups of leucine-13, tyrosine-147 and asparagine-149 
to produce a-chymotrypsin are, however, not paralleled 
exactly in the case of chymotrypsin B. It has been shown 
that the autolytie peptide bond between leucine-13 and 
alanine-14 and chymotrypsin B is not automatically 
cleaved. This phenomenon is apparently a result, at 
leqst in part, of a difference in the specificities of the two 
ehymotrypsins". Thus when the isolated performic 
acid-oxidized A chain (residues 1 to 15) of chymotrypsin A 
z form) is digested with chymotrypsin B, the extent of 


345 


cleavage of the leucine-13-serine-14 bond is small con- 
pared with a similar digest of the same A chain with x- 
chymotrypsin. It therefore seems that a conformational 
difference arising from the replacement of serine-14 by 
alanine-14 is not the primary reason for the lack of an 
autolytic cleavage in this position in chymotrypsinogen B. 

The autolytie cleavages at tyrosine-147 and asparagine- 
149 to produce «-chymotrypsin do have their counterpart 
in the chymotrypsin B system. Thus it has been possible 
to isolate the B and C chains from the reduced and 
carboxymethylated B enzyme and to demonstrate that the 
C chain has lysine-151 at the N-terminal position’. 
Peptides from a chymotryptic digest of the B chain have 
been recovered accounting for all the residues from 
isoleucine-16 to tyrosine-147 but not for the tripeptide 
sequence Asn-Ala-Leu (residues 148-150). Thus the 
autolytie events seem to involve at least the cleavage of 
the peptide bonds at tyrosine-147 and leucine-150 with 
the liberation as peptide(s) of the residues asparagine- 
148, alanine-149 and leucine-150. These observations are 
consistent with the observations that the formation of 
neochymotrypsinogen B by the action of either chymo- 
trypsin x or chymotrypsin B on chymotrypsinogen B is 
accompanied by the cleavage of peptide bonds at tyrosine- 
147, asparagine-148 and leucine-150 (ref. 19). 

X-ray studies of several proteins have demonst rated 
that the most striking common feature of their structures 
is the almost total exclusion of polar residues from the 
interior of the molecules. Thus when the amino-acid 
sequences of some eighteen globin chains from various 
species of myoglobin and haemoglobin were compared, 
this feature was expressed in a pattern of thirty sites 
where only non-polar residues occur*?. A considerable 
variety of replacements is permissible at these sites as 





long as the non-polar character is maintained. On the 
other hand, the replacements permissible at sites on the 
surface or in surface crevices is not restrieted. Although 


the three pancreatic zymogens, chymotrypsinogens 4 
and B and trypsinogen, offer a relatively small sampling, 
it was of interest to examine the pattern of invariant 
non-polar residues in these proteins. Such a comparison. 
is shown in Table 1 where the solid lines enclose non-polar 
residues common to the three proteins. Of a total of 245 
residues in each of chymotrypsinogens 4 and B and 229 
in trypsinogen, 100 residues are invariably non-polar 
and may therefore be tentatively identified as interior 
residues. 

This extensive homologv in the pattern of the non-polar 
residues in the structures of the three proteins provides 
additional support for extensive similarities in their 
three-dimensional structures, à conclusion previously 
suggested from the homology of their disulphide bridges’. 
Further support comes from the current X-ray diffraction 
model of chymotrypsin?! and the demonstration by 
Sigler and Blow?? that the two extra disulphide bridges of 
trypsin can be built into the chymotrypsin model without 
distortion of the chains. It should be emphasized, of 
course, that in those regions of the structure where the 
conformation may differ, the pattern of invariant non- 
polar residues would not be a reliable index of the interior 
residues. "Thus residues whieh are tentativelv identified 
here as exterior may in a particular protein be interior 
by virtue of a difference in local conformation. Tt is 
also evident that residues which are invariantly non-polar 
in character in the limited comparison possible now are not 
necessarily interior, for if a larger number of sequences 
were available, the invariant non-polarity at a particular 
position could disappear. Furthermore, certain nou- 
polar residues are probably present at the surface of the 
three proteins by virtue of their role in the hydrophobir 
binding site for substrates which is probably a common 
feature of all three enzymes??? 

The position of the hydrophobic substrate binding site 
in the primary structure of these enzymes has not been 
established. In view of the specificity requirements of 
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trypsin, however, it has been suggested that such a site 
should show homologies of non-polar sequence accom- 
panied by an acidic residue in trypsin that is absent from 
the chymotrypsins. Three such areas of sequence have 
previously been commended for this function; namely, 
about residues 103, 166 and 188 (ref. 25). Corrections to 
the sequence of trypsinogen, however’, have established 
that residue 166 of trypsinogen is present as the amide, 
and in this case, that residue 103 is aspartic acid in 
both chymotrypsin B and trypsin. We therefore suggest 
that glutamic acid-188 is the acidic site to which the 
positively charged substrates of trypsin are bound during 
catalysis. Such a conclusion seems compatible with the 
preliminary representation of the chymotrypsin molecule 
as determined by X-ray analysis?!. 

From a comparison of the structures of ehymotrypsino- 
gens A and B shown in Fig. 1, it will be seen that, of a 


total of 245 residues, there are fifty-two replacements. Of 


these, only nine involve replacements at positions which 
have been tentatively designated as interior residues. 
Thus most of the replacements evidently occur on the 
exterior of the molecules where they have little effect 
on the conformation of the molecule or on its enzyme 
activity. It is significant that in those areas where the 
most striking homologies of sequence occur, namely, in 
the histidine loop (residues 38-59) and the "active" 
serine regions (residues 181-204), there is a large propor- 
tion of invariant non-polar residues. Thus it can be argued 
that these regions of the structures are rather firmly 
anchored by their hydrophobic interactions with other 
interior side chains. It is also pertinent that there is a 
concentrated block of replacements and dearth of invari- 
ant non-polar residues in the region of residues 144 to 151 
where both ehymotrypsins are susceptible to chymotryptic 
&utolysis and where a considerable length of the poly- 
peptide chain is exposed on the surface of the molecule?! 
It will be very interesting to test the validity of these 
predietions when the detailed models of the proteins 
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become available from 
studies. 
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Control of the Sex Ratio at Full Term in the 
Rabbit by transferring Sexed Blastocysts 


by An important step forward has been made in controlling the sex of 


R. L. GARDNER 
R. G. EDWARDS 


Physiological Laboratory, 
University of Cambridge 


NuMEROUS attempts have been made to control the sex 
of offspring of various mammals including man. Despite 
many claims of success it seems that this end has not yet 
been realized. Most attempts have been eoncerned with 
the separation of spermatozoa carrying X or Y chromo- 
somes or the production of different rates of fertilization’. 
An alternative approach would be to sex pre-implantation 
embryos and then to transfer the sexed embryos into 
recipient females?*. There is no diffculty in obtaining 
sufficient embryos for sexing after natural mating or 
superovulation in laboratory animals; in fafm animals 
and man, the maturation of ovarian oocytes in vitro could 
ultimately provide sufficient numbers’. 

A reliable method of sexing which is compatible with 
the further development of the embryos must first be 
found. In the rabbit, sex chromatin is found in the cell 
nuclei of female blastocysts 5 days after fertilization?, at a 
time when the embryos ean still be transferred*. We 


rabbits by sexing pre-implantation embryos and transferring the 
sexed embryos into recipient females. 
were surgically delivered and their sex was found to have been 
correctly predicted at the blastocyst stage. 


In the experiments, foetuses 


have shown earlier that by means of fluorescence micro- 
scopy the sex of intact living rabbit blastocysts can be 
determined by identifying sex chromatin in trophoblast 
cells®, 

We now describe a method for sexing blastocysts by 
identifying sex chromatin in small fragments of excised 
trophoblast. After this operation, embryos were cultured 
for a few hours, and then transferred into recipient 
females which were killed shortly before full term. The 
foetuses were delivered surgically, and their sex was 
found to have been correctly predicted at the blastocyst 
stage. 


Manipulation and Sexing of Blastocysts 

Blastocysts aged about 575 days after mating were 
obtained in aseptic conditions and transferred into neat 
foetal calf serum (Microbiological Associates, Inc.) con- 
taming 2 per cent (v/v) phosphate buffer (pH 7-2) and 
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Blastocyst immediately after excision of trophoblast. The 


Fig. 1. 

holding pipette of internal diameter approximately 0:15 mm can be seen 

on the left, the scissor-tips top right, and the excised fragment in the 
suction pipette (internal diameter approx. 0-05 mm). 


100 1v/ml. of penicillin. They remained in this medium 
during the following operations, which were carried out 
using a Zeiss dissecting microscope, a Leitz micro- 
manipulator, and iridectomy scissors (J. Weiss, London) 
mounted on a Prior manipulator. Embryos much less 
than 2 mm in diameter were found to be too small for 
operation. Care was taken to avoid damaging the inner 
cell mass, and the fragment of trophoblast was excised 
leaving the embryo inside its zona pellucida, for this 
membrane is evidently necessary for implantation*. Each 
blastocyst was held by negative pressure on a flame- 
polished pipette while a small cone of zona pellucida was 
sucked into a second flame-polished pipette (Fig. 1). A 
small slit made at the base of the cone enabled a column 
of trophoblast to be sucked into the fine pipette, and any 
excess could be re-injected into the embryo provided the 
fine pipette was just touching the embryo. Slight move- 
ment of the holding pipette exposed the base of the 
column of trophoblast, which was then excised. The 
width of the scissor-tips limited precision; usually 200- 
300 cells were removed, but occasionally so few cells were 
excised that sexing was difficult. Many blastocysts con- 
tracted after the operation, but in later experiments the 
remaining tuft of trophoblast was locked in the slit in 
the zona ("zona-locking", Fig. 1), and many of these 
blastoeysts remained almost fully expanded (Table 1). 
Excised fragments of trophoblast were fixed and 
stained on a slide with 1 per cent aceto-orcein, and were 
ready for examination a few minutes later. Three people 


Table 1. EFFECT OF CULTURE ON MORPHOLOGY OF OPERATED BLASTOCYSTS 
Condition of embryos No. of Condition of blastocysts after culture 


r the operation em- Folded Imost 
bryos and Con- fully Fully 
collapsed tracted expanded expanded 
Folded and collapsed 5 4 1 0 0 
Contracted 88 2 33 37 16 
Almost fully expanded 48 2 3 18 25 
Fully expanded 0 0 0 5 
"Zona-locked" embryos* 37 1 1 17 18 


* These embryos are also included in the upper part of the table. 


Table 2. 


Type of blastocyst In vitro treatment 


(1) Intact Held in medium 199 containing 10 per 
cent foetal calf serum for a few minutes 
(2) Intact Cultured in medium 199 containing 10 per 


cent calf serum for 3:5-9 h 
Cultured in foetal calf serum for 3-5-9 h 
Cultured in foetal calf serum for 3:5-9 h 
Cultured in foetal calf serum for 3:5-9 h 


(3) Intact 

(4) Operated, expanded 

iet Operated, contracted 

(6) Sexed after operation. Ex- 


panded and contracted Cultured in foetal calf serum for 3-5-9 h 
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(R. L. G, R. G. E. and Miss Christine Stadelmann) 
independently scored the tissue from each embryo for 
sex chromatin. Full agreement was obtained for most 
embryos; after the rare disagreement, the tissue was 
re-examined jointly and the disputes resolved in all but 
two cases. 


Culture and Viability of Embryos 


At first the embryos were kept in serum at room tem- 
perature until all of them had been sexed, which was 
usually 1-2 h after the operations. They were then 
transferred into recipient females. Most of the embryos 
were contracted when transferred, but our intention was 
to place them in a uterus as soon as possible, to discover 
if they would repair in vivo and implant. Seventy-seven 
were transferred, but only three implanted, all in the 
same recipient. 'The foetuses seemed to be normal when 
examined on the thirteenth day of pregnancy. 

In view of this low rate of implantation, we decided to 
investigate the effect of culture for some hours before 
transfer on the viability of the transferred embryos at 
full term. Two culture media were tested for their effects 
on intaet blastocysts, and drops of phosphate-buffered 
calf serum under liquid paraffin in air proved satisfactory 
(Table 2, rows 1-3). Intact blastocysts cultured in these 
conditions expanded in vitro, but those smaller than 
4 mm! in volume withstood the conditions less well than 
larger blastocysts (Fig. 2). “‘Blastokinin” is evidently 
needed for the early stages of blastocyst expansion*, and 
its absence from our media might explain the poor 


Volume (mm?) 





Culture period (h) 


Fig. 2. Expansion of intact blastocysts of various sizes cultured in 

foetal calf serum containing 2 per cent phosphate buffer. The high 

standard errors in the largest groups at the end of the culture period are 

due to the spontaneous collapse of a few blastocysts. Data of Staples’, 

who cultured rabbit blastocysts in medium F10 and 10 per cent rabbit 
serum, are shown by dotted line. 


SURVIVAL OF TRANSFERRED BLASTOCYSTS AFTER VARIOUS TREATMENTS in vitro 


No. trana- 


Recipients Uterine Total ferred to No. of No. of 

No. horns No. uterine living — resorbing 

Females uterine with trans- hornswith foetuses embryos 

horns implants ferred subsequent ("moles") 

implants 

2 4 4 15 15 11 0 
3 5 LH 21 17 6 
5 9 4 27 16 6 1 
2 4 4 15 15 6 2 
2 3 1 8 3 0 1 
15 30 21 109 80 18 14 
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expansion of smaller blastocysts. Many of the operated 
blastocysts healed and re-expanded in culture, especially 
those that had been zona-locked (Table 1). Some were 
larger after culture than before the operation. 

Some operated blastocysts were eultured in serum for 
between 3-5 and 9 h and then transferred according to 
their condition. Re-expanded blastocysts gave a higher 
rate of implantation (Table 2, rows 4 and 5). Embryos 
sexed with full agreement were then transferred whether 
expanded or contracted, males and females being placed in 
different uterine horns. The incidence of resorbing embryos 
observed at full term (Table 2, row 6) was unduly in- 
fluenced by the recovery of one living young and six 
resorbing embryos from a recipient with severe internal 
adhesions that were probably caused by bleeding from 
the uterus. 

One of the offspring was acephalic; its head ended 
blindly and incisively anterior to the ears, although the 
remainder of the body was macroscopically normal. 
Despite our precautions, part of the inner cell mass might 
have been removed during the operation on the blasto- 
cyst. But regional differentiation of the head is unlikely 
to have begun in the 5-25 day old blastocyst, for the inner 
cell mass is small and shows no overt differentiation 
(stage A, see ref. 9). Alternatively, part of the embryo 
might have herniated through the operative slit made in 
the zona, for small hernias were seen in some blastocysts 
as they recovered in culture. Herniation after transfer, 
for example, at stage D or later®, could cause the loss of 
head-forming tissue. 


Sex Ratio of Living Offspring 

Three criteria were adopted for sexing the living off- 
spring. First, a small sample of amnion was removed 
from most of the foetuses during delivery and examined 
for sex chromatin. The offspring were then killed and 
sexed by the gross morphology of the reproductive tract. 
Finally, the gonads were fixed and sectioned for histo- 
logical classification. All criteria were in agreement for 
all foetuses. Altogether, eighteen offspring were sexed, 
the ratio being 6 females: 12 males. In each case, the sex 
predicted when the blastocysts were transferred was 
identical with that of the foetuses at full term. The 
success of our predictions is obviously highly significant 
(P < 0-001). With our present methods, one in five blasto- 
cysts of operable size developed to full term. The stages 
at which losses occurred are outlined in Table 3. It 
should prove possible to reduce these losses with improved 
technique. 


Table 3. OVERALL SUCCESS RATE OF TECHNIQUE (INCLUDING DATA ON ALL 
OPERATED BLASTOCYSTS IN UTERINE HORNS WITH IMPLANTS) 


No. of blastocysts suitable for operation 121 
( Operated successfully oe 

speantade nf ! Sexed* & 
eiii or total | Almost or fully expanded 61 
here ; Implonted 3: 


! Living foetuses at full term 20 


* Failure to sex successfully operated embryos was due to: two, disagree- 
ment; three, doubtful; eight, too small a piece of tissue excised; two, 
fragment of trophoblast lost, 


Implications 

Sexing blastoeysts thus offers a method of controlling 
the sex ratio in the rabbit. Our procedure will have to be 
modified for similar work on other species. In species in 
which sex chromatin is not apparent in pre-implantation 
embryos, other means of determining sex, for example, 
by analysis of the karyotype, will be necessgry. The 
period in culture needed for repair of rabbit blastocysts 
may not be required by embryos of other species; sheep 
blastocysts aged 13 days ean develop to full term in 
recipient ewes when transferred after removal of some 
irophoblast". If culture proved necessary, the develop- 
ment of media more suitable for blastocysts might reduce 
the incidence of foetal mortality after transfer. Radical 
modification of our technique will be necessary in species 
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with interstitial implantation, where the blastocyst has 
considerably fewer cells than in the rabbit. “Dupli- 
cate" embryos obtained by disaggregation and re-aggre- 
gation of blastomeres from early cleavage stages!* might 
be used for classification. Some advantages are associated 
with these species: for example, mouse embryos lacking 
a zona can implant. But this approach might not be 
easy, for with current techniques many blastomeres fail 
to re-aggregate and later die in eulture!!, and few cells will 
be available at first so that the embryos will have to be 
stored while the cell colonies proliferate. 

Sexing intact blastoeysts would obviously avoid these 
problems. The use of fluorescence microscopy to detect 
sex chromatin in intact rabbit blastocysts’ so damaged 
the embryos that none implanted after transfer (our 
unpublished results). Phase-contrast microscopy of sex 
chromatin in living cells'® was unreliable when applied to 
rabbit blastocysts, and many of them were wrongly 
classified (our unpublished results). If sex-linked genes 
are expressed on trophoblast, the paternity of many 
embryos could be determined. Segregating H2 antigens 
were not detected on morulae and blastocysts in mice 
(unpublished results of K. Sell, R. R. A. Coombs and R. G. 
Edwards), although there is evidence that some antigens 
are expressed!s, Now that we can correctly sex rabbit 
blastocysts, it might be possible to detect other differences 
between male and female embryos. 

Three further implications follow from our results. 
Because our sexing of blastocysts was shown to be correct 
after embryo transfer, our estimate of the sex ratio in 
blastocysts is most valid. Previous estimates have been 
limited by failure to classify many embryos", or by failure 
to verify the correctness of sexing by embryo transfer*. We 
recorded seventy-seven female, eighty-four male, with six- 
teen embryos not sexed for various reasons. Second, cells 
excised from blastocysts could be examined for several 
charaeters, for example, chromosomes and enzymes. to 
detect autosomally inherited deformities from either 
parent. The number of characters expressed in tropho- 
blast cells or in cell outgrowths will limit this approach. 
Third, because operations on the rabbit blastocyst are 
compatible with survival, the seope of experimental 
embryology in mammals could be greatly extended. For 
example, cells of the inner cell mass could be removed, or 
these and other cells could be inoculated into the blasto- 
coele (unpublished observations of R. L. G.). If such 
inocula "take", the experimental possibilities could be 
considerable. 

We thank Professor C. R. Austin for his encourage- 
ment and Miss Christine Stadelmann and Miss Claire 
Jackson for their help. This work was supported by the 
Medical Research Council (R. L. G.) and the Ford 
Foundation. 
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inhibitory. 


REGULATION of the lipolysis of adipose tissue’ is closely 
analogous to the mechanism controlling the activity of 
glycogen phosphorylase in the liver’. Adrenaline, which 
promotes lipolysis, also increases the concentrations of 
adenyl cyclase and adenosine 3’,5’-phosphate (cyclic AMP) 
in adipose tissue'*, The rate of lipolysis can also be 
increased by incubating adipose tissue or isolated fat cells 
with eyelic AMP or its derivative N5-2'-O-dibutyryl cyclic 
AMP}:*, Furthermore, Rizack has shown that a lipolytic 
aystem activated by cyclic AMP is present in homo- 
genates of adipose tissue’. The proposed scheme for the 
hormonal control of adipose tissue lipolysis is therefore 
as shown in Fig. 1 (refs. 8 and 9). 

As a result of the poor penetration of cells by cyclic 
AMP and its rapid destruction by cyclic 3',5'-nucleotide 
phosphodiesterase, much of the information concerning 
its funetion has been obtained by investigating the 
effects of the methyl xanthines??, which are potent in- 
hibitors of this enzyme? *!*, The profound lipolytic 
activity of theophylline in adipose tissue indicates the 
important part played by cyclic 3’,5’-nucleotide phospho- 
diesterase in regulating mobilization of the lipid. The aim 
of the investigation reported here was to relate the rate 
of lipolysis to the activity of this enzyme. The epididymal 
adipose tissues of male Wistar rats (200-230 g; A. Tuck 
and Son, Rayleigh, Essex) fed freely were used through- 
out. Unless otherwise stated, chemicals were purchased 
from Sigma (London) Chemical Company. 

The inhibition of adipose cyclic 3’,5’-nucleotide phos- 
phodiesterase by various purine and pyrimidine deriva- 
tives ig shown in Table 1. The enzyme preparation and 
assay technique were as described by Weiss et al.? except 
that the procedure of Dryer et al. was used to determine 
inorganie phosphate. Where investigated, the pattern of 
inhibition was similar to that for the enzyme obtained 
from rat brain which is also strongly inhibited by ADP 
and the nucleotide triphosphates (refs. 12 and 13, and my 
own unpublished observations). If the analogy could be 
extended to these compounds, it is possible that such 
inhibitions might regulate the activity of the adipose 
enzyme and therefore cyclic AMP concentrations in 
physiological conditions. 

Although the kinetics of theophylline action were those 
of a typical competitive inhibitor (Lineweaver-Burk plot; 
Km 1-2x 10-4M; K; about 6 x 10-* M), the mechanism of 


Table 1. INHIBITION OF CYOLIC 3’,5'-NUCLEOTIDE PHOSPHODIESTERASE BY 


PURINE AND PYRIMIDINE DERIVATIVES 
Inhibition of cyclic AMP 


Inhibitor hydrolysis (percentage)* 
Adenine 10 M 44z2f 
Caffeine 2x102 M 3024 
Theophylline 2x10° M 4743 
Adenosine 102 M 4642 
Deoxyadenosine 10? M 5943 
Guanosine 2x10° M 3344 
Tnosine 2x10? M 2343 
Xanthosine 2x10? M 1443 
Thymidine 107 M 223 
Uridine 10° M 1528 
Cytidine 107? M 8:2 


* Assay system contained cyclic AMP (5 x 10+ M). 
+ t Standard error of four to seven determinations. 


Three sites at which nucleosides regulate adipose tissue lipolysis 
are distinguished, one of which is stimulatory and the other two 


the other inhibitions was not investigated. The potency of 
the various inhibitors, however, decreased in the following 
order: theophylline > guanosine, caffeine > inosine > dë- 
oxyadenosine > adenosine, xanthosine, adenine > thymid- 
ine» uridine > cytidine. Inhibition of this enzyme pro- 
motes the conservation of cyclic AMP and therefore tends 
to enhance lipolysis (Fig. 1). The region of the cyclie 
3',5'-nucleotide phosphodiesterase molecule with which 
these inhibitors react will be referred to here as the 
diesterase site. 

The effects of the methyl xanthines on lipolysis can be 
explained as an interaction with this diesterase site’. 
Thus when incubated alone with adipose tissue, they can 
be regarded as stimulating lipolysis by promoting the 
accumulation of endogenously formed cyclic AMP. An 
analogous effect explains the synergism between the 
methyl xanthines and noradrenaline or adrenocortico- 
trophin (ACTH); in these cases, concentrations of methyl 
xanthine, which alone enhance lipolysis very little, greatly 
increase the effectiveness of the hormones. Tables 2, 3 
and 4 show the effects of the various cyclic 3,5 -nuoleotide 
phosphodiesterase inhibitors on adipose tissue both alone 
and in the presence of noradrenaline or ACTH (Sigma; 
lot 768-160; 125 v/mg). In these and subsequent experi- 
ments, small pieces (approximately 2 mg) of adipose tissue 
were prepared as described by Schusterová et al.^ except 
that the tissue fragments were swilled three times with 
physiological saline. Samples (100—150 mg) of this homo- 
geneous tissue preparation were incubated for ! h in 
Krebs-Ringer-phosphate (0:5 ml., pH 7-4) at 37° C. The 
ineubations were terminated by adding Dole's extraction 
mixture, homogenizing and determining non-esterified 
fatty acids (NEFA) as described by Novák'*. Only a 
few of the effects of the purine and pyrimidine derivatives 
can be explained in terms of their action at the diesterase 
site. Thus, as with the methyl xanthines, concentrations 
of adenine (10-? M), deoxyadenosine (10-? M) and thymid- 
ine (10-? M), whieh have little effect on lipolysis when 
incubated alone with adipose tissue, considerably increase 
the lipolytic response to noradrenaline and ACTH. 
Guanosine and inosine. however. which inhibit cyclic 
3’,5’-nucleotide phosphodiesterase in cell free systems 
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Fig. 1. Proposed scheme for the control of adipose tissue lipolysis. 
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Table 2. NON-ESTERIFIED FATTY ACID CONTENT OF ADIPOSE TISSUE AFTER 


INCUBATING WITH PURINE AND PYRIMIDINE DERIVATIVES 
NEFA content 


after incubation 
(percentage of control)* 
Adenine 2x 104 106x4t 
Caffeine 2x 10-4 260 + 29 
Theophylline 2x 10% 520 + 57 
Adenosine 2x10* SE+5 
Deoxyadenosine 2 x 10-5 10244 
Guanosine 2x10 6026 
Inosine 2x10 sot 
Xanthosine 2x 10° 8345 
Thymidine 2x 108 7945 
Uridine 2x10? 7927 
Cytidine 2x los 11146 


* Controls incubated for 1 h in Krebs-Ringer-phosphate contained 2-3 
uequiv./g of adipose tissue. 


+ XStandard error of four to six determinations. 


Table 3. EFFECT OF PURINE AND PYRIMIDINE DERIVATIVES ON THE RESPONSE 


OF ADIPOSE TISSUE TO L-NORADRENALINE 


Response to noradrenaline 
(10-5 M) 
(percentage of stimulation 
by noradrenaline alone)* 





Adenine 4x10* M 171z15t 
2x10? M 287 + 26 
Caffeine 4x107 M 255 + 12 
2x10? M 320+ 31 
Theophytline 8x 107° M 243418 
4x10° M 386 + 37 
Adenosine 8x10* M 28 X11 
4x10* M 2216 
2x10? M 177 
107? M 108 + 12 
Deoxyadenosine 4 x 10-4 M 10248 
2x10*M 133417 
10°? M 161+24 
Guanosine 4x10 * M 4546 
2x10? M 29+8 
Inosine & x 10-* M 48411 
4x10“ M 3718 
2x10? M 2215 
107* M 2447 
Xanthosine 4x10% M 66:6 
2x10? M 5378 
Thymidine 2x10- M 244 £19 
107 M 340 + 33 
Uridine 2x10? M 8245 
107 M 7546 
Cytidine 2x10? M 767 
10° M 6548 


* NEFA contents of controls incubated for 1 h in Krebs-Ringer-phosphate 
were subtracted. 


T + Standard errors of four to seven determinations, 


about as effectively as caffeine, not only fail to enhance 
lipolysis in any of these conditions but (as with xanthosine. 
uridine, eytidine and low concentrations of adenosine) 
actually inhibit this effect. 

The failure of inhibitors of cyclic 3 ,5'-nucleotide phos- 
phodiesterase to promote lipolysis might be caused by 
poor penetration into the fat cell (such penetration seems 
to be necessary in order to gain access to cyclic 3’,5’- 
nucleotide phosphodiesterase, for preliminary sedimenta- 
tion studies show that the enzyme is not associated with 
the cell membrane). This probably also limits the potency 
of the methyl xanthines which are effective only when 
their eoncentrations are very high in comparison with 
those of endogenous cyclic AMP!?, It is necessary to 
propose at least one other site of aetion, however, for 
guanosine, inosine, xanthosine, uridine and cytitline which 
inhibit lipolysis. Because the inhibition of lipolysis by 
low concentrations of adenosine is reversed when its level 
is raised, it seems that it has considerable affinity for the 
sites involved in both stimulating and inhibiting lipolysis. 

Although the results shown in Tables 3 and 4 suggest 
that the lipolysis induced by noradrenaline and ACTH 
might differ in sensitivity from the purine and pyrimidine 
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Table 4. EFFECT OF PURINE AND PYRIMIDINE DERIVATIVES ON THE RESPONSE 


OF ADIPOSE TISSUE TO ACTH 


Response to ACTH 
{2x 10" v/ml.) 
(percentage of stimulation 
by ACTH alone)* 


Adenine 2x103 M 185:18f 
Caffeine 2x10° M 263 417 
Theophylline 2x103 M 216+ 14 
Adenosine 2x10? M 49+9 
107* M O48 
Deoxyadenosine 2 x 10-3 M 128 
10? M 138 € 11 
Guancsine 2x103M 69 c5 
Inosine 2x10? M 79 x6 
Xanthosine 2x10- M 77 £10 
'Thymidine 2x103 M 148416 
Uridine 107* M 8648 
Cytidine 10°? M 39-7 


* NEFA contents of controls incubated for 1 hin Krebs-Ringer-phosphate 
were subtracted. 


+ xStandard errors of four to five determinations, 


derivatives, this is probably the result of using concentra- 
tions of hormone which are not equivalent. Table 5 
shows that the inhibitions of guanosine (2x 10-3 M), 
inosine (4x 10-* M) and adenosine (4x10-* M) are de- 
pendent on the concentrations of hormone used. The 
signifieance of the complete reversal of guanosine inhibi- 
tion by high hormone concentrations will be discussed 
later. It was shown previously!*:'* that the effects of the 
purine and pyrimidine derivatives on the lipolysis of 
adipose tissue were complex. Lipolysis induced by cate- 
cholamines and ACTH is similarly affected, however, so 
the finding that some nucleosides promote the destruction 
of catecholamines by adipose tissue!" cannot be considered 
of primary importance in interpreting these effects, 

The incubation media which were used did not contain 
glucose, so the very large decreases in hormone-induced 
fatty acid mobilization caused by guanosine, xanthosine. 
adenosine and other nucleosides clearly represent. falls in 
the rate of lipolysis rather than increases in esterification 
of fatty acid. In the ease of adenosine, this was confirmed 
by showing that release of glycerol (as determined by the 
method of Lambert and Neish!*) was equally inhibited. 

Inhibition of cyclic 3’,5’-nucleotide phosphodiesterase 
by theophylline stimulates lipolysis, but the rate of in- 
crease of lipolysis falls away to zero as the concentration 
of theophylline rises to 10-2 M (refs. 2 and 3). This maximal 
lipolytic response cannot be increased by the additional 
presence of either noradrenaline or ACTH and therefore 
presumably represents the saturation of the lipolytic 
system (Fig. 1) with cyclic AMP?*, Thus any action of 
purine and pyrimidine derivatives at this diesterase site 
would not be expected to increase further the rate of fatty 
acid release. In the presence of theophylline (10-? M) the 
effect of these substances at sites other than the diesterase 
site may therefore be investigated in virtual isolation. 
The results (Table 6) show that the interaction of the 
purine and pyrimidine derivatives with these other sites 





Table 5. EFFECT OF L-NORADRENALINE AND ACTH ON THE INHIBITION OF 
LIPOLYSIS BY GUANOSINE, ADENOSINE AND INOSINE 
Lipolytie response in the presence of the following 
(NEFA; guequiv./g/h):* ^ 
Norad- Guanosine Adenosine Inosine 
tenaline ACTH r Vo re oy eec 
(OM)  (Qunits/ml) None4x105 M None 4x104 M None 4x 10 M 
10-7 s Lit 03 — =- — — 
10-* = 4-2 14 3-9 I 3-0 T1 
10-5 — TB 71 10-2 51 56 2x 
10^ m ST 86 ibd 6-6 6.9 50 
m 2x10 2-4 0-4 0:6 OL ~ 
— 2x10? 29 r2 2:5 1:0 — 
m 2x10 56 27 49 1-6 — s 
— 2 77 6-7 7-0 34 -— — 


* NEFA contents of controls incubated for 1 h iu Krebs-Ringer-phosphate 
were subtracted. 


T Each value is the mean of three to five determinations. 
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Theophylline (M x 101) 
Fig. 2. Inhibition of theophylline-induced lipolysis by nucleosides 


(ordinates: 100 per cent is approximately the maximal effect of theo- 
phylline (8 x 10- M)). Each value represents the mean of five to eight. 


determinations (vertical bars represent zr S.E.) | —O-—, Control; 
--x--, guanosine; +- A't, inosine; - —* @-—-, deoxyadenos- 
ine; -+> —À —'- , adenosine. 
decreases in the order: adenosine deoxyadenosine > 


inosine > guanosine > xanthosine, thymidine, adenine, 
uridine, cytidine and caffeine. 

The lipolysis induced by theophylline is rather less 
sensitive to the purine and pyrimidine derivatives than 
that induced by noradrenaline or ACTH. Thus only the 
stronger inhibitions of adenosine, deoxyadenosine, inosine 
and guanosine can be conveniently investigated by this 
procedure. The effects of xanthosine, uridine and cytidine 
on lipolysis are presumably of similar origin but are weaker. 

The inhibition of lipolysis induced by theophylline does 
not involve cyclic 3',5'.nucleotide phosphodiesterase, so 
it must involve either inhibition of the formation of cyclic 
AMP in the cell (which will be referred to as an action at 
the cyclizing site) or reduction of its effectiveness in pro- 
moting lipolysis (to be referred to as an action at the 
lipolytie site; Fig. 4). 

These two possibilities can be distinguished by using 
AN*-2'-O-dibutyryl cyclic AMP (dibutyryl cyclic AMP). 
Butcher et al.1 found this compound to be more effective 
than exogenous cyclic AMP in stimulating lipolysis, pre- 
sumably because of its greater capacity for penetrating 
cells and its resistance to destruction by eyele 3',5'- 
nucleotide phosphodiesterase. It has been shown that 
dibutyryl cyclic AMP activates liver glycogen phosphoryl- 
ase only after enzymatic removal of the butyryl group on 


Table 6. EFFECT OF PURINE AND PYRIMIDINE DERIVATIVES ON THE RESPONSE 
OF ADIPOSE TISSUE TO THEOPHYLLINE (10-? M) 
Response to theophylline 
(10 M) 


(percentage of stimulation 
by theophylline alone)* 


Adenine 10° M 97+5t 
Caffeine 10° M 9945 
Adenosine 10° M 26x11 
Deoxyadenosine 10-5 M 5527 
Guanosine 10° M 8824 
Inosine 1020M 77x6 
Xanthosine 1032 M 95:6 
Thymidine 1020M 9677 
Uridine 10° M 9845 
Cy tidine 10° M 100+6 


* NEFA contents of unstimulated controls incubated for 1 h in Krebs- 
Ringer-phosphate subtracted. 


T + Standard errors of four to six determinations. 
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the ribosyl residue!*. No such information is available 
concerning adipose tissue lipolysis. Dibutyryl cyclic AMP 
probably does not act in a theophylline-like manner by 
competitively inhibiting cyclic 3',5’-nucleotide phospho- 
diesterase, however, because 10-? M concentrations were 
without effect on the enzymatic hydrolysis of eyclie AMP 
(5x 10- M) in a cell-free system. The following results 
show that nucleosides affect lipolysis induced by theo- 
phylline and dibutyryl cyclic AMP differently. and sup- 
port the view that dibutyryl cyclic AMP (or a closely 
related derivative) directly stimulates the hpolytic system. 

The effect of adenosine, deoxyadenosine, inosine and 
guanosine on the lipolytic response to various concentra- 
tions of theophylline and dibutyryl cyelic AMP is shown 
in Figs. 2 and 3. Guanosine lowers the endogenous level 
of NEFA in adipose tissue, but does not decrease its 
responsiveness to dibutyryl cyclic AMP, Its effect on 
theophylline-induced lipolysis is therefore caused by inter- 
action with the cyclizing rather than the lipolytic site. 
Even when their effects on levels of endogenous NEFA 
are taken into account, however, inosine, adenosine and 
deoxyadenosine all reduce the lipolytic activity of di- 
butyryl cyclic AMP. These nucleosides therefore must act. 
at the lipolytic site. 

Whereas the inhibition of lipolysis induced by theo- 
phylline decreases in the order adenosine > deoxyadenos- 
ine > inosine, their effect on lipolysis induced by dibutyry! 
cyclic AMP decreases in the order inosine > adenosine > 
deoxyadenosine. Presumably the strong inhibition by 
adenosine and deoxyadenosine of lipolysis induced by 
theophylline is partly caused by their action at the 
cyclizing site. In similar experiments it was shown that 
xanthosine and uridine had no detectable effect on lipolysis 
stimulated by either theophylline or dibutyryl cyclic AMP. 

In adipose tissue, insulin both inhibits lipolysis and 
stimulates glucose utilization®’:*!; Dole showed that RNA, 
5’-AMP and adenosine had similar effects? Because 
insulin inhibits the formation of cyclic AMP by adenyl 
cyelase??:?4, the insulin-like effect of adenosine is presum- 
ably the result of its action at the cyclizing site. This 
would explain why guanosine. which seems to act specific- 
ally at the cyclizing site, mimics insulin in that its inhibi- 
tion of catecholamine-induced lipolysis is reversed by high 
concentrations of hormone?*, It also suggests that nucleo- 
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Dibutyryl cyclic AMP (M x 109 


Fig. 3. Inhibition of dibutyryl eyclic AMP-induced lipolysis by 
nucleosides (ordinates: 100 per cent is approximately the maximal 
effect of dibutyryl cyclic AMP (5 x 10-* M), Each value represents the 
mean of five to eight determinations (vertical bars represent x 5,E.) 
— O, Control; -—x--,guanosine; :--Ac--,inosine; +--+ d c. 
deoxyadenosine; -< —4À-——-:-' , adenosine, 
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Fig. 4. Action of purine and pyrimidine derivatives on the system 
controlling adipose tissue lipolysis. 


sides acting at the cyclizing site, and insulin, both decrease 
the affinity of the receptor for the catecholamines. The 
nucleosides are structurally quite unlike insulin, so it may 
well be that the only thing they have in common is the 
effect of lowering formation of cyclic AMP. It seems, 
therefore, that the primary event in insulin action on 
lipolysis and glucose utilization is the inhibition of cyclic 
AMP synthesis. It was, in fact, recently reported that 
glucose utilization is inhibited by dibutyryl cyclic AMP:*. 

Robison et ai.** have provided evidence for an adenyl 
eyelase model involving “catalytic” and "regulator" con- 
stituents. Presumably access to the "eatalytie" com- 
ponent involves entry into the cell because it uses intra- 
cellular ATP. The "regulator" component is, however, 
accessible to hormones—for example, catecholamines, 
ACTH and insulin—presumably without requiring mem- 
brane penetration. There is circumstantial evidence that 
the nucleosides may interact with the cyclizing site with- 
out entering the cell. Thus, although it is tempting to 
suggest that the nucleosides inhibit cyclic AMP formation 
by preventing the interaction of ATP with the “catalytic” 
portion of adenyl cyclase, exogenous ATP (8 x 10-4 M) 
itself has an adenosine-like inhibitory effect on lipolysis 
induced by catecholamines'*. Because ATP is a normal 
cell constituent and is a highly polar molecule, this effect 
is most conveniently explained as an interaction with a 
cyclizing site situated on the "regulator" component of 
adenyl cyclase where cell membrane penetration is not 
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involved. Similarly, this would also explain the apparently 
analogous effects on lipolysis of the polar 5'-AMP and the 
very large RNA‘. Furthermore, exogenous cyclic AMP 
(6x10- M) inhibits catecholamine-induced lipolysis 
(apparently by acting at the cyclizing site) at concentra- 
tions which are too low to raise intracellular levels suffici- 
ently to stimulate the lipolytic system!*. There is also 
evidence that guanosine interacts with the cyclizing site 
while being unable to accumulate within the fat cell. Thus, 
the strong inhibition by adenosine and deoxyadenesine 
of lipolysis induced by theophylline does not prevent 
them from stimulating lipolysis to some extent at high 
concentrations. In view of the fairly weak effect of 
guanosine on lipolysis induced by theophylline and its 
strong inhibition of cyclic 3,5'-nucleotide phosphodiester- 
ase in a cell free system, why does it not also stimulate 
lipolysis induced by catecholamines? It seems that 
guanosine may be prevented from aceumulating within 
the cell. This presumably results from poor penetration 
of the membrane possibly combined with enzymatic 
destruction of the molecules on entry. 

This paper thus supports the idea that the regulation 
of lipolysis of adipose tissue can be explained in terms 
of the scheme shown in Fig. 1 which involves hormone- 
stimulated adenyl cyclase, cyclic 3’,5’-nucleotide phospho- 
diesterase and a cyclie AMP-stimulated lipolytie system. 
Three possible sites for influencing the system have been 
distinguished (Fig. 4), one stimulatory and the other two 
inhibitory. The stimulatory site is fairly well charac- 
terized. Although one inhibitory site has been shown to 
be involved in cyclic AMP formation, and is probably 
located at the cell membrane, the other is unknown, 
however, except that it is involved in the activation of 
the lipolytic system by cyclic AMP. The sequence of 
experiments which have been used to study the effects of 
the purine and pyrimidine derivatives in adipose tissue 
could be advantageously used to analyse the actions of 
other inhibitors of lipolysis, for example, adrenergic block - 
ing agents, nicotinic acid, prostaglandin E, and insulin. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Character of the Optical Luminosity 
Fluctuations of 3C 273 


IN formulating the purpose of their note on the optical 
luminosity fluetuations of 3C 273, Manwell and Simon! 
confuse the conventional terms "random", random pro- 
cess" and the concept of statistical independence. We 
emphasize that our statement in ref. 3 (see also refs. 4 
and 5) is based on the fact that the light curve of the 
quasi-stellar source 3C 273 shows that a quasar nucleus 
is a system with a high self-interaction, and the rapid 
(in eomparison with the quasi-period of the 3C 273 light 
eurve) variations of optical radiation are conditioned by 
internal random causes. 

To reject the conflieting view that the quasar brightness 
record (without the secular trend) 


a(t) = R(t) cos [ot + 0(t)] 


can be generated by a superposition of independent 
occasional events of the same type, we have applied the 
statistical criterion which is based on the properties of 
the envelope R(t). Clearly, direct substitution of two 
functions, the envelope R(t) and the phase 6(¢), for one 
record, x(t), allows them to be chosen rather arbitrarily. 
If the envelope R(t) and the phase 0(f) are chosen so that 
they are statistically independent, R(t) would have a 
Rayleigh, and x(t) a Gaussian, distribution. 

Direct control has supported not only the absence of 
correlation between the functions R(t) and 0(t) used by 
us? but has also pointed to their independence’. This 
fact made it possible to reject with 99 per cent confidence 
the hypothesis that the stationary process x(t) is Gaussian 
and independent (when the lag A is at least 2 years). The 
"slow amplitudes" x(f)* and y(t) introduced by Manwell 
and Simon can be chosen rather arbitrarily; because of 
this the issue of checking for their independence and their 
distribution is not in any way directly concerned with a 
search for sensitive statistical criteria. 

Earlier? we pointed out that the sampling of spectral 
density at low frequencies, whieh was used in ref. 2, is 
not representative. Now Manwell and Simon! direct their 
attention to the y? testt and apparently they believe 
that fulfilment of this criterion means that the Gaussian 
hypothesis for 3C 273 may be accepted. It is common 
knowledge, however, that a particular ease can only reject 
but not prove some general mathematical statement. 

The closeness to a Gaussian of the distribution of fluc- 
tuations of quasar radiation in various physical models 
is worth studying^. In terms of the conception of the 
superposition of independent occasional flashes it is neces- 
sary for the frequency of flashes to be 107-10? events 
year, Obviously, for an 80 year period of observation 
the one-dimensional distribution of records of x(t) should 
be found to be practically Gaussian. We note that, 
because of the small magnitude of the variable part of 


* The function z(f) which appeared in ref. 1 is not the same as the function 
we introduced in ref, 3. 


1 From their note it is not clear how the z, test was applied, but some 
indirect details cause alarm. For example, because the dispersion of process 
x(t) is not a priori known and we need to know the sampling standard devia- 
tion, it is more natural to use the F test than the x? test. 
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the recorded x(t), the change-over from astronomical 
magnitude to luminosity is of no importance. 
L. I. GUDZENKO 
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P. N. Lebedev Physieal Institute, 
USSR Academy of Sciences. 
V. E. CHERTOPRUD 
Astronomical Council, 
USSR Aeademy of Sciences. 
Received March 21, 1968. 
! Manwell, T., and Simon, M., Nature, 212, 1224 (1966). 
2? Manwell, T., and Simon, M., Nature, 217, 931 (1968). 
3 Mr s L. I., Ozernoy, L. M., and Chertoprud, V. E., Nature, 218, 605 
t Ozernoy, L. M., and Chertoprud, V. E., Soviet Astro. A. J., 10, 15 (1806). 


* Gudzenko, L. I., Ozernoy, L. M., and Chertoprud, V. E., Astr, ZR., 46 
(in the press, 1968). 


CHEMISTRY 


Metal-Nitrogen Infrared Stretching 
Frequencies in Dialkylamido-transition 
Metal Compounds 


Tue infrared and Raman spectral analysis of Ti(NMe,), 
reported by Bürger et al.! prompts us to disclose some of 
our infrared data on a number of dialkylamido derivatives 
of transition metals?. Of particular interest are the stretch- 
ing frequencies of the metal-nitrogen bonds. All the 
compounds examined had a characteristic strong band in 
the 590—700 cm~ region (Table 1) which was absent in the 
parent amine and which we believe is predominantly 
metal-nitrogen stretching in character. For the tetrakis- 
dialkylamido-metal (IV) compounds, assuming local T 
symmetry of the MN, system, an infrared active band 
(v3) should occur involving the asymmetric metal-nitrogen 
stretching vibration and it is suggested that this cor- 
responds to the "characteristic band" shown in Table 1 
although it is recognized that coupling with other modes 
of vibration may be involved. The work of Bürger ef al 
confirms our assignment in the case of Ti(NMe,),. Con- 
sidering the titanium, zireonium. hafnium compounds 
M(NR,), it is interesting to note the definite increase in 
frequency with increase in chain length of the alkyl 
group R. This is interpreted as indicative of a significant 


ie T 
degree of ligand--metal x-electron donation M -— NE, 
involving the lone-pair of electrons on nitrogen and the 
vacant d-orbitals on the metal. Other factors such as the 
mass-effect of the ligand or its sterie effect would lead to 
a decrease in frequency with increase in size of the alkyl 
groups contrary to the observed results. 


Table 1, METAL-NITROGEN STRETCHING FREQUENCIES IN M(N Rah 
NMe, NEt, NP NBu. 
Ti 592 610 867 667 
Zr 537 577 637 637 
Hf 533 577 637 — 
VV) 595 613 in ss 


The data for Ti(NR,), and V(NR,), are, as expected, 
very similar and so also are the values of the data of the 
corresponding zirconium and hafnium compounds, These 
results suggest that force constants are greater for the 
titanium and vanadium(IV) compounds than for the 
corresponding zirconium and hafnium compounds, but it 
is not possible to state whether this is due to a difference 
in z-bonding contributions. 

Some data on niobium and tantalum compounds show 
interesting behaviour. For example, the pentakis-di- 
methylamido- derivatives M(NMe,), (where M = Nb, Ta) 
each give a single band (Nb, 540 cm~; Ta, 528 em} 
although local Da, symmetry for the expected trigonal 
bipyramidal structure requires two infrared bands (Aj, 
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EH’). These frequencies are close to the values for the 
tetrakis-dimethylamido- derivatives of zirconium and haf- 
nium. This suggests that the expected increase in force 
constant for a quinquevalent compound relative to a 
corresponding quadrivalent compound (that is, resulting 
from higher effective nuclear charge on the central atom) 
is offset by a lowering in force constant resulting from 
greater intramolecular steric strain. It is significant in 
this respect that niobium and tantalum do not form stable 
pentakis-dialkylamido-compounds with higher dialkyl- 
amido-groups, but Nb(NR,, and RN=Ta(NR,), are 
formed instead and this behaviour was ascribed to the 
very great steric hindrance involved?-*. On the other hand, 
Nb(NEt,), has a frequency (587 cm-t) fairly close to that 
for Zr(NEt,), as expeeted. Full details of the spectra of 
these and other dialkylamido-compounds will be published 
elsewhere. 

This research was carried out at the University of 
Western Ontario, London, Canada. We thank the 
National Research Council, Ottawa, for financial support. 
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Abiotic Formation of Phosphoric 
Anhydride Bonds in Dilute 
Aqueous Conditions 


DURING some experiments in which sodium dithionite, 
Na,8,0, was employed as a reducing agent in aqueous 
phosphate buffer, it was noticed that the presence of 
condensed phosphates eould be chromatographically de- 
tected at the end of each experiment. It was soon verified 
that sodium dithionite alone was responsible for this 
phenomenon. 

The phosphoric anhydride bond is important in the 
metabolism of biologieal systems, and considerable atten- 
tion has been focused by those interested in the origin 
of life on the abiotie formation of pyrophosphate from 
orthophosphate. Miller and Parris! obtained a 1-2 per 
cent conversion of a dilute solution of orthophosphate to 
pyrophosphate when the orthophosphate was treated with 
eyanate ion in the presence of calcium salts. Steinman 
et al? have reported a 1-5 per cent conversion of ortho- 
phosphate to pyrophosphate when dicyandiamide was 
used as a condensing agent at pH 1. In addition the 
photochemical formation of pyrophosphate from ortho- 
phosphate in organic solvents has been observed by Beck 
and Orgel. 

Beck and Orgel? surveyed the efficacy of several con- 
densing agents in water. They were able to confirm the 
results of Miller and Parris', but they could not repeat the 
experiments of Steinman et al.?*. They concluded that the 
primordial formation of eondensed phosphates had taken 
place thermally, heterogeneously or photochemically. 

In the experiments described here, 250 ml. of various 
eoncentrations of sodium and potassium orthophosphate 
buffer at pH 7 and sodium dithionite were stirred and 
maintained at 40? C for an arbitrary 3 h period. An 
aliquot of the reaction mixture was chromatographed 
using the methods of Karl-Kroupa* and Fuchs and Czeck®. 
The development of the chromatograms was modified in 
that visible light rather than ultraviolet light was used to 
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induce the formation of the blue phosphomolybdate com- 
plex after treatment with the spray reagent. The blue 
spots appeared more slowly, but they were more clearly 
defined from the background. The paper chromatograms 
were usually irradiated with an incandescent light bulb 
for 12 h. Spots corresponding to pyrophosphate and tri- 
polyphosphate or trimetaphosphate were recognizable. 
(Tripolyphosphate and trimetaphosphate were not clearly 
resolved in this system.) A tail from the tripolyphosphate 
spot to the origin indicated the presence of more highly 
condensed phosphates. 

In order to determine whether oxidation of the di- 
thionite to sulphur dioxide was necessary for the formation 
of the phosphorie anhydride bond, an experiment at 0-02 M 
in both orthophosphate and dithionite was carried out 
under an inert atmosphere. The reaction mixture was 
flushed with nitrogen at the beginning of the experiment 
and 0-1 g of potassium borohydride was added to ensure 
the maintenance of reducing conditions. A small positive 
pressure of nitrogen was maintained above the reaction 
mixture throughout the 3 h of incubation. The chromato- 
graphy paper was dried with nitrogen while an aliquot of 
the reaction mixture was being applied. The chromato- 
graphy tank was also flushed with nitrogen before the 
separation procedure. Development of the chromatogram 
disclosed only a single spot corresponding to orthophos- 
phate. Development of chromatograms of solutions of 
orthophosphate buffer from which dithionite was excluded 
also disclosed only a single spot corresponding to ortho- 
phosphate. 

A quantitative measure of the conversion of ortho- 
phosphate to condensed phosphates was obtained by 
removing orthophosphate by ion-exchange chromato- 
graphy’ and then determining the concentration of phos- 
phorus according to the method of Bartlett*. (The 
solutions were not concentrated by evaporation during 
this procedure.) The results are listed in Table 1. 


Table 1. CONVERSION OF ORTHOPHOSPHATE TO CONDENSED PHOSPHATE 


Concentration (M) Conversion 


Orthophosphate Dithionite (per cent) (QM) 
0:2 0-02 0-11 53-0 
0-02 0-02 0:24 12:0 
0-002 0-002 0:16 0-8 


The dithionite anion is produced at the cathode during 
the electrolysis of bisulphite solutions”. Lightning is a 
cathodic discharge, and so it is easy to visualize the 
primitive atmosphere in its latter stages containing sig- 
nificant amounts of sulphur dioxide due to volcanic 
activity! and thus giving rise to a continual synthesis of 
dithionite whieh in turn would mediate the formation of 
condensed phosphaies. Since an oxidation step appears 
to be & requisite part of this phosphate condensation 
reaction, the oxidizing species may have been provided by 
the ultraviolet photolysis of water to produce hydroxyl 
radicals and peroxides. 

At this point little can be said about the mechanism of 
this unusual condensation reaction except that it is un- 
doubtedly multimolecular. The importance of this reac- 
tion in the context of primordial chemistry, however, 
may have been paramount. 

NORMAN W. GABEL 
Illinois State Psychiatrie Institute, 
Chicago, Illinois. 
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Formation of Polymeric Carbon 
Suboxide during Gamma Radiolysis of 
Liquid Carbon Monoxide at 77° K 


.Buschmann and Groth! have reported the formation of 
carbon dioxide during gamma radiolysis of liquid carbon 
monoxide at 77° K and have estimated that G(CO,) = 0-18. 
These authors detected the formation of a carbonaceous 
deposit which on heating evolved only small quantities of 
CO,; they therefore suggested that the deposit was largely 
composed of solid carbon. 

We wish to report experimental data which indicate 
that the carbonaceous deposit formed during radiolysis 
of liquid carbon monoxide at 77° K is polymerized carbon 
suboxide. Furthermore, our results indicate that the 
reaction stoichiometry in the liquid phase at 77° K is the 
same as that in the gas phase at 1 atm. and 295° K. 

Carbon monoxide, free of oxygen and other impurities, 
was prepared as described by Clay et al. Irradiations 
were carried out on a 17,000 Ci source of cobalt-60. 
Dose rates were determined by ferrous sulphate dosimetry. 
The silica reaction vessel, about 3 em? capacity, had a 
long fine bore neck (25 cm long, 0-3 cm internal diameter) 
which terminated on a ‘Pyrex’ glass vacuum stopcock 
with a B10 cone-socket connexion. A water cooled jacket, 
7 em long, below the B10 connexion, and an asbestos 
thermal radiation shield below the water jacket, prevented 
pyrolysis and oxidation of the tap grease during analysis. 
Product gases were transferred by means of a single stage 
diffusion pump and a Toepler pump, to a gas burette. 
The yields were determined by PVT measurement. CO, 
formed during irradiation was separated from the un- 
reacted CO by passing the contents of the vessel through a 
spiral trap the lower half of which was refrigerated with 
liquid oxygen. The solid formed during irradiation was 
first vacuum pyrolysed at 1,000°C, the CO and CO, 
formed being fractionated in the trap. The carbon re- 
maining after pyrolysis was burnt to CO, by adding 
excess O, to the vessel and heating. 


Table 1. GAMMA RADIOLYSIS OF LIQUID CARBON MONOXIDE AT 77° K. 
ANALYSIS OF REACTION PRODUCTS 
Burn off of 
Radiolytic Vacuum pyrolytic residual 
Experi- Total dose CO, yield analysis of product deposit : CO, 
ment  (eVx10-*) (molesx10*) CO yield CO, yield yield 
(moles x 10*) (moles x 10%) (moles x 10%) 
1 2-68 111 0-93 0-61 1-95 
2 5:10 2:14 1:55 1:06 2.82 
3 7-85 3-00 LBL 1-62 4-00 
4 21:1 8:15 6-20 4-4 11:3 
5 31 115 10-0 5-25 14-0 
Dose rate, 2-86 x 10" eV g~ min”, 
Table 1 shows the result of the analysis. G(CO,) 


estimated from these data is 0-24 0-01 molecules per 
100 eV-—about 25 per cent higher than that previously 
reported!. 

If the reaction stoichiometry is 


4n CO ^^^ — n CO, + (C302)0 


then the C : O ratio for all the reaction products is unity 
and the C : O ratio for the solid is 1-5. These two ratios 
ealeulated from the experimental results are shown in 
Table 2. 


Table 2. GAMMA RADIOLYsIS OF LIQUID CARBON MONOXIDE AT 77^ K. 
MASS BALANCE AND SOLID COMPOSITION RATIOS CALCULATED FROM THE DATA 
IN TABLE ! 

EN x C in products 
Experiment -— on Cz Oy eis eels 
4 O in products 

1 1-62 1-05 

2 1-48 0-96 

3 i:43 0-94 

4 1-62 110 

5 2-2 0-96 

Average 1-65 + 0-23 0-96 x 0-03 
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The experimental data indicate that the solid has the 
composition (C,0,), and that the overall stoichiometry is 
that discussed here and is identical to that reported by 
Anderson et al.? for gamma and proton radiolysis of carbon 
monoxide gas at 1 atm. and 295? K. This result strongly 
contrasts with the finding of Buschmann and Groth!, who 
found that gamma radiolysis of pure liquid CO at 77° K 
results in the formation of CO, and a solid deposit con- 
sisting chiefly of carbon. These authors were not able to 
reconcile this result satisfactorily with the observation 
that the addition of methane results in the formation of 
monomeric carbon suboxide. If our results are correct, 
formation of the solid deposit may be caused by the initial 
formation of monomeric C,0, and its subsequent poly- 
merization presumably by charge transfer from the 
primary ion CO*. Formation of C,0, monomer on addi- 
tion of methane can then be explained in terms of competi- 
tion between C,0, and CH, for CO*. It is no longer 
necessary to invoke the formation of two different carbon 
atom species in the system. 

We thank the Science Research Council for a grant 
(to J. P. B.) and Professor G. R. Hall for his encourage- 
ment. 
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Sorption and Diffusion in Polymers 


Ir has been suggested that the kinetics of water sorption 
by cellulose as well as the sorption kinetics of other small 
penetrant molecule-polymer systems in the region where 
the polymer behaves like a glass can be explained in 
terms of a coupled diffusion-relaxation mechanism’. 
The sorption kineties have been studied with the original 
regenerated cellulose modified by a moderate degree of 
formaldehyde induced cross-linking. 

A series of successive interval sorption measurements 
on the unmodified cellulose are illustrated in Fig. 1. 
These curves show the characteristic two-stage sorption, 
and estimates of the amounts sorbed in each stage are 
plotted as a function of relative vapour pressure in A of 
Fig. 2. The upper curve is the sorption isotherm of total 
amount sorbed. The equivalent curves for the treated 
cellulose are shown in B of Fig. 2. The general character 
of the curves is the same although there are some signi- 
ficant differences between the two samples. ‘The total 
amount sorbed for the untreated cellulose is greater than 
that for the treated cellulose and most of this difference 
seems to result from sorption in the second stags. 

The water-cellulose type sorption isotherm is sometimes 
taken to be due to two “phases” of sorption‘, and these 
"phases" seem to correspond to the initial and final stages. 
The initial stage could correspond to Langmuir? uni- 
molecular layer sorption and the second stage to multi- 
molecular sorption; or the sigmoid shape of the sorption 
isotherm could be caused by swelling constraint*. For 
polymers at high enough temperatures, at which they 
behave like rabber, the isotherm corresponds to the 
Flory—Huggins’* theory, and this type of isotherm seems 
similar to the second stage curve of Fig. 2. 

It would seem that the sorption isotherms and the 
anomalous kinetie behaviour in the glassy state are re- 
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láted 8nd that they may be explained in terms of the more 
complicated mechanics of this state. At higher tempera- 
tures, when the polymer chains are relatively free and 
tmobile, the sorption isotherms and kinetics are simpler 
and the kinetics tend, as the temperature increases, to- 
wards those expected for a liquid. Similar remarks apply 
to higher concentrations of penetrant. In fact the diffusion 
coefficient at higher temperatures, and/or concentrations, 
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Fig. 1. Original regenerated cellulose. Successive interval sorption 
measurements, Mi/M4 is the amount sorbed at time ¢ divided by the 
amount sorbed at the completion of the experiment. 
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Fig. 2. Amounts sorbed in the initial and final stages. A. Original 

cellulose; B, cross-linked cellulose. @, Total amount sorbed at a 

given relative vapour pressure; ©, amount sorbed in the initial stage; 
x, amount sorbed in the second stage. 
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approaches the order of magnitude for diffusion in a 
liquid’, 
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Synthesis of Smythite - Rhombohedral 
Fe,S, 


SMYTHITE, the rhombohedral Fe,S, first reported in a 
natural occurrence in 1957 (ref. 1). has been synthesized 
by the reaction between siderite and sodium sulphide in 
aqueous solution at 25°C and 1 atm. pressure. 

The siderite used was commercial fine-chemical grade 
ferrous carbonate. X-ray powder diffraction analysis 
showed that this material was identical to pure natural 
siderite. No contaminants were detected. 

Ferrous carbonate (1g) was placed in a screw-topped 
sample bottle. An approximately molar solution of 
sodium sulphide was added such that the iron : sulphur 
ratio was 1 : 2 and the sample bottle was completely filled. 
By replacing the air in the gas-space in the sealed bottle 
by oxygen-free nitrogen, the chances of oxidation were 
minimized. The pH was varied by poising the pH of the 
initial sodium sulphide solution with dilute hydrochloric 
acid. All the pH values to be reported, however, refer to 
the mixtures after reaction had occurred. 

The reaction was extremely violent. at low pH values 
because of the rapid evolution of carbon-dioxide. This 
made it impractical to carry out the experiment at a 
pH of less than 6-5, using the method described here. The 
reaction became visibly slower as the pH increased. 

The product was examined by X-ray powder diffraction 
analysis, after a reaction time of 24 h. A sample was 
inserted, wet, into a 0-3 mm bore Lindemann glass 
capillary. The capillary was sealed and the sample was 
examined with Co-K« radiation. The wet examination 
of the sample eliminated any risk of alteration of the 
produet by drying or oxidation. 

In no case was pure smythite formed, but in all cases 
smythite was the major phase. At low pH values (6-5-8) 
it was admixed with mackinawite, tetragonal FeS; at 
higher pH values (8-10-5) some remnant siderite was left. 
Siderite and mackinawite, however, were never found 
together in the same sample. . 

The characteristic smythite lines at 1-732 A, 1-879 A, 
1:979 A and 11-5 A were present in all the experimentally 
prepared materials. Usually these synthetic patterns 
showed excellent agreement with the data for natural 
smythite! apart from some minor divergencies which were 
chiefly accounted for by the presence of the contaminants 
mackinawite and siderite. 

The conditions of formation of smythite in these experi- 
ments indicate that smythite contains no large concentra- 
tions of ferric iron or polysulphide anions, and that it is 
essentially an iron-deficient ferrous sulphide. This is in 
agreement with the known crystallographic data for 
natural smythite which demonstrate that smythite con- 
sists of slabs of a pyrrhotite-type structure stacked loosely 
in a sheet structure. There is also evidence for a rhombo- 
hedral superlattice resulting from an ordering of iron 
vacancies!, 
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Korolev and Kozerenko? claimed to have detected 
traces of smythite in a synthetic mixture of pyrrhotite 
and marcasite. The temperature of this synthesis was 
150? C. But because they reported that this experiment 
was not repeatable, some doubt must be cast on this 
result. 

This work forms part of an extensive research pro- 
gramme investigating the aqueous chemistry of the iron 
sulphides. During this programme griegite, Fe45,, mack- 
inawite, FeS, pyrite, FeS,, and pyrrhotite, FeS,,.. were 
synthesized by the reaction between a dissolved sulphur 
species and dissolved ferrous or ferric iron or one of the 
iron oxyhydroxides. Experiments along similar lines by 
other investigators have also failed to produce smyth- 
ite», It seems therefore that the initial presence of 
siderite is a necessary factor in the formation of smythite. 

There are insufficient data available about the natural 
oceurrence of smythite to allow an examination of the 
validity of this experimental conclusion for the origin of 
smythite in the natural environment. In the two occur- 
rences from which smythite has been reported, however‘, 
there is evidence that it was formed at low temperatures 
and in close association with rhombohedral carbonates. 

This work was supported by a Natural Environment 
Research Council studentship, under the supervision of 
Dr A. P. Millman. 
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BIOPHYSICS 


Measurements of Potassium lon 
Activity in the Cytoplasm of the 
Characeae as a Test of the Sorption 
Theory 


Tue recent measurements of the potassium ion activity in 
the cytoplasm of cells of Chara australis’ are of greater 
significance than the author suggests, becausé measure- 
ments of the ionic concentrations in the cytoplasm of other 
fresh water Characeae have already been made??. Com- 
parison of activities and concentrations provides informa- 
tion about the state of the ions in the cytoplasm which 
may be used to test the "membrane" and "sorption" ** 
theories of ion transport. 

The proponents of the sorption theory claim that most 
of the water in the eytoplasm of living cells is maintained 
in an ice-like state by its close association with protein 
and that this reduces the ionic solubilities. The rest of 
the water is said to be freely accessible to substances in 
the external solution and therefore the high internal 
ionic concentrations, compared with fresh water, could 
only be accounted for by binding of the ions to the cellular 
constituents. Furthermore, to explain the observed 
aecumulation ratios, potassium would have to be bound 
preferentially to sodium. A consequence of this theory 
is that the intracellular ionie activities, particularly of 
potassium, should be very low compared with their activi- 
ties in a purely aqueous solution of similar ionic strength. 
On the other hand, proponents of the membrane theory 
hold that most univalent ions exist in a freely diffusible 
state in the cytoplasm and that ionic selectivity is a result 
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of the differential permeability of the cell membrane 
combined with a "pump" which uses metabolic energy 
to move sodium out of the cell and potassium inwards. 

It has often been pointed out that the sorption theory 
could not account for the accumulation of ions in the 
vacuoles of the Characeae because they contain little, 
if any, protein. It is not surprising therefore that Voro- 
biev? finds good agreement between the measured activity 
of potassium in the vacuole of Chara australis and that 
estimated from the measured concentration. More 
interesting is his measurement of the activity of potassiui 
in the cytoplasm (115+10 mM) which is great enough 
to suggest that most of the potassium is unbound even if 
no figures for cytoplasmic concentrations were available. 
Measurements have been made, however, on other fresh 
water Characeae with similar vacuolar potassium con- 
centrations and tonoplast membrane potentials. The 
values obtained were 119 mM for Nitella translucens? and 
125 mM for Nitella flexilis*. Assuming that the activity 
coefficient is 0-75, this leads to a calculated potassium 
activity of about 90 mM for these two species. This is 
sufficiently close to the measured value for Chara australis 
to suggest that practically all the potassium in the eyto- 
plasm is unbound. This conclusion is consistent with 
similar observations on muscle cells? and is in direct 
eontradietion to the sorption theory. 
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PHYSIOLOGY 


Effect of Tranquillizing Drugs during 
Pregnancy on Activity of Offspring 


INJECTION of certain tranquillizing drugs during pregnaney 
produces defects in maze learning}. defects in both the 
acquisition and extinction of a conditioned avoidance 
response?, and lower weight'? in the offspring of the 
injected animals. These effects vary aceording to the 
period of administration, as well as the drug involved?, 
All the tranquillizing drugs which were used had some 
adverse effect, but this was not uniform. In this com- 
munication we describe attempts to extend the scope of 
previous work on the effects of these drugs on activi 
emotionality and reaction to stress (ulceration). 

In the first exploratory study, we used twelve groups of 
male rats in a 4x3 factorial design. One independent 
variable, the drug administered. involved four groups of 
experimental subjects the mothers of which were given 
reserpine (Res), meprobamate (Mep), chlorpromazine (Chl), 
or distilled water (control) during pregnancy. The three 
tranquillizing drugs are representative of three different 
chemical groups, respectively Rauwolfia derivatives, sub- 
stituted propanediols, and phenothiazine derivatives. The 
second independent variable was whether the drug was 
administered in early, mid or late pregnancy. 

The mothers were obtained from the Sprague-Dawley 
company, Madison, Wisconsin, and were of standard 
Sprague-Dawley stock. The sixty experimental animals 
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were selected randomly from the offspring, with five in 
each cell of the factorial design. 

The experiment comprised two phases. In the first 
phase, gravid females were given subcutaneous dorsal 
injections of one of the three drugs or distilled water on 
4 successive days in early, mid or late pregnancy. Injec- 
tions were administered three times a day, at 08.00 h, 
16.00 h and 24.00 h. Drugs were freshly prepared every 
48 h and administered in the following daily doses: 
0-1 mg/kg of reserpine; 6-0 mg/kg of chlorpromazine; and 
60-0 mg/kg of meprobamate. The solutions which were 
used were so adjusted that animals of equal weight 
received an equal volume of fluid (including animals 
receiving water only) and were as follows: reserpine, 
0-0017 per cent; meprobamate, 1-0 per cent; and chlor- 
promazine, 0-1 per cent. Animals in early pregnancy (I) 
were injected on days 5-8, those in mid-pregnancy (II) 
on days 11-14 and those in late pregnancy (III) on days 
17-20. The offspring were weaned at 21 days of age and 
placed in large community cages until they were 97 days 
old. 

In the second phase of the experiment, animals aged 
97 and 98 days were given two sessions of 15 min in a 
rotary activity wheel, the dependent variable being the 
number of revolutions made. 

The second experiment used the same basic design— 
a 4 x 3 factorial design with the same independent variables 
and identical drugs and administration procedures. The 
mothers of the offspring were obtained from the Charles 
River Breeding Co., Boston, and were of a special Sprague-- 
Dawley stock delivered by caesarean section. The off- 
spring were delivered normally and a total of 132 male rats 
were randomly selected for the experiment, with eleven in 
each cell of the factorial design. Offspring were weaned at 
21 days of age and placed in large community cages. 
Activity and emotionality testing were begun at 35 days 
of age and condueted weekly until 77 days of age. Each of 
the seven test sessions lasted 10 min and was conducted 
in a test eubiele 12 in. x 12 in. x 12 in., with opaque sides, 
a ‘Plexiglass’ top, and a floor made up of } in. stainless 
steel bars spaced 4 in. apart. centre to centre. A sub- 
threshold current of approximately 30 uA at 24 V passed 
through the bars and a counter circuit: when contact was 
made by the subject’s foot, nose or tongue. This device 
is more fully described elsewhere and provides a measure 
of general activity quite different from the wheel turning 
response used in the first experiment. After each session, 
faecal boluses were collected and counted as a measure of 
emotionality. In a third phase of the experiment, at 84 
days of age, each animal was deprived of food and water 
for 23 h, followed by forty trials of a strong unavoidable 
shock paired with a light and buzzer, with the forty trials 
distributed randomly among eighty total light-buzzer 
occurrences. Animals were then allowed to feed freely 
for 24 h, followed by 23 h of food and water deprivation. 
They were then immobilized by wrapping them tightly in 
0-25 in. wire mesh and suspending them in a room for 
48 h. A light-buzzer presentation of 5 sec duration 
occurred every 4 min. Animals were then killed and their 
stomachs examined for ulceration. This procedure follows 
that previously found to cause ulceration and is more 
completely described elsewheres. 

The mean number of wheel turning responses/session is 
shown in Table 1. Analysis of the data shows that Chl and 
Res animals give significantly more (P<0-01) activity 
than Mep and control animals and that animals from 
mothers injected in mid and late pregnaney give signi- 
fieantly more (P«0-01) activity than early pregnancy 
animals. No sub-group differences are significant. 

In the second experiment, analysis of the number of 
faecal boluses (emotionality) showed no significant dif- 
ferences either in the initial test session or in the combined 
test sessions. Similarly, analysis of the number of ulcers 
during phase three (stress reaction) showed no significant 
differences with an average of about 2-5 ulcers/animal. 
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There were no signifieant differences in loss of weight 
during this period. Analysis of the combined activity 
data of the second experiment, however, showed that 
control and Res animals gave significantly more activity 
(P«001) than Mep animals, that mid-pregnancy gave 
more activity than late pregnancy, which in turn gave 
more activity than early pregnancy (P<0-01). It also 
showed that the control II and Res IT animals gave more 


activity than Mep H and Chl II animals (P «0-01). The 
means for these data are shown in Table 2. Further 


analysis indicates that the differences in the time of 
administration and overall drug effect are maximum in 
the early sessions, finally becoming non-significant in 
later sessions. The difference between the groups in 
the mid-pregnancy period remains throughout the test 
sessions. 
Table 1, EXPERIMENT ONE: MEAN DRUM ROTATIONS/SESSION 
Stage i pregnancy when drug sdministered 


Mean 
Control 40-4 113-0 90:0 Bla 
Meprobamate 787 99:3 89-3 89-1 
Chlorpromazine 62-8 148-6 188-1 133.2 
Reserpine 81-8 157-1 143-5 127-5 
Mean 65:9 129-5 128-0 


Table 2. EXPERIMENT TWO: MEAN COMBINED GENERAL CONTACT ACTIVITY, 


TOTAL OF SEVEN TEST SESSIONS 
Stage of pregnancy when drug administered 
I H [ 





Hr Mean 
Control 691 1,111 866 889 
Meprobamate 708 601 787 699 
Chlorpromazine 667 765 980 804 
Reserpine 857 1,059 8519 912 
Mean 731 884 863 


The results of this experiment again show conclusively 
that the administration of tranquillizing drugs to gravid 
rats affects the behaviour of the offspring. Both the 
measures of activity used, a wheel turning response and 
a measure of general activity indicate effects. In the case 
of the wheel turning response, the control group gave 
significantly less activity than several drug groups, but 
in the general activity measure both control and Res 
animals gave more activity than Mep and Chl animals, 
with the maximum effect occurring during the mid. 
pregnancy period. In both experiments, animals in the 
mid-pregnancy period gave more activity than any other 
period. These findings support previous results showing 
that the period of administration of drugs as well as the 
drug involved has a demonstrable effect on the off- 
spring!-?. 

Taken in conjunction with previous research, these data 
show quite clearly that prenatal administration of tran- 
quillizing drugs affects the offspring. Effects have been 
shown in both maze learning! and acquisition of con- 
ditioned avoidance and extinction?, in weight**, and in 
two independent and distinctly different types of activity. 
Such a diversity of measures cannot be ignored. Further. 
more, all the drugs tested had some effects depending on 
the period of administration. The implications of the use 
of such drugs by pregnant women are clearly quite 
serious, partieularly because the effects are largely be- 
havioural, so do not appear immediately at birth and 
are difficult to assess. Indeed, defects such as intellectual 
deficits might never be detected in human infants. 
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Placental Alkaline Phosphatase in 
Maternal Serum during Normai and 
Abnormal Pregnancy 


THE activity of serum alkaline phosphatase increases 
during the last trimester of pregnancy. Results of studies 
employing heat stability’, differential inhibition? and 
starch gel electrophoresis? have suggested that the increase 
in the last trimester is a consequence of the appearance in 
the serum of the placental phosphatase isoenzyme. Other 
studies in humans have suggested that the increase is 
: caused by the appearance of foetal’ or maternal osseous 
phosphatase’. We have used an immunochemical 
method suitable for specific and quantitative measurement 
of individual organ specific alkaline phosphatase iso- 
enzymes from mixtures of isoenzymes*?. By this method 
it was possible to determine the level of placental phos- 
phatase activity in venous samples from the maternal 
circulation during each trimester of both normal and 
abnormal pregnancies. We report here evidence that the 
placental phosphatase is present in the maternal circula- 
tion during the first trimester of pregnancy and increases 
during gestation. In abnormal pregnancy, including 
death in utero, placental phosphatase does not increase 
proportionally. 

Two groups of patients were evaluated with respect to 
serum phosphatase activity during normal pregnancy. 
One group consisted of nine pregnant females from whom 
venous blood samples were collected serially during each 
trimester and at their initial post partum clinie visit 
8-12 weeks after parturition. The other group comprised 
twenty-six patients who were either experiencing à normal 
pregnancy or who were post partum after a normal 
pregnancy and delivery. A single specimen representative 
of each trimester or post partum was obtained from each 
patient. Some of the post partum patients were receiving 
oestrogens (‘Ovulen’, Searle), or oestrogen-progesterone 
(‘C-Quens’, Lilly) birth control pills. 

Serial specimens were obtained during first to third 
trimesters from a patient whose foetus had died in utero. 
Venous specimens were collected from eighteen patients 
with gestational trophoblastie neoplasms; these included 
metastatie and non-metastatie choriocarcinoma and mole. 

Alkaline phosphatase activity was assayed immuno- 
chemically using p-nitrophenyl phosphate as substrate 
by measuring the release of p-nitrophenol at 37° C and 
pH 10-3, read at 410 my (ref. 8). Total serum alkaline 
phosphatase activity was measured using phenyl phos- 
phate as substrate and was expressed in King-Armstrong 
units for comparison with standard laboratory values?. 

Isoenzymes were measured by an immunochemical 
method based on two consecutive antigen-antibody 
reactions*/. Plasma or serum specimens were reacted 
with specific antisera to isoenzymes, and the resultant 
eomplex was precipitated with antibody to the gamma 
globulin of the species in which the anti-enzyme antiserum 
had been produced. 

The anti-placental alkaline phosphatase was made in 
response to a purified enzyme preparation which was a 
single, coinciding enzyme-protein band after separation 
by dise electrophoresis on polyacrylamide gel’. This 
antiserum was specific for human placental phosphatase 
isoenzyme and did not react with partially purified phos- 
phatases obtained from human liver, bone (adult and 
foetal preparations), neutrophils, kidney or intestine®’. 

The proportion of placental phosphatase isoenzyme 
activity in the total serum phosphatase activity was de- 
termined in each specimen after dividing it imto three 
aliquots for immunoassay. No antiserum was added to 
the first aliquot and this showed the total serum phos- 
phatase activity; anti-placental phosphatase antiserum 
was added to the second aliquot, and anti-liver phosphat- 
ase antiserum to the third aliquot—these two showed the 
activity remaining after precipitation of placental or 
liver phosphatase isoenzymes. From these values the 
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percentage activity from the placental isoenzyme eould 
be caleulated. Because in normal serum 90 per cent of 
phosphatase activity is derived from liver isoenzyme, an 
aliquot from each sample was reacted with anti-liver 
phosphatase antiserum. By adding the values from the 
liver and placental isoenzymes, and comparing them with 
the total serum phosphatase activity (no antiserum 
added), the total recoveries could be estimated. This 
made possible determination of the sensitivity of these 
measurements and also detection of any non-placental, 
non-liver alkaline phosphatase that may be present. 

These studies demonstrate that placental phosphatase 
first appears in the maternal circulation in the first 
trimester of pregnancy and increases during gestation to 
comprise 40-67 per cent of the total serum phosphatase 
activity during the third trimester (Fig. 1). After delivery 
the placental isoenzyme decreases but persists as a minor 
fraction in the serum until up to 12 weeks later. The 
inerease of the fraction of placental phosphatase in 
maternal serum during gestation was the same for both 
groups, that is, those followed serially and those from 
whom single specimens were taken. The fraction of 
placental phosphatase remaining in the maternal circula- 
tion after birth was the same for both groups and was 
unaffected by birth control pills. The appearance and 
inerease of placental phosphatase in maternal cireulation 
occurred without a corresponding increase in the total 
serum alkaline phosphatase activity, which remained 
within the usual range until the thirty-fifth week when it 
increased (Fig. 1). The recoveries obtained in the immuno- 
assay (liver+placental isoenzymes compared with the 
total serum activity) were 96415 per cent. If a non- 
placental or non-liver phosphatase was present. it was not 
in amounts detectable by the limiting sensitivity of the 
immunochemieal method. 

The pattern of increasing placental phosphatase in the 
maternal circulation that was observed in normal preg- 
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Week of gestation Week (post partum? 
Fig. 1. Placental slkaline phosphatase activity and total alkaline 
phosphatase activity in maternal serum during gestation and post 
partum. Total serum phosphatase activity is greater than normal only 
at the end of pregnancy. (@) Patients followed serially during preg- 
naney; (©) patients from whom single specimens were obtained. 
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Fig. 2. Patterns of increasing placental phosphatase isoenzymes in 
patients observed serially during normal pregnancy compared with the 
pattern observed in a patient whose foetus died in utero. 


nancies was not present in the patient whose foetus died 
in utero in the third trimester. Deviation from the normal 
pattern was apparent by the second trimester (Fig. 2). 
Placental phosphatase isoenzyme was present in the 
serum of patients with gestational trophoblastic neoplasm, 
but the fractional concentrations of the isoenzyme (range 
0-28 per cent; mean 12 per cent) did not reach the levels 
observed during the last trimester of normal pregnancy. 
There was no correlation between the percentage of 
isoenzyme in the serum and the type of trophoblastic 
disease (mole or choriocarcinoma: metastatic or not). 
The total serum phosphatase activity of these specimens, 
measured in King-Armstrong units, was within the 
normal range. Early diagnosis and therapy may have 
been the reason for the limiting concentrations of iso- 
enzyme. 

Phosphatase activity in the placenta usually increases 
during pregnancy’’"', The consistent appearance of 
increasing amounts of placental phosphatase in the mater- 
nal circulation in these circumstances may be attributed 
to an increased production concomitant with increased 
placental size, and increased production of oestrogen. 
This should be considered as one criterion of normal 
function of the placenta, for the normal pattern of increase 
from the first to the third trimester was not observed in a 
patient whose foetus died in utero during the last trimester. 

We thank Ralph C. Benson for enabling us to obtain 
maternal serum specimens. 
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Corticosterone Response to Ethanol 
in Inbred Strains of Mice 


ETHANOL acts as a stressor in activating the pituitary 
adrenal axis! and also induces nareosis in mammals. 
In mice there are strain differences in ethanol-induced 
narcosis, measured by sleeping time*^, We have studied 
the relationship between genotype in inbred mouse 
strains and the action of ethanol as a stressor. 

Ten male mice of each of the C57BI/6J, A/Jax and 
BALB/cJ strains, 12-15 weeks old, were individually 
housed for 1 week and injected daily with 0:5 ml. of 
isotonie saline to adapt them to injection. On the eighth 
day, five animals of each strain were injected intraperi- 
toneally with 20 per cent (v/v) ethanol (3-2 g/kg, a 
nareotic dose) in isotonic saline. The others received 
equivalent volumes of saline. After 1 h the mice were 
decapitated and blood was collected. Plasma cortico- 
sterone levels were measured by a fluorimetric assay. 
Blood was collected within the first 3 h of light of a cycle 
of 12 h dark and 12 h light. 

A second experiment was designed to measure adreno- 
cortical response to saline and two doses of ethanol. Of 
thirty-two male mice, 10 weeks old, of each of the 
C5'TBI/10J and DBA/2J strains, one group was killed 
without treatment and the second, third and fourth groups 
were injected with 0-8 g/kg saline or 1-6 g/kg ethanol, and 
were killed 1 h later. 

The temporal adrenocortical response to ethanol was 
investigated in a third experiment using forty 7 week old 
males of each of the C57Bl/6J, DBA/2J and BALB/cJ 
strains. Half were injected with saline and the other 
half received 0:8 g/kg ethanol and were killed 30 and 
60 min after injection. 

In the first experiment the mean corticosterone con- 
centrations (ug/100 ml.) + S.E.M. after injection of saline 
and ethanol were: 13-7 + 1-30 and 28:5 + 1-05 for C57 BIJ6J, 
10-541 0-41 and 28-741-58 for A[Jax and 11:94 0-91 
and 32-6 41.79 for BALB/eJ. The strain was not sig- 
nificant. 

Plasma corticosterone increased significantly in both 
strains after injection of 1-6 g/kg ethanol (Fig. 1), but 
a dose of 0-8 g/kg gave a response in DBA/2J but not in 
C57BI/10J mice. An analysis of variance showed that 
ethanol dosage {F —37-16, P « 0-01) and strain (f= 6-04, 
P « 0-02) were significant. Fig. 1 also shows that 1 h after 
injection there was no elevation in plasma corticosterone 
concentrations in mice adapted to injection for 1 week. 

Table 1 summarizes the results of the third experiment. 
An analysis of variance showed that treatment (F = 35-26, 
P<0-01), strain (F-14332, P<0-01), time of death 
(F = 15-68, P<0-01) and interaction between treatment 
and strain (Ff =4-24, P<0-05) were significant. Thirty 
minutes after injection, DBA/2J and BALB/eJ but not 
Table 1. PLASMA CORTICOSTERONE RESPONSE 30 MIN AND 60 MIN AFTER 

SALINE OR ETHANOL (0-8 g/kg) WAS INJECTED INTO INBRED MICE 
Plasma corticosterone* (ug/200 ae 










30 min he min. 
Strain Saline Ethanol Saline Ethanol 
7567 Blj6.J 1432131 21:74 2:20 13-24 2-34 1462213 
PAIS 18-2 +170 27-8 42-84 E “54 18:9 + 1-60 
BALBicJ 22-2: 3:27 37.225500 £121 30-8 x 5-00 





* Each value represents the mean + SE. M. of ten animals, 


NATURE, VOL. 218. APRIL 27, 1968 


C51Bl|6J mice treated with saline had slightly increased 
concentrations of steroid, which could mean that the first 
two strains react more strongly to handling and injection 
than the last. After 60 min, corticosterone concentrations 
in the mice injected with ethanol were lower thàn those 
after 30 min in all strains, but above the saline controls 
except in C57Bl/6J mice. 

We have demonstrated that ethanol stimulates the 
mouse adrenal cortex: the rise in plasma corticosterone 
concentrations depends on strain, dose of ethanol and 
the time between injection and blood collection. 

In rats the decline in plasma corticosterone, after its 
initial increase, parallels the concentration of blood 
ethanol*. The strain differences in mice might therefore 
be a funetion of ethanol metabolism, but Bennett and 
Hebert? found no difference between C57Bl and DBA/2 
mice in ethanol catabolism, measured by accumulation 
of CO, after C-labelled ethanol had been injected in a 
range of alcohol concentrations which included the doses 
used in our experiments. Yet in this work C57B1/10J 
and DBA/2J differed in adrenocortical response to 0-8 g 
ethanol/kg. There is little evidence that these strains 
differ in the rate of corticosterone release and an in vitro 
study of corticosterone synthesis found no differences 
between the adrenals of C57Bl and BALB/c mice’. There 
is no published work on strain differences in corticosterone 
metabolism in mice. 

Strain differences in adrenal response to stress have been 
described®’, Levine and Treiman!’ found that corti- 
costerone response to electrie shock or novelty was 
greater and longer lasting in C57Bl/10 than in DBA/2 mice. 
But stimulation of the adrenal cortex was lower and 
lasted for less time in C57Bl than in DBA/2 mice in our 
work. We conclude that the strain differences in adreno- 
cortical response in mice depend on the nature of the 
stressor. 

Ethanol injection produces no corticosterone elevation 
in hypophysectomized rats? or in mice "blocked" with 
dexamethasone (our unpublished work), so ethanol 
probably does not activate the adrenal cortex directly but 
stimulates ACTH secretion via the hypothalamus and 
pituitary. We therefore suggest that the strain differences 
we observed are caused by strain differenees in brain 


No injection (n-8) 
Saline (n=8) 

Ethanol (0.8 9/Kg, n=8) 
Ethanol (1,6 g/Kg, n=8) 


30-0 


Plasma corticosterone (ug/100 ml.) 





C57 BI'10J 


DBA|2J 


l. Plasma corticosterone response to saline and ethanol injection in 
Ordin) and DBA/2J male mice. Blood samples were taken 1 h after 
injection. Bars indicate the standard error of the mean. 
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sensitivity to ethanol resulting in differential ACTH 
secretion. 

Kakihana et al.’ suggested that strain differences in 
brain sensitivity to ethanol may account for the observed 
strain differences in ethanol tolerance measured by sleep- 
ing time. In this study the strain difference was not 
significant when a narcotie dose was administered, which 
indieates that high doses of ethanol produce maximal 
activation of the pituitary and adrenal in all strains. With 
low doses, there was a positive correlation between the 
steroid stress response of the strain and the reported 
sleeping time*5: BALB/c manifested high, DBA/2 inter- 
mediate and C57Bl low brain sensitivity to ethanol, in 
sleeping time and in activation of the pituitary and 
adrenal. Whether these strains differ in their response 
to other effects that ethanol may have on brain metabolism 
requires investigation. 

This work was supported by the Christopher D. 
Smithers Foundation and the US National Institute of 
Mental Health. 
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Influence of the Prostaglandins E, and 
E, on Aggregation of Blood Platelets 


KroEzE (Nobel Symposium II, Stockholm, 1966, Almqvist 
and Wiksell) showed that one of the prostaglandins, 
PGE,, diminished the platelet aggregation induced by 
ADP in platelet-rich citrated plasma of pigs and rats and 
in human plasma. The prostaglandin PGE, increased 
this aggregation, however, but only in the plasma of pigs 
and rats. The effect of PGE, in vitro and in vivo was con- 
firmed by Emmons et al.'. 

Kloeze used a turbidimetrie method resembling that of 
Born? to study the aggregation. With a comparable 
technique, Hardisty and Hutton? found an abnormality 
in the platelet aggregation of several subjects with 
haemorrhagic symptoms or other conditions, and of one 
normal subject. The platelets of these subjects showed 
normal rapid aggregation by ADP (0-5 ug/ml. of plasma) 
which was followed after a few minutes by an abnormally 
strong and rapid disaggregation. 

We have found the same anomaly in the plasma of 
various patients—namely, three cases of von Willebrand's 
disease; one case of uraemia; one haemophiliae (A) 
whose spleen had been removed after traumatic rupture; 
one normal woman among twenty normal donors investi- 
gated. Six other patients with haemophilia A showed 
normal aggregation, as did one haemophiliac B whose 
spleen had been removed some weeks before. Two of the 
three cases with von Willebrand's disease were brother 
and sister, and their father showed the rapid disaggrega- 
tion of the platelets as his only abnormality; neither 
parent showed symptoms of von Willebrand's disease. 

We investigated the influence of PGE, and PGE, on 
these cases of abnormal platelet aggregation. In all cases 
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PGE, decreased the aggregation by ADP in such a way 
that almost no aggregation occurred, whereas PGE, in- 
creased the aggregation so that a normal curve was 
obtained without the anomalous rapid disaggregation. 

The curves of the aggregation inhibited by PGE, 
strongly resembled the curves obtained in patients with 
Glanzmann’s thrombasthenia, whose platelets are not 
aggregated by ADP. This led us to investigate whether 
aggregation by ADP could be induced by addition of 
PGE, to the platelet-rich plasma of a patient with 
Glanzmann’s thrombasthenia. No aggregation occurred, 
however, even when the concentration of PGE, was 
increased from 0-5 to 5 ug/ml. of plasma. 

We thank Dr H. J. Thomasson and Dr D. A. van Dorp 
of the Unilever Research Laboratory for samples of 
prostaglandins. 
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Effect of Plasma on Non-specific 
Resistance to Infection induced by 
Endotoxin or Protodyne 


Broo plasma and serum contain a heat labile substance 
which alters endotoxin so that it no longer elicits many of 
its characteristic effects on the host responses. Endotoxin 
ineubated in vitro with human or other animal sera no 
longer sensitized, for the local Shwartzman reaction pro- 
duced vasomotor collapse in rabbits or elicited dermal 
haemorrhage and necrosis in rabbits treated with adrenal- 
ine’. Treatment with serum also reduced the tumour 
necrotizing activity of endotoxin in mice! and reduced or 
abolished the pyrogenicity of endotoxin?. Serum or plasma 
also lowered the lethality for rats of crude endotoxin 
containing extracts from S. typhosa’. 

We have studied the effect of plasma on the ability of 
endotoxin to stimulate the non-specifie resistance of the 
host to infection. The effect of plasma on protodyne—a 
proteinaceous material isolated from the protoplasm of 
E. coli, which has also been shown to increase non-specific 
resistance to infections'— has also been investigated. 

The conditions for interaction between the bacterial 
extraets and plasma were those found to be optimal by 
Skarnes et al.5 in their studies of the inactivation of 
endotoxin by serum and plasma. Fresh heparinized blood 
plasma from thirteen rats was pooled and stored at 
— 20? C for no longer than 2 months during which no 
loss in activity was detected. Solutions of endotoxin 
prepared according to Westphal's method from E. coli? 
or of protodyne prepared from the same strain of E. coli? 
containing 0-12 mg of the bacterial extract in 4 ml. of 
pyrogen-free saline were incubated with 0-12 ml. of rat 
plasma at 37? C for 1 h. "This mixture, after appropriate 
dilution in saline, was given intraperitoneally to groups 
of white male Swiss- Webster mice in five different doses. 
Groups of twenty mice were used at each dese and pre- 
incubated or untreated protodyne or endotoxin was 
administered in a single injection 24 h before infection. 
Untreated controls and controls receiving only plasma 
were also included. All animals were infected intraperi- 
toneally with Salmonella typhimurium (38), 24 h after 
administration of the bacterial extracts. The number of 
viable bacterial cells (2-0x 105) given was adjusted in 
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Fig. 1. Effect of rat plasma on protective property of endotoxin 


and protodyne. 


preliminary titrations to produce death in more than 
90 per cent of animals within 48 h. 

Fig. 1 shows the results obtained in three typical 
experiments. The PD,, doses and their confidence limits 
were calculated according to the method of Litchfield 
and Wilcoxon’ (Table 1). Incubation of endotoxin with 
plasma significantly reduced its ability to protect animals 
from death while similar treatment of protodyne had no 
such effect. The ability of endotoxin to stimulate non- 
specific resistance seems to be diminished by plasma in a 
way similar to its other characteristic properties. The 
inerease of resistance to infection induced by endotoxin, 
however, does not always go hand in hand with its other 
properties. The development of tolerance, induced by 
repeated administration of endotoxin, to its pyrogenic, 
leucopaenic, lethal and tumour damaging effects in- 
variably occurs but does not develop to the non-specific 
resistance to infection which is maintained or increased 
after repeated administration of endotoxin’. 


Table 1. EFFECT OF RAT PLASMA ON PROTECTIVE EFFICACY OF ENDOTOXIN 
AND PROTODYNE FOR MICE INFECTED WITH Salmonella typhimurium (35) 


Plasma PDs, and 95 per cent 
Sample treatment confidence limits (mg/kg) 
Endotoxin None 0-0027* (0-0019—0-0038) 
Endotoxin + 0-018* (0-013 -0-025) 
Protodyne None 0:11 (0-075 -0-15) 
Protodyne + 0:11 (0-075 —0-15) 


* Significantly different. 


These results are also of interest in relation to the pos- 
sible role of endotoxin and protodyne in increasing the 
natural resistance of animals to infection. Both endotoxin 
and protodyne are constituents of E. coli and both 
inerease resistance of animals to infeetion if administered 
parenterally. The protection starts a few hours after 
administration of these agents and seems to result from 
stimulation of the reticuloendothelial system and of other 
defence mechanisms of the body!'*.  Protodyne differs 
from endotoxin in lacking pyrogenicity, Shwartzman 
inducing properties and the ability to sensitize to the 
effects of epinephrine and in being devoid of other toxic 
properties. 

The disintegration of Gram-negative bacteria in the 
intestinal canal in animals and man may lead to liberation 
of endotoxin and protodyne. It seems likely that minute 
amounts of these materials are subsequently absorbed 
through the intestinal wall. Endotoxin entering the 
circulation would be rapidly inactivated in the plasma 
and thus could not exercise its stimulating action on the 
body defence mechanisms. Protodyne, on the other hand, 
because it is not inactivated by plasma, could stimulate 
the non-specific resistance of the host to infection and 
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thus may constitute the first line of defence of the body 
to infection. 
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Effect of Bromide lons on 

Junctional Transmission 

Muchnik and Gage! have recently suggested that bromides 
act as sedatives by reducing the amount of transmitter 
` Substances released at synapses in the central nervous 
| aystem. The evidence in favour of this suggestion is that 
the replacement of external chloride by bromide ions 
reduces the quantal content of the end-plate potential 


(i (iit) 


, Jr JT 


Ci) 








(fe) an 
B | J | 
0) Go 
v v 
I — I 
Fig. 1, A, Extracellular responses recorded from a postganglionic 


ramus of the tenth sympathetic ganglion in response to preganglionic 
stimulation, In (i) bath contained 114 mM Na*, 2 mM K+, 1:8 mM 
Ca?*, 117-2 mM Cl, 2-4 mM HCO3 and 2 g/L glucose; (ii) 35 min after 
replacement of 113-6 mM CF- by Br-; (iii) 12 min after return to original 
solution. B, Intracellular response of a sympathetic ganglion cell to an 
antidromic stimulus (applied to the sciatic nerve) followed by that 
to an orthodromic stimulus; (i) in "Cl solution" same composition 
asin A(i); (ii) 14 min after exposure to “Br- solution", same composi- 
tion as in AGI. C, V, Intracellular response to a depolarizing current 
pulse, I (applied through the recording electrode), followed by that 
to an orthodromic stimulus; (D in “Cl solution" (ii) 11 min after 
exposure to "Br- solution"; note absence of change in resistance of 
cell, Time calibration, 25 ms in 4, 100 ms in B and C. Voltage calibra- 
tion, 2-5 mV in A, 50 mV in B and 100 mV in C. The current pulse in 
C was about 5x 107? A, 
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(e.p.p.) of frog skeletal muscle fibres. This result, however, 
was obtained in experiments in which neuromuseular 
transmission was already blocked, and the quantal content 
of the e.p.p. greatly redueed, by the presence of magnesium 
ions and a subnormal concentration of calcium ions. It 
therefore seemed of interest to investigate the action of 
bromide ions on synaptic transmission in an otherwise 
normal ionic environment. 

The preparation used was the lumbar portion of the 
sympathetie chain of the frog, including the eighth to 
tenth ganglia, and the sciatic plexus?*?; orthodromie 
stimuli were applied to the chain between the eighth and 
ninth ganglia and responses were recorded either from 
small groups of post-ganglionic fibres by means of an 
electrode inserted into a post-ganglionic ramus‘ or from 
individual cells by means of an intracellular eleetrode*:*. 
Examples of recordings obtained in the first way are 
shown in Fig. 14 and they suggest that replacement of 
more than 95 per cent of the external chloride by bromide 
does not impair synaptic transmission through sym- 
pathetic ganglia. The intracellular records in Fig. 1B and 
C point to the same conclusion and the fact that the 
initial rate of rise of the orthodromie action potential is 
unaffected by the replacement of chloride with bromide 
ions suggests that this procedure does not change the 
amount of transmitter released. Furthermore, in five 
experiments in which the preparation was bathed in 
“Br. solution" the average number of quanta released per 
stimulus was found to be between ten and fifty-four. This 
range is similar to that found in earlier experiments* in 
“CL solution” (six to thirty-four) by the same method. 

It would be of interest to know whether the difference 
between the present result and that of Muchnik and Gage 
resulted from the difference between the junctions studied 
or the presence of different concentrations of divalent 
ions. It is significant, however, that the presynaptic 
effect of bromide ions on transmission is not general and, 
in the absence of any evidence related to synaptic trans- 
mission within the central nervous system, it would be 
unwise to suppose that such an effect accounted for 
sedation. 
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Miniature End-plate Currents in 
Voltage-clamped Muscle Fibre 


Tue acetylcholine which is released from presynaptic 
terminals after an action potential causes an increase in 
the conductance of the subsynaptie membrane of frog 
skeletal muscle, and the current which flows across this 
shunt depolarizes the membrane to give the characteristic 
end-plate potential (e.p.p.). The time course of this end- 
plate current (e.p.c.) in the frog has been determined 
in voltage clamp conditions by Takeuchi and "Takeuchi'. 
It is now recognized that acetylcholine (ACh) is released 
from presynaptic terminals in the form of unit packages 
or quanta?. These quanta are released at a low rate from 
the "resting" terminal and eaeh quantum ses m 
miniature end-plate potential (m.e.p.p.). After an action 
potential in the presynaptie terminals, the rate of release 
of quanta is increased for several milliseconds?. The time 
course of the end-plate current therefore reflects not only 
the time course of the conductance change caused by each 
quantum of ACh but also the time course of the release 
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of the quanta. The time course of the former alone has 
been measured in the present experiments by recording 
the miniature end-plate currents (m.e.p.c.s) which 
normally produce m.e.p.p.s. 

The preparations used were sartorius muscles of frogs 
(Rana pipiens) at 20°-22° C, or diaphragms of rats 
(Osdorn Mendel) at 35°-37° C. End-plate regions were 
located in a fibre by finding where miniature end-plate 
potentials had the fastest rise-time and largest amplitude. 
Two microelectrodes (with resistances of 1-10 MQ in 
the frog and 10-20 MQ in the rat) were inserted 30-50 um 
apart at the selected spot, one for recording membrane 
voltage and the other for passing current. By means of 
voltage clamp circuit (the same in principle as that 
used by Takeuchi and Takeuchi’), the potential across 
the membrane was set to the desired level by passing 
current across the membrane (if the potential was to be 
clamped above or below the resting level). Superimposed 
on this current were small current surges, the m.e.p.c.s, 
which represent the current necessary to maintain the 
potential at the set level despite the change of membrane 
conductance produced by a quantum of ACh. The 
m.e.p.c. thus gives a direct measure of the conductance 
change produced by the quantum. In most experiments 
with the frog sartorius the concentration of KCl in the 
bathing solution was raised from 2-5 to 15 mM to increase 
the frequency of m.e.p.p.s. 

A typical recording of a miniature end-plate current 
in the frog is illustrated in Fig. 14. The m.e.p.c. is shown 
as a downward defiexion because the current is inward. 
The upper trace was used to record the membrane poten- 
tial which in this instance was clamped at —80 mV (the 
resting potential of this fibre in the solution containing 
2-5 mM KCl), and it can be seen that the voltage clamp 
held the membrane potential satisfactorily constant. 
The time to peak of m.e.p.e.s varied from 150 to 300 us. 
This is considerably faster than the rise-time of e.p.c.s 
(mean = 770 us)!, but part of the difference can probably 
be attributed to the asynchrony of release of the quanta 
which produce the e.p.c. The falling phase of the m.e.p.c.s, 
on the other hand, was slower than that of e.p.c.s in 
curarized preparations!. The shunt caused by a quantum 
of transmitter varied in any one fibre and even more so 
from fibre to fibre. In twenty sartorius fibres, the shunt 
resistance at the peak of the m.e.p.c. was 17-8--0-7 MQ 
(mean X 1.,S.E.) Neostigmine (10-* g/ml.) increased both 
the height and the half decay time of m.e.p.c.s. Miniature 
end-plate eurrents were also recorded in the rat diaphragm 
and a typical m.e.p.c. in a fibre clamped at — 80 mV is 
illustrated in Fig. 1B. The time to peak is similar to that 
in the frog, but the decay is much faster. In these smaller 


O9 5mV 
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Fig.1. Miniature end-plate currents. A., In a frog muscle fibre clamped 
at —80 mV. The voltage trace is shown above the eurrent trace. B,ina 
rat diaphragm muscle fibre clamped at — 80 mV. 
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Fig. 2. Miniature end-plate currents in a glycerol-treated frog muscle 

fibre in the presence of 10? g/ml. procaine hydrochloride. A, Clamped 

at +50 mV. B,Clamped at —50 mV, The baselines have been added to 
show the difference in time course more clearly, 





musele fibres it was necessary to use higher resistance 
electrodes (10-20 MQ) which slowed the r "sponse of the 
feedback circuit and it is possible that in this preparation 
our records do not give an accurate measure of the time 
to peak. The average shunt resistance at the peak of the 
m.e.p.c. in the rat was 15:1-- 1-4 MO (mean +1 S.E. in 
fourteen fibres). The chief difference between the m.e.p.e.s 
in the frog sartorius and rat diaphragm lies in the much 
longer conductance tail in the former which probably 
accounts for at least part of the difference in the time 
course of the m.e.p.p.s in the two preparations. 

When the membrane potential in frog muscle fibres 
exposed to solutions containing 15 mM KCl was clamped 
at levels ranging from — 120 to —30 mV the decay time 
of m.e.p.c.s was longer the more negative the potential. 
In order to clamp the postsynaptic membrane at more 
depolarized levels, use was made of fibres treated with 
glycerol* which do not contract when depolarized’. (The 
half decay time of the m.e.p.c.s and the magnitude of 
the shunt resistance were not significantly changed hy 
the glycerol treatment.) End-plate regions could then 
conveniently be clamped at +50 mV which is approxi- 
mately the sodium equilibrium potential. At this potential, 
the m.e.p.c.s should consist almost completely of potassium 
current whereas at —50 mV (in 15 mM KCl) the current 
should be carried by sodium ions. The potassium M.€.p.¢.8 
at +50 mV and the sodium m.e.p.c.s at —50 mV were 
opposite in direction and approximately equal in amplitude. 
The time courses were different, however. The half 
decay time of the sodium m.e.p.c.s (1:37 40-05 ms; mean 
+1 S.E. from eleven fibres) was much slower than the 
half decay of potassium m.e.p.c.s (0-784 0-04 ms; mean 
t1 S.E. from the same eleven fibres). The time to peak 
was consistently faster for the sodium than for the 
potassium eurrents, but, because of the variation in this 
parameter in any fibre and the interference from noise, 
the difference was not always statistically significant. 
These differences in time course might occur if the changes 
in sodium and potassium conductance occurred separately 
or, in other words, if there were separate sodium and 
potassium channels. 

It has been shown that the local anaesthetic procaine 
changes the time course of extracellularly recorded 
e.p.p.s$* generated chiefly by sodium current at mem- 
brane potentials close to the resting potential. This 
change could be caused by an effect of procaine on 
the time course cf either presynaptic events (the action 
potential, or excitation-secretion coupling) or postsynaptic 
events (the action of ACh on the subsynaptic membrane). 
The former possibility can now be excluded because in 
muscle fibres clamped at - 50 mV procaine (10-5 g/ml.) 
causes a similar change in the time course of m.e.p.c.s 
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(which do not depend on presynaptic excitation). The 
falling phase of the sodium m.e.p.c. shows an initial 
rapid decay (Fig. 2B), now more rapid than that of the 
potassium current (Fig. 2A), followed by a much slower 
component (Fig. 2B). This type of biphasic decay has 
been reported* for the extracellularly recorded e.p.p. If 
the conductance change caused by ACh were not ion- 
specific, the time course of the sodium and potassium 
currents (observed at —50 mV and +50 mV respectively) 
should be similarly affected by procaine. This was not 
found. The potassium m.e.p.c.s in fibres clamped at 
+50 mV (Fig. 24) do not show the biphasic decay seen 
in the same fibres clamped at —50 mV (Fig. 2B). The 
differential effect of procaine on the sodium and potassium 
currents and the difference in their time course support the 
suggestion* that ACh opens up separate channels in the 
subsynaptic membrane for sodium and potassium. 

We are very grateful for the generous support of Dr 
Paul Horowiez during these experiments. 
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Eisenberg, 


Surface to Volume Ratios of Bone 
determined by Computer Analysis 
of Microradiographs 


THE use of an automatic scanning device under the 
control of a computer has been described for measuring 
the blackening of autoradiographs to examine the dis- 
tribution of radioisotopes in microscopic areas of bone’. 

We have used the same system to obtain surface to 
volume ratios by seanning microradiographs of bone 
sections. 

Our interest in the surface to volume ratio of bone was 
aroused by the fact that some bone-seeking isotopes such 
as plutonium-239 and americium-241 deposit specifically 
on bone surfaces. Calculations of the relative toxicity of 





Fig. 1, Line segments generated by the computer over trabecular bone 
from the thoracic vertebra. 
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Fig. 2. a, Microradiograph showing Haversian canals and resorption 
cavities in cortical bone; 5, print-out of the line segments generated by 
the computer from a scan of a, 


these isotopes compared with those which deposit 
throughout the whole volume of bone (such as radium-226) 
must include a factor for the surface/volume ratio. In 
addition, autoradiographie studies have shown that at 
short times after the injection of a radioisotope of calcium, 
surface uptake predominates?; in order to assess its 
importance in calcium kinetic studies? it is important to 
know the total bone surface of the skeleton. 

Previously, the only methods available for determining 
surface/volume ratios involved tedious manual operations 
which were so time-consuming as to make representative 
sampling of a whole skeleton impracticable. In this 
work a mieroradiograph of a cross-section of bone was 
scanned and a print-out of results was given within 1 min. 

Bone from a human skeleton was cut into thin sections 
(^100g thick) and an X-ray picture made on photo- 
graphie film which outlined the bone in white against à 
black background. A spot of light from a cathode ray 
tube was made to move in discrete steps across the film 
and the light output detected by a photomultiplier tube. 
Co-ordinates of the points corresponding to an abrupt 
change in light output at the boundary between light and 
dark areas were used to generate line segments. These 
line segments can be made to lie either over bone or over 
the holes in bone. Fig. 1 shows the line segments printed 
out by the computer over a small portion of trabecular 
bone from a thoracie vertebra. Fig. 2a shows Haversian 
canals and resorption cavities seen in the microradiograph 
of a portion of cortical bone from the midshaft of the 
femur. Fig. 2b is a computer print-out of the line segments 
generated over the holes seen in the microradiograph. 
The separate line segments are not visible because the 
line spacings used were only Tu. 

The area of bone was obtained by adding the lengths 
of all the line segments lying over the bone and multi- 
plying by the separation between successive scans. The 
perimeter of bone, P, was determined from the relation- 
ship, P— znd|2, where n is the number of intersections 
of the sean with the bone surface and d is the separation 
between scans. This relationship has been shown to hold 
for both circular and random shapes‘. Sections were 
scanned in two directions at right angles and the mean 
value of n was used in the calculation. The use of this 
simple formula greatly reduced the complexity of the 
computer programme necessary for the evaluation of bone 
surface. The ratio of perimeter to areas measured in this 
way was assumed to be equivalent to the surface to volume 
ratio in the three dimensional bone volume. 'l'his assump- 
tion is valid for cortical bone because cross-sections were 
cut which were predominantly at right angles to the bone 
surfaces. In trabecular bone, however, where the surfaces 
were not usually perpendicular to the plane of the section, 
the three dimensional surface may be underestimated by 
as much as 30 per cent*. 
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Table 1 gives average values obtained for sections taken 
from the cortical portion of the femur and from trabecular 
bone obtained from rib, vertebrae and the head of the 
femur. The perimeter, measured in centimetres on the 
two dimensional mieroradiograph, includes periosteal, 
endosteal and Haversian canal surfaces, but does not 
include lacunar or canalicular surfaces. The bone area 
ineludes all bone within the periosteal and endosteal 
surfaces exclusive of the Haversian canals. 


Table 1. PERIMETER/AREA (EXPRESSED IN CM/CM?) OF DIFFERENT BONES 


IN THE HUMAN SKELETON 
Cortical bone 


Mid femur 30 
Trabecular bone 

Head of femur 75 

Vertebra (thoracic) 90 

Vertebra (lumbar) 90 

Rib 90 


The values reported here for the vertebrae agree with 
those reported by Bromley et al? and Dunnil et al.*. 
Values given by other authors, however, both for cortical 
and trabecular bone, vary by a factor of 20 (refs. 7 and 8). 

From the figures in Table 1 we can estimate the surface/ 
volume ratio (S/V) for the whole skeleton if we assume 
that the skeleton is composed of 80 per cent cortieal and 
20 per cent trabecular bone’. 

P 80 , 20 
SIV = —. 30 + 106 

This ean be converted to total skeletal surface if we 
assume that bone density is 2 g/cm? and the weight of 
the fat-free skeleton is 4 kg. The total surface is then 
8:4 më’. 

This work was done under the auspices of the US 
Atomie Energy Commission. 


| 90 = 42 em?/em? 


ELIZABETH LLOYD 
R. E. ROWLAND 
D. Hopces 
J. H. MARSHALL 
Radiological Physies Division and 
Applied Mathematies Division, 
Argonne National Laboratory, 
Argonne, Tllinois. 


Received February 1, 1968. 


1 Lloyd, E., Marshall, J. H., Butler, J, W., and Rowland, R. E., Nature, 211. 
661 (1967). 


* Rowland, R. E., Clinical Orthopaedics, 49, 233 (1966). 


* Marshall, J. H., in Compartments Pools and Spaces in Medical Physiology, 
Conf, 661010, US Atomic Energy Commission, 451 (1967). 


* Hennig, A., Zeiss Werkzeitschrift, 80, 78 (1958). 


* Bromley, R, G., Dockum, N. L., Arnold, J. 8., and Jee, W. S, S., Research 
in Radiobiology, Univ. Utah Rep. COO-119-234, 191 (1968). 


7 e w S., Anderson, J. R., and Whitehead, R., J. Path. Bact., 94. 275 
1967). 


? Jowsey, J., Kelly, P. J., Riggs, B. L., Bianco, A. J., Scholz, D. A., and 
Gershon-Cohen, J., J. Bone and Joint Surg., 47-A, 785 ( 1965). 


* Johnson, L. C., Bone Biodynamies, 543 (Little, Brown and Company, New 
York, 1964). 


Dielectric Absorption of Microwaves 
in Human Tissues 


Aw earlier publication from this laboratory! presented 
the results of calculations on the propagation of 3 em 
plane microwaves in a semi-infinite plane stratified slab 
of tissues to simulate, in a simple way. the effect of the 
human body on the beam. 

In that communication the results of attenuation co- 
efficient measurements on various tissues teported by 
England? and by England and Sharples? were used. It 
has since been realized that these attenuation coefficients 
were amplitude attenuation coefficients and not power 
attenuation coefficients as had previously been assumed. 
As a result, the numerical results of the calculations are 
incorrect but the essence of the conclusions made remains 
the same. 
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The calculations have been repeated by an independent. 
method, using a digital computer and the correct attenua- 
tion coefficients. In addition, the data published by 
England? were used to extend the calculations to two other 
frequencies. 

The model used consisted of a slab of normal tissue, 
bounded by a 1 mm layer of skin on each side. A slab of 
tumour tissue (1 em) was situated at various positions 
inside the normal tissue. 

Because the model is so simple, the results are intended 
only to provide a very rough indication of the results 
that could be expected in vivo. In particular, it must be 
emphasized that the plane nature of the model produces 
interference effects arising from multiple reflexions 
between parallel interfaces which can hardly be expected 
in vivo; diffraction and refraction effects would be very 
important for small tumours in a real anatomical situation. 

The values of propagation constant (B radians/em) and 
amplitude attenuation coefficient (x nepers/em), which 
were used in the calculation, are given in Table 1. 


Table 1. VALUES OF PROPAGATION CONSTANT AND AMPLITUDE ATTENUATION 


CONSTANT USED IN THE CALCULATIONS 


4g Constant Fat Muscle Skin Tumour 
3:18 em x Nepers/em O49 2-6 2:65 2:85 
BRadians/em $0 C 1r7 12:1 12-8 
10 em æ Nepers/em 0.20 Not available 0:73 0-67 
BRadians/em 1:58 but taken 43 49 
1-27 em x Nepers/em r5 as the same 6.35 TÓ 
B Radians/cm 8:8 as skin 24-3 26.0 
Table 2. EFFECT OF TUMOUR ON TRANSMITTED POWER 


Model Ay L27em — 3:8 em 10 em 
10 em total thickness, 1 mm thick 
skin, 1 cm tumour centrally T 2x10 1x 10°8 9x10? 
placed in fat Qr 3x10* 5x10- 2x10? 
10 em total thickness, 1 mm thick 
skin, 1 em tumour centrally T 5x105 2x 10-% 6x10 
placed in muscle Qr 9x10? 6x 10-1 11 
5 em total thickness, 1 mm thick 
Skin, 1 cm tumour centrally 
placed in fat T 5x10* 3x 104 2x10? 
5 em total thickness, 1 mm thick 
skin, 1 em tumour centrally 
placed in musele T 1x102* 4x10-  Ix10^ 


À, = Free space wavelength; T = power transmitted /power incident, without 
tumour; Qz- T with 1 em tumour/T without tumour, 


Table 2 summarizes the results for transmitted power. 

The presenee of tumour tissue is seen to have a large 
effect on the transmitted power, but attentuation is high. 
Only a few centimetres of muscle reduce the transmitted 
power to detector noise level, if the incident power is the 
accepted safe value of 10 mW/cm?, This could perhaps 
be improved by using more intense, pulsed microwave 
illumination. 

The results for the same models, without a skin layer 
on back and front, are very similar except for tumours 
within a centimetre of the surface, when large variations 
in transmitted power are caused by interference effects. 

The ratio of power transmitted with tumour and 
without (Q7) is quoted in Table 2 for one thickness only, 
because it varies only slightly with total model thiekness. 
The variation is largest when absorption is least, that. is, 
for larger wavelengths and fatty tissues. Thus Qr for a 
centrally placed tumour in fatty tissue, using 10 em waves, 
changes by less than 5 per cent as the total model thick- 
ness is increased from 10 em to infinity. 

Qr also varies in an oscillatory manner as the tumour 
is moved from the centre of the model to the surface. 
This variation is also largest when absorption is least. 
For example, the variations are within 50 per cent of 
the central tumour position value for a 10 em fat model, 
using 10 em waves. 

These variations are caused by multiple reflexions from 
the air-tissue interface, and are reduced if the impedance 
match at this interface is improved. 

The results calculated from the same basie model, but 
eonsidering the reflected microwave radiation instead of 
transmitted. are given in Table 3. 


NATURE, VOL. 218. APRIL 27. 1968 


Table 8. EFFECT OF TUMOUR ON REFLECTED POWER 


Model dy 127 3:8 10 
10 em total thickness, 1 mm skin layer œR 0-49 0-67 0-46 
1 em tumour, 1 em from front in fat Qn 0-99 0-98 115 
Dew i 4 16 
10 em total thickness, 1 mm skin layer R 0-46 0-53 057 
Qe 1-00 1-00 0-99 
lem tumour. 1 cm from frontin muscle Dem — — 1 


R= Power reflected/power incident; Qg - R with 1 em tumour. | em front 
of model/R without tumour; D distance of tumour from{front of model 
when Qzis within | per cent of unity. 

It is seen that the ratio, with tumour to without, Qpr. 
is much less significant for reflected waves than for trans- 
mitted waves. 

The effect of the skin layer is very important because 
the tumour only gives an appreciable effect when close to 
the front surface. The effect of removing the skin layer. 
from a 10 cm model of fatty tissue, illuminated by 3 em 
microwaves, is to change: R from 0-67 with skin to 0-12 
without skin; Qpr from 0-98 to 1:33; D from 4 cm to 
6 em. 

'Thus the skinless model gives a much improved chance 
of tumour detection, principally because the impedance 
match at the air-tissue interface is better. 

Impedance matching at skin-air interfaces may make 
it possible to detect tumours within a few centimetres of 
the surface of fatty tissue by measuring reflected power. 
It would probably be too difficult to detect a tumour in 
muscle by this method, because of the small reflexion 
coefficient at a muscle-tumour interface. 

Transmission measurements in fat should indicate the 
presence of a tumour using 3 em microwaves; but larger 
wavelengths, with consequent loss of resolution, would be 
needed to give measurable output through more than a 
few centimetres of muscle. 

Perhaps the closest anatomical situation to the model 
discussed is the human breast, although the attenuation 
in vivo would probably be intermediate between that of 
fat and muscle. 

The conclusions of the previous publication are still 
valid—that it may be possible, using microwaves, to 
demonstrate differences of dielectric properties from 
point to point in the body and perhaps outline and 
localize tissues, body cavities, abnormal regions of organs 
or interfaces and to observe the movement of interfaces. 
It is not impossible that it may be of some use for tumour 
detection and localization. For this, much more precise 
data on dielectric constant values are required and work 
is in progress to provide this. 

J. R. MALLARD 
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Department of Medical Physics, 
University of Aberdeen. 
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GENETICS 


Cytogenetic Study of the Offspring 
of Atom Bomb Survivors 


EXTENSIVE studies of offspring conceived after the 
exposure of their parents to the atom bomb have revealed 
no inereased frequency of stillbirths, neonatal deaths or 
gross malformations!, Furthermore, there has been no 
overall inerease in the mortality rate in the P, generation?, 
and initial impressions of an alteration in the sex ratio 
have not been substantiated*, These essentially negative 
findings suggest that no effects were produced, that the 
sample size was too small to allow detection of genetic 
effects, or that the indicators used were insufficiently 
sensitive. 


367 


This cytogenetic study was designed to evaluate the 
sensitivity to radiation of human germ cell chromosomes, 
on the assumption that subtle but detectable chromo- 
somal rearrangements induced in the meiotic chromosomes 
of an exposed parent would be reflected in the somatic 
cells of the progeny, even if the offspring were pheno- 
typically normal. It has been well established, for ex. 
ample, that heterozygous carriers of balanced trans- 
locations may be clinically unremarkable!*. 

The selection of a relatively small number of children 
of heavily exposed survivors was planned as a preliminary 
approach to an anticipated effort on a larger scale. 
Families were selected from the fertility study sample of 
Sawada et al.*, the criteria being (1) that at least one 
parent had had a minimum exposure dose of more than 
100 rads? and (2) that there were children born both before 
and after parental exposure. 

Peripheral blood leucocytes were cultured for 46-50 h 
(ref. 8). Slides were coded and analysed without know- 
ledge of the age of the patients. Twenty-five well spread 
metaphases were examined microscopically, and an 
additional five cells were independently selected and 
photographed for karyotype analysis. 

As Table 1 shows, leucocytes were successfully cultured 
from 185 children from ninety-eight families with one or 
more exposed parent. Of the 185, 128 individuals-—sixty- 
two males and sixty-six females--were conceived after 
parental exposure, and fifty-seven children —twenty-six 
males and thirty-one females—were conceived before 
exposure. Of the 128, 103 came from families in which 
the maternal dose exceeded 150 rads, the father having 
been out of the city at the time of the bombing (eighty- 
seven cases) or exposed to less than 150 rads (sixteen 
cases). The remaining twenty-five of the 128 children 
were born to parents exposed to lower doses, but in all 
instances, at least one parent received more than 100 rads. 

Although all families ineluded children born both before 
and after parental exposure, in only one-third of the families 
contacted were we able to obtain blood samples from 
children born before August 1945. 








Table 1. NUMBER OF CYTOGENETICALLY EXAMINED CHILDREN OF SURVIVORS 
OF THE ATOM BOMB BY TIME OF BIRTH, CITY AND SEX 
Period of Hiroshima Nagasaki Combined 
birth Male Female Total Male Female Total Male Female Total 
1940-1946 21 24 45 5 7 12 26 31 57 
1946-1950 37 40 77 11 15 26 48) 62 55) 86 103 l pag 
1951-1963 — — 14 11 25 14; OV 11: 25; 0°" 


Total 58 64 122 30 33 63 88 97 185 
No. of families 69 29 98 


Of the 185 children studied, 182 were karyotypically 
normal. Among the other three, one female was found 
to have a deleted short-arm of one of the G group chromo- 
somes in all cells analysed (Fig. 1). This girl, born in 1945, 
was clinically normal. Her sister, born in 1941, and 
sampled as a family control for the proband, also had the 
same chromosomal abnormality. The third karyotypically 
abnormal patient was a female, born in 1949. She showed 
a sex chromosomal mosaicism of 45, X/47, XXX. Ninety- 
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Fig. 1. Partial karyotypes showing the short-arm deletion of a 6 group 

chromosome in a female born in 1948 (upper row) and in her sister born 

in 1941 (lower row). This abnormality was also found in the mother and 
was therefore familial. 
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five of the 100 leucocyte metaphases examined had 45 
chromosomes and were XO; four cells had 47 chromo- 
somes and were XXX. In addition to being well below 
the Japanese average in height, the proband had irregular 
menses, which suggested the possible diagnosis of gonadal 
dysgenesis. Two female sibs, one born before parental 
exposure and one born after, were karyotypically and 
clinically normal. We presumed that the mosaicism in 
the affected child arose as a result of a non-disjunetional 
error during an early mitotie division, soon after zygote 
formation. 

In this study, we were particularly interested in the 
103 children born in the first 5 yr after parental exposure 
to the atom bomb. Data on the mutation rates in the 
offspring of irradiated mice had suggested that irradiation 
of the female resulted in specific locus gene mutations 
only when conception took place within 7 weeks of oocyte 
irradiation’. Irradiation of the male, however, resulted 
in a relative constant mutation rate regardless of when 
conception oeeurred'^, Thus the absence of a radiation 
effect in the 103 children born in the first years after 
exposure of the parents seems especially meaningful. 

In attempting to explain the absence of a detectable 
cytogenetic effect on the progeny of subjects who have 
survived exposure to the atom bomb, we caunot rule out 
the possibility of selection against chromosomally or 
genetically damaged germ cells in either oogenesis or 
spermatogenesis. Nor can we eliminate the possibility ef 
very early, and undetected, death of the zygote. In 
addition, the radiation dose received by the germinal 
tissue may well have been considerably less than the total 
dose to which the parent was exposed. 

It is likely that if, in fact, any karyotypic abnormalities 
induced by radiation are present in the F, generation, 
they occur at such a low frequency that a very large 
sample will be required to detect them. On the basis of 
the absence of a radiation effect in the 128 children born 
between 1946 and 1963, we may say with 95 per cent 
confidence that if there are affected offspring, their fre- 
quency is less than 2-5 per cent. A larger study is now 
being established to determine more definitively whether 
damage was induced and transmitted from parental germ 
cell chromosomes. 

We thank Mr S. lida, Mr K. Okhi, Mrs S. Murata and 
Mrs Y. Urakawa for technical assistance. We also thank 
Dr H. B. Hamilton for his advice during the study. 
A. D. B. is a smior surgeon, US Public Health Service, 
National Center for Radiological Health. on assignment 
to the ABCC, a co-operative ageney of the US National 
Academy of Sciences—National Research Council and 
the Japanese Institute of Health. 
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Possible Use of Translocations 
to fix Desirable Genes in Insect Pest 


Populations 
CHROMOSOME translocation heterozygotes (T/+) are 


usually semisterile, but translocation homozygotes (T/T) 
if viable are usually fully fertile. If such a viable 
translocation were produced in an insect pest, T/T insects 
could be reared in captivity and released into the wild, 
where matings with wild types (+/+) would produce 
T/+ progeny. 

After the releases, the behaviour of the set of transloca- 
tion chromosomes (T) in the population would depend 
on their viability and on the relative frequency of the T 
and normal chromosomes. Fig. 1 (lower) shows the course 
of ehange of T' frequency as a result of natural selection. 
À large population and random mating are assumed and 
graphs are given for two hypothetical sets of values for the 
relative viabilities (that is, probabilities of survival to 
maturity) of the three karyotypes. With both sets of 
values there is a theoretical point at which the frequencies 
would remain indefinitely in unstable equilibrium. If the 
numbers released were such as to produce a frequency of 
T less than this equilibrium point, the frequency of T 
would decline to zero, but if the T frequeney was made 
greater than the equilibrium point, the frequeney would 
gradually increase to 100 per cent. The population 
fertility, relative to that in the untreated population, is 
plotted against frequency of T in Fig. 1 (upper). Where 
the viabilities of T/+ and T/T are reduced, this is assumed 
to contribute to the reduction in population fertility. 

Serebrovsky! suggested that the prolonged reduction in 
fertility after the release of T/Ts could eradicate a pest. 
To do this it is necessary that: (1) the numbers released 
give a T' frequency close to the equilibrium point?; (2) 
the size of the pest population is not strongly buffered 
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Fig. 1. Upper graph, relationship of frequency of the T chromosome to 


the population fertility; lower graph, change in the frequeney of T 

with time. Graphs are given for the two sets of viability levels specifled 

in the inset. The course of change of chromosome frequency may be 

obtained from the lower graph by starting from the frequency after the 

releases had finished and following the graph in the direction indicated 
by the arrows, 
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by density dependent factors?; and (3) the treated popula- 
tion is well isolated?. In many cases these conditions may 
not apply or be difficult to arrange. The peculiar response 
to natural selection of translocations, however, might still 
be used in these cases. 

Mutant genes can be imagined the presence of which in a 
pest population would be favourable to man, without 
being very deleterious to the insect. As an example, 
genes will be considered, of a type already known, which 
make mosquitoes non-infectible by pathogens‘. If one of 
these genes were linked to a break-point of a T chromo- 
some and if sufficient T'T individuals were released so 
that the T' frequency in the wild population exceeded the 
equilibrium point, the population would gradually approach 
fixation both for the 7' chromosomes and for the gene for 
non-infectibility. 'This process would occur regardless of 
whether the population size was buffered against the effect 
of the reduction in fertility. At fixation the population 
would be harmless to man. 

Normal ehromosomes carrying genes for infectibility, 
brought into the population by immigrants, would be 
eliminated (provided that the immigration rate was low) 
because the T frequency would always be above the 
equilibrium point. This type* of procedure may be prefer- 
able to methods which eradicate a pest species in an area, 
leaving its ecologieal niche vacant for reinfestation by 
immigrants. 

Crossing-over is often suppressed near translocation 
break-points*, but, in order to ensure that the gene for non- 
infectibility remained linked to the 7 chromosomes, it 
would probably be necessary to make use of inversions. 
The stages in the preparation of the mutant stock would 
probably be: (a) selection of a suitable gene for non- 
infectibility (which would preferably, but not necessarily, 
be dominant) and production of homozygotes; (b) induc- 
tion of an inversion including the non-infectibility locus 

“and production of an inversion homozygote stock; (c) 
;. production of a translocation with one break-point within 
the inversion and production of a TT stock. Marker 
"s genes are now available in several pest species to assist 
in this procedure. After release the only individuals 
¿i in which the infectibility gene and the T chromosomes 
-would be present together would be inversion heterozygotes, 
80 there would be no recombination of the gene and the 
break-point. It would be necessary to produce many 
different homozygous stocks and to select the one with 
the highest viability, so as to minimize the equilibrium 
point when the stock was released. If back mutations of 
the gene for non-infectibility occurred in the wild popula- 
tion, natural selection might favour the normal, infectible, 
state. This might be inhibited if linked to either of the 
translocation break-points were not one, but two genes, 
which could independently cause non-infectibility. 

The release of TT insects of both sexes would contribute 
equally to the increase in the frequency of 7 and the 
releases could be made over several generations*. The 
numbers of insects required to be released can be estim- 
ated by considering the frequency and progeny of each 
type of mating after releases of given numbers. For 
example, for a mutant stock of normal viability the effect 
was calculated of releases at five successive generations 
of a number of homozygotes of each sex equal to a quarter 
of the initial number of each sex in the wild population. 
It was concluded that, whether or not the population 
size was buffered against change, this treatment would 
produce a population in which the mutant chromosomes 
would approach fixation and, when this point was reached 
a substantial number of T'/T's would remain to “protect” 
the area from immigrants. When the releases had been 
finished it would be desirable to see that the equilibrium 
point had, in fact, been exceeded by checking cytologically 
that the 7 frequency in the population was increasing 
spontaneously. 

The method proposed is superficially similar to the use 
of meiotic drive to increase the frequency of desirable 
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genes’. The use of meiotic drive chromosomes would, 
theoretically, require the “seeding? of the population 
with very few individuals, but the use of translocation 
chromosomes may have the advantages that they are 
easier to obtain and less susceptible to the action of 
suppressors present in wild populations. 

I thank Dr W. G. Hill for assistance with computing. 
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Genetically Controlled Cross Resistance 
to Polyene Antibiotics in 
Saccharomyces cerevisiae 


PorLvENE resistant strains of fungi have been reported by 
several workers. In several instances these strains have 
been tested for cross resistance to other polyenest*: 
strains of Candida albicans isolated as resistant to candidin 
were also resistant to amphotericin B and vice versa!, 
but neither type was resistant to nystatin. Cross resistance 
was found to amphotericin B and nystatin in one strain of 
Candida tropicalis but not in isolates of five other Candida 
species resistant to one or other of these two antibioties?. 
In contrast, a nystatin-resistant isolate of Candida 
stellatoidea was also resistant to amphotericin A, ampho- 
tericin B, endomycin, filipin and pimariein?. 

We have isolated a number of nystatin-resistant 
mutants in Saccharomyces cerevisiae and identified three 
resistant genes (nys-l, nys-2 and nys-3) and two modify- 
ing genes which raise the level of resistance (M"w*-1 and 
Mnvs.2)!, We have since characterized two more alleles 
of nys-l and a third modifying gene, Mvvs-.3, which is 
specific for these two alleles (our unpublished work). 
We have obtained two other types of resistant mutant: (1) 
"eytoplasmie" mutants which show non-Mendelian segre- 
gation, (2) "nystatin-dependent" mutants (isolated from 
a strain carrying nys-3) which grow vigorously in the 
presence of nystatin but poorly in its absence’. 

We thought it important to test for cross resistance to 
other polyenes and to compare our results with those 
mentioned earlier. We used the commercially available 
preparations of nystatin and amphotericin B ( both 
purchased from E. R. Squibb and Sons). We were also 
able to obtain a sample of filipin HI’ from Dr G. B. 
Whitfield (Upjohn Co., Michigan). 

The media, culture methods and preparation of nystatin 
suspensions have been described‘. Amphotericin B was 
dissolved and diluted in sterile water and the filipin was 
dissolved and diluted in absolute methanol We tested 
for resistance by repliea plating inocula on master plates 
onto a series of plates supplemented with a range of 
concentrations of the polyenes. 

Table 1 lists the highest concentrations on which the 
various inocula showed appreciable growth after incubation 
for 4 days. * 

The results show that the genes for nystatin resistance 
differ markedly in their capacity to confer resistance to 
amphotericin B and filipin. All three alleles of nys-l 
confer resistance to both nystatin and amphotericin B 
but not to filipin. The resistance levels of particular 
genotypes on the two antibioties show little correlation: 
for example, nys-1b, Mw], Mrvs-2, Mrus-3, which is 
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fifteen times more resistant to nystatin than nys-la + +, 
is resistant to the same concentration of amphotericin B. 
The highest level of resistance to amphotericin B is 
exhibited by strains carrying mys-le; at 250 ug/ml. this 
represents a 200-fold increase over the resistance of the 
wild type strain. 

Both nys-2 and nys-3 confer resistance to nystatin and 
filipin but not to amphotericin B; in fact, strains earrying 
nys-3 are hypersensitive to this polyene. The nystatin 
dependent strain shows greatest resistance to both 
nystatin and filipin but is as sensitive as wild type to 
amphotericin B. 

The cytoplasmic mutants are anomalous in showing 
resistance to all three polyenes. In this they resemble 
the multiply resistant mutant of Candida stellatoidea 
studied by Bradley et al.5. 


Table 1, CROSS RESISTANCE TO NYSTATIN, AMPHOTERICIN B AND FILIPIN 


Nystatin Amphotericin B Filipin 
Genotype (U/ml.) (ugiml.) (ugiml.) 
nys* * + + 5 1-25 1-25 
nys-la M-1  M-2 60 250 1-25 
nyS-la M-i + 30 125 1:25 
nyS-la + + 20 125 1-25 
nys-b M-1 M2 M-3 300 125 1:25 
nysib M-i + + 140 125 1:25 
RYE LD + + M-3 140 125 1:25 
AaySde M-1 M-2 . M-8 160 250 1:25 
nysde + * M-3 120 250 1:25 
nys-le + + + 60 125 125 
nyr2 MA M-2 15 1:25 2-50 
nygs2 + M-2 15 2-50 2:50 
nys-2 M- + 10 1:35 2:50 
nys-3 M-i M-2 15 0-62 2-50 
Ays-3 + M-2 15 0-62 2-50 
nys-3 + + 10 0:31 2-50 
Nystatin-dependent 500 1:25 3:12 
Cytoplasmic-12 60 125 2-50 
Cytoplasmie-18 60 125 2-50 


For convenience M-1, M-2 and M-3 have been used rather than 
M "V9.1, eto, 


Polyenes can be divided into two groups’: first, large 
polyenes (at least forty six carbon atoms) whose inhibition 
of glycolysis is annulled by K+ and NH,'; and second, 
small polyenes (thirty-seven or fewer carbon atoms) 
whose effects on glycolysis are not eliminated by K* and 
NH,*. Amphotericin B and nystatin are both large 
polyenes whereas filipin is a small one. Our results show 
a correlation between cross resistance and polyene size. 
Mutants of nys-l are most resistant to amphotericin B 
but sensitive to filipin whereas mutants of nys-2 and nys-3 
are least resistant to amphotericin B and most resistant 
to filipin. We intend to isolate mutants resistant to these 
two antibioties to see if this correlation is more generally 
applicable. 
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MICROBIOLOGY 


Viral Aetiology of Human Tumours 


RECENT electron microscopic examinations of human neo- 
plastic cells have revealed a variety of virus-like particles 
(for example, refs. 1-9) which frequently resemble herpes- 
virus'-5, Because the viral aetiology of a number of 
animal tumours has been established, the diseovery of 
virus-like struetures in human cancer cells has been taken 
as evidence in support of the concept that viruses cause 
human tumours. 

It has been shown that a single virus can eause neoplasia 
of many different morphological types in lower animals!:t7, 
and so I suggest that a single viral agent may well be the 
aetiological agent for human tumours of various forms and 
degrees of malignancy. This hypothesis is also based on 
the notion that for every instance of clinical disease there 
are many cases of subclinical or inapparent infection, the 
degree of response being determined by an individual's 
hereditary traits, hormonal balance, age, and immuno- 
logieal competence, as well as by the infeeting dose and 
by the possible elaboration of interferon. 

With these guidelines, the recent findings concerning 
the Burkitt lymphoma are examined and a hypothesis of 
their significance in tumorigenesis is proposed, 

Burkitt lymphoma is a neoplastic disease the distribu- 
tion of which is restricted to certain regions of equatorial 
Africa. It is seen most commonly in children between the 
ages of 5 and 12 yr and very infrequently in persons older 
than 20 yr. The disease occurs in children of all races and 
tribes and therefore does not appear to be connected with a 
genetie disorder. The distribution of the disease in areas 
where the climate favours the breeding of mosquitoes has 
led to the suggestion that the disease was caused by an 
arthropod-borne virus, Indeed, the recent outbreak of 
O'Nyong-Nyong fever, which is caused by an arbovirus, 
was limited to the same region in which the Burkitt 
lymphoma is endogenous!*. 

Studies of cells derived from Burkitt lymphoma have 
revealed that they may contain herpesvirus-like par- 
ticles!1.1?-2*, These particles, however, are neither herpes 
simplex virus, herpes zoster virus nor eytomegalovirus, 
as evidenced by their lack of immunological reactivity 
with antibodies directed against these and other herpetic 
viruses?-?*, The potential infectivity of these virus-like 
bodies has been demonstrated by indirect means?, and 
their cell to cell transfer is typical of herpesviruses?4/35, 

Although there is no cross-reactivity between these 
bodies and antisera directed against known herpesviruses 
and although the occurrence of these tumours is restricted 
to a certain geographical area in Africa, pooled human 
gamma globulin as well as more than 90 per cent of 
individual human sera obtained in the United States 
contain antibodies capable of reacting with these herpes- 
like particles®* (see also refs. 28, 31, 32, 37, 38). Such 
a finding implies that this virus or a similar one is ubiqui- 
tous in this country. Herpesviruses are characterized by 
their ability to mediate latent infections even in the 
presence of circulating neutralizing antibodies, this pre- 
sumably being a result of their ability to spread from cell 
to cell by contaet?533, Recurrent clinical manifestations 
result from trauma, exposure to actinic light, hormonal 
imbalance, the administration of immunosuppressive drugs 
or debilitating illness??. These facts and the almost uni- 
versal distribution of antibodies to this herpes-like body 
suggest that the virus itself is universally present in a 
dormant state. Indeed, the detection®®-4° of particles 
with identical immunological characteristics in leucocyte 
cultures derived from normal humans supports this 
hypothesis as does the presence of such particles in 
American lymphoma'!:?? and leukaemic!?:3?-15 cells. 

One might therefore predict that the elinical manifesta- 
tions of this virus—that is, the emergence of neoplastic 
cells—will be determined by several additional factors 
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which might be identical to those determining the recur- 
rence of herpetic infections. Even these exogenous events, 
however, may not be sufficient to trigger oncogenesis, for 
superimposed on these may be the need for the virus to 
be activated. Thus electron microscopic examination 
suggested that these herpes-like particles are defective?*. 
The occurrence of defective oncogenic viruses has been 
documented. The SV40-adenovirus hybrids (PARA 
viruses) require the presence of a helper adenovirus**. 
Rous sarcoma virus requires the Rous-associated virus; 
the replieation of adenoviruses in African green monkey 
kidney cells is dependent on the presence of S V40 (ref. 43). 
Thus it may well be that, in addition to the factors listed 
here, the expression of the oncogenic potential of these 
herpes-like particles requires a helper virus. 

The requirement for such a helper virus could account 
for the distribution of Burkitt lymphoma in an area in 
which mosquitoes are abundant if it be assumed that the 
helper virus is carried by an arthropod. In individuals 
who do not yet possess neutralizing antibodies (young 
children) this systematic superinfection could be the event 
which triggers the clinical manifestation. 

If it is further assumed that the defectiveness of the 
virus is the result of a mutation in the viral genome which 
is transcribed and translated into the synthesis of a non- 
functional structural protein or inactive virus-specific 
enzyme, then the defective virus might be rescued not only 
by a superinfecting virus but by a reverse mutation which 
allows the synthesis of functional proteins; this may be 
one of the bases of the action of chemical and physical 
carcinogens. 

This communication presents a concept of viral tumori- 
genesis in which only a single (or a few) aetiological agents 
are involved; in such a situation the “oncogenic” papova 
and adenoviruses may well function as helper viruses only. 
Because the herpesvirus-like particles discussed here 
have been implicated in the aetiology of infectious mono- 
nucleosis**:*6, they will undoubtedly be the subject of 
renewed interest, Such studies will doubtless soon put 
the applicability of this hypothesis to the test. 

This work was supported by a research career develop- 
ment award of the Division of General Medical Sciences, 
US Publie Health Service. 

HERBERT S. ROSENKRANZ 
Department of Microbiology. 
College of Physicians and Surgeons. 
Columbia University, 
New York. 


Reeeived February 19, 1968. 


' BRE. IDEE M., Smith, K. ©., and Fernbach, D. J., Nature, 202. 1129 

2 Burger, C. L., Harris, W. W.. Anderson, N. G., Bartlett, T. W.. aud 
Kniseley, R, M., Proe. Soe. Exp, Biol. and Med.. 116. 151 (1964). 

? Dalton, A. J., and Moloney, J. A., in Viruses, Nucleie Acids and Cancer, 135 
(Williams and Wilkins, Baltimore, 1963). 

* Domochowski, L., Yumoto, T., Grey, C. E., Hales, R. L., Langford, P. H.. 
Taylor, H. G., Freireich, E. J., Shullenberger, C. C., Shiveley, J. A., and 
Howe, C. D., Cancer, 20, 760 (1967). 

? Levy, J. P., and Oppenheim, E., Pathol. Biol. (Paris), 14, 966 (1966). 

* Ma, M. H., and Blackburn, C. R. B., Nature, 912, 854 (1966). 

F Murphy, W. H., Furtado, D., and Plata E., J. Amer. Med. Ass0c.,191, 110 

* Negroni, G., Brit. Med. J., i, 927 (1964). 

* Sorenson, G. D., Proc, Soc. Exp. Biol. and Med., 118, 250 (1965). 

2 wis J. D., Hasselbach. R. C., and Ham, A. W., Science, 142. 1487 

n Epstein, M. A., Henle, G.. Achong, B. G., and Barr, Y. M., J. Exp. Med.. 
121, 761 (1965). 

1! Twakata, S., and Grace, jun., J. T.. NY J. Med.. 64, 2279 (1964). 
1 Jensen, E. M., Korol, W., Dittmar, S. L. D., and Medrek, T. J., J. Nat. 
Cancer Inst., 39, 745 (1967). 
1 Moore, G. E., Grace, J. T., Citron, P., Gerner, R., and Burns, 5.. NY J. 
Med., 68, 2557 (1966). 
nd ica Lucas, L. S., and Manaker, R. A.. J. Nat. Cancer Inst.. 87, 761 
1* Stewart, S, E., Eddy, B. E., Gochenour, A. M., Borgese, N. G., and Grubbs, 
G. E., Virology, 3, 380 (1957). 

€ Stewart, 8, E., Eddy, B. E., and Stanton, M, F., in Proc. Third Canadian 
Cancer Conf., 287 (Academie Press, New York. 1959). 

15 Burkitt. D., in Viruses, Nucleic Acids and Cancer, 613 (Williams and 
Wilkins. Baltimore, 1963), 


371 


* Epstein. M. A., Achong, B. G., and Barr, Y. M., Lancet, i, 702 (1984). 
ia Epstein, M. A., Barr, Y. M., and Achong, B. G.. Pathol. Hist, (Paris), 18, 
1233 (1964), and Wistar Inst. Monog., 4, 69 (1965). 


?! Stewart, S. E.. Lovelace, E., Whang. J. J.. and Ngu, V. A.. J, Nat, Cancer 
Inst., 84. 319 (1965). 


* Rabson, A. S., O'Connor, G. T., Baron, S., Whang, J. J., and Legallais, 

. F. Y., Intern. J. Cancer, 1, 89 (1966). 

A Hummeler, K., Henle, G., and Henle, W., J. Bact., 91, 1366 (1966). 

A Toplin, L. and Schidolvsky, G., Science, 152, 1084 (1966). 

ie Yamaguchi, J., Hinuma, Y., and Grace, jun., J. T., J. Virol, 1, 640 (1907). 

= Hinuma, Y., Konn, M., Yamaguchi, J.. Wadarski, D, J.. Blakeslee, jun., 

a J. R.. and Grace, jun., J. F.. J. Virol., 1, 1045 (1987). 

?' Toshima, 8., Takagi, N., Minowada, J., Moore, G. E., and Sandberg, A. A., 
Cancer Res., 97. 753 (1967). 


* Old, L. J., Boyse, E. A., Oettgen, H. F.. De Harven, E., Giering, G., 
dp peru: B., and Clifford, P., Proc. US Nat. Acad. Sei., B6, 1600 


** Henle, G., and Henle, W., Trans. NY Acad, Sei., Ser. JI, 89, 71 (1966). 
*° Henle, W., Hummeler, K., and Henle, G., J. Bact.. 92, 269 (1966). 

= Henle, G., and Henle, W., J. Bact., 91. 1248 (1966). 

* Armstrong, D., Henle, G., and Henle, W., J. Bact., 91, 1257 (1966). 


? Henle, W,. Diehl, V., Kohn, G., zur Hausen, H., and Henle, G., 
187. 1064 (1967). 


M Black, F. L., and Melnick, J. L., J. Immunol., 74, 236 (1955). 

?* Stoker, M. G. P., Nature, 182. 1525 (1958). 

36 Gerber, P., and Birch, 8. M.. Proc. US Nat. Acad. Sei.. 88, 478 (1967). 

9 Levy, J. A., and Henle, G., J. Bact., 92, 275 (1960). 

?* Klein, G., Clifford. P., Klein, E., and Stjernward, J.. Proc, US Nat. Acad. 
Seci., 55, 1628 (1966). 

*? Scott, T. F. MeN., and Tokumara, T., in Viral and Rickettsial Infections of 
Man, fourth ed. (edit. by Horsfall, F. L., and Tamm, I. 8902 (J. B. 
Lippincott Co., Philadelphia, 1005); Weller, T. H., ibid., 915. 

16 Moore, G. E., Gerner, R. E., and Franklin, H. A., J. Amer, Wed, Assoc., 
199, 519 (1967). 

“u Connor, G. T., and Rabson, A. S. J. Nat. Cancer Inst., 85, 899 (1965). 

2 Moore, G. E., Grace, J. T., Citron, P., Gerner, R., and Burns, 8., NE J. 
Med., 86, 2757 (1966). 

“Rapp, F., in Malignant Transformations by Viruses (edit. by Kirsten, 
W. H.), 77 (Springer-Verlag New York, Ine., 1966). 

“ Hanafusa, H., Hanafusa, T., and Rubin, H., Proc. US Nat. Acad, Sei., 49, 
572 (1963). 

*» Niederman. J. C., McCollum, R. W., Henle, G., and Henle, W,, J. Amer, 
Med. Assoc., 203, 205 (1968). 

7 Henle, G., Henle, W., and Diehl, V., Proc. US Nat. Acad, Sei, $9. 94 
(1963). 








Degeneration of Penicillin Titre in 
Cultures of Penicillium chrysogenum 


Strains of Penicillium chrysogenum yielding penicillin 
may show a decrease in antibiotic titre after a period of 
storage or of continued subeulture!'-*. The work deseribed 
here was undertaken to determine whether this loss of 
antibiotic productivity has a genetie origin. Degeneration 
caused by an excessive number of serial passages ean 
obviously be precluded by restrictions on subeulturing?. 
The results obtained in our studies support a previous 
suggestion* that preservation at very low temperatures is 
a method of avoiding degeneration during storage. 

Two mutants of Penicillium chrysogenum strain Wis 
54-1255 (ref. 5) were used: one had brown (br) conidia, 
and required biotin (bio) and nicotinamide (nic); the 
other had white (w) conidia and required thiamine (thi) 
and methionine (met). Both had penicillin yields* of about 
3,000 v/ml. Master slope cultures of the two mutants 
were established on a complete medium (CM) (ref. 6) and 
after 2 weeks at 25° C were stored at 4° C. From each 
master, two lines were subcultured (Fig. 1) by mass 
transfer of conidia on to slopes of CM. This was carried 
out over a period of 9 months, after which time series 14 
was reached in the sequence shown in Fig. 1. In the br 
bio nic M series all subeultures retained the penicillin 
yield of the master until the tenth subeulturing, when 


. p a M3 cte, 
Master at --4?^ C npn 
Sl ——— B82-————— 53 cto. 


Fig. 1. Subculturing sequence from each of the two master cultures af 
genotype br bio nie and w thi met. The subcultures were made at intervals 
of 2-3 weeks. 
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there was a drop to 75 per cent of this titre; at the 
eleventh subculturing there was a decrease to 50 per cent, 
and at the twelfth the titre was reduced to less than 1,000 
U/ml. There was no further drop in the titres of the 
thirteenth and fourteenth subcultures. In the br bio nic 
S series the vield of penicillin fell to about 50 per cent 
at the eleventh subculturing and to below 1,000 v/ml. at 
the twelfth and subsequent subculturings. All sub- 
cultures in the w thi met M and S series retained the titre 
of the master culture except for the fourteenth M sub- 
culture which did not grow, presumably because the 
master was no longer viable. 

Between the twelfth and thirteenth subeulturings, 
conidia from the master of the br bio nic strain stored at 
4° C were plated on CM agar. Two per cent of the conidia 
were viable, and of fifty colonies grown from single 
conidia twenty-seven had high penicillin yields (about 
3,000 u/ml.) and twenty-three had low yields (less than 
1,000 u/ml.). Two colonies——one from each of these types 
-were selected as parents for use in heterokaryon tests?:* 
to discover if the fall in yield in the br bio nic M series 
was a change under nuclear or cytoplasmic control. The 
reduction in penicillin titre in the S series was similarly 
investigated by heterokaryon test.  Conidia from the 
fourteenth subeulture were plated and fift y single colonies 
isolated; all were low in yield (less than 1,000 u/ml.) 
and one was selected as heterokaryon parent. The common 
component of the three heterokaryons which were syn- 
thesized (Table 1) was a single conidial isolate from the 
fourteenth subculture of the w thi met S series; all of 
fiftv such isolates were high in penicillin titre, like the 
master, 











Table 1. COMPONENT STRAINS USED FOR THE SYNTHESIS OF BALANCED 


HETEROKARYONS BETWEEN ISOLATES OF GENOTYPE br bio nic AND 
w thi met 

Parent | (br bio nie) Parent 2 (w thi met) 

Heterokaryon Penicilin Penicillin 
Source yield Source yield 
A Original master Low S14 High 
B $14 Low S14 High 
C Original master High S14 High 


From each heterokaryon, one hundred br bio nic and 
one hundred w thi met single conidial isolates were tested 
for penicillin yield. All two hundred br bio nic isolates 
from heterokaryons 4 and B had low titres and all two 
hundred w thi met isolates had high titres. From hetero- 
karyon C which was set up as a control, all the isolates 
gave high titres. "These results indicated that low titre 
was a character under nuclear control whether it arose as 
a result of storage or of repeated subeulturing. 

Two possibilities are, first, that low titre conidia were 
originally present in the br bio nic master culture, and, 
second, that storage conditions per se induced mutation 
to low titre. If the former were the case, because the 
viability of conidia from the master was 2 per cent 


towards the end of the experiment and 46 per cent of 


those conidia surviving gave cultures with low penicillin 
yields, when the viability of the master was 100 per cent, 
about 1 per cent of the conidia would have been of low 
titre type assuming that high titre conidia died off and 
low titre conidia did not. Reduction of penicillin titre 
could therefore be accounted for in the M series of br bio 
nic subcultures by the occurrence of spontaneous muta- 
tions which reduce titre, and the initial presence of a 
small number of these in the master eulture; low titre 
mutants could have been selected because of increased 
longevity relative to high titre types. In the S series low 
titre types could have accumulated by virtue of their 
advantageous survival rate, or additionally, they could 
have had an increased growth rate relative to high titre 
types. The haphazard nature with which degeneration 
can arise in stored cultures! offers confirmation that the 
primary event is a random one and therefore could be 
explained by spontaneous mutation. The possibility that 
storage induced mutation could not readily explain the 
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oceurrence of degeneration in the S series although it 
might in the M series. 

If the drop in penicillin titre were caused by the selection 
of existing mutants as the viability fell, then, to avoid 
degeneration, storage would have to be carried out under 
conditions where there was little or no loss of viability 
over a long period of time. Recent work with Neurospora 
has shown that macro conidia stored as slope cultures in 
liquid nitrogen retained almost complete viability over a 
period of 30 months?:/*, Work is in progress to verify if 
storage of conidia of Penicillium chrysogenum in liquid 
nitrogen prevents degeneration by preserving viability. 
Even if storage at 4° C induced mutation to low titre, 
preservation at —196° C (the temperature of liquid 
nitrogen) would be expeeted to inhibit strongly all meta- 
bolie processes ineluding those leading to mutation. 

K. D. MacpoNanLp 
Microbiological Research Establishment, 
Porton Down, 
Salisbury, Wiltshire. 
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Genetic Control by the W Locus of 
Susceptibility to (Friend) Spleen 
Focus-forming Virus 


CERTAIN strains of Friend leukaemia virus induce hyper- 
volemie polyeythaemia! and macroscopic foci of prolifer- 
ating haemopoietic cells? in the spleens of susceptible 
mice. Among several strains of Friend virus studied, the 
viral component which initiates spleen focus formation 
(SFF V) and that which induces polyeythaemia (F V’- P) 
were found to be closely associated; thus both host 
responses are considered to be elicited by the same virus’. 
The erythropoiesis induced by this virus is independent of 
erythropoietin because this substance could not be 
detected in plasma or urine of mice at any time after 
infection. and administration of rabbit anti-erythro- 
poietin serum did not alter susceptibility to SF F V (ref. 4). 
Resumption of erythropoiesis and formation of spleen 
foci ean be induced by this virus in plethorized micet, 
and so the virus presumably interaets with very primitive 
haemopoietie cells, perhaps colony-forming or erythro- 
poletin-sensitive cells. 

In an attempt to characterize the target cell for SP F V 
infection, we have eompared the viral susceptibility of 
genetically anaemic mice of genotype W*/W with their 
congenic littermates, Wr/+. W/+, and +/+. We/W 
mice have a severe maeroeytie anaemia’, are very radio- 
sensitive*, and respond only to extremely large doses of 
exogenous erythropoietin*. "The in vivo colony-forming 
cells of their bone marrow are deficient in number and in 
ability to proliferate on transplantation®; in addition. 
W*/W mice will accept normal (+/+) marrow grafts 
without previous irradiation?.!9. 

W/W mice, however, can generate many new erythro- 
cytes rapidly if exposed to hypoxia?1? and the number and 
proliferative behaviour of cells in their bone marrow 
which form colonies in vitro are normal (unpublished work 
of R. Foster. M. Bennett, D. Metcalf and G. Cudkowiez}. 
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In addition, they maintain normal levels of leucocytes 
and platelets in their peripheral blood!?- and respond to 
injected sheep erythrocytes by generating normal numbers 
of haemolysin-forming cells'5. In contrast, after trans- 
plantation into syngeneic irradiated hosts, cells from the 
anaemic mice are deficient in leucocytes and antibody- 
forming cells!5:9, We/W mice can therefore accumulate 
adequate numbers of relatively undifferentiated cells 
(for example, cells responsive to hypoxia. precursors of 
leucocytes, antigen-sensitive cells, in vitro colony-forming 
cells), as well as mature cells (other than erythrocytes), 
but they have defective compartments o ' the more im- 
mature progenitor cells which are assayed by transplanta- 
tion. 

Congenie (B10x WB)F, and (WB x B10)F, mice of 
genotypes We/W, We/+, W/+, and +/+ were produced 
by mating female C57B1/10-We/+ with WB-W/+ male 
mice or vice versa. In one experiment parental B10 
and WB mice were also tested for susceptibility to SF FV. 
Adult littermates, or mice of nearly the same age and of 
the same sex, were used in each experiment. 

Two passage lines of SFFV, called BSB and BB6, 
have been adapted to grow and induce spleen foci and 
polyeythaemia in C57Bl/Ha mice. Line BB6 is now 
in its seventeenth, and line BSB in its twenty-seventh, 
consecutive passage through C57Bl/Ha mice by means 
of cell-free filtrates of infected spleens. Preliminary 
experiments revealed that both C57BI/10 and WB mice 
were susceptible to these viruses. 

Virus preparations used for infection were cell-free 
filtrates obtained from a 10 per cent suspension of homo- 
genized spleen from C57 Bl/Ha mice infected with SFF V. 
'The spleens were homogenized in cold phosphate-buffered 
saline (PBS), the homogenate was clarified at 5,000g for 
10 min at 4? C and the supernatant fluid was passed 
through a HA-grade ‘Millipore’ filter (average pore size 
0-454). 

SFFV was titrated by the spleen focus assay method’. 
Diluted virus (in PBS) was injected into the tail veins of 
recipient mice (0-5 ml.); 9 days later the mice were killed, 
and their spleens were removed and fixed overnight in 
Bouin’s fluid. Discrete foci on the surfaces of the spleens 
were then counted with the unaided eye. Virus titres are 
expressed in focus-forming units (FFU)/ml. (where 1 FFU 
is the amount of virus required to induce an average of 
one focus per spleen). Titres obtained in vivo reflect 
the host susceptibility to the virus as well as the number 
of infectious viral units inoculated. 

The susceptibility of (B10x WB)F, and (WB x B10)F, 
mice of each genotype to the BSB and BB6 strains of 
virus is summarized in Table ! (A and B). In addition, 
mice of genotypes WB-+/+, WB-W/+, Bl0-+/+ and 
Bi0-We/+ were tested with SFFV-BSB (Table 1C). 
Spleen foci were not detected in W?/W anaemic mice. 
and only a few foci were seen in We/+ mice, whereas many 
foci were observed in the spleens of W/+ and +/+ mice. 
The difference in susceptibility between W/+ and W*/+ 


Table |. SUSCEPTIBILITY OF CONGENIC MICE OF GENOTYPES We/W, Wr/+, 
Wie AND +/+ TO SFFV 
No. of FFU* 
Genotype injected No. of foci per spleen Mean 
A  Focus-forming efficiency of SFF V-BSBin male (B10 x W B) F, mice 
+/+ 30 9, 20, 24, 31, 35 f, 50 t 28.2 
Wi 30 14, 18, 19, 40 t, 407 26-2 
We/4 30 0,0,0.0,1, 1.2, 3. 6 14 
Wei 30 0,0, 0, 0 Q 
B Focus-forming efficiency of SFF V-B B8 in female (W B = B10) P, mice 
ibt 40 35, 39. 30 377 
Wi 40 20, 38 20-0 
We} + 200 2,3,3,7 33 
Wew 200 0.0 0 
C Focus-forming efficiency of SFF V-BSBin WB and Bid mice 
WB-+/+ 5 3.1,5,6,8 5:2 
WB-W/+ 4 5, 8,16 9-7 
B10-+j+ 8 6,7,8, 11 8-0 
Bi0-We/ + & 0, 0, 0,0 [n 


* Input virus doses are expressed in FFU as titrated in +/+ recipients. 
+ Number of foci were too numerous to count accurately. 
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mice was consistently observed in hybrid mice of both 
reciprocal crosses, as well as in mice of the parental 
strains. Apparently, cells which can be rapidly trans- 
formed by SFF V and develop into spleen foci are present 
in greatly reduced numbers in W*/ and We/W mice, 
particularly the latter. 

To determine if the cells involved in S FF V replication 
also differ from one genotype to another (B10 x WB)F, 
mice of each genotype were infected with SFPV.BB6 
(10 FFU as measured in +/+ recipients). Because earlier 
experiments had shown that both BB6 and BSB strains 
of virus could only be recovered either 7-9 days or several 
weeks after infection, the mice in the present experiment 
were killed 7 days after infection, and their spleens were 
collected and assayed for foeus-forming activity in sus- 
ceptible Ha/ICR Swiss mice. While low levels of virus 
were recovered from +/+, W/+ and Wt/+ mice (1-7. 
40-0 and 3:3 rru/spleen respectively), no SFFF was 
detected in We/W mice. It is not clear why so little virus 
was recovered from +/+ mice, but in spite of this the 
lack of detectable virus in We/W mice suggests that the 
cells involved in SFFV replication do differ from one 
genotype to another. 

Exposure of Swiss mice to 10 per cent O, for 2 days 
before infeetion markedly enhances their susceptibility 
to (Rauscher) SFFV (ref. 17), and so we attempted to 
increase the susceptibility of We/W mice by exposing 
(B10x WB)F, mice to 10 per cent O, in chambers gassed 
with mixtures of N, and O, for 2 or 5 days before inocula- 
tion with SFFV-BSB. Hypoxia did increase the sus- 
ceptibility of +/+ and W/+ mice to SFFV. but W*/+ 
and W+/W mice remained refractory (Table 2). n 
contrast, hypoxia steps up erythrocyte production in 
mice of all four genotypes and sustains it for several 
days". Hypoxia may generate new target cella or 
alter their physiological state in all mice, but a qualitative 
abnormality in the target cells to SF F V may be respon- 
sible for the refractory response of We/+ and W'/W mice. 
Alternatively, haemopoietie stem cells of the latter 
genotypes may tend to bypass the target cell stage, 
whether exposed to hypoxia or not. 


Table 2. EFFECT OF HYPOXIA AND BONE MARROW IMPLANTATION ON THE 


SUSCEPTIBILITY OF (BIO x IV B)F, MICE TO SERV 


No. of foci/spleen in SFP V-infeeted mice 
Pretreated with 

10 per cent 10 percent 84x 105 + 

O,for2days O,forS5days marrow: 


Genotype No pretreatment 


(20 per cent O,) 





rit 9, 20, 24, 31, 37* 50* 40* 
Wit 14, 18, 19, 40* 50*, 50* 29 
We) + 0,1. 1, 3, 5, 7 0,1 1, 2,4 
Wey 0, 0, 0, 0, 0 0,0 0.0 





All groups of mice were inoculated with 25 FFU of a spleen filtrate from 
BSB-infected C57 Bl/Ha mice. 

* Number of foci were too numerous to count accurately. 

+ Marrow was given 29 days before infection so that the recipient spleens 
would have sufficient time to return to their normal appearance and to 
accumulate near-normal numbers of progenitor cells. 


If the unresponsiveness of We/W mice to SF PV were 
the result of a defect in their haemopoietic progenitor cells, 
then implantation of We/W (and W¥/ +) mice with +/+ 
non-anaemie bone marrow should restore susceptibility to 
the virus. We/W and We/+ (BIOx WB)F, mice, with- 


out previous irradiation, were therefore injected mtra- 
venously with 84x 10* congenic +/+ marrow cells 


suspended in Eagle’s medium. Susceptibility to SPF 
was determined 29 days later. As demonstrated by a 
representative spleen shown in the lower part of Fig. I 
and by data in the last column-of Table 2, susceptibility to 
SFFV wat completely restored in We/W mice which had 
received the +/+ bone marrow grafts. Also shown in 
Fig. 1 is a spleen from an infected but non-grafted 
We/W mouse. Marrow grafts also increased the suscepti- 
bility of We/+ mice to SFFV (Table 2. last column). 
This finding, together with Bernstein's radiosensitivity 
study?*, suggests that it may be possible for + id marrow 
cells to populate at least partially haemopoietic tissue of 
unirradiated We/+ recipients. 
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Fig. 1. Spleens from W/W mice 9 days after infection with SFF V- 
BSB (25 FFU as assayed in +/+ hosts). Top, control; bottom, mouse 
given 8 x 10" +/+ bone marrow cells 29 days before SFFV infection. 


The type of genetically controlled resistance to SF FV 
described previously!*:!* has been eliminated in the present 
studies with the use of C57Bl-adapted strains which have 
similar focus-forming efficiencies in both C57 Bl and Swiss 
mice. The type of resistance controlled by the W locus 
is apparently related to the availability and/or susceptibil- 
ity of target cells, since haemopoietic cell grafts from +/+ 
mice confer susceptibility on We/W and We/+ recipients. 

The absolute resistance of W"/W anaemic mice to SF FV 
infection suggests that the target cells, both for trans- 
formation” and for early viral replication, are the same 
primitive haemopoietic cells that are responsible for the 
anaemia of these mice. The difference in susceptibility 
between W/+ and We/+ mice provides additional insight. 
On the one hand, W/+ and Wr/+ mice respond as well 
as normal (+/+) mice to erythropoietin but We/+ 
mice are refractory to SF FIV. so the erythropoietin- 
sensitive cell is probably not the target cell. On 
the other hand, W/+ mice are fully susceptible to 
this virus, but the ability of W/+ and Wr/+ bone 
marrow progenitor (or colony-forming) cells to initiate 
erythropoiesis at transplantation is diminished (unpub- 
lished work ef R. Foster, M. Bennett, D. Metealf and 
G. Cudkowiez). This suggests that the target cell is not 
a marrow stem cell either, but rather a cell between the 
stem cell and the erythropoietin-sensitive cell in the 


differentiating pathway leading to the produetion of 


erythroeytes. Cells of the mouse spleen which are 
thought to be in that early stage of differentiation have 
colony-forming potential but lack the capacity for self- 
replication, and so are called "preeursor" cells rather than 
true "stem" cells?, Experiments to determine the 
numbers of precursor cells in the spleens of W/+ and 
W'/4- mice are now in progress. 
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Inhibition of Bacterial Cell Growth 
by 136 gc Microwaves 


DvRING investigations into the effects of dehydration on 
airborne cells, a millimetre microwave spectrometer, 
built to measure the quantity of water present in airborne 
cells, revealed that microwaves had an effect om cell 
metabolism. We report here some preliminary findings. 

Cells of Escherichia coli B grown in nutrient broth were 
collected by centrifugation, washed twice in 0-85 per cent 
NaCl and resuspended in fresh nutrient broth to a concen- 
tration of 1 x 10* cells/ml. Aliquots of 0:2 ml. were placed 
in small flat-bottomed vials of 1-0 em diameter and the 
vials, either immediately or after set incubation times at 
37° C, were placed on the top of a microwave horn and 
these cells exposed to 136 ge microwaves for periods of 
up to 4 h. The vials were periodically shaken by hand 
and the temperature was kept constant with a cooling 
fan. A small thermocouple was placed in a vial eon- 
taining nutrient broth only after set periods of irradiation 
to record the temperature in the vials. The microwaves 
were produeed by use of a 4 mm Philips DX151 Klystron 
and an FXR harmonie generator, tuned and detected by 
FXR 2 mm microwave components. The power of the 
136 gc microwaves propagated was estimated to be about 
7uW. A full description of the apparatus will be published 
when the eurrent more detailed studies have been com- 
pleted. After set times of exposure, 0*8 ml. of nutrient 
broth was added to the vials, serial ten-fold dilutions 
made, and 0-2 ml. of each dilution plated on nutrient agar. 
Colony counts were made after a 24 h incubation at 37° C. 

The results shown in Table 1 demonstrate that if the 
washed cells were immediately exposed to the micro- 


Table |, EFFECT OF 136 ge MICROWAVES ON THE GROWTH OF Escherichia 


coli B 
Incubation time (min) 
Treatment 0 30 ^u 90 120 150 180 210 240 
Irradiated 125° 21 142 136 124 135 123 134 129 
(lag phase) 
Control 131 136 129 138 204 203 412 506 RIO 
(lag phase) 
Irradiated 142 163 211 251 284 286 2583 281 288 
(log phase) 
Control 126 184 341 341 462 673 995 1,340 1,960 
(log phase) 
Temperature 252 252 254 256 258 257 258 259 258 


CC) 

Cells from a 24 h culture of E. coli B in nutrient broth were washed twice 
in 0:85 per cent NaCl and resuspended in nutrient broth to a concentration 
of 1x 10* cells/ml. These were then immediately exposed to 7 pW 136 ge 
microwaves (irradiated lag phase) or incubated for 90 min before expesure 
(irradiated log phase) and cell counts were made at the appropriate times on 
nutrient agar, 

* Results represent viable cell count/ml. x 10? and are the average of 
three independent experiments. 
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waves, no cell divisions occurred. The radiations, how- 
ever, were not lethal because the cell count showed no 
decrease during 4 h. If the cells were incubated in 
nutrient broth for 90 min before exposure to the radiations, 
inhibition of cell divisions was not immediate, and the 
number of cells/ml. continued to increase until it had 
approximately doubled. A comparison of the two sets 
of data suggests that the microwaves have two effects 
to slow down cell division and to inhibit specifically some 
metabolic process occurring during the early part of the 
life span of a cell. 
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Electrical Engineering, 
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IMMUNOLOGY 


Immunochemical Difference between 
lron-saturated and Unsaturated 
Human Transferrin 


BiNpiNG of metal ions to metalloproteins is known to 
induce changes in the physieal and chemical properties of 
the apoproteins'-*. Metal binding may also modify the 
immunological behaviour of the protein, and recently a 
decreased antigenicity of metal-conalbumin complexes 
has been shown using the light-scattering method*. It 
is not known, however, whether such quantitative modi- 
fications involve part or all of the molecule’s antigenic 
sites. 

The results reported here provide evidence that bind- 
ing of iron brings about a similar change involving only 
a part of the antigenic determinants of human transferrin. 

Purified transferrin (lot No. 1227/34) type C was pro- 
vided by Behringwerke, Marburg, Germany. Its coefficient 
of iron saturation in solution was less than 50 per cent as 
measured by a bathophenanthrolin method". 

Antitransferrin antisera were prepared in rabbits by 
injecting 5 mg of purified transferrin in complete Freund's 
adjuvant into the footpads. Two weeks later the animals 
were given intravenous or subeutaneous injections of 2 mg 
of alum-precipitated purified transferrin on each of 4 days. 





Fig. 1. Ouchterlony plate. In the centre well: rabbit antitransferrin 

serum No. 64. A spur is seen between the precipitin lines of purified 

transferrin (TF) or normal Eu od and haemochromatosis serum 
(HCH). 
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Fig. 2. Ouchterlony plate, In the centre well: rabbit antitransterrin 

serum No. 64, incompletely absorbed with haemochromatosis serum 

Two precipitin lines are revealed in normal human serum (NHS) and 

purified transferrin (TF) but only one precipitin line in haemochroma- 
tosis serum (HCH) 


This series of injections was repeated one to three times at 
intervals of 1 week. The rabbits were bled 10 days after 
the last injection. 

In vivo iron-saturated sera were obtained from forty 
five patients with haemochromatosis (thirty-six idio 
pathie and nine post-transfusal). Healthy blood donors 
provided pools of normal human serum (NHS). Sera from 
two hundred healthy subjects, and sera from ninety-eigh! 
patients with various diseases, were also tested. The iron 
binding capacity of the sera and the coefficient of satura 
tion of transferrin were measured according to the batho 
phenanthrolin method’, 

In vitro saturation of normal serum was performed by 
adding 10 ug of iron (in the form of ferric sulphate, ferrous 
or ferric chloride) to each ml. of serum, or 2-5 pg of iron 
mg of purified transferrin at pH 8-2. Desaturation ot 
iron-saturated transferrin or serum was performed at 
pH 8:2, by incubation for 1 h at 37 C with EDTA in a 
final concentration of 0-15 M. 

All Ouchterlony plates and agar gel immunoeleet ro 
phoresis were performed in veronal buffer, pH 8-2, made 
with demineralized water. Tryptie digestion of the puri- 
fied transferrin was performed at pH 8-2, protein con 
centration 10 mg/ml., for 16-18 h at 37^ C using 2:5 py 
of trypsin (Martinet)/mg protein. The reaction was 
stopped with DFP. In such conditions about 70 per cent 
of the initial protein content remains precipitable by 
5 per cent trichloroacetic acid. 

All thirteen antitransferrin sera prepared in rabbits 
gave a single precipitin line in Ouchterlony plates and 
immunoelectrophoresis when tested against purified trans 
ferrin. Three of these reacted differently with iron 
saturated and unsaturated transferrin: one of them 
(serum No. 64) has been used throughout this work, 
When these three antisera were assayed on Ouchterlony 
plates, the precipitin line obtained with the sera from 
patients with haemochromatosis was not in complete 
identity with the precipitin line of normal human serum 
or purified transferrin. As shown in Fig. 1, à spur occurs 
at the junction of these precipitin lines, suggesting that 
an antigenie determinant of normal transferrin is absent, 
or at least greatly diminished, in the serum of patients 
with haemochromatosis. 

The absorption of the antitransferrin antiserum 64 
with an excess of haemochromatosis serum, as well as 
with normal human serum or purified transferrin, results 
in the total disappearance of its precipitating activity 
against normal transferrin. Absorption experiments with 
increasing amounts of antigen have shown that, on 
Ouchterlony plates, the antitransferrin antiserum No. 64. 
absorbed partially with haemochromatosis serum (0:25 
ml./ml. antiserum), is able to distinguish two preeipitin 
lines in normal transferrin, while only one of these lines 
is revealed in serum from patients with haemochromatosis 
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rabbit antitransterrin 


In the centre well: 
A spur is seen between precipitin lines of unsaturated 
purified transferrin (TF) and in vitro saturated purified transferrin 
(TF + Fe) and also between precipitin lines of haemochromatosis serum 


Fig. 3. 
serum No, 64. 


Ouchterlony plate. 


(HCH) and haemochromatosis serum treated in vitro with EDTA 


(HCH + EDTA). 


(Fig. 2). This suggests that at least two antigenically 
different fractions exist in intact human transferrin, one 
of which is greatly diminished in haemochromatosis serum. 

This was further confirmed by studying the precipita- 
tion curve of the antiserum 64 with haemochrormatosis 
serum. In the supernatants of the precipitates in the 
equivalence zone, both antigen and antibody excess were 
shown by ring tests (using purified transferrin as antigen 
and antitransferrin serum No. 64 as antibody): this 
suggests that several antigen-antibody systems are pre- 
sent. The antigenic heterogeneity of normal transferrin 
may account for the double precipitin lines which we 
observed in Ouchterlony plates with our three selected 
antitransferrin rabbit sera in a few (5 per cent) normal 
human sera and in a number (32 per cent) of sera from 
patients with cirrhosis of the liver. Similar precipitation 
patterns have been previously reported* and are probably 
caused by a relative decrease of one of several antigenic 
determinants, causing a shift of the corresponding pre- 
eipitin line towards the antigen trough. The other line 
remains unchanged, so a pattern of two precipitin lines 
will appear. A more important decrease of one antigenie 
determinant, as observed in haemochromatosis, would be 
responsible for the disappearance of one of the precipitin 
lines, resulting in a reaction of partial identity with 
normal transferrin. 

The immunochemical difference observed between puri- 
fied transferrin or normal serum transferrin, and the 
transferrin in haemochromatosis seems to be related to 
the degree of saturation of this protein with iron for the 
following reasons. (1) The immunochemical peculiarity 
found in haemochromatosis serum is not pathognomonic 
of this disease. It was found in thirty-three out of forty- 
five cases of idiopathic and secondary haemochromatosis, 
in six of forty-three cases of cirrhosis of the liver, in none 
of forty-six other pathological sera and in none of two 
hundred normal human sera. The reaction of partial 
identity was constantly associated with complete satura- 
tion of transferrin with iron. (2) In Ouchterlony plates, 
the spur between precipitin lines of haemochromatosis and 
normal transferrin is not observed when normal hurnan 
serum or purified transferrin have been previously 
saturated in vitro with iron: complete identity is seen in 
Fig. 3 between iron-saturated transferrin and haemo- 
chromatosis transferrin. A spur is, however, observed 
between unsaturated normal serum or purified transferrin 
and iron-saturated transferrin (Fig. 3). (3) The precipitin 
line of transferrin from haemochromatosis serum pre- 
viously treated in vitro with EDTA seems to be in complete 
identity with unsaturated transferrin but not with in 
vitro iron-saturated transferrin, or with untreated haemo- 
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chromatosis serum, as shown in Fig. 3. Purified trans- 
ferrin, previously saturated in vitro with iron, was treated 
with EDTA and re-tested in Ouchterlony plates. In these 
conditions, the spur between its precipitin line and that of 
haemochromatosis serum transferrin could again be seen. 
The immunochemical modifications of transferrin when 
saturated with iron seem therefore to be reversible. 
(4) When either iron (140 ug (SO,);Fe,/ml.) or EDTA 
(0-1 M final) included in the agar gel used for Ouch. 
terlony plates, the &ppearance of spurs was inhibited in 
all of our precipitation systems. 

These facts strongly suggest that the reaction of “partial 
non identity", observed between precipitin lines of iron- 
saturated and unsaturated human transferrin, is directly 
related to the degree of saturation of this protein with 
iron, In the immunodiffusion technique that was used, 
an antigenie determinant of normal transferrin becomes 
non-detectable on addition of iron, and is recovered after 
treatment with a chelating agent. 

The results of our immunochemical observations can 
then be interpreted as follows. Some of our rabbit anti- 
transferrin antisera (and especially serum No. 64) detect 
two components in human transferrin: (a) one com- 
ponent, which is not influenced by binding of iron to the 
protein, is found in both saturated and non-saturated 
transferrin molecules; (b) another component which is 
greatly influenced by iron binding. Attempts were made 
to characterize further the antigenic determinant involved 
in these immunochemical differences between iron- 
saturated and unsaturated transferrin by immuno- 
electrophoretic analysis of tryptie digests of purified 
transferrin. A commercial antitransferrin rabbit anti- 
serum (Behringwerke lot 682 D), a horse antihuman 
serum 223 (Institut. Pasteur), and ten of the thirteen anti- 
transferrin sera did not distinguish iron-saturated and 
unsaturated intact transferrin in double diffusion tests. 
The two fragments described by Kaminski* were, however, 
detected in tryptic digests of human transferrin (Fig. 44). 
In the same digest, a third precipitin line was revealed 
with our rabbit antitransferrin serum No. 64. This was 
characterized by intermediate electrophoretic migration 
as shown in Fig. 4B. 

It is thus possible that the additional antigenic de- 
terminant in tryptie digests is the one which is masked in 
iron-saturated transferrin. In our experiments the addi- 
tion of iron to transferrin before tryptie digestion pre- 
vented the enzyme from splitting: addition to the tryptic 
digest before immunoeleetrophoresis failed to change the 
precipitation patterns. 

The reaction of “partial identity" between human 
transferrin and transferrin from monkeys (.Macacus 
mulatta and Pattas) was not modified by saturation of 
human transferrin with iron. ‘Transferrin phenotypes 
(determined by Dr Fine, CNRS. Paris, using starch gel 
eleetrophoresis) in ten cases of haemochromatosis and in 
normal sera were all of the C type. This strongly suggests 
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Fig. 4. A and B, Immunoelectroplioretie pattern of degraded trans 
ferrin (TF dig.) reacting in A with ordinary antitransferrin rabbit 
serum (AS 61) and in B with antitransferrin serum 64 (AS 64). 
C, Immunoelectrophoretie pattern of intact purified. transferrin (TF) 
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that the antigenic structure of the apoprotein is modified 
on iron binding. Similar modifications of the antigenic 
behaviour of metalloproteins on iron binding have been 
described for conalbumin®. They are comparable with the 
antigenic differences reported by Reichlin et al.!* be- 
tween the oxy and deoxy form of horse haemoglobin. 
Binding of iron to transferrin is associated with changes 
in its physical and chemical properties! ** which may be 
the expression of important changes in its molecular 
structure’. The present investigation strongly suggests 
that reversible immunological modification of transferrin 
on iron binding may involve only part of the antigenic 
determinants of the protein. Such changes could be 
explained by a modification of the quaternary structure of 
the molecule, which might dissociate or hide certain anti- 
genic sites; they might also result from a steric hindrance 
exerted by the metal ions on an antigenic site located at 
or near the metal-binding site. 
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Relative Rates of Synthesis of 
Immunoglobulins and Light Chains 
in Rabbit Spleen Cells during 
Secondary Response 


Lympx node cells of immunized rabbit have been shown 
to produce not only whole molecules of immunoglobulins 
(Ig), but also an excess of L-chains'-*. Other data suggest 
a small pool of light chains with a rapid turnover’. Rabbit 
spleen cells have also been found to synthesize a miero- 
globulin with antigenic determinants of both light and 
heavy chains in vitro? *. 

We have investigated the pattern of synthesis of excess 
L.chains by spleen cells at different times after boosting 
rabbits with horse gamma-globulin (HGG). Spleens were 
removed in sterile conditions and a suspension was pre- 
pared by removing the pulp from the membrane. The 
suspension was diluted with Eagle's medium (10 ml./g of 
spleen wet weight) containing HC.glycine (0:2 wCi/ml.) in 
rectangular flasks (3 ml./flask) and ineubated for 24 hat 
37° C (ref. b). After incubation the contents of several 
flasks was pooled. Cells were destroyed by freezing and 
thawing three times, and the cell debris was removed by 
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Column calibration and distributiva of "C-immunoglobulin 
Distribution of "C. 
, Moxy (1, rabbit 
tyrosine): 


Fig. 1. 
during gel filtration on ‘Sephadex G-75', ~~~, 
immunoglobulin on the fourth day after boosting; 
IzG;: II, bovine haemoglobin; IV, cytochrome e; V, 
mote . Ea (HII, L-chain in dimeric form). 


centrifugation at 11,000g for 15 min. For the subsequent 
fractionation a column of fine ‘Sephadex 6-75" was used; 
this column (1-8 x 95 em equilibrated by 0-05 M tris-HCl- 
buffer in 0-1 M KCl (ref. 6)) was calibrated previously 
with rabbit gamma-G-immunoglobulin, bovine haemo- 
globin, rabbit Ig L-chains (obtained by Fleischman's 
method? and used in the dimerie form in neutral solution), 
cytochrome c (Serva) and tyrosine (Fig. 1, solid line}. To 
separate the free light chains and other fragments from 
whole Ig molecules 10-15 ml. of the supernatant was 
subjected to gel filtration on the column and SUCCESSIVE 
5 ml. fractions were collected. For each fraction "C. 
determined 


antibodies and ™C-non-specific Ig were 
separately. To quantify "C.antibodies we used an 


immunoadsorbent—cellulose-HGG complex*. To determine 
non-specific Ig we used another immunoadsorbent 
cellulose-rabbit Ig complex, saturated with donkey anti- 
bodies to rabbit Ig; such a complex is able to bind 
selectively rabbit Ig and its fragments*. The quantity of 
labelled material, bound by each immunoadsorbent in 
separate fractions, was determined with a Geiger- Müller 
counter. 

Fig. 1 shows that after gel filtration the non-specitic 
immunoglobulins (dashed line) are separated into two 
distinet peaks. The first peak corresponds apparently to 
Ig, with a molecular weight of 160,000 or more. According 
to the distribution coefficient the second peak corresponds 
to a substance with a molecular weight of 40,000. 

The pattern shown in Fig. 1 was observed in all experi- 
ments involving spleens removed on the second, fourth or 
sixth day after boosting, as well as with spleens from non- 
immunized rabbits. 

The ratio of whole Ig molecules to their. fraginents, 
however, ehanges with increasing time after boosting, as 
Table 1 shows. This table summarizes the radioactivity 
of all fractions of whole Ig molecules (first peak) and of 
their fragments (second peak). These values indieate that 
before immunization and in all stages of the immune 
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response the amount of low molecular weight Ig com- 
pounds is about the same (900-2,000 c.p.m./g wet weight 
of spleen), whereas the amount of radioactivity in whole 
Ig molecules inereases sharply after immunization (about 
ten-fold). The ratio of whole Ig molecules to Ig fragments 
therefore seems to be lowest on the fourth day after 
boosting. 

The question arises as to whether the low molecular 
weight Ig fraction contains material of L or H.chains. 
To answer this question, we prepared immunoadsorbents 
which react specifically either with light or with heavy 
chains (complexes of cellulose and L-chain and cellulose 
and H-chain, saturated with corresponding antibodies). 
The low molecular weight. fraction obtained by gel filtra- 
tion was divided into two equal parts. One part was 
treated first with an immunoadsorbent specifie for L. 
chains and then with an immunoadsorbent specifie for 
H-ehains (Table 2, T). The second part was treated in the 
opposite way (Table 2, II). 


Table 1. RELATION BETWEEN FORMATION OF FREE LIGHT CHAINS AND 
SYNTHESIS OF OTHER IMMUNOGLOBULINS 
Ratio of C- 
UC- Activity (c.p.m./g wet weight spieen) activity of 
free light 
Days Ig with molecular chains to that 
after weight 160,000 Tg fragments of the Ig with 
boosting (free light chains) molecular 
Antibodies Non- weight 
(antt-HGG) specific Ig Total Ig 160,000 
(per cent) 
0 (control) _ 2,370 2,370 910 33 
=r 5,970 5,970 3895 15 
2 120 3,230 3,350 1,220 36 
110 5,800 5,910 2,250 38 
4 2,430 19,920 22,350 1,590 7 
15,210 43.430 58,640 1,070 rs 
6 1,200 3,590 4,790 885 18-6 
2,080 3,060 10,140 1,700 16-7 


Table 2. IDENTIFICATION OF ANTIGENIC PROPERTIES OF LOW MOLECULAR 


WEIGHT FRAGMENT 


Sample lümunoadsorbents used for HC-Activity (c.p.m.) 
of the absorption of labelled material Days after boosting 
supernatant (in sequence) 2 4 
I Cell-——L : anti—L 713 108 
Cell—L : anti—L 110 3 
Cell—H : anti—H 27 0 
H Cell—H ; anti H 26 11 
Cell —H : anti = H 28 1 
Cells L : antis L 668 59 


Most material with a molecular weight of 40,000 possessed 
antigenic determinants of L-chains (Table 2). Because 
the L-chains have a molecular weight of 20,000-25,000 
this fragment seems to be a dimer consisting of L-chains, 
possibly formed during treatment of spleen cells. It is, 
however, also possible that dimers of L-ehains are formed 
directly during the synthesis of Ig molecules. Our data 
show that the spleen cell suspension incubated in vitro 
synthesizes a large excess of free L-chains reaching 15-40 
per cent of the total labelled immunoglobulin. Immuniza- 
tion sharply inereases the synthesis of whole immuno- 
globulin molecules and hardly affects the quantity of free 
L-chains. 

From the rate of incorporation of carbon-14, the 
molecular weights and the ratio of the L to H-chains in 
an immunoglobulin molecule, the total L and H-chains 
synthesized can easily be calculated. It has been found 
that in a non-immunized animal two L-chains are formed 
for each H-chain (molar ratio H/L — 0-6). After immuniza- 
tion one L-chain is formed for each H-chain (molar ratio 
H/L= 0-9). 

The appearance of free L-chains could be the result of 
at least two mechanisms. (1) L-chain formation! is a more 
intense one than that of the H-chains, or both processes 
take place non-synchronously. (2) Some L-chains form 
dimers and so do not participate in the assembly of 
immunoglobulin molecules. 

The long period of incubation (24 h) suggests that free 
labelled L-chains are formed partly as a result of the 
destruction of whole labelled immunoglobulin molecules 
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by enzymes released during autolysis of some of the cells. 
We thank Dr G. I. Drizlikh for his help. 
V. T. Skvorrsov 
A. E. GURVICH 
Gamaleya Institute for 
Microbiology and Epidemiology, 
Moseow, USSR. 
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Isoantigenic Specificity of Rabbit 
Anti-mouse Lymphocyte Sera: 
Properties in vitro and in vivo of 
their F(ab)2 Fragments 


ANTISERA from rabbits immunized with mouse tissues 
contain antibodies whieh deteet mouse isoantigenie dif- 
ferenees, in addition to the anti-species antibodies!. I 
and my colleagues have shown that the Fab’ and F(ab’)? 
fragments of mouse isoantibodies block the effect of whole 
antibody in vitro, and enhance the C57Bl leukaemia 
E.L.4 in vivo**. Similar results have been obtained with 
rabbit isoantibodies!. It is therefore possible that the 
F(ab’)2 fragments of rabbit anti-mouse antibodies could 
have blocking activity on mouse isoantisera, and, further- 
more, they may be able to induce enhancement of tumour 
growth in mice. I describe here the effects in vitro and in 
vivo of F(ab’)2 fragments of specifie rabbit anti-mouse 
lymphocyte sera. 

Rabbit anti-mouse lymphocyte sera (RAMLS) were 
produced by three intravenous injections at weekly 
intervals of a suspension of lymph node cells from either 
A strain or C57Bl strain mice, each injection containing 
approximately 5x 107 lymphocytes. The animals were 
bled 1 week later. IgG was prepared from these sera by 
chromatography on DEAE-cellulose, using a tris-HCl 
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Fig. 1. Blocking of mouse isoantisera by F(ab^)2 fragments ot specific 
RAMLS. Dilutions cf antiserum are plotted on the horizontal axis 
and percentage inhibition on the vertical axis. (@) C57Bl lympho- 
cytes, blocked with rabbit anti-C57 Bl F(ab')9, tested against Balb/C 
anti-C57Bl; (A) C57Bl lymphocytes, blocked with rabbit anti-A 
F(ab’)2, tested against Balb/C anti-C57 Bl; (C) A lymphocytes, blocked 
with rabbit anti-A F(ab’)2, tested against C5? Bl anti-A: ( Wo A lympho- 
cytes, blocked with rabbit anti-C57Hi F(ab’)2, tested against C57 Bi 

anti-A. 
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buffer, pH 8-0, 0-01 M, and digested with pepsin by the 
method of Nisonoff*. Cytotoxic tests were carried out as 
described by Gorer and O'Gorman?, using guinea-pig 
complement. The titre was expressed as the 50 per cent 
endpoint. 

The rabbit anti-C57 BI serum had a titre of 1: 1,024 
against C57 Bl lymphocytes, and 1 ; 256 against A lympho- 
cytes; the rabbit anti-A serum had a titre of 1,512 
against A lymphocytes, and 1 ; 64 against C57 BI lympho- 
cytes. The anti-A and the anti-C57 BI F(ab')2 preparations 
had virtually no cytotoxic effect. They would, however. 
block the effect of both undigested RAMLS and mouse iso- 
antisera. The target cells were treated with F(ab’)2 
preparation in a proportion of 1 mg of protein to 10° 
cells, and washed once before use in a conventional 
cytotoxic test. Fig. 1 shows the effect of this pretreat- 
ment on the eytotoxie action of isoantisera. The F(ab^)2 
fragments of specifie RAMLS (that is, RAMLS directed 
against lymphocytes of a partieular isoantigenie specificity) 
will block the action of isoantiserum of the same specificity, 
while the fragments from non-specifie RAMLS have vir- 
tually no effect. Figs. 2 and 3 show the effect on the action 
of undigested IgG from RAMLS. The blocking effect is 
greatest when both the IgG and the F(ab’)2 are specific 
for the target. cells, and least when the IgG is specific for 
the cells while the F(ab’)2 preparation is not. When the 
IgG is not specific for the target cells, the blocking effect 
of the F(ab’)2 preparations is intermediate. 

The effect of the F(ab’)2 preparations from both anti-A 
and anti-057 Bl RAMLS on the subeutaneous growth of 
5 x 105 E.L.4 cells in Balb/C male mice was tested, Growth 
was assessed by daily measurement of the resulting 
tumours in two horizontal planes. The cells were either 
mixed with the preparation before injection (2 mg/l0* 
cells), or the preparation was inoculated intraperitoneally 
(0-25 mg, 30 min before and 2, 5 and 7 days after the sub- 
cutaneous injection). In no case was there any significant 
differenee in growth rate between control and treated 
animals. 

The powerful blocking action of the specific RAMLS 
F(ab’)2 preparations on the effects of isoantisera in vitro 
shows that there is a good “fit” between the combining 
sites of the specific rabbit antibody and the mouse iso- 
antigenie receptors. The effect is almost completely 
specific (Fig. 1), and so the isoantigenic receptor must be 
physically separated from the species antigenic receptor 
by at least the dimensions of the antibody combining site. 

The tests in vivo were performed in the expectation 
that enhancement would be produced. as already shown 
with non-complement-fixing fragments of isoantibodies??. 
This expectation was not confirmed. If enhancement is 
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Fig. 2. The blocking of specific RAMLS by F(ab’)2 fragments of specific 
RAMLS. Dilutions of antiserum are plotted on the horizontal axis and 
percentage inhibition on the vertical axis. (€) C57BI lymphocytes. 
blocked with anti-O57 Bl F(ab')2, tested against anti-C57Bl; (WD C57BI 
lymphocytes, blocked with anti-A F(ab')2, tested against anti-C57 Bl; 
(A) A lymphocytes, blocked with anti-C57 Bl F(ab‘)2, tested against anti- 
CSTB (C) A lymphocytes. blocked mith anti-A F(ab’)2, tested against 
anti-C57 Bl. 
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Fig. 3. The blocking of specific RAMLS by F(ab)2 fragments of 
specific RAMLS. Dilutions of antiserum are plotted on the horizontal 
axis and percentage inhibition on the vertical axis. (@) A lymphocytes. 
blocked with anti-A F(ab’)2. tested against anti-A; (ll) A lymphocytes. 
blocked with anti-C57Bl F(ab')2, tested against anti-A; (0/0 C57Bi 
lymphocytes, blocked with anti-Co7Bl F(ab')2, tested against anti-A; 
(A) C57Bl lymphocytes. blocked with anti-A F(ab’)2, tested against 
anti-A. 





a result of blocking of isoantigenic receptors by antibody, 
it would appear that hetero-antibodies are not efficient 
in this respect, even when they have isoantigenic speci- 
ficity. This may be because they themselves excite an 
immune response by the host. Alternatively, the failure 
to produce enhancement may be explained by quantitative 
factors. Enhancement has been reported with rabbit 
antibodies to mouse tissue’, but because whole antibody 
was used in these experiments it is difficult to exclude an 
immunosuppressive, anti-lymphocytic effect of the serum. 
Our results agree with those of other workers? in showing 
that F(ab’)2 fragments of anti-lymphocyte serum have 
no immunosuppressive effect. 

I was in receipt of a Medical Research Council fellow- 
ship during this investigation. 
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Bursa of Fabricius and 
Immunological Tolerance 


TRANSIENT and nonspecific suppression of antibody 
production can be induced in chickens by neonatal 
removal of the bursa of Fabricius’. The role of the bursa 
in the initiation and maintenance of specific immunological 
tolerance (paralysis, unresponsiveness)?, and the character- 
istic features of tolerant bursaless birds, however, have not 
been investigated. This report concerns the antibody 
response of unoperated and bursectomized chickens 
injeeted early in life with large amounts of bovine gamma 
globulin (BGG) and later challenged with the same or an 
unrelated antigen. 

We used only Rhode Island Reds. A group of neonatally 
bursectomized and a group of unoperated birds were 
treated with BGG; each chicken received 150 mg of BGG 
intraperitoneally on days 1, 7, 14 and 21 after hatching. 
Additional groups of bursaless and intact chickens were 
injected with saline alone. All birds were challenged when 
28, 50 and 85 days old by intraperitoneal injections of 
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Table 1. ANTIBODY PRODUCTION OF INTACT AND BURSALESS TOLERANT CHICKENS CHALLENGED WITH 40 MG OF BGG/KG BODY WEIGHT 
" Primary response Secondary response Tertiary response 
Group 5 days 8 days 12 days 5 days 8 days 12 days 5 days 8 days 13 days 
intact controls 50 + 25 M 3 0 108 + 20 115 + 24-8 17413 413 + 23 78 € 11 23475 
(8/8) (8/8) (0/8) (8/8) (8/8) (5/8) (6/6) (6/6) (6/8) 
Bursaless controls 13 +28 13+32-9 3414 264 35-9 7 +85 34430 21+10 64+ 68 31 290 
oa (5/21) (5/21) (1/21) (9/20) (17/20) (13/20) (9/19) (16/18) (16/18) 
Intact treated with BGG 0 0 0 0 0 0 364226 49429 17t15 
. (0/10) (0/10) (0/10) (0/9) (0/9) (0/9) (9/9) (9/9) (6/9) 
Bursaless treated with BOG 0 0 0 0 0 0 10417 26426 27 +18 
(0/18) (0/18) (0/18) (0/17) (0/17) (0/17) (6/15) (0/15) (14/15) 


Gn parentheses, nominator, No. of chickens with antibody; denominator, No, of chickens in group.) 


Statistical analysis based on mean antibody nitrogen values at 8 days 


Groups compared 
Intact chickens treated with BUG against intact controls 
Bursaless controls against intact controls 
Bursaless chickens treated with BGG against intact controls 
intact chickens treated with BGG against bursaless controls 
Bursaless chickens treated with BGG against bursaless controls 


Bursaless chickens treated with BUG against intact chickens treated with BGG 


Antibody production is expressed as ag of AbN/ml, + S.D. 


40 ing of BGG/kg of body weight. Certain birds were 
challenged and tested with human serum albumin (HSA) 
to check the specificity of tolerance. All chickens were 
bled 5, 8 and 12 days after each challenge, the sera were 
separated and the amount of antibody nitrogen was 
determined by a quantitative precipitin technique*. A 
final saline concentration of 8 per cent was used for all 
estimations. The mixture of antiserum and antigen (in 
slight excess of that needed to precipitate all the antibody) 
was incubated at 37° € for 3 h, and then at 4° C for 
18-20 h. Precipitates were separated by centrifugation. 
washed once in cold saline, and analysed by a standard 
biuret method*. The mean antibody nitrogen values of 
different groups were compared by the Student-Fisher 
test. At the end of the experiment the completeness of 
burseetomy was controlled gro sly and histologically. 
The thymus, spleen, caecal tonsil and gut of all chickens 
were stained and used for comparative histological study. 

Large doses of BGG given to unoperated and bursecto- 
mized chickens soon after birth induced immuno- 
logical tolerance (Table 1j. This state of tolerance was 
specific, as shown by the ability of birds tolerant to BGG 
to respond to HSA: a few bursaless birds produced 
anti-HSA (11+ 19 ug of Ab N/ml.) after the first challenge, 
while almost all ehiekens produced anti-HSA (42-56 
ug of Ab N/ml.) after the second injection of HSA. The 
suppression of anti-BGG formation was transitory and 
lasted the same time in both intact and bursaless birds. 
The specifie antibody appeared after the third challenge 
with BGG. There was, however, a quantitative difference 
with respect to the capacity to produce anti-BGG between 
intact and bursaless birds, whether or not they had been 
pretreated with suppressive doses of antigen. Statistical 
analysis of antibody response of chiekens from different 
groups is shown in Table ]. The principal histological 
finding in chickens after abrogation of tolerance was the 
proliferation of pyronin-positive cells (plasma cells) 
particularly in the spleen and caecal tonsil. 

It has been shown that the degree of suppression of 
antibody formation in chickens is proportional to the 
amount of antigen injected at hatching and to the reten- 
tion of antigen in the body*. Regardless of whether the 
acting mechanism in immunological paralvsis* is the 
absorption of produced antibody by the persisting antigen 
and the impairment of antibody formation or both, the 
tolerant state seems to be determined by the number of 
immunologieally competent cells and their precursors’. 
Tn this connexion, it should be emphasized that bursecto- 
mized birds developed a higher degree of tolerance 
because of the neonatal ablation of the bursa, which 
causes a depletion of plasmacellular elements* and 
consequently an inferior cellular basis for antibody 
produetion. So far, bursal cells have not been shown to be 
directly involved in antibody formation*: 9, and the evid- 
ence presented here suggests that the bursa is not a decisive 
organ for the establishment of immunological tolerance 
and for recovery from it. If the tolerance is dependent 
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on the pool of recirculating lymphocytes“, then most 
probably the bursal lymphocytes contribute little to 
that, for most of the small lymphocyte population. is 
thymus-dependent??, 
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inactivation of Thymus Cells after 
Multiple Injections of Antigen 


CELLS from a thymus graft are capable of proliferating 
in response to certain antigenic stimuli but are apparently 
incapable of producing antibody}, and it has been sug- 
gested that these cells, here referred to as reactor cells, 
have an important role in initiating immune responses?, 
In à study of this role we posed the question of whether 
they would continue to respond after heavy doses of 
antigen. 

CBA/H male mice were thymectomized as adults and, 
after 850 r. total body irradiation and injection of syn- 
geneic bone marrow, they were reconstituted with a 
CBA/H-T6T6 thymus graft. Two experiments were 
attempted; in one the graft was implanted immediately 
after irradiation and in the other it was delayed for 20 
days. In both experiments 1 x 10? washed sheep red blood 
cells. were intraperitoneally injeeted daily for the first 
5 days after graft implantation and thereafter 5x10 
cells were given once or twice a week for 3 wecks. By 
administering these large amounts of antigen during the 
period in which the development of immunological res- 
ponsiveness oecurs under the influence of the thymus, we 
hoped to affect in a specifie manner the capacity to respond 
to sheep red hlood cells. 
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Table 1. RESPONSE OF CELLS DERIVED FROM THE THYMUS OF RECONSTITUTED 
CBA|H MICE CARRYING A CBA/H-T67T6 THYMUS GRAFT TO SHEEP RED BLOOD 
CELLS (SRBC), HUMAN RED BLOOD CELLS (HRBC) OR OXAZOLONE FOLLOWING 
PRETREATMENT WITH MULTIPLE INJECTIONS OF SRBC, APPROPRIATE NON- 
PRETREATED AND UNINJECTED MICE ARE INCLUDED AS CONTROLS 


Percent- 

No. of age of ‘Total 

Organ organs Pretreat- Antigen thymus- No, of 
examined ment derived cells 

cells — scored 

Axillary lymph node 8 - — 18:2 29 
(response determ- 14 + — 25:0 4 
ined 3 days after 16 -= SRBC 60-1 702 
contact with anti- 22 + SRBC 31-0 42 
gen) 8 - HRBC 00:5 103 
14 - HRBC 0 3 

12 =- Oxazolone TTT 579 
bl E Oxazolone 68-7 371 

Spleen T - — r2 320 
(response determ- 5 + - 0.9 113 
ined 2 days after 2 - SRBC 18-1 188 
contact with anti- 7 + SRBC 3:1 353 
gen) 2 — HRBC 13:6 81 

7 + HRBC 1-7 177 


Thirty days after grafting, all the mice were titrated for 
anti-sheep red cell antibodies in saline and most of them 
were then given a further, challenging injection of sheep 
red cells. The remaining mice were injected with human 
red blood cells or saline or painted on the forepaws with 
oxazolone. A cytological analysis! was performed on the 
spleens of some of the mice which had received their 
challenging injection in the peritoneal cavity and on the 
draining lymph nodes of some mice which were given 
antigen in or on the forepaws. 

The 30 day agglutinin titres varied considerably, some 
mice showing no detectable antibody, others having high 
titres (log, 12). The remaining mice were in between 
these two extremes. After the challenging injection of 
antigen all mice had produced some anti-sheep red cell 
antibody. It could not be said that complete immuno- 
logical paralysis to sheep red cells had been induced by 
the heavy injections of antigen, but there was a degree of 
incapacity in some mice. The cytological analysis, how- 
ever, gave clear cut results (Table 1). No significant 
response of cells derived from the thymus was seen in 
either the lymph nodes or spleen of mice challenged with 
sheep red cells (compare controls in Table 1). Neither was 
any response to human red blood cells detected in the 
spleens or lymph nodes of comparable animals. In con- 
trast. a normal response was evoked to oxazolone in terms 
of thymus-derived cells. 

These preliminary findings suggest that the activity of 
reactor cells is abrogated by prior contact with antigen, 
and that these cells have a certain degree of specificity. 
It is interesting to note that, whether or not the animals 
were producing antibody, inactivation of the reactor cells 
was apparent. If, as has been suggested, reactor cells 
have a part to play in initiating immune responses, their 
inaetivity following multiple injections of antigen is of 
significance in relation to immunological tolerance. 
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of the US Public Health Service. 
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CYTOLOGY 


Effect of Single Gene Substitution on 
the Melanocyte System of the C57BI 
Mouse: Quantitative and Qualitative 
Histology 


On theoretical grounds, "racial" colour differences could 
be caused by a variety of factors (differences in the 
number of melanocytes, in melanin content, in melanosome 
morphology, in tyrosinase activity, and so on). It is 
known?-* that colour differences in the guinea-pig and in 
man are not a consequence of any difference in the number 
of melanocytes. In these species, the inheritance of colour 
differences is more complicated than in the C57 mouse, 
where, for example, a single gene substitution at the D 
locus produces dramatic colour differences’. The C57Bl 
mouse (-DD-) is black, whereas the DBL mouse ( -dd-) 18 
dilute brown. It is not known, however, whether this 
gene substitution affects only the quality and quantity 
of pigment produced or is manifested by a reduction in 
the number of melanocytes. Furthermore, no thorough 
comparative study of the melanocyte system in the DBL 
strain, assessing melanocyte morphology in various body 
regions and thus determining possible effects of the tissue 
environment on the morphology of DBL melanocytes, has 
been carried out. Markert and Silvers reported* that 
melanoblast differentiation in the “dilute” genotype 18 
determined by factors intrinsic to melanoblasts, yet they 
later showed that. in certain cases (in transplants to the 
anterior chamber of the eye), the tissue environment also 
strongly influences the morphology of melanocytes’. 

We have therefore made a qualitative and quantitative 
histological study of the melanocyte system of the epider- 
mis and dermis from the following body regions in C57 
and DBL strains: tail, sole, palm, ear and scrotum. The 
skin was split with 2 N NaBr and subsequently treated 
with DOPA (ref. 2). The number of melanocytes was 
estimated on each mm? of the skin surface. Stained and 
unstained serial sections of the skin of the tail were also 
examined, 

It was found that the two strains did not differ consis- 
tently in the frequeney of epidermal melanocytes (Table 
1), nor did the sexes differ from each other in this respect. 
The number of dermal melanocytes was also estimated 
(Table 1) although this count is less reliable than that of 
the epidermis, because the dermal melanoeyte system 1 
less easy to observe microscopically than the epidermal 
system. There were, however. marked differences in the 
morphology of melanocytes between the two strains 
(Figs. 1 and 2). The DBL melanocytes were usually larger, 
with melanin-congested perikarya. They also had fewer 
and shorter dendrites than the C@57Bl melanocytes. 





DOPA and 


Epidermal whole mount, 
Melanocytes with elongate, oval shaped. perikarya and 


Fig. 1. Tail of C57 mouse, 
paracarmine, 


long dendrites. (» e. 1,000.) 
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Table 1, DISTRIBUTION OF MELANOCYTES 
Genotype 
Epidermal Dermal 

Region DBL C57BL DBL C57BL 
Posterior tail 590 + 170 590 + 65 595 + 90 375 € 30 
Anterior tail 360 + 100 530+ 85 460 * 40 345 + 25 
Left sole 195 + 65 115 * 30 330 +85 350 + 80 
Right sole 190 + 65 110+30 360+100 3004125 
Left ear (dorsal) 185 + 100 220 * 100 535 +85 570 +120 
Right ear (dorsal) — 2063 100 130 + 40 510* 75 655 + 125 


The table shows the average number of melanocytes/mm! of skin surface 
+S.£. mean, Four individuals of each strain were used. 
* Mean of three individuals, 


Similar observations were also made by Markert and 
Silvers*, 

Although there was regional variation in melanocyte 
morphology within a given strain, the melanocytes of the 
two strains could always be distinguished on the basis of 
differences in cell size, congestion of perikarya, or number 
and shape of dendrites. It was also found that there was 
much less melanin in the Malpighian cells of the DBL strain 
than in those of the C57BI line, and this reduction was 
manifested by a decreased number of pigmented cells in 
DBL and a smaller degree of pigmentation in those 
Malpighian cells which were melanized. Furthermore, 
the melanocytes of the DBL strain were usually quite 
visible in control sections not treated with DOPA, whereas 
the melanocytes of the 057Bl strain were far less distin- 
guishable in such preparations. The latter were visible 
in sections treated with DOPA. 

These findings suggest that the dilute coloration of 
the DBL mouse, in comparison with the solid black colour 
of the C57 Bl mouse, is not caused by a difference in the 
number of melanocytes. The most obvious cause is the 
apparent inability of the DBL melanocytes to donate 
melanin granules to the same number of Malpighian cells 
as do C57Bl melanocytes. Furthermore, when there is 
pigment donation in the DBL mouse, the amount of 
pigment donated is less than in the C57BI mouse. This 
partial failure of the eytocrine process causes accumula- 
tion of melanin granules within the melanocytes of DBL 
mice, which explains their visibility even in sections not 
treated with DOPA. (C57Bl melanocytes, on the other 
hand, having an effective cytocrine system and thus 
donating what melanin they produce to Malpighian cells, 
are usually not more pigmented than the Malpighian 
cells in their domain, and will only stand out from them 
when treated with DOPA. 

We have also found that the morphology of DBL and 
C57Bl melanocytes is autonomously determined: a 
DBL melanocyte is always DBL, regardless of the tissue 
environment (for example, dermis against epidermis), 
and can always be distinguished from a C57 Bl melanocyte. 
Within this framework, however, there is some morpho- 
logical variation in melanocytes from site to site. 





DOPA and 
paracarmine. Melanocytes are larger and more pigment-engorged than 


Fig. 2. Tail of DBL mouse. Epidermal whole mount. 


those in Fig, 1. Only a few short dendrites can be seen. (x e. 1.000.) 
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In conclusion, we found that a single gene substitution 
in mice (dd for DD) does not alter the melanocyte number 
but does alter the cytocrine activity of melanocytes in 
the epidermis and causes morphological changes in the 
epidermal and dermal melanocytes. 
The research was supported by a student research grant 
from the US National Science Foundation and by a US 
Public Health Service research grant, National Cancer 
Institute, and a career development award. 
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Effects of Catecholamines on 
Rat Mesentery Mast Cells 


THERE have been reports of results which suggest in vivo 
or in vitro release of histamine caused by adrenaline or 
noradrenaline in the rat? and other species*-*, but 
these reports are not wholly accepted as conclusive 
evidence??. As well as amine release, degranulation of 
mast cells is one of the activities of most histamine 
releasers active on rat tissues. This communication 
presents the results of a study of the effects of catechol- 
amines on the morphology of the rat mesentery mast 
cells, undertaken to provide further information about 
the effect of catecholamines on a histamine storage site 
in the mesentery. 

Fragments of freshly excised rat mesentery were 
incubated with /-adrenaline or other catecholamines under 
air. at 37° C in Krebs-Ringer phosphate buffer, pH 7-4. 
After 20 min, the tissues were removed, fixed and stained 
in a solution of toluidine blue, acetie acid and formalde- 
hyde* and mounted for microscopic examination. Fig. la 
shows the rat mesentery mast cells after treatment with 
a maximally effective concentration of Jl-adrenaline: 
the observed morphological alterations involved the 
appearance of a localized area of protrusion filled with 
granules, usually showing evidence of a limited shedding 
of granular material. Other changes which were also 
found, although to a significantly lesser extent, in controls 
ineubated without adrenaline included the appearance of 
regions of the cell with none or few granules, cellular 
swelling and the presence of small amounts of loose granu- 
lar material at the periphery of the cell. For purposes of 
comparison, Figs. 1b and c show a mast cell exposed to 
compound 48/80, a powerful synthetic histamine releaser 
and a typical unchanged mast cell, respectively. The 
apparently non-localized, **explosive"5 mast cell degranu- 
lation eaused by this compound is different from the 
less generalized response evoked by l-adrenaline. This 
difference is probably one of degree; higher microscopic 
resolution may aid in elucidating this point. 
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Fig. 1. Microscopic appearance of rat mesentery mast cells after treatment in vitro with a, 0-5 ug/ml. of l-adrenaline, and b. 20 ug/ml. of 48/80. 
c, Untreated control, 
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Fig. 2. Percentage of rat mesentery mast cells showing morphological 
alterations after incubation with different concentrations of l-adrenaline 
(O—O©) or with buffer ( 8). 


The effect of increasing concentrations of l-adrenaline 
on the number of mesentery mast cells showing morpho- 
logical alterations compared with the respective control 
is shown in Fig. 2. Each value represents the average 
of five experiments, performed with the mesentery of a 
different animal; between 800 and 1,000 cells were 
counted in each experiment.  Statistically significant 
differences between control and treated samples, P < 0-05, 
calculated by Student's t test on paired samples, were 
found when /-adrenaline was used at concentrations rang- 
ing from 0-005 to 50 ug/ml. Lower concentrations and a 
ten-fold greater concentration of the amine (500 ug/ml.) 
apparently did not produee a signifieant number of 
altered mast. cells. 

l-Noradrenaline was as potent as /-adrenaline in causing 
changes in the mast cell (Fig. 3); isoproterenol, on the 
other hand, proved to be inactive. This finding suggested 
that only catecholamines capable of acting on alpha, 
rather than on beta, adrenergic receptors may affect the 
rat mesentery mast cell. Support for this hypothesis was 
provided by results, shown in Table 1, which suggest 


Table 1. EFFECT OF a AND / SYMPATHOLYTIC DRUGS ON THE ACTION OF 


LADRENALINE ON RAT MESENTERY MAST CELLS in vitro 


Additions to medium Percentage of altered mast cells 


23 + 2 (36) 


l-Adrenaline (0-5 pg/ml.) 4622 (36) P-0001 
a-Sympatholytics 

Phentolamine (5 ug/ml.) 2022 (5) p.940 
Phentolamine + adrenaline 21+2 (5) x 
Dibenamine (5 pg/ml.) 2324 (0 p.010 
Dibenamine + adrenaline 4 (6) 
Tolazoline (5 ug/ml.) 1 (90 proto 
Tolazoline + adrenaline 2 (6) 





B-Sympatholytics 


ranolo! (5 pg/ml.) 25:2 (3 p.9.95 
Propranolol + adrenaline 52*3 (3) Y 
Dichloroisoproterenol (DCI) (5 jg ml.) 27*4 (4) P «0-01 
DCI + adrenaline 45+2 (6) 

Inhibitors were added 5 min before (-adrenaline. Figures in parentheses 


are the number of experiments performed. 


that alpha sympatholytic drugs blocked the action of 
l-epinephrine on the mast cell, while beta sympatholytic 
agents failed to do so. 

We have recently shown? that a statistically significant, 
yet very small fraction amounting to 8-10 per cent of the 
histamine of the rat isolated diaphragm is released after 
incubation for 20 min with a maximally effective concen- 
tration of 0-5 ug/ml. of l-adrenaline. In identical condi- 
tions of incubation, 20 ug/ml. of compound 48/80 released 
40-50 per cent of the histamine of the tissue. The lower 
efficiency of l-adrenaline as a histamine releasing agent 
apparently parallels its more discrete effect on the morpho- 
logy of rat mesentery mast cells. 

It has been suggested that histamine and mast cells 
occur preferentially near the vascular supply of the 
connective tissue of nerves rich in adrenergic fibres!*, 
Our results, by showing that catecholamine mediators 
of the sympathetic system ean affect rat mesentery mast 
cells in rather low concentrations, would make an investiga- 
tion of any relationship between adrenergic activity and 
the secretory response of these mast cells worthwhile. 
Preliminary data obtained in our laboratory" indicate 
that there may be such a relationship in vivo, for altera- 
tions in mesentery mast cells, similar to those described 
here, were detected in rats after either stimulation of the 
splanchnic nerve for 2 min with 5 (5 V) stimulations/s, 
or the administration of 4 mg/kg of tyramine. This 
treatment is considered’? to lead to the release of endo- 
genous catecholamines. 


"d mast cells 





C A NA 

Fig. 3. Percentage of rat mesentery mast cells showing morphological 

alterations after incubation with buffer (C), l-adrenaline (4), /-nor- 

adrenaline (NA) or Isoproterenol (INE). ‘The concentration of cate- 
cholamine was 0°5 pg/ml. 
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BIOLOGY 


Nuclear Transplants between 
Normal and Mutant Amoebae 


NITROSAMINES and nitrosamides are recognized as potent 
carcinogens? and  mutagens?. N-Methyl-N-nitroso 
urethane has produced viable mutations of Amoeba 
proteus’ and we describe a mutant called "Pale", which is 
twelve months old and has passed through 70-100 genera- 
tions. Its cell cycle occupies 5 days compared with 2-2-25 
days for the parent X65 strain of A. proteus. Both X65 
and Pale amoebae are mass cultured using Tetrahymena 
as a food organism. The Pale mutant, unlike the parent, 
has few cytoplasmic crystals, These are square thin plate- 
lets generally 5--10u long and strongly birefringent between 
crossed polaroid filters. Strain X65 amoebae, and other 
strains of A. proteus’, have many non-birefringent bi- 
pyramidal crystals which give the cytoplasm its darker 
granular appearance. Occasionally X65 A. proteus has 
a few birefringent crystals in the cytoplasm. 

The difference between Pale and X65 amoebae is easily 
seen in a solid watch glass at a magnification of twenty. 
The diffieulty of seeing the Pale mutant is the chief 
hazard in its culture. The mutant nucleus tends to be 
larger and more irregular in shape than that of the parent 
strain. 

The expression of the mutant condition seems to 
depend on nutritional factors. In wheat culture the 
mutant reverts in 3-5 weeks to a form with bipyramidal 
crystals and few birefringent crystals. When it is returned 
to Tetrahymena culture it again shows the Pale character- 
isties. 

Previous work* on the role of the nucleus in controlling 
expression of eytoplasmie characters has involved assess- 
ments of size and shape which are not well defined. We 
have carried out nuclear transfer experiments between 
the mutant and the parent X65 strain. Our results are 


unequivocal and depend on the presence or absence of 


birefringent crystals in the eytoplasm. Ten tf&nsfers have 
been carried out each way on two separate occasions. 
Pale cytoplasm with an X65 nucleus loses most of the 
birefringent crystals and accumulates bipyramidal non- 
birefringent crystals over a period of 3-6 weeks. This 
involves between six and eight cell cycles, but even after 
thirty or more generations there may still be a few 
birefringent crystals in the cytoplasm. Normal X65 cyto- 
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plasm with a Pale mutant nucleus acquires birefringent 
erystals and loses the dark bipyramidal crystals in 
four to six cell eycles during a period of 3-5 weeks. The 
48-64 h cycle of the X65 strain is lengthened to a 5 day 
cycle by the mutant nucleus. The differences in nuclear 
size and shape are not changed significantly by the foreign 
cytoplasm. 

To eliminate the possibility that cytoplasm might be 
carried over during the transfer operation introducing 
new crystal nuclei which could initiate the formation of 
birefringent crystals, we have done twenty more transfers. 
Mutant nuclei were transferred to X65 cytoplasm for 4 h 
and then transferred again to fresh X65 cytoplasm. This 
washing procedure did not slow the appearance of the 
mutant crystals in the final hybrid. 

Amoeba dubia has birefringent crystals whieh are 
larger and thicker than those of the 4. proteus Pale mutant. 
So far transfers of A. dubia nuclei into mutant evtoplasm 
have been unsuccessful. 

Our results show direct action of the nucleus in control- 
ling expression of a cytoplasmic character and in controlling 
the length of the cell cycle. We do not know what causes 
the change in crystalline character. It might be the result 
of a new metabolie pathway or of a protein affecting the 
mode of crystallization. We do not know whether the 
two types of erystals are chemically identical. 
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Periodicity in Plumeria 


MunasHiGE! has reported experiments in Hawaii which 
show that Plumeria acuminata, a plant native to tropical 
America. exhibits a deciduous habit which is controlled by 
day length. Day length in Hawaii varies from about 11 h 
45 min in January to about 14 h 15 min in June. In 
Nigeria it is noticeable that the tree also exhibits deciduous- 
ness where the day length varies (at Ibadan, 7? 26' N.) from 
11 h 40 min in January to 12 h 35 min in June, about half 
the variation found in Hawaii (Fig. 1). The rainfall 
ceases at Ibadan about mid-November, however, and the 
dry season continues until about mid-March. Isolated 
storms may oceur within these limits. In the experimenta 
described here, rain fell only on the following dates: 
December 7 (0-3 in.), February 27 (0-57 in.) and March 6 
(0-07 in.). In the last 10 days of March, however, the 
rainfall totalled 2-47 in. The dry season therefore coincides 
with the period of leaflessness in Plumeria. A number 
of Nigerian indigenous plants also exhibit periodicity in 
their leaflessness?-*, 

In view of Murashige's findings it was decided to 
investigate the photoperiodieity of Plumeria in natural 
conditions to find out whether the dry season affected 
the periodic behaviour and also whether the smaller 
day length difference had any effect, as it has been shown 
to have in indigenous plants!. 

Because this was essentially an undergraduate 
assignment, only a limited time was available for measure- 
ments and for the duration of the experiments. As will 
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be seen, however, the results show significant differences 
from the findings of Murashige. 

A light period of 4 h was given every night between 
22.00 h and 02-00 h from November 26, 1966, to March 11. 
1967, to two branches on the same individual plant of 
Plumeria on the university campus. The light was 
supplied by a 100 W incandescent bulb covered by a 
spherical diffuser and was placed 48 cm and 50 cm res- 
peetively from each braneh tip. Another pair of branches 
on another plant elsewhere on the campus was used as 
the untreated control. Observations were made every week 
and the net number of leaves was noted, as well as the 
length of the branches measured from a reference point 
marked on them. 

The results are shown in Figs. 2, 3 and 4. In Fig. 2 it 
ean be seen that in the control, leaf number fell to zero 
in January and no new leaves were produced before the 
experiment was terminated. In the experimental plants, 
the leaf number decreased to a minimum and then 
inereased again. 

In Fig. 3 it can be seen that growth was slow initially 
and in the control growth had eeased by the end of the 
first week and by the third week, respectively, in December. 
This cessation corresponds with the period of minimum 
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Fig. 4. Number of leaves abscissed weekly, (la Db, Ha + Hb as in 
Fig. 2 bot data from each branch summed.) 


day length. Growth was resumed when the day length was 
about 12 min longer than the minimum, in mid-February. 
In the experimental plants, however, growth did not stop 
or even slow down, but continued at a more or less steady 
fast rate. The cessation of growth in the controls is thus 
quite different from the behaviour shown by Murashige's 
plants where growth was continuous, though the controls 
in his experiments grew slightly more slowly than the 
others. Murashige called the condition found in his 
plants "pre-dormaney" (after Vegis*). In our experiments 
we obtained a true dormancy condition. 

Light became effective on growth of the experimental 
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December. No doubt the leaf primordia of the leaves 
that were counted in mid-January were initiated about 
this time. The lag between growth of the stem and the 
appearance of leaves, however, must be rather long at 
this period of the year, and later, because although growth 
had begun in the controls in mid-February no leaves were 
counted on these branches a month later when the 
measurements ended. 

It is clear from these experiments that day length (or 
rather, night length) is the controlling factor in growth of 
Plumeria in Nigeria. Long nights lead to a cessation of 
growth, and short nights to a continuance of growth, with 
accompanying leaf production. 

Murashige’s experiments suggest that light affects 
abscission of leaves directly rather than preventing the 
formation of new leaves by causing cessation of growth as 
in the experiments deseribed here. Unfortunately the 
number of leaves abscissed at any one time in these 
experiments was not large enough to make any positive 
statements on the effect of light on abscission. Fig. 4 
gives the total number of leaves abscissed from the two 
branches together each week for the control and experi- 
mental plants. Whereas in the control (IIa 4- ITb) the 
histogram seems to indicate a gradual decrease in the 
leaf fall, the experimental branches (Ia 4 Tb) seem to 
indicate an abrupt cessation of leaf fall. There were 
eleven leaves left on the experimental branches at the 
cessation of leaf fall and it should be noted that no 
further abscission took place until the last week of the 
experiment when one leaf was abscissed. 

A curious feature of this investigation was the effect 
on flowering of the experimental branches. It was 
observed in April that all twelve branches within 6-10 ft. 
from the light (which had been turned off on March 11) 
remained in a vegetative condition. This applied not only 
to branches on the same plant but also to branches on 
other plants nearby, whereas 95 per cent of the branches on 
eight plants outside this radius were flowering vigorously. 

It is likely that in Nigeria, Plumeria is near to the 
natural day length of its normal habitat where it undergoes 
true dormancy. It may be that dormancy triggers off a 
flowering response when growth is resumed. It is also 
possible that rainfall after a relatively dry period brings 
about flowering, as it seems to do in other tropical species, 
as a result of a cooling of the environment, which might 
explain the apparently random flowering exhibited 
by Murashige’s plants. Low temperature by itself 
evidently does not affeet flowering, for it can be seen 
in Fig. 1 that the minimum temperature recorded during 
the period of the experiments was 49° F, which did not 
result in flowering of the experimental branches. 
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Determining the Stoichiometry of 
Photosynthetic Phosphorylation - 


ÁrTER the discovery of non.cyelie photosynthetic phos- 
phorylation!, investigations in other laboratories? con- 
firmed the observation that one ATP molecule was formed 
for each pair of electrons (2e) transferred from water to 
TPN* or ferricyanide. Later work with these electron 
acceptors? and with quinones* added support to the 
belief that the limit of the P:2e ratio (umoles ATP 
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formed per two electrons transferred) is unity. Tris-HC 
was used in this early work, and more recent studies using 
this buffer have confirmed the reported pH optimum o: 
7-8-8-0 and the P:2e ratio of 1-0 (ref. 7). With the 
introduction of new buffers’ and the use of pH value: 
between 8-6 and 8-9, overall P:2e ratios greater thar 
LO have been observed'. Lynn and Brown", using : 
different incubation procedure, claim to have obtainec 
high P:2e ratios with the tris buffer, and Shavit anc 
Avron! have obtained ratios greater than 1-0 witk 
tris-HCl. On the other hand, Ramirez et al)” have nevei 
observed P ; 2e ratios greater than 1-0 although the pH 
optima for ferricyanide and TPN* reduction were 7-5 
and 8:5. respectively, in the presence of tris, but were 
both 8-5 in the presence of ‘Tricine’ (N-tris (hydroxy. 
methyl) methylglycine). "The H*;e (ratio of proton: 
taken up to eleetrons transported; the value of thi: 
H*:e ratio should equal the number of sites of energy 
conservation (ATP formation) in the electron transport 
path) varies strongly with pH showing a maximum value 
of 6 at pH 6-0 using diquat (N.N-ethylene-2,2-dipyridilium 
dibromide) as the electron acceptor; a similar variation 
with pH occurred in ferricyanide reduction with a maxi- 
mum H+ : e= 4 (ref. 13). An H* : eratio of 5 was observed 
with chloranil as the electron aeceptor*. Many different 
P : 2e and H* : e ratios have thus been observed depending 
on the pH, the electron acceptor and the buffer. 

The P:2e ratios referred to are all overall measure- 
ments based on the ATP formed and the total ferricyanide 
photoreduced. Discussing the stimulation of ferricyanide 
photoreduction caused by the presence of the phosphoryla- 
tion system. Krogmann et al.* pointed out that if only 
the phosphorylation-stimulated ferricyanide reduetion 
was considered when calculating the P : 2e ratio, a figure 
greater than 1-0 was obtained, even though the overall 
ratio was bO. Good? and Stiller and Vennesland: have 
ealeulated P : 2e ratios on this basis. The subtraction 
of the amount of photoreduced ferrieyanide measured 
in the absence of Pi from the figure for ferricyanide photo- 
reduction accompanied by photophosphorylation yields 
what has been called the "stimulated" rate. The assump- 
tion that the use of the "stimulated" rate forms a valid 
basis for the calculation of P ; 2e ratios is open to criticism. 
We have therefore caleulated the overall P : 2e ratios as 
well as the "stimulated" ratios. Most of the work on 
this problem of stoichiometry involves the use of ferri- 
cyanide as the electron acceptor. We used ferrieyanide 
and TPN* as electron acceptors. In the non-cyclic photo- 
phosphorylation systems studied", P : 2e ratios greater 
than 1-0 were consistently observed, mean values of 
1-50 and 1-59 being obtained for ferricyanide and TPN*, 
respectively. 

Chloroplasts were prepared from fresh spinach leaves 
(Spinacea oleracea) obtained commercially from locally 
grown produce or, in the winter, from France. Twenty- 
five grams of washed, deribbed leaves were cut into 1 em 
squares and ground for 15 s in an 800 ml. MSE ‘Ato-Mix’ 
blender containing 50 ml. of a grinding medium consisting 
of 0-35 M NaCl and 0-04 M TES (N-tris(hydroxymethyl)- 
methyl-2-aminoethane sulphonic acid) adjusted to pH 7.3 
with KOH. The mixture was blended for 5 s at half speed 
and for 10 s at full speed and then centrifuged at 2,000g 
for 5 min. The supernatant was discarded and the chloro- 
plasts resuspended in 50 ml. of a washing medium con- 
sisting of 0-2 M sucrose, 0-03 M ‘Tricine’ and 0-01 M NaCl. 
adjusted to pH 7-3 with KOH. Centrifugation at 200g for 
l min rernoved cell debris and then the supernatant was 
spun at 2,000g for 5 min. The sedimented chloroplasts 
were finally resuspended in about 5 ml. of the washing 
medium. All operations were performed at about 4? C. 
The preparation usually took about 20 min. NaCl may 
be eliminated from the washing medium in which case 
l mM Ca?* and 1 mM EDTA are added to the grinding 
medium and 5 mM Ca** added to the washing medium. 
We now speed up the procedure by passing the erude 
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homogenate through four layers of muslin (cheesecloth) 
and eliminating the slow speed centrifugation. 

All experiments were carried out in 14 ml. Warburg 
flasks using either a Braun photosynthetic Warburg bath 
(type VL 85) with illumination of 10,000 lux (ferricyanide 
and TPN* experiments) or a Gilson differential respiro- 
meter, model No. GRP 20 adapted to provide illumination 
at 30,000 lux (TPN* experiments only). The light inten- 
sity was measured at the water surface; the base of the 
Warburg vessels was 6 cm below the water surface. 
Reactions were started by tipping the P and oxidant 
and continued for 10 min. ATP was determined as 
organic ??P (ref. 15), aliquots being diluted with 0.1 M 
NaH,PO, and counted directly in a scintillation counter. 
TPNH and ferricyanide were measured spectrophoto- 
metrically at 340 my and 400 mu respectively. Dark 
controls were included in all experiments. To obtain a 
clear supernatant suitable for spectrophotometric measure- 
ments, it was found necessary to centrifuge the reaction 
mixture at high speed (40,000g for 10 min) because of its 
high viscosity. Ferredoxin was prepared by a modifica- 
tion of the method of Hill and Bendall!* and chlorophyll 
was estimated by the method of Arnon". 

In all the twenty experiments designed to measure the 
P : 2e ratio (Table 1) using ferricyanide as the oxidant, an 
overall ratio exceeding 1-0 was obtained, with an arith- 
metical mean value of 1-50. Similar results were obtained 
using TPN* as the oxidant and the mean overall P : 2e 
ratio was 1:59. In both cases, the "stimulated" P : 2e 
ratios were even greater. In the experimental conditions, 
more than one phosphate was esterified for every two 
electrons transported from H,O to the oxidant or electron 
acceptor. The interpretation of this observation is 
difficult and cannot be completely resolved with the 
information available. There are several possible reasons 
for the high P:2e ratios: they may be caused by a 
contribution from cyclic photophosphorylation; a con- 
tribution from oxidative phosphorylation; an exchange 
reaction of **Pi with ADP and/or ATP; or the existence 
of more than one site of phosphorylation coupled to the 
non-cyelie electron flow. 


Table 1, P:2e RATIOS OF NON-CYCLIO PHOTOPHOSPHORYLATION 
No. of Electron P : 2e (arithmetical mean value) 
experiments acceptor Overall “Stimulated” 
20 Fe(CN)é- 1:50 (40-14) 2-71 (40-51) 
13 TPNt 1-59 ( + 0-26) cs 
5 TPN* 1-52 ( +0-18) 2-75 ( + 0-54) 


The complete reaction mixture included, in a final volume of 2 ml., chloro- 
plasts containing 40 ug chlorophyll, and the following (in umoles): tricine 
buffer (pH. 8-5), 100; sucrose, 300; MgCl, 4; ADP, 4; +K,H*PO,, 20: 
and either K;Fe(CN),, 4, or TPN*, 4 (plus spinach ferredoxin, 0-03 umole). A 
control contained DCMU, 0-004 umole. All reactions were carried out at 
15° C under argon. The equivalent rates observed for ferricyanide reduc- 
tion varied between 100 and 175 umoles/mg of chlorophyll/h; for TPN* 
between 80 and 200 zmoles/mg. of ehlorophyll/h. For calculation of overall 
and "stimulated" ratios, see text. The figures in parentheses indicate the 
standard deviation. 


The existence of a cyclic electron flow is measured by 
the formation of ATP in the light, in the absence of sub- 
strate amounts of added electron acceptor, when oxygen 
evolution is inhibited by DCMU (3-(3,4-dichlorophenyl)-1,1- 
dimethylurea)*. Evidence from our control experiments 

` suggests that, in these conditions, cyclic photophosphoryla 
tion did not occur. In experiments where ferricyanide 
and TPN* were omitted from the complete reaction 
mixture, no phosphorylation oceurred. Endogenous co- 
factors or the small amount of ferredoxin present probably 
failed to act as cyclic co-factors!*. In addition substantial 
amounts of ferricyanide abolish cyclic photophosphoryla- 
tion?*39, In our experiments, when the non-cyclic flow 
of electrons from H,O to ferricyanide or TPN* was halted 
by the addition of DCMU*'??, no photophosphorylation 
was observed, which suggests that no cyclie eleetron flow 
coupled to phosphorylation occurred. The possibility 
that eyelie photophosphorylation might occur cannot be 
completely ruled out, so further work should determine 
conditions where the cyclic system may operate. 
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The possibility that mitochondria might be present in 
the chloroplast preparations cannot be eliminated, 
although it is unlikely that any significant contribution to 
the total Pi esterified occurred by way of oxidative phos- 
phorlyation because: (1) the method of isolation of the 
chloroplasts largely excludes mitochondria; the chloro- 
plasts were sedimented at 2,000g for 5 min in 0-3 M NaCl 
or 0-2 M sucrose; (2) the reactions were carried out under 
an atmosphere of O,-free argon after gassing for 5 min; 
(3) a dark control that contained the complete reaction 
mixture was included in every experiment, but no phos- 
phorylation was observed; (4) a dark control containing 
added TPNH or ferrocyanide, in air or argon, did not 
result in the formation of ATP. All the added TPNH or 
ferrocyanide was recovered at the end of the experimental 
period even if the reaction mixtures were illuminated. 

It is unlikely that exchange reactions occurred between 
Pi and ADP and/or ATP in the experimental conditions. 
Two types of light-requiring ATPases associated with 
chloroplast particles have been described?*-?*; one depends 
on the presence of a sulphydryl reagent, and the other is 
stimulated by Ca*. These ATPases, with subsequent 
resynthesis of ATP by photophosphorylation, do not 
seem to be important in our experiments because we 
have no sulphydryl reagent? ; we have an Mg**/Ca?* ratio 
of 10 in the reaction mixture, whereas the Ca?*-stimulated 
ATPase is inhibited 80 per cent when there are equimolar 
amounts of Mg?* and Ca?* present? the presence of 
ADP in the reaction mixture competitively inhibits the 
ATPase?; and the rate of ATPase activity is 100-500 
times slower than the rate of photophosphorylation?^/*, 
The existence of a light-triggered ATP-Pi exchange 
reaction in chloroplasts has been reported by Carmeli 
and Avron?. The exchange reaction required Mg** and 
a dithiol-reagent, was stimulated by electron transfer 
catalysts and was competitively inhibited by ADP. It 
occurred at a slower rate than photophosphorylation. 
There was no light-stimulated ADP-ATP exchange reac- 
tion in chloroplasts?. Boyer et al.’s observations’: on 
?P and 180 exchange reactions in photophosphorylating 
and light-stimulated chloroplasts were similar except that 
in photophosphorylating chloroplasts a thiol was not 
required. The ATP-Pi exchange reaction was only 1-2 
per cent of the net capacity for ATP synthesis in both 
cases, so the ATP-Pi exchange reaction does not appear 
to be important in our experiments. Measurement of 
ATP formation by means of a colorimetric method* that 
measures the amount of Pi remaining in the reaction 
mixture yielded results which were similar to those 
obtained by the radioisotope technique. 

The existence of more than one site of phosphorylation 
can neither be rejected nor proved. Evidence in favour 
of more than one site of phosphorylation is given else- 
where?'!. The accepted figure of 1-0 for the stoichiometry 
of the phosphorylation reaction may have been the 
fortuitous result of the choice of tris-HCl buffer and the 
method of chloroplast preparation. The maximum 
“overall” stoichiometry of photophosphorylation using 
other buffers?.9:33 has been quoted as P : 2e=1-3 and the 
“P : 2e ratio of the coupled part of the electron transport 
is 2-0", that is, "stimulated" P : 2e= 2-0 (refs. 3, 9 and 4). 
Tables 1 and 2 show that we have consistently observed 
a “stimulated” P : 2e of 2-71 for ferricyanide reduction 
and 2-75 for TPN* reduction. The data were obtained 
over a period of 18 months. The overall P : 2e varied 
between 1-3 and 1-9 (mean- 1:50 for ferricyanide and 
1:59 for TPN*) which suggests that there are at least two 
phosphorylation sites for each pair of electrons transported, 
but we cannot eliminate the possibility of cyclie photo- 
phosphorylation producing extra ATP, the extent of 
which probably varies with the preparation, the pH and 
the redox state of the carriers. 

Increased rates of CO, assimilation have been reported 
when new buffers, for example. tricine, HEPES (N-2- 
hydroxyethylpiperazine-N-2-ethanesulphonic acid) and 
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MES (2-(N-morpholino)ethanesulphonie acid; instead of 
tris-HCP?9235 were used. These results may be attributable 
to increased rates of photophosphorylation with the 
new buffers. Tris-HCl was found to inhibit photophos- 
phorylation when added to the standard reaction mixture 
at concentrations used in the first experiments. 

The effects of Mg** and ADP were examined (Table 2). 
The omission and addition of these compounds had a 
striking effect on the "overall" and the "stimulated" 
P : 2e ratio which confirmed some earlier observations. 
ADP inhibits eleetron transport as does the absence of 
Mg?*. If the "stimulated" P : 2e ratio is calculated using 
the ADP.inhibited system, the ratio is 3-0, but if the 
ADP-free system is used as the base a "stimulated" 
P:2e ratio of 10-5 is obtained. In other experiments 
we have obtained "stimulated" P : 2e ratios of 3-8, 3-9, 
6-7 and 6-9, using the ADP-free systems as the base. We 
fail to see why one basal rate should be used in preference 
to another in calculating the "stimulated" P :2e ratio, 
but ratios for the “coupled part of the electron transport” 
of 2-0 and 3-0 ean be obtained using the ADP-inhibited 
system as the base. while ratios are 10-5 and 5-1 if the 
ADP-free system is used as a base. 

Table 2, 


EFFECTS OF Pi, ADP AND Mg% ON P:2e RATIOS 


Variation in im Fe(CN) Overall “Stimulated” 
reaction mixture pm ATP 2 P:2e P:2e 
ADP + Pi +My 1-78 1-02 1-76 
ADP «Pi —Mg 0-27 0:25 1-08 2-0 (Mg 
stimulation) 
ADP ~ Pi - Mg 0 0-43 3-0 (Pi 
stimulation) 
-ADP -Pi +My 0 0-85 10-5 (Pi+ ADP 
. stimulation) 
ADP —Pi —Mg 0 0:13 
~ADP -Pi -Mg 0 0-67 51 (Mg + ADP 
stimulation) 


Reaction mixture ag in Table 1, except where variations are indicated. 


Following the introduction of the new buffers by Good 
et al.’ the accepted stoichiometry of non-cyelic photo- 
phosphorylation using ferricyanide had become suspect. 
Our experiments, using both ferricyanide and TPN* as 
electron acceptors. have confirmed and extended the 
earlier work where the P : 2e ratio was shown to be greater 
than 1-0, and likely to be closer to 1-5-1-8. The “stimn- 
lated” P : 2e ratio seems to be of doubtful significance as 
we can obtain average ratios of 2-7 using the ADP-inhib- 
ited system as the base line and values up to 10-5 with 
the ADP-free system as the base. More evidence must be 
provided before any acceptable conclusions may be 
drawn. 
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Site of Resin Synthesis in Cells of 
Pinus halepensis Mill. 


THE site of resin synthesis in the epithelial and sheath 
cells of Pinus is not known, although it has been suggested 
to oceur initially in the plastids and later on the endo- 
plasmic retieulum*. We have tried to identify the site of 
resin synthesis by specifically staining sections and 
examining them with the optical microscope. 

The development of the resin droplets in the epithelial 
and parenchymal cells of Pinus halepensis Mill was 
examined at different ontogenetical stages. Just below 
the apex, in the cells of differentiating tissues, we saw 
many minute, globular organelles with a diameter of 
about lu (Fig. LA). These organelles were highly refractive 
and were in specifie motion in living cells. When living 
tissue was treated with Janus green B these organelles 
were stained green and remained so for 1 or 2 days. This 
suggests that the organelles are not mitochondria and that 
they can be regarded as spherosomes!. They were found 
in different quantities in all the parenchymatous cells, 
whether connected with resin duets or not. 

Further down in the stem, the number of spherosomes 
in the cells deereased and small droplets were visible. 
With the increase in the distance from the apex the size 
of most of these droplets inereased in most of the cells 
(Fig. 1B and C). In the epithelial cells of the ducts, and 
the cells closely associated with them, the droplets were 
large and often coalesced to form considerable masses. 
Meristematic tissues from apices did not reveal any 
spherosomes or droplets. 

Several stains were tested on different substances (Table 
1) and on tissue sections. Sudan IV and sudan black are 
the least specific of the four stains tested. Nile blue gives 
a specifie colour to each of the two principal constituents 
of the resin: terpenes--pink and resin acids-—purple to 
blue. Crystal violet was found to be the most specific 
stain for the resin acids which stained purple. Crystal 
violet stained neither the terpenes nor the lipids tested 
by us. 

When sections of the tissues were treated with these 
four stains the following results were obtained. With 
sudan IV spherosomes were stained red and so were the 
drops (all sizes and also the masses). This suggests that in 
the spherosomes synthesis of lipids or resin or part of the 
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Table 1, COLOUR REACTION OF SOME STAINS 
Sudan Sudan Crystal 
Substance/stain IV black Nile blue violet 
Freshly secreted resin Red Black Reddish purple Purple 
Terpenes 
a-Pinene* Red Black Pink Colourless 
Myrcene Red — Pink Colourless 
Resin acids t 
Solid fraction of resin Red Black Purpletoblue Purple 
1  c— acid Red Black Bluish purple Purrle 
"Olive oil Red — Black Pink Colourless 
Endosperm reserve fat Red Dark Blue Colourless 
of Pinus halepensis blue 


* This. terpene constitutes 87 per cent of the terpene fraction of Pinus 


halepensis resin®. 
+ Dissolved in ethyl alcohol. 


resin constituents occurs. Similar results were obtained 
with sudan black. 

Nile blue stained the spherosomes blue. It also stained 
blue to purple the droplets of resin seen in the young 
resin ducts near the apex. Further away from the apex, 
pink droplets also appeared. In mature tissues, droplets 
and masses, especially in the resin duct cavities and cells, 
appeared reddish purple. These results of staining suggest 
that the spherosomes synthesize either free fatty acids or 
phospholipids or resin, 

The possibility that phospholipids are important in the 
staining of the spherosomes as well as the droplets in 
pine cells is ruled out by the fact that they are stained 
by both sudan black and sudan IV (ref. 6). As to fatty 
acids, it seems extremely unlikely that such quantities of 
fatty acids are present in the resin duct cells. 

The spherosomes were stained purple by erystal violet. 
Droplets of various sizes, both in the cells conneeted with 
resin ducts and in most other parenchymatous cells, were 
stained various shades of purple. Further down in the 
axis unstained droplets began to appear and in mature 
parts considerable numbers of unstained droplets and 
masses could be seen. "These results further support the 
suggestion that the very small globular organelles are 
spherosomes, which synthesize resin acids both in the 
duet cells and in the other parenchymatous cells, and that 
the proportion of resin acids is much higher in the very 
young tissues than in older ones. One of the most plausible 
assumptions is that the terpenes are produced in the 
spherosomes at a later stage of their development into 
resin. 





Fig. 1. Resin duet cells seen in longitudinal sections of stems of Pinus 


is seedlings. The degree of differentiation of resin duct cells 
increases from A to C, A is closest to the apex and C is from a region 
in which the resin duct cells are fully differentiated. A, Cell showing 
many spherosomes (S). B and C, Cells showing droplets (Dr) of various 
sizes, Allsactions are stained with sudan black and enlarged x e. 975. 
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Inhibitor of Receptacle Growth 
in Non-pollinated Strawberry Fruit 


THE strawberry fruit grows after flowering only if the 
carpels are fertilized or if the fruit is treated with growth 
substances'-?, Fertilization of a limited number of carpels 
gives rise to irregularly shaped receptacles, which are 
swollen only near the achenes. Unfertilized fruit of n 
number of varieties (for example, ' Freya), however, some- 
times swells at the base of the receptacle, which lacks 
carpels. Furthermore, when carpel development is sup 
pressed by spraying the plant with maleie hydrazide at an 
early stage of flower development, the receptacle grows. 
It has therefore been suggested that the lack of growth 
near unpollinated carpels may be the result of the produc 
tion, by the carpels, of an inhibitor?*. 

I have tried to demonstrate inhibition by non-pollinated 
carpels in tissue culture, and to extract and concentrate 
the growth inhibitor, using isolated receptacles in eulture 
to assay activity. The work was carried out using the 
everbearing diploid Fragaria vesca semperflorens. The 
fruit was sterilized by dipping in distilled water, then 
0-5 per cent mercuric chloride plus 5 per cent "Teepol' for 
10 min, sterile distilled water, then 50 per cent ethanol 
for 1 min, and finally rinsed in three changes of sterile 
distilled water. 

Media which have been described previously were 
devised for fruit on the calyx*- or contained synthetic 
auxins*. None were judged suitable for inhibitor bio 
assays. Tissue cultures were set up after Goodwin’. The 
media were sterilized by ‘Millipore’ filtration. Receptacles, 
in all cases with the calyx removed, were tested both 
with and without earpels. Both showed similar responses 
to variations in the medium. The ammonium ion was 
toxic at a concentration of 8 mM or higher. There were 
sharp optimal concentrations of sucrose (4 per cent), 
potassium nitrate (50 mM) and ferrous sequestrate (0:7 
mM). The medium contained the other macronutrients, 
micronutrients and vitamins, at the concentrations given 
by Goodwin’. There was no response to a threefold varia 
tion in either direction of the concentration of any of these 
nutrients. Growth was significantly improved by the 
addition of adenine (20 p.p.m.), but not of sodium hypo 
chlorite (0-1-100 p.p.m.), ribonucleic acid (25 p.p.m.). 
casein hydrolysate (100-1,000 p.p.m.), inositol (10-100 
p.p.m.), dithiothreitol (2-50 p.p.m.), ethylene-diamine 
tetra-acetic acid (37 p.p.m.), ascorbie acid (1 p.p.m.). 
biotin (1 p.p.m.), choline (1 p.p.m.). nicotinic acid (1 
p.p.m.), riboflavine (1 p.p.m.), vitamin K (1 p.p.m.) er 
removal of the ‘Millipore’ detergent. There was no sig 
nificant promotive response to a range of concentrations 
of indole-3-acetie acid (0-01—1-0 p.p.m.), kinetin (05-100 
p.p.m.), 6-benzyl amino purine (1—30 p.p.m.) or 8-hydroxy 
quinoline (0-1-5 p.p.m.). The lack of response to auxin is 
in contradiction to the results of Creasy and Somer* and 
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Antoszewski and Lis, who found a strong response to 
synthetic auxins. Gibberellic acid was necessary for 
growth of either bare receptacles or young fruit, the 
optimum concentration being about 0-3 p.p.m. A pH of 
5-5-6-5 and a temperature of 20° C, steady day and night, 
gave fastest growth. For unresolved reasons the growth 
rate varied greatly from one experiment to another, but 
was consistent within a single experiment. Receptacles 
without carpels increased in fresh weight three to nine- 
fold in 7 days. Receptacles with fertile or non-fertile 
earpels grew between 1-5 and 2-5-fold in 14 days, young 
fruit growing faster. Thus the presence of even healthy 
fertilized achenes tended to inhibit growth of the receptacle 
in all conditions tested. 

If the calyx is present, the fruit in culture shows the 
same response to pollination and to synthetic auxins as it 
does on the planti-^!!, In these studies, however, made 
on fruit with the calyx removed, both fertile and non- 
fertile carpels inhibited receptacle growth. The simplest 
explanation is that the calyx produces a substance essen- 
tial for growth of fertile carpels in tissue culture, and that 
non-growing carpels, whether fertile or not, inhibit re- 
ceptacle growth. The calyx was not found to be essential 
for fruit growth on the intact plant. Presumably the 
substance(s) in question is also produced by other parts 
of the plant. It was probably not any of the chemicals 
tested in the medium. 

Tabe 1. GROWTH BKATES* OF RECEPTACLES IN TISSUE CULTURE WITH 
EXTRACTS FROM POLLINATED AND NON-POLLINATED FRUIT 
Non-pollinated fruit Pollinated fruit 


Joncentration t 033 011 0-037 033 O11 0037 
Controls (no extract added) 283 306 207 305 3-14 3-53 
Crude extract, 166 162 1-99 1440 174 2-67 
Cation resin adsorbed fraction — 2-603 280 3-16 247 2-79 2:04 
Ether fraction 2-41 2-61 279 309 322 321 
Residue 161 1-90 2-61 199 212 2-68 


The extracts of pollinated or non-pollinated fruits were taken 4 days after 
anthesis. 


fresh weight of receptacles after 7 days. 
initial fresh weight of receptacle 





* Growth rates are expressed as 


. t Concentration of extract in culture medium expressed as gram weight of 
fruit tissue extracted per ml. of solution, 


For the attempts to extract the inhibitor, unfertilized 
fruits were collected at least 4 days after anthesis, finely 
macerated and extracted at — 20°C with 80 per cent 
methanol. The extracts were dried, taken up at various 
concentrations in the tissue culture medium, the pH 
adjusted to 6-0, and the solutions tested on receptacles 
without carpels, taken from flowers at anthesis. These 
erude extracts were inhibitory. Extracts of pollinated 
and of unpollinated fruits taken 4 days after anthesis 
were equally inhibitory (Table 1), and in three experi- 
ments no inhibitor specific to unfertilized fruits was 
obtained. The inhibitor was not adsorbed onto a cation 
exchange resin (‘Zeo-Karb 225’) or extracted from acid 
aqueous solution by diethyl ether, but remained in the 
residue. 

I thank Mr J. Garrie for assistance. 
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Anomalous Growth Response of Bean 
Plants in lron-deficient Media to 
Cyanide 

Tron is an essential element for the growth of plants. 
It is a component of several enzymes, chiefly in the form 
of iron porphyrins, and probably undergoes reduction and 
oxidation during the course of electron transport!. These 
metal enzymes, in particular cytochrome oxidase, are 
severely inhibited, at least in vitro, by cyanide?. Inhibi- 
tion of plant respiration by cyanide is possibly caused in 
part by interference with cytochrome oxidase? as well as 
other enzymes, which suggests a relationship between 
cyanide inhibition and iron. It might therefore be 
expected that the growth of plants grown in an iron 
deficient medium would be more severely inhibited by 
eyanide than plants grown in a medium containing 
sufficient iron. Indeed, Tissiéres* showed that cyanide 
strongly inhibited the respiration of Aerobacter aerogenes 
grown in the absence of iron, whereas cells grown in the 
presence of iron were relatively insensitive. MacDonald 
and DeKock* have also indicated that iron-deficient 
leaves are more sensitive to cyanide than normal leaves. 
There seems to be little information on the effects of 
cyanide on higher plants grown with and without iron. 
Because of the apparent connexion between this element 
and cyanide inhibition, I decided to investigate this 
relationship. [ expected to obtain results on growth 
similar to those of Tissiéres on the respiration of bacteria 
and so it was somewhat surprising to diseover that this 
was not the case. 

Dwarf agricultural bean seeds Phaseolus vulgaris, 
obtained locally, were washed thoroughly in running 
distilled water, soaked for 24 h and germinated in ‘Per- 
lite’ which had been washed in distilled water. Seedlings 
14 days old were transferred to nutrient solutions* con- 
taining 105 M KCN, with and without the addition of 
5 mg of iron in the form of Fe-EDTA (ethylenediamine- 
tetraacetic acid) per litre. The pH of all solutions was 
adjusted to 6. 

I suspected that EDTA itself might have some effect 
on cyanide inhibition, so seedlings were also grown in 
nutrient solution without iron but with EDTA. The 
plants were grown in a greenhouse during the months of 
June to August. The temperature varied between 22° 
and 26° C. The gross effects of cyanide in the presence and 
absence of iron are illustrated in Fig. 1, which shows the 
effect of 10-5 M KCN on the growth of the plants in the 
presence and absence of iron 6 days after transfer from 
‘Perlite’ to the nutrient solution. The plants growing in 
the absence of iron, whether EDTA was present or not, 
were comparatively healthy and showed only the usual 
signs of iron deficiency. The plants in the medium con- 
taining iron showed necrosis of the first pair of leaves and 
the third leaf. Plants in the complete medium plus KCN 
(right-hand side in Fig. 1) had not, however, been com- 
pletely destroyed and, after a further 10 days in this 
medium, development of subsequent leaves indicated 
that growth had continued. I assumed that the cyanide 
was being oxidized? and that after its oxidation inhibition 
was removed. The most interesting feature of these 
results was that cyanide retarded growth far more severely 
in the presence of iron than in its absence. This was true 
whether EDTA was present or not. 

'The action of eyanide in whole plants must be extra- 
ordinarily complex, so it is extremely difficult to explain 
this phenomenon. There are several possibilities: (la) 
in the presence of iron but not in its absence, cyanide may 
prevent the active uptake of other ions or water; (15) it 
is conceivable that cyanide enters the root system far 
more readily in the presence of iron in the form of an 
iron-cyanide complex; (2) plants growing in the absence 
of iron may conceivably “develop” a cyanide insensitive 
electron transport system which does not contain 
iron. 
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Fig. 1. 
presence and absence of iron. 


During these experiments, I observed that the response 
to eyanide was altered both by temperature and by the 
concentration of cyanide. I intend to investigate these 
responses more fully and also to examine the respiratory 
and photosynthetic activity of the plants grown in these 
conditions, as well as to assess the uptake of cyanide into 
the system in the presence and absence of iron. 

I thank Miss J. Minns for technical assistance and 
Mr Rigelhoff for taking the photograph. This work 
was supported by a grant from the National Research 
Council of Canada. 
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PSYCHOLOGY 


Injection Controls for Drug Studies 


A Basic procedure in behavioural pharmacology is the 
establishment of a dose-effect curve which describes the 
relation between drug dosage and performance in a certain 
set of maintaining conditions. Typically, a few animals 
are trained to work on a particular reinforcement schedule 
until performance is stable from day to day. Each subject 
serves as his own control and receives each dose two or 
three times, one experimental session being devoted to 
each administration of each dose level. Drug sessions are 
usually separated by 4-6 days. At least one control 
session, during which no drug is administered, is run 
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between drug sessions to allow assessment 
of possible changes in the base-line perform- 
ance and to provide a further point on the 
dose-effect curve. A speedier technique is 
that of cumulative dosing’. Successive 
presentations of increasingly larger doses are 
made at fixed intervals throughout a single 
long session, and performance during this 
session is compared with performance during 
a similar session in which the drug is not 
administered. Inasmuch as these techniques 
are concerned with a comparison between 
no drug and drug administration, then the 
non-pharmacological differences between 
drug and control procedures are interesting. 
to our knowledge, control procedures for 
injection have not been investigated, and 
a worried novice finds little advice on the 
matter in standard texts’. During the 
establishment of a dose-effect curve relating 
chloropromazine dosage and the performance 
of rats working on a schedule of reinforce- 
ment which prescribed food delivery for 
every fifth lever press (FR5), we employed 
different control procedures at different 
stages of the study and found variations in 
baseline performance which seemed to be 
related to the differences in control pro- 
cedure. 

We have made a systematic analysis 
of four kinds of control procedure on 
the performance of rats working on the FR5 schedule. 
The subjeets were eight mature, male black hooded 
rats. They had been used in establishing a dose- 
effect curve, and so all of them had been injected 
frequently and their performance under the FR5 schedule 
was stable. The rats worked in a standard operant con- 
ditioning apparatus (Grason-Stadler E3125B rat chamber, 
with 45 mg Noyes pellet dispenser and one lever removed). 
They were being maintained at approximately 85 per cent 
of their normal body weight by feeding after the daily 
experimental sessions. Four kinds of experimental pre- 
treatment were employed. (i) Saline: a rat was taken 
from its home cage, held in the injection position for 
20 s during which an intraperitoneal injection of 0-5 ml. 
of physiological saline was administered, and returned to 
the home cage for 30 min. It was then removed, weighed, 
and placed in the experimental chamber with the appro- 
priate contingencies available. (ii) Injection: as (i), 
except that the saline remained in the syringe. (11) 
Handling: as (i), except that the needle did not pierce 
the skin. (iv) Control: all the injection procedure was 
omitted; a rat was not removed from its home cage until 
immediately before an experimental session. "The con- 
ditions were implemented in the reverse order from t hat 
just given, one condition per day for twelve daily sessions, 
the sequence being repeated twice; all the rats were 
subjected to the same experimental proeedure. Each 
session continued until the rat had gained 120 reinforce- 
ments. The dependent variable employed was the time 
which elapsed between the first lever press and the last 
(the 600th) of a session. Lever presses were recorded on 
a continuously running cumulative recorder. 

The overall mean times to gain 120 reinforcements 1n 
the four conditions were: saline, 11-91 min; injection, 
19-26 min; handling, 12-58 min; control, 13:37 min. 
Comparisons.of these means using a Wilcoxon one-tailed 
test?, based on the subject means for each condition, 
indicated that P « 0-005 for all comparisons involving the 
control condition and for the comparison between the 
saline and handling conditions, and that P 0-05 for the 
other two comparisons. Examination of the cumulative 
records revealed no consistent within-session difference 
between conditions. The cumulative records indicated 
that the differences between mean times probably re- 
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flected differences in modal values of durations of pauses 
after reinforcement between conditions, rather than dif- 
ferences in rate when responding, or differences in the 
incidence of long pauses after reinforcement. 

Thus the injection procedure itself seems to have a 
slight but significant potentiating effect on performance 
under short fixed ratio schedules of reinforcement, which 
lasts for at least 40 min after the injection. Some part of 
this effect may be attributed to the handling and some 
part to other features of the injection procedure. Although 
placebo controls are usually used in behavioural studies 
with animals, this practice is by no means universal. 
When control procedures are used which do not involve 
injection, small departures from base-line after drug 
administration should be treated with caution, even if 
they are consistent. In this study the potentiating effect 
of the pre-treatment conditions was positively related to 
the amount of apparent disturbance of the rat, which 
serves as a reminder that these conditions should be kept 
as constant as possible. 
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BIOCHEMISTRY 


Single Strand Scissions 
of DNA caused by a Carcinogen, 
4-Hydroxylaminoquinoline 1!-Oxide 


i-HvDROXYLAMINOQUINOLINE l.oxide (4-HAQO) is a 
reductive product of a carcinogen, 4-nitroquinoline 1-oxide 
(4-NQO), and is thought to be a more procimate carcino- 
zen'?. Enzyme conversion of 4-NQO to 4-HAQO is 
known to occur in mammalian cellst. When 4-HAQO or 
4-NQO was injected intraperitoneally into rats bearing 
ascites hepatoma AH-130, DNA isolated from AH-130 
ells showed the presence of fluorescent compound which 
has emission maxima at 470 my and excitation maxima 
at 360 mp. This fluorescent compound seemed to be 
covalently bound to the DNA moleeule**. This paper 
deals with another action of 4-HAQO on DNA, namely 
that of making single strand scissions of DNA. 

4-HAQO was prepared by reducing 4-NQO with phenyl- 
hydrazine’. 4-HAQO and DNA were incubated without 
shaking under air gas phase in light-tight conditions. The 
incubation mixture was as follows: in 3-0 ml. of 10 mM tris 

1 mM EDTA (pH 7-0) were 1 mg/ml. of DNA and 
25 mmoles/ml. of 4-HAQO. After incubation for 1 h at 
37° C the mixture wes shaken three times with 3 ml. of 
chloroform to extract excess 4-HAQO. The aqueous 
layer (0-3 ml.), from which chloroform was evaporated, was 
layered on 4-6 ml. of sucrose density gradient solution (5-- 
25 per cent, in 10 mM tris-1 mM EDTA-1 M NaCl, pH 7-0. 
and centrifuged with a swinging bucket type rotor, Hitachi 
RPS 40. Alkaline sucrose density gradient solution 
(5-25 per cent, in 10 mM tris-1 mM EDTA-0:3 M NaOH 
-0-7 M NaCl, pH. 12, was used for sedimentation of alkaline 
denatured DNA. After centrifugation at 37,500 r.p.m. 
for 6 h at 24° C, each sample of ten drop fractions was 
colleeted from the bottom of the tube. Each fraction was 
diluted by adding 1-0 ml. of water and the optieal density 
at 260 my was read using a Cary recording spectro- 
photometer, model 15. 
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Fig. 1. Sedimentation patterns of DNA with suerose density gradient 

centrifugation. A, Untreated DNA, pH 7-0: B, untreated DNA, pH 

12-0; C, DNA treated with 4-HAQO, pH 7-0; D, DNA treated with 

4-HAQO, pH 12-0; E, DNA treated with 4-NQO, pH 12-0; F, DNA 
treated with 4-AQO, pH 12:0. 


The results presented in Fig. 1 show that DNA treated 
with 4-HAQO sedimented more slowly at pH. 12 than at 
pH 7, while untreated DNA shows almost the same 
sedimentation pattern at pH 7 and 12. This suggests 
that single strand scissions were made by 4-HAQO. 
4-NQO or 4-aminoquinoline l-oxide (4-AQO), the non- 
carcinogenic reduction product of 4-HAQO, did not 
cause such a echange in DNA although the same quantity 
of 4-NQO or 4-AQO was ineubated with the DNÀ. 

Reports have recently indicated that a reducing agent 
such as dithiothreitol can make single strand seissions 
on DNA (refs. 8 and 9). 4-HAQO can reduce eytochrome c 
(ef. 10) and this property might be important in producing 
scissions on DNA. 4-HAQO bound to DNA (ref. 5) might 
make the molecule of DNA sensitive at the site of binding 
so that the strand breaks? in alkaline conditions. 

The possible relationship of such an effect on DNA to 
the carcinogenicity of 4-HAQO remains to be seen. The 
full details of experimental results, including also the 
effect of 4-HAQO on } phage DNA, will be published later. 
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Change in the Bound Ascorbic Acid 
Content of Muscle and Liver of Rat 
in Relation to Age 


CHANGEs in the composition of cells of different tissues in 
relation to age may result in alterations of the enzyme 
activities and metabolic rate which ultimately regulate the 
function of the cell. The study of chemical changes has 
therefore a basic association with the ageing of various 
tissues. The fact that ageing is accompanied by con- 
comitant loss of functional cells has attracted the atten- 
tion of various workers'. The nitrogen, potassium and 
phosphorus contents of rat skeletal muscle, a fixed post- 
mitotic tissue, decreased significantly with age when 
compared with those of liver, a mitotic potential tissue’. 
No significant change was found in the activity of DNA 
and various other enzymes of the liver when fully matured 
rats were compared with old rats. Ascorbic acid is known 
to participate in various metabolic functions’, and these 
specific functions indicate that it may play some important 
part in the ageing process'-*5. Bound ascorbic acid has 
been shown to have an enzyme function’. In the present 
investigation the content of bound ascorbie acid in liver 
and muscle has been estimated to evaluate the effect of 
age. 

Female albino rats aged 30 and 99 weeks were main- 
tained as previously deseribed'. Total skeletal muscle 
from the hip to the hind limb of the left side was cleansed 
of adherent fats and used to estimate bound ascorbie acid, 
dry weight and DNA content. The liver was cleansed of 
adherent tissue and the same factors determined. The 
bound ascorbic acid was estimated by the method of 
Summerwell and Sealock? as modified by Patnaik and 
Kanungo*; the dry weight was estimated after the tissue 
had been heated in an oven at 110? C for 24 h, and the 
method of Schneider? was used to estimate DNA. Optical 
densities were measured in a Beckman spectrophotometer. 
The results were expressed on the basis of wet weight, 
dry weight and DNA content of tissue and the statistical 

“analysis was carried out by the method of Garret’. 


Table 1. BOUND ASCORBIC ACID IN THE MUSCLE AND LIVER OF RAT 
, Mg of ascorbic Mg of ascorbic Mg of ascorbic 
‘Tissue Age acid/100 g wet acid/100 g dry acid/mg DNA 


(weeks) weight S.E.M. 
Musele 30 1-743 + 0-101 


weight x 5.E.M. tS.E.M. 
1:912 + 0-291 0:496 + 0-028 

(4) P«001 (4) P«001l (4) P»020 
99 1-182 40-085 41804 + 0-342 0-476 + 0-040 

(4) (4) (4) 


15:704 + 1-037 0-186 + 0-010 

(4) P< 0-02 (5 P<001 (4) P<0-05 
90 3:236 + 0:237 11:507 + 0-230 0:133 + 0-015 

(3) (3) (3) 


Liver 30 4-665 + 0-325 


Numbers in parentheses indicate animals killed. 


In both muscle and liver the concentration of bound 
ascorbic acid decreased with age when the results were 
expressed on the basis of three parameters. The changes 
expressed on the basis of DNA content, however, were not 
very significant either in muscle (P > 0-20) or liver (P < 0-05). 
If the DNA content of a tissue is relative to the cell 
number, then the trend of a change in chemical con- 
stituents should be more authentie when expressed on 
the basis of DNA content. We previously attributed the 
deerease in the bound ascorbie acid content of certain 
organs to the decreased capacity of the proteins to bind 
ascorbic acid*. But in that work rats which had only 
just matured (10-14 weeks old) were compared with 
50—60 week old rats, and the results were expressed on the 
basis of wet weight. In this investigation, fully matured 
(30 week old) rats were compared with old (99 week old) 
rats. 

Our earlier observations may not give the true change 
in bound ascorbic acid with increasing age, because this 
investigation suggests that the change found on the basis 
of wet weight may not represent true change. The 
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estimation of bound ascorbie acid per cell may perhaps 
give a better picture. 

This work was carried out during 1966 in the Zoology 
Laboratory, Cuttack. 
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Presence of Compounds containing 
Iron in the Digestive System 


PnonBLEMS concerned with iron storage and its subsequent 
utilization by invertebrates have, most often, concen- 
trated on those forms in which haemoglobin is present!-!^ 
and in certain instances in those organisms in which 
haemocyanin is utilized as a respiratory pigment''. 
Reports have shown that when haemoglobin is utilized 
as a respiratory pigment it is demonstrable not only in 
the body fluid of the animal but also in a variety of 
tissues—muscle, nerve and eggs*, as well as fat cells". In 
some cases, such as Daphnia magna which is actively 
losing haemoglobin, porphyrins are not demonstrable, 
but loosely bound iron is easily demonstrated histo- 
logically in the walls of the gut caeca, in the fat cells and 
in the maxillary glands'*. In certain organisms possessing 
the copper blood pigment haemocyanin it has also been 
possible to demonstrate the presence of iron porphyrin 
compounds (haemochromogens) not only in the blood 
but also in such diverse structures as the eggs of Limulus 
polyphemus, the radula muscle and heart of Busycon 
canaliculatum (both myoglobin and cytochrome being 
present), eytoehromes in the heart, claw and skeletal 
muscle of Homarus americanus, and cytochromes in many 
of the tisssues of Loligo peali''. Conclusions drawn from 
these many experiments indicate that, except for the 
substitution of haemocyanin for haemoglobin, oxygen 
utilization is essentially the same as in mammals. They 
also point out that these animals are utilizing iron in the 
synthesis of certain porphyrin compounds of the cyto- 
chrome system. It has thus been fairly well established 
that possession of haemoglobin as a respiratory pigment 
is no prerequisite for the presence of compounds containing 
iron in animal tissues. 

Investigations in this laboratory have indicated that 
compounds containing iron are present in other crusta- 
ceans (certain Isopoda) which possess neither haemoglobin 
nor haemocyanin as a respiratory pigment. These com- 
pounds were first noticed during a histochemical study of 
the digestive system of the benthonic isopod, Bathynomus 
giganteus, &,non-deeapod malacostracan, representing a 
group in which haemoglobin is unknown and haemo- 
cyanin has only recently been reported in certain 
members!t, 

During the initial study, twelve animals, ranging in size 
from approximately 5 in. to 14 in., were examined. Col- 
lections were made in January during à US Bureau of 
Fisheries quadrant survey of the Gulf of Mexieo. Depth 
of the collections varied from 170 to 300 or more fathoms. 








Fig. 1. Hepatopanereas of Bathynomus giganteus showing iron deposi- 
tion in basal portion of I cells (1). ( x 40.) 


Fig. 2. Higher magnification of area shown in Fig. 1. Note heavy 
concentration of iron-containing granules in the sub-nuclear cytoplasm. 
( x 150.) 


The animals were dissected immediately after collection 
and portions of the hepatopancreas and hind-gut were 
fixed in neutral buffered formal and formal-alcohol (9 : 1). 
Tissues were subsequently dehydrated, cleared, embedded 
in paraffin, sectioned to 6u and stained with a number of 
techniques for iron-containing compounds (Perl’s method, 
Turnbull blue reaction, dinitroresorcinal, and the haem- 
atoxylin-lake method for haemosiderin). 

In all instances a positive reaction was obtained for 
certain granules found in the cells of the hepatopancreas 
of B. giganteus. Two cell types could be distinguished in 
the hepatopancreas, one which stored iron containing 
granules (or crystals) and one which did not store these 
granules (Figs. 1 and 2). This is apparently the only 
anatomical means of distinguishing between these two 
cell types. 

As well as the storage of iron-containing granules in 
the hepatopanereas of this animal, it is possible to 
demonstrate a progressive concentration of granules from 
the apieal to the basal portion of the iron-storing (I cells). 
In the apical cytoplasm of the I cells there are numerous 
lightly staining iron particles, in some cases imparting a 
bluish dust-like appearance to this part of the cell. 
Moving toward the basal portion of the cell these granules 
become perceptibly larger in the supra-nuclear cyto- 
plasm, stain more deeply, and in some cases iron seems 
to be undergoing deposition around a central, negatively 
staining "nucleus". The greatest concentration of granules 
containing iron is seen in the sub-nuclear cytoplasm, 
forming a large compact mass of deeply staining material. 

It is also possible to demonstrate compounds which 
contain iron in the epithelium of the hind-gut. These 
granules seem to be comparable with those seen in the 
hepatopancreas, but large concentrations are not evident. 

It is possible to conclude from these tests that iron 
stored in the hepatopancreas and hind-gut of the isopod 
B. giganteus is in the ferrie state, existing as either haemo- 
siderin or ferritin (haemosiderin being simply an aggre- 
gation of ferritin molecules). 

The function of iron stored in this way is open to 
question. Its utilization in the synthesis of haemoglobin 
is not possible, for a haemoglobin is presumably absent 
in this group of crustaceans. The absence of haemoglobin 
in the body fluids of this animal was readily demonstrable 
spectrophotometrically, with no absorption bands in the 
range reported for other crustacean haemoglobins (576-6 
for Daphnia magna; 576-4 for D. pulex; 576-1 for D. 
obtusa). The absence of haemocyanin is also demon- 
strable by spectrophotometric analysis. No absorption 
bands are seen at 570 my as reported for Homarus and 
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Loxorhynchus!*, or at 558 my. as reported for Palinurus 
elephas and Panulirus interruptus. Indeed, no absorp- 
tion bands were present in the visible light range, but 
one was demonstrable in the ultraviolet range and 
another in the infrared. These bands probably represent 
absorption by the two protein fractions demonstrable 
with starch-gel electrophoresis (my unpublished work). 

It has not been possible to examine tissues of this 
organism for eytochromes, but they should be expected 
to be present in this animal in view of the results obtained 
with other invertebrates. When examination for these 
compounds is possible it may prove that this animal is 
actively utilizing these iron-containing substances in the 
synthesis of cytochromes, but this is only speculation, 
and is certainly open to question. 

There is also the possibility that haemosiderin in the 
digestive gland of B. giganteus has no function. This, 
however, seems most unlikely in view of the apparent 
active absorption and storage of iron by the specialized 
I cells of the hepatopancreas. This phenomenon (iron 
absorption by the hepatopancreatic cells) has already 
been reported for the tropical fresh water shrimp, Atya 
spinipes'*, but in this particular case iron seems to have 
been absorbed by the hepatopancreas simply because it 
was combined with sugar (ferrum oxydatum saccharatum) 
rather than through any active or preferential iron 
absorption by the cells of this organ. Furthermore, iron 
resorbed by the digestive gland cells of A. spinipes is not 
retained, but is totally voided at the end of a 78 h starva- 
tion period following feeding on iron-sugar. In contrast, 
it appears that dietary iron is not only aetively absorbed 
by the I cells of the hepatopancreas of B. giganteus, but 
that it is also transferred from this organ to other tissues 
of the body. Evidence for this conclusion is based on 
demonstration of haemosiderin deposition in the epithe- 
lium of the hindgut. Because active absorption of iron 
directly by the epithelium of the hind-gut would be 
rather difficult because of the extremely thick chitinized 
lining of this organ, it must be assumed that it is derived 
from the iron compounds found in the cells of the hepato- 
pancreas. Ferric iron in the hepatopancreas could be 
converted to the ferrous state and carried by the body 
fluid to the epithelium of the hind-gut where it is oxidized 
to the ferrie state and deposited. 

It is interesting to note that in this particular organism 
there is a situation which, if present in i 
tissues, would represent a definite pathological condition. 
If the I cells of the hepatopancreas of B. giganteus are 
compared with human liver cells taken from an individual 
suffering from haemochromatosis or haemosiderosis, there 
seems to be little difference in either size, general shape, 
or staining properties of the granules within the cells. 


Harrison R. STEEVES 


Department of Biology, 
Virginia Polytechnie Institute, 
Blacksburg, Virginia. 
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Cytotoxic and Antifungal Agents: 
their Body Distribution and 
Tissue Affinity 


We have described! a method of investigating the distribu- 
tion in the body of antibacterial drugs. This is based on the 
inoculation of thin sections of tissue samples of various 
organs with a suitable microbe and on the visualization, 
after ineubation, of zones of microbial survival by means 
of triphenyltetrazolium. We subsequently pointed out* 
the possibilities of using the whole body sagittal technique 
for quickly obtaining information about the general 
distribution of drugs. Recently? we suggested the possi- 
bility of using the method for studying antifungal and 
antineoplastic agents. The present communication deals 
with the evaluation of the distribution and tumour 
affinity of antifungal and cytotoxic drugs in the body 
using microbes and yeasts; the use of such organisms for 
evaluating cytotoxic drugs is justified by their well known 
effect on these micro-organisms*-*. 

The biological sample, consisting of either whole pre- 
treated animal or occasionally an organ, was frozen at 
— 10? C and cut aseptically into sections 200-300u thick 
which were placed on agar plates and partially dried to 
avoid any diffusion of the chemotherapeutic agent. We 
used Difco brain-heart infusion agar for microbes and Difco 
Neurospora culture agar for yeasts. 

Sections were carefully inoculated by a platinum loop 
with an 18 h broth culture of a suitable microbe or with a 
24 h eulture of a yeast and incubated for 18 h at 37° C 
(microbes) or 24 h at 28° C (yeasts). The best results 
were obtained with E. coli ATCC 4157, B. cereus ATCC 
9634 and Saccharomyces cerevisiae ATCC 9763. The sec- 
tions were then covered with a liquid film of a fresh 
solution of triphenyltetrazolium chloride (or some other 
tetrazolium salt) prepared by dissolving 75 mg of the 
salt in 100 ml. of a saturated solution of disodium phos- 








Fig. 1. Whole body sagittal section of a mouse 3 h after the oral 
administration of 50 mg/kg of nystatin. The test organism is Sac- 
chavomuces cerevisiae 





Fig. 2. 
intravenous treatment with 35 mg/kg of mechloretamine hydrochloride 


The test organism is Saccharomyces cerevisiae. ( = 2-7. 


Detail of a whole body sagittal section of a mouse 5 min after 








Detail of a whole body sagittal section of a mouse 
100 mg/kg of 


Fig. 3 
after the intravenous administration of 
The test organism is Bacillus cereus. (x c, 4.) 


10 min 
5-fluorouracil 


phate. The living micro-organism reduces the water- 
soluble colourless tetrazolium salt to red formazan which 
is insoluble in water. Coloured show the dis- 
tribution of the live micro-organism, whereas colourless 
zones indicate the presence of the active agent. Control 
sections always show complete and uniform staining, 
indicative of the microbes’ growth. 
observed by transmitted light. 

To study the tumour affinity of the drugs we used mice 
bearing Ehrlich adenocarcinoma, 10-15 days after tumour 
transplantation. 

We experimented with the antifungal agents nystatin 
and griseofulvin and with the following cytotoxic drugs: 
chlorambucil, mechloretamine, methotrexate, 5-fluoro 
uracil, trimethyleolchicinic acid methyl ether, mitomycin 
C. Mice were satisfactory for providing rapid information 
about general distribution, while most other animals ean 
be used for studying partial distribution (tumours, sing 
organs, foetuses, and so on). The four photographs were 
selected to show the possibilities of using the method. 

Fig. 1 shows the poor oral absorption of nystatin 
(50 mg/kg given orally) together with its massive accumula- 
tion in the large intestine. In Fig. 2 a strong accumulation 
of mechloretamine hydrochloride is evident in the brain 
and spinal cord of a mouse intravenously treated with 
35 mg/kg of the drug; a large accumulation of the drug 
is also detectable in the lungs and in the submaxillary 
glands. The presence of the drug in the central nervous 
system is probably related to the well known stimulating 
effect of all nitrogen mustards in the central nervous 
system!?. 

As seen in Fig. 3, 5-fluorouracil intravenously admini 
stered to a mouse in a dose of 100 mg/kg, is concentrated 
in the liver, the peritoneum, the walls of the stomach 
(arrow), of the small and of the large intestine (arrow); 
this may be related to damage to the epithelium of the 
gastroenteric mucosa, causing side effects to the digestive 
system during its use in clinics. 

Fig. 4 shows a general distribution of mitomycin C in 
mice after intravenous administration of 10 mg/kg 
Particularly evident is the lack of accumulation of the 
drug in the tumour body (arrows), indicative of a very 
slight affinity for tumours. The evaluation of the bods 
distribution of antifungal and cytotoxic agents opens up 
the possibility of studying their eventual affinity for 
tumours using animals bearing tumours. For this purpose, 
until now, significant results have only been obtained using 
radioactive tracers!!-!5, 3y radiolabelling 
drugs, however, it is possible to obtain information 
about drug distribution in normal animals and about 
tumour affinity in animals with tumours. These methods 
do, however, suffer from a low degree of reliability related 
to the rapid degradation of the drug in the biological 
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Whole section of a 


Fig. 4 
(Ehrlich adenocarcinoma) 10 min after the intravenous administration 


body sagittal tumour-bearing mouse 


of 10 mg/kg of mitomycin C. The test organism is E, coli. 


medium; in fact, the persistence of inactive radiolabelled 
byproducts of the chemotherapeutic agent may obscure 
the localization of the effective antifungal or cytotoxic 
activity. Furthermore, these methods are cumbersome 
and expensive and therefore self-limiting for broad 
sereening of tumour affinity. 

The autographie method employed in our laboratories 
over a period of years in our opinion overcomes these 
diffieulties, allowing us to appreciate the presence of 
cytotoxic and antifungal drugs together with all their 
variously active byproducts, and to obtain a true map of 
their distribution and of their possible affinity for tumours. 

Ezio TUBARO 

Marias JorGe BULGINI 
Research Department, 
Dott. R. Ravasini and Co., 
Rome. 
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APPLIED SCIENCE 


Rapid-response Atmospheric Oxygen 
Monitor based on Fluorescence: 
Quenching 


THE energy acquired by matter when it absorbs electro- 
magnetic radiation is normally converted to heat, but in 
some cases much of the energy may be re-emitted as 
fluorescence or phosphorescence. Fluorescence is often 
quenched (that is, its intensity is reduced) in the presence 
of oxygen. The degree of quenching depends on the proba- 
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bility of an eneounter between a molecule of oxygen and 
a fluorescent molecule in its excited state, and the energy 
that would otherwise be emitted as fluorescence is trans- 
ferred to the oxygen, This effect has been used as the 
basis of a portable instrument to measure the atmos- 
pherie oxygen tension (British Patent Application No. 
46674/66). Various prototype devices have been con- 
structed and tested. 

In principle, the partial pressure of oxygen in a gas 
ean be measured by bubbling the gas through a solution 
of a fluoreseent material exposed to exciting radiation. 
and measuring the intensity of fluorescence. For example. 
the fluorescence from the polyeyclic aromatic hydrocarbon 
fluoranthene dissolved in cyclohexane solution is con- 
siderably quenched when air at normal pressure is bubbled 
through the solution. Apart from practical difficulties. 
however, such a device would be slow to respond to 
changes in the partial pressure of oxygen in air. This 
sluggishness has been overcome by using polyethylene 
as a matrix for the fluorescent material. A film of poly- 
ethylene, 25 or 50 wm thick, is soaked in cyclohexane 
solution containing fluoranthene and is then blotted dry, 
after which the solvent is evaporated. The resulting 
film shows changes in fluorescence a few seconds after 
being exposed to a gas of different oxygen partial pressure. 
Unfortunately, the loss in mobility of the fluorescent 
molecules on being contained in a solid rather than in a 
liquid results in a eonsiderable lowering of the quenching 
efficiency. Similar results are obtained with silicone and 
natural rubber films. Rapid response and high quenching 
efficiency, however, can be combined by using porous 
'Vyeor' glass as a matrix for the fluorescent material. 
A cyclohexane solution containing fluoranthene is ab- 
sorbed in the pores of the glass and the solvent is evapora- 
ted leaving the fluoranthene adsorbed on the surfaces of 
the pores. The higher quenching efficiency is presumably 
a result of the greater ease with which the oxygen mole- 
cules can reach those of the fluorescent material. The 
relationship between partial pressure and quenching 
indicates that the oxygen is strongly adsorbed on the 
surfaces of the pores in the 'Vycor' glass. 

One prototype instrument consisting of a miniature 
ultraviolet emitting glow lamp, an ultraviolet transmitting 
filter, a fluoranthene/*V ycor' or fluoranthene/polyethylene 
disk, an ultraviolet absorbing filter and a cadmium 


sulphide photoconductive cell responded to nitrogen. 
i With nitrogen, the 


air and oxygen as shown in Table 1. 


Table 1. RESPONSE OF A 





Percentage of fluorescence quenched 


lest gas Fluoranthene/'Vycor' Fluoranthene/polythene 


Nitrogen 0 0 
Air 41-0 2-8 
Oxygen 03:5 00 


particular photocell used gave currents at 12 V of about 
40 uA with fluoranthene/‘Vycor’ and 80 pA with fluor- 
anthene/polythene. 

The gas, the oxygen tension of which is to be measured 
or monitored, is pumped or allowed to diffuse into a 
light-tight chamber containing the device. A diffusion 
system is more suitable for a portable instrument, and 
a chamber of sintered metal allows sufficiently fast 
diffusion. The fluorescent disk can be protected from 
contaminating vapours by a layer of activated charcoal. 

I thank Dr B. Stevens and Professor G. Porter for 
advice and stimulating discussions. 


Il. BERGMAN 


Safety in Mines Research Establishment, 
Ministry of Power, 

Central Laboratories, 

Sheffield. 
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BOOK REVIEWS 


RUSSELL IN THE WILDERNESS 
"The Autobiography of Bertrand Russell 1914-1944 


Volume 2. Pp. 2684-10 plates. (London: George Allen 
and Unwin, Ltd.. 1968.) 42s. net. 


"Tug first volume of Bertrand Russell’s Autobiography, 
published a year ago, was widely acclaimed and already 
has the status of a classic. This second volume runs from 
the outbreak of the First World War in 1914, when Russell 
was 42, until the end of the Second World War, when he 
reached the ripe young age of 72. Before 1914 he had 
worked mainly on mathematical logie and had shared the 
general faith in prosperity and progress towards a better 
world. The outbreak of war in August 1914 was trau- 
matic. “I beeame filled with despairing tenderness 
towards the young men who were to be slaughtered, and 
with rage against all the statesmen of Europe. For 
several weeks I felt that if I should happen to meet 
Asquith or Grey I should be unable to refrain from 
murder." Instead he expressed his violence in a remark- 
able letter, published in the Nation: passionate yet far- 
seeing, it exposes the deep roots of his opposition to the 
war. 

Despite his pacifism, he remained friendly with Asquith. 
“Once when I had been bathing stark naked in a pond, 
I found him [Asquith] on the bank as I came out. 
'The quality of dignity whieh should have characterized 
a meeting between the Prime Minister and a pacifist 
¿was somewhat lacking on this occasion. But at any rate, 
-I had the feeling that he was not likely to lock me up.” 
Such lighter moments were rare during the war, for 
Russell devoted himself to the unpopular cause of peace, 
suffering much obloquy and severing many old friend- 
ships. In 1915 he wrote a spirited open letter to President 
Wilson, asking him to try to bring hostilities to an end. 
The plea was in vain, but the episode reminds us of the 
dark days in October 1962 when the telegrams from 
Russell at Penrhyndeudraeth were among the few visible 
signs that anyone in Britain was trying to influence the 
eourse of the Cuban crisis. 

In 1918, Russell was imprisoned for one of the many 
anti-war articles he had written. His particular crime 
was to mention that units of the US army might be 
brought into England to intimidate strikers, though he 
added the immediate proviso: "I do not say that these 
thoughts are in the mind of the Government. All the, 
evidence tends to show that there are no thoughts what- 
ever in their mind, and that they live from hand to 
mouth eonsoling themselves with ignorance and senti- 
mental twaddle”. But perhaps the proviso was worse 
than the original suggestion. In prison, which he found 
“in many ways quite agreeable”, he wrote the I ntroduction 
to Mathematical Philosophy. 

The years immediately after the war were a time of 
travel. In the summer of 1920 he made a nightmarish 
visit to Russia with a small Labour Party delegation: 
“eruelty, poverty, suspicion, persecution, formed the 
very air we breathed”. Later in 1920 he went to China 
on a leeture tour, with Dora Black, whom he married in 
1921. After a delightful autumn in Peking, he fell critically 
ill for several months with double pneumonia, complieated 
by heart and kidney disease, dysentery and phlebitis. 
Reports of his death were widespread, and a missionary 
paper had the terse obituary: “Missionaries may be par- 
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doned for heaving a sigh of relief at the news of Mr 
Bertrand Russell’s death". 

The return from China in 1921 was followed by a ten- 
year "parental period", and in 1927 Russell and his wife, 
convinced that existing schools were unsuitable for their 
two children, set up their own school at Telegraph House 
on the Sussex Downs near Harting. They had many 
problems of discipline and organization, but their financial 
problems were eased by the success of Russell's books in 
this decade, including Icarus, or the Future of Science 
(1924), The ABC of Relativity (1925). On Education 
(1926), Marriage and Morals (1929) and The Conquest of 
Happiness (1930). 

In 1936 came his third marriage, to Patricia Spence, 
and in 1938-89 he held professorships at the Universi- 
ties of Chicago and California. 1940 saw the infarnous 
witch-hunt against him, in which one lawyer, obviously 
well briefed from Roget’s Thesaurus, condemned his 
works as “lecherous, libidinous, lustful, venereous, eroto- 
maniac, aphrodisiac”. For a time the outcry almost 
destroyed Russell’s earning power in the USA and he 
could not return to England because of the war. At the 
age of nearly 71, he wrote to Gilbert Murray in England: 
“I would accept any honest work that would bring in a 
bare subsistence for 3 people". Future historians may 
single out this sentence as yet another illustration of the 
truism that the world often denies genius a decent living. 
now just as much as in the time of Mozart. Still, Russell 
managed to subsist in America, partly on loans from 
friends, partly on leetures and partly because of a generous 
advance by the publishers of his History of Western 
Philosophy, which was to be his main source of income 
for many years. 

This second volume of the Autobiography has fewer 
brilliant flashes than the first, and the narrative after 
1930 is rather sketehy. In compensation, however, the 
book is more continuously interesting than its predecessor. 
possibly because the events are nearer our own time, 
and because the letters, which occupy about two-thirds 
of the book, provide so many fascinating glimpses of 
Russell's friends and acquaintances. During the First 
World War we see Russell providing a home (and deben- 
tures worth £3,000) for T. S. Eliot, who was duly grateful; 
and quarrelling with D. H. Lawrence over the novelist's 
idea of ''blood-eonsciousness". We read of Russell's 
love affairs with Ottoline Morell and Colette O'Niel, 
and meet Wittgenstein in all the glory of his eccentricity. 
Among many others whose letters enliven the book are 
Joseph Conrad, Gilbert Murray, Bernard Shaw, and—- 
liveliest of all —Russell's elder brother Frank, whose death 
in 1932 transformed his brother into England's most 
reluctant earl. 

Some readers of these volumes may feel sad that such 
a brilliant intellect has had to battle against so many 
stresses and upheavals, and the author himself expresses 
regret at not having been able to lead a more settled life. 
But the years in the wilderness recorded in this book were 
perhaps inevitable: like Shelley, one of his early heroes, 
he was too energetic and single-minded in pursuit of his 
ideals ever to lead a quiet life. It is only in recent years 
that rest and contentment have come, and a settled home 
among the hills of Merionethshire. 

D. G. Kisc-HELE 


HISTORY OF THE ATOM 


The Atomists (1805-1933) 

By Sir Basil Schonland. Pp. x+198+ 4 plates. (Oxford: 
Clarendon Press: London: Oxford University Press, 
1968.) 35s. net. 

Tur atomic theory and the constitution of the atom have 
played such & fundamental part in the development of 
science that their history is of intense interest. They were 
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both the battleground of rival theories and classic con- 
troversies, and so the gradual emergence of the views we 
accept today makes a fascinating story. This book covers 
the period between 1805, when John Dalton first gave the 
atomic theory quantitative significance, and 1933, just 
after the discovery of the neutron. The author is a dis- 
tinguished physicist who was working in the Cavendish 
Laboratory just after the First World War during one of 
its greatest periods. He thus had personal experience of 
some of the exciting episodes he describes. He has made 
an intimate study of many of the great masters, Faraday, 
Clerk Maxwell, von Helmholtz, Hertz, Einstein, Planck, 
J.J. Thomson and Rutherford, and of their collaborators. 
With this and his long experience of the ardours and 
endurances of an investigator, he brings to life in lucid 
words the crucial moments of their researches, recording 
both their failures and successes. There is a personal 
quality running through this book, an intimate appraisal 
of the intellectual qualities of the men it describes, that 
makes the story of the interplay of theory, experiment 
and accident so revealing and of such interest and value 
to the younger generation. By the careful selection of 
significant detail, almost like a pre-Raphaelite picture, 
Sir Basil has covered this vast canvas in less than 200 
octavo pages, a triumph of compression. 

All but the first of his thirteen chapters are concerned 
with the physical developments of the atomic theory. 
He begins with Faraday’s investigation of the mechanism 
of electrolytic conduction and carries the story through 
Hittorff, Kohlrausch, van't Hoff and Arrhenius up to the 
Debye-Huckel theory. S. R. Milner deserves a mention. 
Then he goes back to Faraday's famous extempore lecture 
in 1846 when he elaborated his cenception of electro- 
magnetic lines of force as potential carriers of vibrations, 
which Clerk Maxwell translated into mathematical form, 
“one of the most splendid monuments ever raised by the 
genius of a single individual”. Then followed under the 
stimulus of von Helmholtz the investigation of Maxwell’s 
displacement current by Hertz, leading to his dramatic 
discovery of wireless waves, so quickly tc be exploited 
by Marconi. 

From the Hertzian oscillations it was logical to consider 
the whole spectrum of electromagnetic vibrations when 
the diserepancy between the Boltzmann-Wien relation of 
energy to wavelength in “full” radiation in short wave 
lengths and the Rayleigh relation in the infrared showed 
that something was missing. This Planck solved by his 
brilliant intuitive idea of the quantization of the emission 
of energy in terms of his constant h, “one of the absolute 
standards of the measure of Nature”. Then come chapters 
describing the long chase after Johnstone Stoney’s elec- 
tron, J. J.’s theory of atomic structure and a brilliant 
account of Rutherford’s swift elucidation of the phen- 
omena of radioactivity, culminating in his theory of the 
nuclear atom, to which his students Bohr and Moseley 
added quantized electron orbits, and atomic number. 
The story is told with great lucidity and conciseness and 
yet with such vivid touches that bring to life Rutherford’s 
almost infallible experimental genius, prompting com- 
parison with Faraday. The book closes with the discovery 
of the neutron and neutrino and a brief account of quan- 
tum mechanics, which has become the basis of modern 
chemistry. 

It may seem churlish to end this review of an out- 
standing piece of historical exposition with a criticism of 
the first chapter, which seems to me to fail to do justice 
to the contribution of atomic theory to ninateenth century 
chemistry, and is likely to give the reader wrong ideas of 
the historical sequence of events. He might easily get 
the same impression that Dalton gave to Thomas (not 
William) Thomson, that his theory was deduced from a 
knowledge of chemical combination in simple multiples, 
when in fact Dalton’s interest in atomic weights was 
aroused by his work on the solubility of gases in water, 
and he found that his postulate of combination in simple 
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multiples was justified by the facts. Berzelius, when h 
heard of Dalton's theory on reading Wollaston’s paper 
had in his aceurate analyses abundant confirmation of it 
truth, which was obscured from him as he had calculate 
his results in terms of percentage composition. Thi 
Berzelian atomie formulae played an essential part ir 
elucidating the relationships of the many complex organi 
substances isolated and analysed between 1825 and 185( 
and they were the basis of the chemical equation. There 
was confusion between atomic weights and equivalents 
but even the sceptics used Berzelian formulae. It was 
Kekulé, not Cannizzaro, who initiated the Karlsruhe 
Conference in 1860. This was saved from an abortive 
ending by the hand-out of a few copies of Cannizzaro': 
Sunto, in which by the logical use of Avogadro's law 
eliminating all preconceived notions, he arrived at th« 
atomic and molecular weights we use today. It wa: 
after reading this pamphlet that Lothar Meyer said, “The 
scales fell from my eyes", and Mendeleev said that he 
owed to Cannizzaro the values on which his periodic 
system was based. No mention is made of the great 
triumph of the Atomie Theory in 1874 when both van't 
Hoff and Le Bel pointed out that the tetrahedral grouping 
of four dissimilar groups around a carbon atom would 
account for the existence of the optical isomers discovered 
by Pasteur. When later the actual arrangements of the 
atoms in molecules were determined by X-rays, it was 
remarkable how closely they agreed with the formulae 
derived by chemists from macroscopic measurements. 
This book should and will be widely read and in due 
course a second edition will be called for, in which the 
story might be carried a little further and the first chapter 
reeast. HAROLD HARTLEY 


RACE AND MODERN SCIENCE 


Race and Modern Science 

A Collection of Essays by Biologists, Anthropologists 
Sociologists and Psychologists. Edited by Robert E 
Kuttner. Pp. xxviit+427+xviii. (New York: Socia 
Science Press, 1967.) $7.95. 

Iw 1952 Unesco published a “Statement of the nature o! 
race and race differences", based on the deliberations of 
a panel of geneticists and anthropologists, together witk 
the comments of critics, many of whom found it toc 
egalitarian. Some of these criticisms are reproduced at 
the beginning of the present volume of essays, although 
without the statement at which they were aimed. Accord. 
ing to the editor, this book was coneeived to put the 
record straight after Unesco’s unfortunate effort. Hir 
own definition of races as “groups (in a breeding com. 
munity) that have in common certain genes which are 
lacking in other groups” is not very satisfactory, nor does 
Are we to say, for example, that 
Greeks, some Indian and many African peoples belong to 
one race, or to three different races, because they have 
the sickle cell gene which is rare or absent in most other 
populations ? 

The editor’s task in introducing a collection of sixteen 
essays so heterogeneous in subject and quality must 
indeed have been difficult. B. Lundman, writing from 
the standpoint of classical morphological anthropology, 
gives a survey of human geographical differentiation. He 
thinks that “‘chemical and physical measurements and 
calculations” are not likely to add anything “truly new 
or significant” to anthropology. Whatever the merits of 
this essay may be, it is scarcely modern in spirit, and 
when we read of Mongolids with their "thick and im- 
permeable skin" and Negrids with “loose skin which can 
easily be cooled by perspiration" we seem to be back in 
the eighteenth century. J. Czekanowski, the veteran 
Polish typologist, eontributes an article which is notably 
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opaque in style. His method of analysing the racial com- 
ponents of populations seems to be artificial and fallacious. 
It is not clear how the characteristics of the hypothet- 
&cal ancestral populations are known and the assumption 
that their constellations of characters segregate en masse 
ins if due to single genes has no foundation in genetics. 
In his ehapter on the racial biology of the South African 
‘Bantu, J. D. J. Hofmeyr suggests that adaptation to 
wxtreme environments leads to loss of genetical variability. 
‘He provides no evidence that variability is notably 
reduced in peoples such as the South African Bushmen 
whom he cites, and when he suggests that the Tasmanians 
‘succumbed because of depletion of variability one wonders 
"whether any amount of polymorphism would have helped 
them against firearms. 

It is a relief to turn to the article by I. Schwidetsky on 
race and the biological history of peoples. This is one of 
the more thoughtful and cautious contributions, emphas- 
izing the pitfalls of attributing cultural achievement or 
decline to genetical events. C. D. Darlington, dealing 
with the related theme of human society and genetics, is 
less cautious. D. C. Rife's chapter on race and heredity 
contains much that is sound but is too dogmatic on some 
points, such as that genes for skin, hair and eye colour 
are “fixed” in unmixed Asian and African populations. 
He finds no evidence for biological advantages or dis- 
advantages in miscegenation but seems to feel that it is 
better avoided. 

The most sensitive area in controversies about race is 
the question of inherited differences in intelligence and 
other mental attributes. Probably few geneticists would 
deny that such differences may exist but the technical 
problems of demonstrating them satisfactorily are for- 
midable. American Negroes have often been found to 
make lower average scores than white people on standard 
scholastic tests and the interpretation of such data has 
been hotly debated. F. C. J. McGurk reviews some of 
this work together with his own studies in which an 
attempt was made to equate the tested groups in cultural 
background. He forcefully denies that the “culture 
"hypothesis", which has been ably defended by Klineberg 

elsewhere, has any factual support. S. D. Porteus pro- 

vides an interesting account of his experiences in using 
his well-known maze test on Australian aborigines and 
other non-European peoples, some of whom achieved high 
scores, He believes that qualities different from those 
brought out by scholastic tests, and broadly defined as 
mental alertness, are revealed by the maze. 

Tt is impossible to comment on all the articles in this 
book in a short review. Suffice it to mention also quite 
interesting articles by R. E. Kuttner on biochemical 
anthropology, by L. Gedda on inter-racial crosses in 
Italy, by C. Gini on the sociology of racism, and by F. 
Keiter on the cultural preferences of various racial groups. 
"The authors were chosen, so the editor tells us, because 
their ideas were known to be “original, provocative and 
even controversial”. It seemed to me that the last two 
qualities were more in evidence than the first. 


N. A. BARNICOT 


CARCINOGENESIS 


Carcinogenesis 

A Broad Critique. (A Collection of Papers presented at 
the Twentieth Annual Symposium on Fundamental 
Cancer Research, 1966.) Pp. xii+ 774. (Baltimore, Md.: 
The Williams and Wilkins Company, 1967. Distributed 
in the U.K. by E. and S. Livingstone, Ltd.) $16; 
1478. 6d. 


Forry years ago, Sir Ernest Kennaway isolated 1 : 2-5: 6 
dibenzanthracene, the first pure chemical substance which 
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induced eancer in experimental animals. The expectation 
that this great discovery would be followed by the elueida- 
tion of the mechanisms involved in the carcinogenic 
process has not so far been fulfilled. However, the study 
of carcinogenesis still constitutes the most promising 
approach towards a solution of the central problem in 
cancer research, namely, to describe in biochemical terms 
the nature of the changes which are responsible for cella 
sequiring malignant properties. 

Most modern theories of carcinogenesis lie between two 
extremes, a wholly direct and a wholly indirect mode of 
aetion. According to the first, the function of the carcino- 
gen consists of converting a normal cell into a malignant 
one, as a result of direct chemical reaction with the 
DNA in the cell. The appearance of the cancer is seen as 
an inevitable consequence of the multiplication of the 
genetically transformed cells. The concept of indirect 
action arises from experiments which appear to show that 
spontaneous transformation to malignancy is a relatively 
common event in animals, but that the vast majority of 
such cells are eliminated before developing into a 
tumour. The role of the carcinogen is seen as facilitating 
the “escape” of such malignant cells, possibly by inter- 
fering with normal host defence mechanisms that are 
directed against them. 

The publication of the thirty-seven papers, contributed 
by the leading workers in the field of carcinogenesis to 
the Annual Symposium on Fundamental Cancer Research 
held by the M. D. Anderson Hospital and Tumor Insti- 
tute of Houston, Texas, is most timely and valuable. 
By taking a broad look at the problem of human carcino- 
genesis from multiple approaches it is bound to influence 
the direction of future research and cannot fail to interest 
everyone engaged in cancer research and cancer preven- 
tion. Though most of the data come from studies on 
small animals, the emphasis is on its application to cancer 
in man. The hard road of going from mouse to man is 
illustrated particularly clearly in the section dealing with 
the aetiology of lymphomas and leukaemias. In two other 
sections dealing respectively with carcinogenesis in mam- 
mary tissues and in the liver, there is a most stimulating 
confrontation of animal experiments with human experi- 
ence. 

While at the mechanistie level the key «discoveries 
have yet to be made, from a practical point of view 
there ean no longer be any doubt that external factors 
are responsible for a high proportion of human cancer 
and that prevention is not only a realistic aim but may 
already in the near future contribute to a significant 
reduction in cancer. Carcinogenesis is also becoming 
closely linked with new advances in treatment such as 
immunotherapy and viral interference which cannot be 
applied without some knowledge about the aetiology of 
the tumour to be treated. This aspect also is dealt with 
in this symposium. 

The production and editing of this book are of the 
highest standard and the price is most reasonable. 


PETER ALEXANDER 


ANALYSING AMINO-ACIDS 


Amino Acid Determination 

Methods and Techniques. By S. Blackburn. Pp. xi 4- 271. 
(London: Edward Arnold (Publishers), Ltd.; New York: 
Marcel Dekker, Inc., 1968.) 110s. net. 

Tue salvation of protein chemistry lies in the recognition 
of proteins as polymers. Structural elucidation is thereby 
reduced to the determination of the number, type and 
sequence of the monomer units, the amino-acid residues, 
in the polymer chain; synthesis, to the assembly of the 
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units in the required order. Of course, the statement and 
achievement even of these highly simplified objectives 
are poles apart, but the difficulties have been intensively 
studied and automated processes have been developed to 
deal, in principle at least, with each stage of the problem. 
Automated amino-acid analysis is the longest standing 
and the most successful of these techniques. 

Dr Blackburn discusses the methods and techniques 
available for the determination of amino-acids, largely 
from the point of view of structural protein chemistry. 
In recent years there has been a number of excellent 
reviews on this topic, but this book is a useful addition 
to the literature. An accurate picture of the present 
situation emerges from its pages and few workers would 
quarrel with the glimpse of the future with whieh it 
coneludes, 

Nowadays, most people would be reluctant to undertake 
a problem dependent on extensive amino-acid analysis 
unless they had access to one of the commercial automated 
analysers. In these circumstances, selecting a method is 
often a matter of deciding which of the available machines 
best meets the requirements. Dr Blackburn’s book will 
not help with this problem, although it does provide 
background information which will be of value when 
facing the barrage of manufacturers’ literature. It would 
be helpful if the available analysers could be compared 
by independent workers in terms of sensitivity, accuracy, 
speed, mechanical reliability and cost. Admittedly, the 
results would be related to the degree of expertise of the 
operators but, as Dr Blackburn records, useful com- 
parisons of the literature methods have been carried out 
in this way. "There seems to be no reason why similar 
surveys should not be conducted with the various com- 
mercial machines. 

Jon exchange chromatography, on which the usual 
automated procedures are based, oceupies, quite properly, 
about 40 per cent of the book. Apart from the intro- 
ductory sections which consider, in general terms, protein 
hydrolysis and amino-acid analysis, the rest is concerned 
with specific techniques which may be useful in particular 
circumstances. Paper and thin-layer chromatography of 
amino-acid derivatives emerges as the poor man’s and 
occasional user's analyser system; electrophoresis is 
clearly a valuable asset if the apparatus is available: 
chemical and spectroscopic procedures find limited though 
often critical applieations. Gas chromatography and mass 
speetrometry have tremendous potentials and, in the not 
too distant future, may displace present-day automated 
processes, It is even possible that the development of 
mass spectrometry may obviate the need for traditional 
amino-acid analysis entirely. 

The book is well written and produced and the proof 
reading has been carried out with a meticulousness which 
might be expected from a worker in this field. Although 
most chemists will have recourse to the original litera- 
ture, Dr Blackburn's inclusion. of many experimental 
details will be appreeiated in the laboratory. 


H. D. Law 


BRAIN SYMPOSIUM 


Brain Reflexes 

Edited by E. A. Asratyan. (Progress in Brain Research, 
Vol. 22.) Pp. xv 600. (Amsterdam, London and New 
York: Elsevier Publishing Company, 1968.) 255s. 


Tus large and costly volume contains the papers given 
at what is described as “an interdisciplinary international 
meeting" in Moscow, sponsored by the International 
Brain Research Organization and the USSR Academy 
of Sciences. However, the symposium did not live up 
to this claim; it was not very interdisciplinary, nor was it 
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genuinely international. I have become accustomed, wher 
reading symposia on brain funetion, to expect at least one 
contribution from a mathematician—but none appears 
here. Furthermore, of the forty-five papers that were 
delivered, thirty-three came from the USSR or its satellites 

'The twenty-second volume of Progress in Brain Re 
search therefore offers a comprehensive account of currenti 
neurophysiologieal thinking east of the Iron Curtain 
As such, it provides à sad example of the intellectuali 
vacuum thet so often follows the death of an outstanding; 
scientist—in this case Pavlov. The questions asked are 
still those that worried him, despite the fact that recenti 
advances in neurophysiologieal technique have made 
different but parallel lines of enquiry more rewarding 
Moreover, I feel that the interpretation of Pavloniam 
experiments, even when electrophysiological records are: 
exchanged for drops of saliva, is too often hindered by a 
terminology that confuses fact with fiction. For example, 
a literal translation for excitation of the visual analyser" 
might read “excitation of primary visual cortex"; but 
this translation does not show that aeceptance of a whole 
creed of neurophysiological hypotheses lies hidden within 
the first phrase. 

Nevertheless, I was intrigued by Bures’ latest experi- 
ments with reversible decortication caused by spreading, 
cortical depression. Bures’ work in this field is of un- 
doubted importance and I have always admired the way 
in which he designs experiments to give reasonably 
unequivocal answers to simple questions concerned with 
learning. I was also interested by Professor Asratyan's 
contribution on “two-way conditioning" V Two sensory 
stimuli are chosen, each of which is associated with a 
reliable unconditioned response, for example, a puff of 
air aimed at the eyes causing lid elosure. After frequent 
exposure of an animal to these two stimuli, given simul- 
taneously or in sequence, either stimulus alone evokes the 
response appropriate to the other. From such results, 
Asratyan argues that the formation of all conditioned 
reflexes may involve the facilitation of two separate neural 
pathways conducting in opposite directions, between 
"eorresponding nervous foci". But I sometimes wonder 
whether the conviction that conditioned reflex formation 
depends on the establishment of conducting pathways 
is not the greatest, weakness of current studies in this field. 
In this connexion it was refreshing to read Professor 
Anokhin's comment, reminding his audience that '*. . . each 
real action of an animal, which is an expression of efferent 
excitations only, unavoidably ends by obtaining results, 
and by information about these results going into the 
central nervous system". He is suggesting that formation 
of conducting pathways through a telephone-exchange- 
like nervous system may be less important than the 
acquired ability of a conditioned stimulus to set up a new 
goal for motor action. 

I believe that neither neurophysiologists nor experi- 
mental psychologists will find much of lasting value in 
this large volume. It seems to me less important as a 
contribution to neurophysiological progress than as a 
historical document, one that well illustrates some of 
the benefits and many of the dangers of a persuasive 
school of thought. B. Detiste BURNS 


METEOROLOGY TEXT 


Atmosphere, Weather and Climate 

By R. G. Barry and R. J. Chorley. (A University Paper- 
back Original.) Pp. 319427 plates. (London: Methuen 
and Co., Ltd., 1968.) 25s. 

Recent advances in synoptic and dynamic meteorology 


occupy so large a space in current journals that any volume 
which successfully summarizes them is assured of a warm 
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welcome from general students of climate and weather. 
When the contents of that summary happen to be right 
ap to date, lucid and remarkably comprehensive, the 
welcome is doubly assured. Here, let it be said straight 
way, is a safe inexpensive guide for all interested in the 
fundamentals of climatology and an indispensable 
sompanion for the student of the more aerial aspects of 
earth sciences. The authors, who hail from Southampton 
and Cambridge, have wisely assumed that their readers 
have some knowledge and still prefer literature to logarith- 
mic tables. Consequently their text is pleasantly readable. 
Wet their discussions are scientifically convincing, for 
they make regular use of simple equations, and where 
che quantities and proportions involved become rather 
alaborate they are expressed also in diagrammatic form. 
There are about 150 of these explanatory diagrams, which 
in themselves are worth the purchase price. In addition 
there are twenty-eight plates, mostly of the atmosphere 
with its cloud formations photographed from spacecraft. 
These are a delight and demonstrate vividly how much 
weather study is benefiting from space projects. 

The text consists of eight main chapters of which the 
first four cover basic meteorological processes and con- 
pepts. These deal respectively with the nature of the 
atmosphere and its energy sources, transfers and budget; 
atmospheric moisture; atmospheric motion; and air 
imasses, fronts and depressions. The approach is causal 
iind practical. Thus the account of precipitation processes 
is followed by a discussion of precipitation characteristics 
and types; and that of atmospheric motions includes 
anter alia Coriolis force, local winds, upper winds and major 
wind systems. 

The next two chapters deal with regional climatology 
and summarize climatic characteristics on the basis of 
meteorological conditions. In the fifth chapter on “tem- 
‘perate latitude" climates, the authors are concerned 
principally with Europe and North America which, no 
doubt, will be very suitable for university courses, but 
‘seems rather neglectful of the Soviet Union, whose writers 
are often referred to elsewhere in this text. The sixth 
chapter, on the tropical airspace, emphasizes the falsity 
of an assumed simplicity of tropical weather and adds a 
substantial account of the Asian monsoon. In the seventh 
chapter the authors chose urban climates and forest 
climates to exemplify in detail the main principles of 
microclimatology. The eighth chapter contains a concise 
analysis of climatic variability, trends and fluctuations, 
one of the most popular themes in modern meteorology. 
There follow an excellent bibliography which will 
suffice for any student, and a bibliographed, illustrated 
appendix on climatic classification. 

This splendid little book will immediately become a 
popular, recommended text and will go into many editions. 
For those reasons, it must be made the object of a minor 
point of adverse criticism that could equally be applied to 
many other modern climatological texts. In the next 
edition the authors must jettison the use of Mercator’s 
cylindrical projection, one of the greatest menaces and 
most misleading devices ever foisted on innocent meteor- 
ologists. The diagrams (on the Mereator graticule) of 
mean daily shade air temperatures (page 37), world mean 
sea-level air temperatures (pages 38 and 39), and of tem- 
perature anomalies (pages 44 and 45) are in fact taken 
direct from eminent meteorological sources but we expect 
something better of scientifie geographers. Mercator’s 
cylindrical graticule is worse than useless for such purposes 
and its deviser has probably done more harm to meteor- 
ology than any other single author, It is largely responsible 
for the general non-appreciation of the areal and_ still 
greater volumetric smallness of the airspace outside of 
latitudes 60° or conversely for the lack of appreciation of 
the tremendous spatial and volumetric dominance of the 
tropical scene. The praiseworthy diagrams of, for 
example, mean global precipitation (pages 96 and 97) 
and world climatic classification (page 299) demonstrate 
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that cqual-area graticules are essential for world distribu- 


tions. Use Hammer-Aitoff or Mollweide, but Mereator 
never! ROBERT P. BECKINSALE 


ADVANCING CONTROL 


Advances in Control Systems: Theory and Applications 
Edited by C. T. Leondes. Volume 5. Pp. xui+426. (New 
York: Academie Press, Inc. ; London: Academie Press, 
Ine. (London), Ltd., 1967.) 148s. 


CONTROL systems science is at an ambiguous stage in its 
development. No longer exclusively wedded to technology, 
it is moving, legitimately, to problems of mathematical 
interest. These include the qualitative properties of 
differential equations (stability, controllability, reachable 
set theory); probability theory (evolution of conditional pro- 
bability densities, representation of stochastic integrals and 
equations, optimal control of stochastie processes); mathe- 
matical programming (numerical algorithms for optimiza- 
tion of deterministic and stochastic systems described 
by ordinary or partial differential equations, mathematical 
programming in function space) and statistics (estimation 
of parameters). This partial selection is sufficient to 
show the need for the co-operation of mathematicians in 
this field. On the other hand, there are many techno- 
logical problems which are being studied. The inherent 
danger facing the subject, however, is that it may become 
the study of proposed systems or techniques for control 
which, though complex, are neither sufficiently funda- 
mental to lead to a development in mathematics, nor 
sufficiently practical to be useful technologically. 

This new volume in the series of “Advances in Control 
Systems, Theory and Applications" is, like its predecessors. 
a collection of long articles on specialist. subjects, at least 
several of which are condensations of doctoral theses. 
Consider first two articles of potential interest to both 
mathematicians and control engineers. ‘The article by 
Snow considers the problem of finding the set of states 
that can be replaced at time T by the use of controls 
belonging to a given class. A Hamilton-Jacobi partial 
differential equation, which describes the evolution of 
the reachable set, is obtained. A rigorous proof of the 
existence of various limits is not given. The results, 
however, are true for a sub-class of singular problems. 
for which a rigorous treatment is given. The second 
article, by Fisher, deals with the filtering of processes 
described by non-linear stochastic differential equations. 
The article is very extensive; however, the treatment is 
purely formal, and in view of the complexity of the 
problem, most readers will wish to refer to the original 
articles by Wonham and Kushner. 

The next two articles deal with numerical methods. 
Scharmack gives a more thorough discussion than usual 
of the by now well known boundary-iteration method of 
determining an optimal trajectory and presents numerical 
results for a re-entry path problem. He includes a prob- 
lem with a state-variable constraint, which is also the 
subject of the article by MeIntyre and Paiewonsky. This 
is a pleasant, informal discussion of the nurnerical 
difficulties arising in state-constrained problems, and will 
be appreciated by those approaching this difficult topic. 

The article by Wiberg deals with optimal control of 
nuclear reactor systems. The inclusion of specialist 
articles dealing with a specific technology is to be com- 
mended. 

Finally, there is an interesting article by Pearson. 
describing an approach, largely due to the author, of 
determining the optimal steady state control of a process 
with unknown dynamics. The adaptive control problem. 
however, has absorbed much effort, with little practical 
achievement, and the utility of the approach remains to 
be assessed. D. Q. Mayne 





402 


THREE VOLUMES OF HALOGENS 


Halogen Chemistry 

Edited by Viktor Gutmann. Vol. 1, pp. xiii+473. 
Vol. 2, pp. xiii--481. Vol. 3, pp. xiv+471. (London : 
Academic Press, Inc. (London), Ltd.; New York: Acade- 
mie Press, Ine., 1967.) Vol. 1, 1208; $21. Vol. 2 and 3, 
li5s.; $20 each. 


FLUORINE, the lightest of the halogens, was something of 
a curiosity until about twenty years ago. The last two 
decades have seen remarkable progress in our knowledge 
of its chemistry; this has been fully chronicled in books 
and monographs as well as in the learned journals, and 
two review series are now devoted entirely to the element. 
Although equally important advances have been made 
in the chemistry of the other halogens, these have been 
overshadowed by the way attention has been focused on 
fluorine, and not much attention has been paid to them 
in review journals. In this book, Professor Gutmann 
redresses the balance to some extent by presenting 
twenty-two articles written by thirty authors, covering 
the four principal halogen elements. Some division of 
subject matter has been attempted between the three 
volumes: most of the general chemistry appears in the 
first two volumes, whilst the third volume is devoted 
almost entirely to the transition elements. The articles 
are somewhat unequal both in length and in academic 
weight, but the general standard is good. 

The first volume begins with an excellent contribution, 
"The Physical Inorganie Chemistry of the Halogens", 
by A. G. Sharpe, which is a successor to and an extension 
of an earlier article on fluorine by the same author. Of 
the following chapters, the articles by Stein, “Physical 
and Chemical Properties of Halogen Fluorides" and 
“Electronic Structure and Molecular Orbital Treatment 
of Halogen and Noble Gas Complexes in Positive, Negative 
and Undefined Oxidation States", and by Jorgensen, are 
outstanding; the former for the careful chronicling of 
thermodynamie and struetural properties and the latter 
for the ideological and philosophical content. 

In the second volume the first five articles, “Sulphur- 
Nitrogen-Halogen Compounds" (O. Glemser and M. 
Fild), “Fluorophosphoranes” (Reinhardt Schmutzler), 
“Halides of Arsenic and Antimony” (L. Kolditz), "In- 
organic Silicon Halides” (E. Hengge), “Organo Element 
Halides of Germanium, Tin and Lead" (Ingeborg Ruidisch, 
Hubert Schmidbaur and Herbert Schumann)—are des- 
eriptive and in the short time which has elapsed since 
they were completed some significant new work has been 
published, for example on silicon difluoride. The article 
by Thompson and Tittle, *Halogenation and Halogen 
Exchange in Fused Salt Media", is very welcome, perhaps 
more as a pointer to the future than on the basis of 
present knowledge. 

Although in the third volume, as elsewhere, the contribu- 
tions are of a high standard, there has been some lack of 
care in the choice of material. In three chapters in par- 
ticular, those by Fairbrother, “The Halides of Niobium 
and Tantalum", by Beveridge and Clark, ‘‘Pentahalides of 
the Transition Metals", and by Fergusson, ‘Halide 
Chemistry of Chromium, Molybdenum and Tungsten”, 
there is much overlap, and in my opinion this goes beyond 
the permissive limits. 

One of the omissions from the book is a contribution 
on structural inorganie chemistry, and only in the first 
of the articles in this last volume is some real attention 
paid to this. i 

This book is going to achieve à wide circulation, and 
it is & pity that more attempt has not been made to keep 
the individual eontributions within a standard format, 
particularly as regards the writing up of references. I hope 
that Professor Gutmann will be sufficiently encouraged 
by the way his book is received to undertake a further 
series in due course. R. D. Pz4Acock 
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RENAISSANCE THINKER 


Gianfrancesco Pico della Mirandola (1469-1533) and 

his Critique of Aristotle 

By Charles B. Schmitt. (International Archives of th: 
History of Ideas, 23.) Pp. xiv+252. (The Hague 
Martinus Nijhoff, 1967.) 36.50 guilders. 


Tug author of this book has placed scholars who ar 
interested in the development of philosophical ideas unde 
& deep debt of gratitude. "This analysis of the work of Pic 
the Younger (the junior by six years of his distinguishe 
uncle, with whom he is occasionally confused) is not onb 
masterly but very readable. The theme is of majo 
consequence in itself. Here is the life story of a highh 
intelligent and rather exacting man, who brought thi 
intensely charged intellectual climate of the Renaissance 
to bear upon the speculations of one of the greatest figure: 
of Greek learning. Evidently, the task was difficult anc 
productive of tension. First-—-and this is a little odd— 
he questions the veracity of much of his material. Ir 
fact he takes a dim view of the ready acceptance of muck 
of what, in his day, passed for original Aristotelian texte 
Passed to its logical conclusion, this is slightly unsatis. 
factory, for if the writings under scrutiny are not by the 
master there is little point in eastigating him for hi: 
(vicarious) errors. 

Second, by the year 1520, when Pico’s major thesi: 
appeared, matters were more complicated. Years ol 
study had led to the conclusion that Aristotle was by nc 
means to be regarded as good support for the Catholic 
faith (indeed events had turned full circle from the day: 
of St. Thomas Aquinas), and moreover the new humanist 
rejected much of it whether metaphysically importani 
or not. As a staunch believer, Pico was ready to do battle 
quite literally, on the side of the Popes, but he gave then 
no quarter for some of their excesses. To them he wa: 
indeed the candid friend. Unluckily he was no mathe 
matician, and was unable, or unwilling, to advance 
materially the analytical objections to the Stagirite: 
mechanics initiated by John Philoponus centuries before 

Incidentally, there seems to be some minor confusior 
on page 147 in respect of velocity V, motive force P anc 
resistance R.  Dimensionally V~P/(1+R) would be 
acceptable, but not as written at the beginning of the 
second paragraph, and still less as V «(P — R). 

Looked at today, all this may seem a little trivial. 
Yet not so: men were cogitating profoundly upon their 
faith-reason problem, as we are doing now in a different 
setting. Again, less than seventy years after Pico's death 
Bruno the Nolan was burnt at the stake for advocating 
a cosmology not very far removed from that which Pico 
the orthodox would, as a humanist, have supported. He 
may actually have seen Raphael’s great picture of Plato 
and Aristotle on the steps of the Lyceum. How much 
would one give to know what he made of it. Meanwhile, 
Professor Smitt has added to his labours by including a 
most useful list of sources. F. I. G. RAWLINS 


WHAT EMOTION IS 


Neurophysiology and Emotion 

Edited by David C. Glass. (Biology and Behaviour 
Series.) Pp. xi+234. (New York: The Rockefeller 
University Press, and Russell Sage Foundation, 1967.) 
$7.50. 


Tuis book, which is a report on one of three conferences 
dealing with different aspects of the interrelationship 
between biological and behavioural systems held under the 
auspices of the Russell Sage Foundation and the Rocke- 
feller University, is most interesting because it goes further 
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han most efforts to bridge the gap between neurophysio- 
sogy and behaviour—in this case, emotion. 

All the leading papers are provocative. The opening 
shesis by Pribram offers a fascinating definition in neuro- 
ahysiological terms of emotion. It is clear from the 
Wiscussions which follow that not all the psychologists 
participating in the conference agreed, nor is it likely 
shat other psychologists reading this book will agree 
wither. Pribram's thesis, separating “preparatory” 
processes and “participatory” processes, is supported by 
a considerable body of neurophysiological evidence. 
Much of it, although it cannot be regarded as full and 
final proof of his theory, at least offers a very reasonable 
working hypothesis. It is clear, however, from the 
discussions which are reproduced in the rest of the book, 
that there was failure to reach agreement between the 
iphysiologists and the psychologists on an adequate 
definition of emotion. 

How this gap can be closed is still a matter for further 
debate. Too much of the psychological approach takes 
scant notice of the basic neurophysiology. Too much 
if the physiologists’ approach is content with rather 
‘superficial correlation between some aspect of ‘‘behaviour” 
iand a physical finding. This is evidenced in the extremely 
interesting work of Brady, who presents many interesting 
facts in respect of catecholamine and corticosteroid 
levels during various changes in behaviour. Much of this 
äs correlated, but how much of it is actually cause and 
effect ? The contribution by the late D. Wayne Wooley is 
itantalizingly incomplete—its brief reference to the role 
of a ganglioside as the 5-hydroxytryptamine receptor 
‘and the possibility of a ganglioside as a synergist for 5- 
hydroxytryptamine is undue modesty. 

By far the most thoughtful of the contributions of the 
‘psychologists is that of Stanley Schachter. His report on 
the eating habits of the obese are interpreted in terms of 
the environmental cues that identify hunger. But again, 
could these findings not also have been interpreted in terms 
of physiopathology, as the author admits, although he 
‘does not expound? Several contributors reiterate the 
‘need to abandon any simple stimulus response pattern 
‘concept in our attempt to understand behaviour and 
draw attention to the need to direct research energies 
towards the complete description of the organism in the 
environment. 

The final section on infantile stimulation throws 
considerable doubt on the background stability of any 
emotional reaction in the adult, as it is clear from V. H. 
Denenberg's report that many experiences during different 
stages of ontogeny affect "physiological" characteristics 
in adulthood. 

The references are extensive and valuable. One minor 
mistake seems to be the omission of the list of conference 
participants which, on page 6 of the introduction, we 
are promised will be given at the end of the volume. 

Nevertheless, the volume is an extremely valuable 
record of a most interesting, useful conference, even 
though limited in its scope and even if it only pinpoints 
the continuing difficulty of finding an adequate definition 
for “emotion”. J. L. MALCOLM 


BIOLOGY FILM STRIPS 


Film Strips 


No. FC 3004, The Bumble Bee, 36s. No. FC 0117, The 


Silk Worm, 36s. No. FC 3003, The Honey Bee, 36s. No. 
6550, Mitosis, 30s. No. C6676, Pond Life, 30s. No. 


C 6675, 363. (Educational Productions Limited, Wake- 
field, Yorkshire) (Plus booklets for each film). 


FinM strips tend to fall into two categories: those that 
are merely a collection of frames related rather hap- 
hazardly to some topic and those that provide a connected 
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account of a subject. Vegetative Reproduction and Pond 
Life fall into the first category. The former has thirty- 
six frames of specimens exhibiting vegetative reproduction. 
They are mainly angiosperms and include the more 
common examples, such as potato tubers and iris 
rhizome. Indeed, most of them are easily obtained and 
could be shown to pupils at first hand. This would enable 
important anatomical details to be observed which are 
obscure in the film strip. The arrangement of the speci- 
mens in the frames is sometimes poor. Pond Life consists 
of an opening frame of a lake to illustrate zonation, but 
only does so for the water surface and above. Then 
follow sixteen frames of aquatic plants and nineteen of 
aquatic animals. The quality of the photographs is 
variable and two specimens are wrongly identified. 
Important details are not clear in some frames. 

In contrast The Honey Bee (thirty-nine frames) and 
The Bumble Bee (twenty-one frames) provide coherent 
and informative accounts of their subjects. Many aspects 
of the life of the bees both in and out of their colonies are 
illustrated by clear, detailed photographs. Each would 
provide a good focus for an elementary consideration of 
social insects. 

Mitosis also provides a connected account but, unfor- 
tunately, one told many times before. The first nine 
frames show mitotic stages in the root tip of a broad bean 
(x 400). The last three frames are of mitotic division in 
whitefish cells (x 200) provided to allow the differences 
between plant and animal cell division to be detected. 
The photographs are adequate, but their resolution is 
sometimes poor. Similar photographs are to be found in 
many books these days; some are available in sets at a 
cheaper price; and with film loops on the topic freely 
available it is difficult to see real value in this film strip. 

Unlike the others, The Silkworm relies on paintings 
rather than actual specimens. In twenty-five frames it 
attempts to demonstrate the use of silk, the life cycle of 
the silk worm, some aspects of silk production and a 
brief history of the spread of sericulture from China to 
Europe. It would be useful material for a potted lecture on 
sericulture as an aspect of social history but, because of its 
diversity, it is difficult to see how it could be integrated 
adequately into a teaching programme. : 

These six film strips are in colour. Notes are provided 
with them whieh supply deseriptions of the frames, à 
little background information, sometimes a glossary and 
in the case of Mitosis a short bibliography. They provide 
no guidance on suitable teaching techniques. | 

P. J. KELLY 


University News 


Dr H. M. Keir, University of Glasgow, has been ap- 
pointed to the chair of biological chemistry at the 
University of Aberdeen on the retirement of Professor 
W. O. Kermack. 


Dr D. Livingstone, University of Michigan, Ànn Arbor. 
has been appointed to the additional chair of pure mathe- 
matics in the University of Birmingham, and Professor 
J. T. Eayrs, Institute of Psychiatry, University of 
London, has been appointed to the Sands Cox chair of 
anatomy. 


Mr G. R. Nicoll, University of Cambridge, has been 
appointed to the chair of electrical and electronic engin- 
eering at Heriot-Watt University, Edinburgh, on the 
retirement of Professor E. Openshaw Taylor. 


Professor A. Young, University of Liverpool is to 
be professor of mathematics in the University of 
Ulster. 
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Appointments 


Sir Robert Aitken, who is to retire from the post of 


vice-chancellor and principal of the University of Birming- 
ham on September 30, has been appointed to serve on the 
University Grants Committee as a member and 
deputy chairman. Professor C. H. Stuart-Harris and 
Sir George Franklin have also been appointed members 
of the committee. 


Professor D. V. Donnison has been appointed chairman 
of the Public Schools Commission on the resignation 
of Sir John Newsom. 


Dr George C. Sponsler has been appointed secretary 
of the Division of Engineering of the US National 
Research Council in suecession to Mr John C. Kohl. 


Dr James M. Roxburgh has been appointed first full- 
time secretary of the Medical Research Council of Canada. 


Announcements 


Dr Winifred Watkins of the Lister Institute of Preven- 
tive Medicine, London, Dr Anne-Marie Staub of the 
Pasteur Institute, Paris, and Dr Hiroshi Nikaido of 
Harvard University, Cambridge, have been awarded a 
Paul Ehrlich Ludwig Darmstadter Prize by the Paul 
Ehrlich Foundation, Frankfurt. Dr Nikaido is cited 
for his contributions to the biochemical aspects of bac- 
terial mutants, Dr Staub for her contributions to the 
immunochemistry of bacterial antigens and Dr Watkins 
for her contributions to the immunochemical and genetic 
aspect of human blood-group specificity. 


CORRESPONDENCE 


Letter to an Imaginary Soviet Scientist 


Srr,—It was a bitter surprise to me to read in one of the 
numbers of Nature the "Letter to an Imaginary Soviet 
Scientist" (Nature, 217, 123; 1968). 

I have been a regular reader and subscriber of the 
journal for more than three decades and I know that 
your journal enjoys popularity and respect with Soviet 
scientists. We appreciate the fact that the journal 
carries articles produced at high scientifie level and that 
it tries to encompass a broad range of problems and 
provide maximal information on the development of 
modern science. However, I do not remember a single 
ease when this serious journal would feature an article 
whose author, beginning with words of cheap flattery. 
would then take the liberty to use the superficial form of 
a newspaper article claiming to be witty, so as to present 
in an unseemly manner the highest research establishment 
and the scientists of a friendly country. 

Besides, I am of the opinion that this letter does not, 
putting it mildly, in the least promote the strengthening 
and development of Soviet-British scientific contacts. 1 
had the impression that the author was trying to introduce 
an attitude of distrust to the possibility of Soviet- British 
scientific co-operation. 

We have a Soviet journal which is the namesake of 
your Nature—it is called Priroda, and is in some measure 
similar to your publication. However, we cannot even 
imagine our journal earrying an article which would 
ridicule and present in an unfavourable light the Royal 
Society or its fellows. 

There are old traditional scientific contacts between 
Soviet and British scientists, contacts which have been 
systematically growing in size and strength in the past 
few years. Incidentally these contacts have been sub- 
stantiated by inter-state treaties and agreements. Your 
country has been visited by many Soviet scientists, out - 
standing researchers and capable voung specialists. During 
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1966 and 1967, about 700 Soviet scientists participated i 
congresses, conferences and other events which took plac 
in London and British research centres, 

In the same period over 1,000 British scientists visite 
the Academy of Sciences of the USSR and went t 
different Soviet towns. We regard this as a very welcom 
fact. 

Soviet scientists receive dozens of invitations, and some 
times it is difficult for them to decide finally where the 
should go and in which congress or conference they shoul 
take part without interrupting their daily research wor 
or scientific and educational activities. 

I would like to explain to the author of the letter tha 
it is precisely the Academy of Sciences of the USSR whic 
is the centre that decides which of its members and re 
search associates should take part in this or that intei 
national scientific conference. And in this case we hav 
the decisive word, instead of having "our expert advie 
followed at least". 

I ean say from my personal experience as the directo 
of one of the institutes of the Academy of Sciences of th 
USSR that in less than a decade of its existence dozen 
of its research associates have been to Britain. And 
do not know from my practice a single case of the kin 
which the author of the letter described, apparently du 
to his inordinately rich imagination. He deliberatel 
singles out rare and regrettable events and raises them t 
the level of general rules; this does not do honour to hi 
way of thinking. The letter is devoid of the traditiona 
English humour and of the element which the Britons 
being good sportsmen that they are, call fair play. 

I would like to express my sincere feelings of regre 
that you have been misled by those who are trying ti 
spoil for some reasons the scientific contacts which hav: 
been established between British and Soviet researchers 

In conclusion, I would like to appeal not to an imaginar, 
British scientist, but to all British scientists. We hav 
many true friends among them, and the number of thes 
friends keeps growing with every year. I have no doub 
that the appearance of such a production in Nature ca 
evoke nothing but a feeling of regret. I would like t 
assure my British colleagues that the scientists of th 
Academy of Sciences of the USSR will always be glad t 
see British scientists at the international and nationa 
conferences and congresses held in the Soviet Union. Ou 
hospitality will remain the same, and I hope that in 196! 
Soviet scientists will also have numerous opportunities te 
participate in various science forums held in Britain. 


Yours sincerely, 
ACADEMICIAN W. A. ENGELHARDT 


Academy of Sciences of the USSR, 
Lenin Prospekt, 
Moscow, 


USSR. 


This refers to an article by Dr John Ziman, of the 
H. H. Wills Physics Laboratory at the University o: 
Bristol. In the form of a letter to au imaginary Soviet 
scientist, Dr Ziman complained of the difficulties anc 
confusions which arise when Soviet scientists are invite 
to scientific conferences in the West.-- Editor, Nature. 





Platelet Aggregation 
Sig,—In the recent paper by Baumgartner and mysel 
(Nature, 218, 137; 1968), in the caption to figures 2 to f 
inclusive and in the descriptions of their abscissae, the 
words “log” and “logarithm of" should be deleted. The 
time intervals are plotted on a logarithmic scale. 

Yours sincerely, 

G, V, R. Born 

Department of Pharmacology. 


Royal College of Surgeons of England, 
Lineoln’s Inn Fields, London WC2. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, April 29 


SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (joint meeting with the 
Royal Society of Health, at the Congress Theatre, Eastbourne, Sussex), at 
2.30 p.m.—Meeting on “Nutrition and Public Health". 


. UNIVERSITY COLLEGE LONDON (in the Botany Theatre, Gower Street, 
Mondon, WC1), at 5 p.m.— Professor David E. Green (University of Wis- 
consin): “The Mitochondrial Membrane Systems" (further lecture on May 6).* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Dr D, E. N. King: "Reed Relays". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
bt 5.30 p.m.— Professor E. R. Laithwaite: “Magnetic Equivalent Circuits 
For Electrical Machines". 


Tuesday, April 30 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY (in the Department of 
echanical Engineering, Exhibition Road, London, SW7), at 5.30 p.m.— 
Professor F. J. Weinberg: “Old Flames and New" (Inaugural Lecture). 


.. INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
(Control Group of the I.Mech.E. and the Institute of Measurement and 
Kontrol, at Savoy Place, London, WC2), at 5.30 p.m.— Discussion Meeting 
ion “A Renaissance in Automation ? The Future of Computers and Control" 
opened by Mr J. L. Russell. Professor S. Gill and Mr D. A. Mackintosh. 


UNIVERSITY OF BRADFORD (in the Main Building of the University), at 
15.30 p.m.— Professor G. D. H. Leach: “The Development of Pharmacology 
is an Experimental Science” (Inaugural Lecture). 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London, 
‘B1), at 5,30 p.m. Professor U. Schweinfurth (University of Heidelberg): 
pe cological Research in the Indo-Pacific World” (further lectures on May 2 
and 3). 


Wednesday, May | 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
int. 10.30 a.m.—Colloquium on “The CEGB Automatic System Control 
Experiment in the South Western Region”. 


COLOUR GROUP (Great Britain) (in the Physics Department, Imperial 
Wollege, London, SW7), at 2.30 p.m.—Meeting on “Colours—Systems of 
Classification”. 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the University of Salford, 
Salford 5, Lancashire) at 2.30 p.m.—Meeting on “Research Topics in 
;Analytical Chemistry". 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
30 Upper Belgrave Street, London, SW1) at 3 p.m.—Discussion Meeting on 
caine echniques of Handling Mammoth Ships" introduced by Mr J. G. 
D y. 

CIBA FOUNDATION FOR THE PROMOTION OF INTERNATIONAL CO-OPERATION 
IN MEDICAL AND CHEMICAL RESEARCH (at the Royal Institute of British 
Architects, 66 Portland Place, London, W1), at 5 p.m.—Professor Emil L. 
‘Smith (University of California, Los Angeles): “Protein Evolution and Rela- 
‘tions to Protein Structure” (20th (Annual) Ciba Foundation Lecture). 


"i INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London. W1), at 
5.30 p.m.—Mr P. B. Smith: “A Determination of the Precision of Measuring 
the Quantity of Oil in Storage Tanks by Unsupervised Manual Dipping and 
“Temperature Sampling”. 

; SOCIETY OF APOTHECARIES OF LONDON, FACULTY OF THE HISTORY OF 
"MEDICINE AND PHARMACY (at Apothecaries’ Hall, Black Friars Lane. 
‘London, EC4), at 5.30 p.m.—Miss C. V. Wedgwood, CBE: “Medicine and 
Politics in the Great Civil War" (Gideon Delaune Lecture). 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London. 
E1), at 5.30 p.m.— Professor E. H. Andrews: "Man, Materials and Material- 
ism” (Inaugural Lecture). 


Thursday, May 2 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 2.30 p.m.— Colloquium on “Energy from Natural Gas". 


ZOOLOGICAL SOCIETY OF LONDON (in the Meeting Room, Zoological Gar- 
dens, Regent’s Park, London, NW1), at 4 p.m.—Annual General Meeting. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster. 
London, SW1), at 5.30 p.m.— Informal Discussion on “Flood Studies for the 
UK" introduced by Mr E. A. G. Johnson. 


University COLLEGE LONDON (in the Anatomy Theatre, Gower Street. 
London, WC1) at 5.30 p.m.—Dr E. G. Gray: “The Brain under the Electron 
Microscope" (Inaugural Lecture).* 


INSTITUTE OF REFRIGERATION (at the National College for Heating, Venti- 
lating, Refrigeration and Fan Engineering, Southwark Bridge Road. 
London, SE1), at 6 p.m.— Dr J. F. T. MacLaren and Mr S. V. Kerr: "Valve 
Behaviour in a Small Refrigerating Compressor Using a Digital Computer". 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at 14 Belgrave 
Square, London, SW1), at 6 p. m.—Annual General Meeting. 


Thursday, May 2—Friday, May 3 


RovaL Society (at 6 Carlton House Terrace, London, SW1), at 10 a.m. 
on Thursday and 9.30 a.m. on Friday— Discussion Meeting on "Ion Implan- 
tation and Hyperfine Interactions" organized by Professor N. Kurti, FRS. 
Mr N. J. Stone, Mr G. Dearnaley and Mr J. H. Freeman. 


Friday, May 3 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.—Dr P. Byrom: “Photochemistry of 
Flavin-Aminoacid Systems''.* 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m—- 
Professor Robert Siegfried: “The Mind of Humphry Davy". 
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Monday, May 6 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 8W1), 
at 5.80 p.m.—Mr O. N. Arup and Mr R. 5, Jenkins: "The Evolution and 
Design of the Concourse at the Sydney Opera House", 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WCZ), 
at 5.80 p.m.—Discussion Meeting on “Airfield Lighting" opened by Mr M, 
Latin and Mr E. J, Anthony. 


SOCIETY OF CHEMICAL INDUSTEY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 6 p.m.--Annual General Meeting. Dr R. E. Bowman: 
Chairman's Address. 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piecadily, London, W1), at 6 p.m.—Mr H. Townsend: "Economies of 
North Sea Gas". 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

SENIOR LECTURER (preferably strong in the field of experimental or 
mathematical psychology) in the DEPARTMENT OF PsycHOLOGY, University 
of Melbourne, Australia— The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (Australia and 
London, May 1). 

SENIOR LECTURER (with a good honours degree in chemical engineering) in 
the DEPARTMENT OF CHEMICAL ENGINEERING— The Staff Officer (619/2), 
ae ied of Aston in Birmingham, Gosta Green, Birmingham, 4 
(May 1), 

LECTURER or ASSISTANT LECTURER (with qualifications in genetica) in 
ZoornoaY—The Registrar, University College of North Wales, Bangor, 
North Wales (May 3). 

DEAN OF MEDICINE of the NEW MEDICAL SCcHOOL—The Secretary and 
Registrar, The University, Southampton, 809 5NH (May 4). 

LECTURER/ASSISTANT LECTURER in BIOLOGICAL CHEMISTRY-—The Bec- 
retary, The University, Aberdeen, Scotland (May 10). 

ASSISTANT LECTURER IN GEOLOGY —The Secretary of the University Court. 
The University. Glasgow (May 11). 

ASSISTANT LIBRARIAN (either graduate with library qualifications or with 
suitable experience in libraries, or non-graduate Chartered Líbrarian) in 
charge of the SERIAL Division of the University Library-—The Registrar, 
The Registry, Beverley Farm, The University, Canterbury, Kent, quoting 
Ref. L. 68/1 (May 11). 

ASSISTANT LECTURER in MATHEMATIOS, and COLLEGE LECTURER in 
MATHEMATICS (two or three posts)—The Secretary and Bursar, University 
College, Dublin, Republic of Ireland (May 15). 

CHAIR OF GENETICS; and CHAIR OF SOLID STATE PHYSICS at the University 
of Malaya—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (Kuala Lumpur and London, 
May 15). 

LECTURER/ASSISTANT LECTURER (with at least a good honours degree or 
its equivalent, with suitable teaching and research experience) in the Com- 
PUTER CENTRE, University of Malaya—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SWI 
(Kuala Lumpur and London, May 15). 

RESEARCH ASSISTANT Or SENIOR RESEARCH ASSISTANT (with an honours 
degree or GRIC with suitable postgraduate experience or a higher 
degree) in ORGANIC CHEMISTRY— The Registrar and Secretary, University 
of Durham, Old Shire Hall, Durham (May 15). 

UNIVERSITY LECTURER in EXPERIMENTAL PaTHOLOGY; and a UNIVERSITY 
LECTURER IN EXPERIMENTAL BACTERIOLOGY in the Sir William Dunn School 
of Pathology —The Secretary of Faculties, University Registry, Broad Street, 
Oxford (May 15). 

LECTURER (with a distinguished academic record, preferably with a higher 
degree, able to produce strong evidence of research interests, and preferably 
some teaching experience) in MATHEMATICS at the University of Neweastle, 
New South Wales, Australia—The Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, SWI 
(Australia and London, May 17). 

CHAIR OF BIOCHEMISTRY at Chelsea College of Science and Technology—- 
The Academic Registrar (A), University of London, Senate House, London, 
WC1 (May 20). 

LECTURER/SENIOR LECTURER (preferably with research interests in quanti- 
tative plant ecology) in BIOLOGY (in the field of plant ecology) at the 
University of Sydney, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(Australia and London, May 20). 

SCIENTIFIC OFFICER (with a good degree in genetics or in botany including 
genetics) in the FORAGE SECTION to participate in the present grass-breeding 
programme, and to have special duties in relation to the initiation of studies 
on quantitative genetics and the breeding systems of grasses—' The Secretary, 
Plant Breeding Institute, Maris Lane, Trumpington, Cambridge (May 27). 

CHAIR OF GEOPHYSICS in the DEPARTMENT OF ECONOMIC GEOLOGY, Uni- 
versity of Adelaide, Australia—The Secretary-General, Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (Australia. May 31). 

CHAIR OF STATISTICS at the University of Hong Kong—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Mari- 
borough House, Pall Mall, London, SW1, or The Registrar, University of 
Hong Kong (May 31). 

RESEARCH FELLOW in the JOINT MINERAL SCIENCES RESEARCH LABORA- 
TORY, Victoria University of Wellington, New Zealand---The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (May 31). 

LECTURER IN MICROBIAL GENETICS at Monash University, Melbourne— 
The Academic Registrar, Monash University, Wellington Road, Clayton, 
Victoria 3168, Australia; or The Secretary-General, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SW! (June 15). 

CHAIR OF ELECTRONICS— The Secretary, The Queen's University. Belfast, 
Northern Ireland. 

POSTDOCTORAL RESEARCH ASSOCIATE for work in collaboration with Dr 
J. E. Prue on physicochemical studies of the specific interaction of ions of 
biological importance— The Assistant Bursar (Personnel), University of 
Reading, Reading, Berks, quoting Ref. M43. 
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RESEAROR BIOCHEMIST (Senior or Principal Grade) (with at least five years 

experience in basic biochemist grade) to work as a member of a team under the 
direction of the Consultant in charge of the National Spinal Injuries Centre— 
The Administrative Officer, Stoke Mandeville Hospital, Aylesbury. 
_ SCIENTIFIC OFFICER (honours graduate or with a higher degree preferably 
in biochemistry or chemistry) to take part in investigations on digestive 
processes in the pig— The Secretary, National Institute for Research in 
pairying (University of Reading). Shinfield, Reading, Berkshire, quoting 
Ref. 68/15. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and lreland 


Parliamentary and Scientific Committee. Annual Report 1967. Pp. 24. 
«London: Parliamentary and Scientific Committee, 1968.) [262 
University College of Wales, Welsh Plant Breeding Station. Technical 


Bulletin No. 2: Studies on Hill Land in Wales. By Li. Iorwerth Jones. 
Pp. 179, (Plas Gogerddan, near Aberystwyth: Welsh Plant Breeding 
Station, 1967.) 10s. [262 

Talking Points: a Series of BBC Comments on Questions That Viewersand 
Listeners Ask. Pp. 12. BBC Lunch-time Lectures Sixth Series—4: Local 
Radio. By Donald Edwards. Pp. 14. (London: British Broadcasting 
Corporation, 1968.) [262 


Department of Education and Science. Drama: Education Survey 2. 


Pp. vi+ 110. (London: H.M. Stationery Office, 1968.) 95, 6d. net. [262 
Consultancy in Overseas Development. By Charles Young. Pp. 39. 
(London: Overseas Development Institute, 1968.) 10s. 262 


t [262 

Soil Survey Research Board. Soil Survey of Great Britain, Report No. 19, 
1966. Pp. v--40. (London: Agricultural Research Council, 1967. Obtain- 
able from H.M. Stationery Office.) 7s. 6d. net. [272 

The Provision of Theatre for Young People in Great Britain—Report of 
the Young People's Theatre Enquiry, February 1966. Pp. 34. (London: 
The Arts Council of Great Britain, 1968.) [272 

Ministry of Transport: Road Research Laboratory. RRL Report LR 130: 
Braking Performance of Cars with Different Brake and Weight Distributions. 
By A. L. Alexander. Pp. 22. (Crowthorne, Berkshire: Road Research 
Laboratory, 1967.) Gratis. [282 

UKAEA Research Group. Report, CLM-R85: The Economic Generation 
of Power from Thermonuclear Fusion. By R. Carruthers, P. A. Davenport. 
and J. T. D. Mitchell. Pp. iv+33. (Abingdon: Culham Laboratory, 
UKAEA, 1967, Available from H.M. Stationery Office.) 4s. 6d. net. [282 

A Brief History of Flying from Myth to Space Travel, By Charles Harvard 
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- RADIATION RESEARCH 
e REVIEWS 


Editors: C.O. PHILLIPS (Salford) and 
R.B. Cundall (Nottingham) 
Consultant Editor: F.S. DAINTON, 
F.R.S. (Nottingham) 


The objective of RADIATION RE- 
SEARCH REVIEWS is to secure from 
leading research workers throughout the 
world review papers giving broad cover- 
age of important topics on the physical 


and chemical aspects of radiation research. 


The main emphasis will be on experimen- 
tal studies, but relevant theoretical sub- 
jects will be published as well. 


Tabulated data helpful to workers in the 
field will also be included. 


RADIATION RESEARCH REVIEWS ap- 
pears in four issues per approx. yearly 
volume. Subscription price per volume is 
Dfl. 90.00 plus Dfl. 3.00 postage or 
equivalent (£10.9.6 plus 7s. or US$25.00 
plus US$0.85). 


Contents of Volume 1, No. 1: 

The radiolysis of aliphatic and alicyclic hydro- 
carbons (Gordon R. Freeman, Edmonton, 
Canada). 

Gas-phase photolysis of hydrocarbons in the 

hotoionization region (P. Ausloos, S.G. 
ias, Washington, D.C., U.S.A.) 


Contents Volume 1, No. 2: 


Methods of production of solvated electrons 
and their chemical and physical properties 
(J.K. Thomas, Argonne, IH., U.S.A.), 

Absorption spectra of intermediates formed 
during radiolysis and photolysis 

A. Habersbergerová, I. Janovský, J. Teplý, 
ež u, Prahy, Czechoslovakia). 

Fundamental processes of inert gas sensitisation 
(D. Brocklehurst, Sheffield, England). 

Primary radical and molecular yields in aqueous 
solutions; the effect of pH and solute con- 
centration (G.V. Buxton, Leeds, England). 


FOR FURTHER INFORMATION AND 
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INTERNATIONAL JOURNAL 
OF MASS SPECTROMETRY 
AND ION PHYSICS 


Editors: J. FRANZEN (Dortmund). 
A. QUAYLE (Chester), H.J. SVEC (Ames, Iowa) 


The journal is initially published in one yearly volume of 
six issues. Subscription price Dfl. 90.00 plus DA. 3.00 
postage or equivalent (US$25.00 plus US$0.85 or 
£10.9.6 plus 7s.) per volume. 


The contents of Volume 1, No. 1: 

Mass spectrometry: the mass spectrum of methanol 
Part 1, Thermochemical information 
J.H, BEYNON, A.E. FONTAINE and G.R. LESTER 
(Manchester, Great Britain) 

A versatile “monoenergetic” electron impact spectrometer for the 
study of inelastic collision processes 
C.E. BRION and G.E. THOMAS (Vancouver, B.C., Canada) 

A 1S-cm radius mass spectrometer which simultaneously collects 
positive and negative, ions 
H.J. SVEC and G.D. FLESCH (Ames, Iowa, U.S.A.) 

Photoionization studies by total ionization measurements. 

I. Benzene and its monohalogeno derivatives 
J. MOMIGNY, C. GOFFART and L. D'OR (Liege, Belgium) 

Improved mass-spectrometric isotopic analysis using an amplitude 
selector for pulse counting with a scintillation ion detector 
A.C. TYRRELL, R.G. RIDLEY and N.R. DALY (Aldermaston, 
Great Britain) 

Calculation of electric field strengths at a sharp edge : 
D.F. BRAILSFORD and A.J.B. ROBERTSON (London, Great 
Britain) 

A mass spectrometer all-glass heated inlet 
C. STAFFORD, T.D. MORGAN and RJ. BRUNFELDT 
(Bartlesville, Okla,, U.S.A.) 

Short communications 

A new rule concerning comparative interpretation of electron im- 
pact and field ionization mass spectra 
H.D. BECKEY (Bonn, Germany) 

Lipid analysis by coupled mass spectrometry-gas chromatography 
(MS-GLC). I, Diglycerides 
M. BARBER, J.R. CHAPMAN and W.A. WOLSTENHOLME 
(Manchester, Great Britain) 

Detection of monoenergetic electron impact excitation of helium 
using the sulphur hexafluoride negative ion 
C.E. BRION and C.R. EATON (Vancouver, B.C., Canada) 
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REVIEWS Editor: C.F.H. TIPPER 


The first two volumes appeared as books. The series has 
now, however, been transformed into a journal. Two issues 
appear per approximately yearly volume. Subscription price 
Dfl. 45.00 plus Dfl. 1.50 postage or equivalent (US$12.50 
plus US$0.40 or £5.4.9 plus 3s.6d.) per volume. 


The contents of volumes 1 to 3 are available upon request. 
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APPOINTMENTS VACANT 
nee S ESET NE 


UNIVERSITY OF OXFORD 


SIR. WILLIAM DUNN SCHOOL OF 
PATHOLOGY 


UNIVERSITY LECTURESHIPS IN 
EXPERIMENTAL PATHOLOGY AND 
EXPERIMENTAL BACTERIOLOGY 


The University proposes to appoint to (1) a 
Lectureship in Experimental Pathology, (2) a 
Lectureship in Experimental Bacteriology in the 
Sir Wiliam Dunn School of Pathology, Salary 
according to age on the scale £1,470 to £2.900, 
with F.S.S.U. The Lecturers will be expected to 
take part in research and teaching ; there are no 
restrictions on the field of research which they 
might wish to pursue. The teaching duties of 
post (1) do not require a knowledge of human 
morbid anatomy or clinical pathology ; those of 
post (D do not require a knowledge of systematic 
or clinical bacteriology. A medical degree is not 
essential. 

Applications (three copies), including a state- 
ment of age, qualifications, and experience, and 
giving the names of two referees, to the Secre- 
tary of Faculties, University Registry, Broad 
Street, Oxford, not later than May 15, 1968, The 
Lecturers will be expected to take up office on 
October 1, 1968, or as soon as possible thereafter, 

(1525) 





UNIVERSITY OF MALAYA 
COMPUTER CENTRE 
Applications are invited for one post of LEC- 
TURER/ ASSISTANT LECTURER IN THE 
COMPUTER CENTRE. Candidates should 
have at least a good Honours Degree or its 
equivalent, with suitable teaching ang research 

experience. 

Salary Scales (approximate sterling equivalents 
at current exchange rates) are: Lecturers: £1,498 
by £65 i0 £1,889/£1,954 by £73 to £2,220 per 
annum; Assistant Lecturer, £1,303 by £65 to 
£1,433 per annum. 

in addition, the following allowances are pay- 
able: (D V ic Allowance: 35 per cent of 
basic salary, subject to certain maxima depend- 
ing on maritaj status: Minimum £244 per annum 
maximum £651 per annum. (ii) inducement 
Allowance: Gf awarded), varies (a) For Lecturers, 
up to £488 per annum; (b) for Assístant Lec- 
turers, up to £326 per annum, 

Housing will be provided, if available, for 
which a rent of £163 to £284 per annum will be 
charged. 

Provident Fund: Staff member contributes $ 
per cent and University 15 per cent of basic 
salary, 

Further particulars and application forms are 
obtainable from the Association of Common- 
weaith Universities (Branch Office), Marlborough 
House, Pall Mail, London, S.W.t. The closing 
date for the receipt of applications in Kuala 
Lumpur and London is May 15, 1968, — (1439) 











UNIVERSITY OF BRADFORD 
Applications are invited for the post of 
LIFE SCIENCES LIBRARIAN 
Candidates should have a good honours degree, 
a qualification in librarianship or information 
science, and wide relevant experience. Graduates 
in the life sciences will be considered if they have 
library ot information service experience rather 
than a formal qualification in librarianship. 
Salary will be within the range for Senior Assist- 
ant Librarian, £2.270 to £2,630 per annum. 
ii v according to qualifications and ex- 
perience. The post is superannuabie iF. 1. 
Removal allowances up to a maximum ¢ 
are payable in certain circumstances. 
Further particulars and application forms to be 
returned by May 10, may be obtained from the 
Registrar, University of Bradford, Bradford 7. 
(1618) 
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NESTLE SWITZERLAND 


Nestlé’s International Production Department in Switzerland. is 
enlarging its activities, The sector in charge of technical assist- 
ance in the field of frozen foods (vegetables, fruit, prepared 
dishes) requires two 


CHEMISTS, 
CHEMICAL 
ENGINEERS or 
FOOD 
TEGHNOLOGISTS 


They will be introduced to the company’s methods and later 
integrated into a dynamic team of qualified specialists. Oppor- 
tunities for promotion exist and will be available to those who 
can show themselves worthy in terms of ability and application. 


Their tasks: technical assistance by correspondence and visits ; 
the study of new products; the development of projects and 
supervision of their realisation. 


Their qualifications: university degree or equivalent; aged 30-35; 
some years' practical experience in the food industry, preferably 
in the field of frozen foods. Fluency in languages, particularly 
French and German, would be a considerable advantage. 


If you would like to be considered for one of these positions, 
please write in confidence, giving details of qualifications and 
experience to date, as well as your age and current remuneration, 


10; 
Nestlé, Service du Personnel (Ref: PERS. PA-CB), 
Vevey, Switzerland. 

(1612) 


Wanted immediately 


SEVEN ZOOLOGISTS 


To teach at the undergraduate and graduate levels and to 
carry out research in one of the fields of, entomology, 
fisheries, marine biology, parasitology, radiation biology, and 
wildlife biology. . 


Rank and salary are entirely commensurate with experience. 
A successful record in research would be an asset. Candi- 
dates may be appointed by July 1st, 1968. 


Professor K. Ronald, 
Chairman, 

Department of Zoology, 
University of Guelph, 


Guelph, Ontario, Canada. 
(1433) 
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Non-cooperation about Space 


Tue affairs of the European Space Research Organiza- 
tion seem to have reached the threshold of yet another 
crisis. Last week the headquarters of the organization 
in Paris found itself compelled to announce the cancel- 
lation of the two earth satellites which have been the 
centrepieces of its scientific programme for the past 
four years. The intention had been to provide 
house-room in these devices for two complexes of 
ambitious experiments upon the development of which 
universities and other organizations in Europe have 
been busily engaged for the best part of a year. In 
the same way, the consortium of European contrac- 
tors responsible for the development of the satellites 
which would have been somewhat special because of the 
accuracy with which they could be pointed towards pre- 
determined positions in the Sun sky—have been hard 
at work. In the circumstances, it is understandable 
that reactions to the news of the cancellation of the two 
satellites should be somewhat tense and even irrational. 
The contractors, for example, evidently hope that they 
can salvage something from the bald decision to cancel 
the satellites by thinking up cheaper variants of the 
satellites TDI and TD2. (On the face of things, there 
is not much room in which to move, for it is hard to see 
how instruments designed for the observation of the 
Sun can be conveniently mounted along with instru- 
ments intended for astronomical observations.) Among 
the potential users of the satellites, on the other hand, 
such optimism as there may be seems to be much more 
dilute, in Britain at least. The feeling seems to be that 
the cancellation of the two satellites is only the most 
recent if also the most gloomy in a long sequence of 
misfortunes. 

The outlook for ESRO, in other words, is gloomy. 
It is entirely possible that by the next meeting of the 
council of the organization in July this year at Bonn, 
so much of the steam will have gone out of the organiza- 
tion that it will collapse. The question which should 
now be asked is whether the disappearance of this 
organization is to be quietly accepted and, unfortu- 
nately, this cannot easily be separated from the not-so- 
pleasánt task of asking how ESRO has reached its 
present state of disarray. The immediate causes of the 
cancellation of the TD satellites seem to have been the 
steady increase of the cost of building the satellites 
(originally estimated at 105 million French francs but 
now nearly twice as much) and the difficulty of operat- 
ing a sensible programme in circumstances in which the 
budget, and thus the policy of the organization, is 
controlled by a council which must somehow command 
the unanimity of all its members before making 
decisions on the continuing conduct of the organiza- 
tion’s affairs. In recent months, the chief culprit on the 





council seems to have been the Italian delegation, 
which seems to have protested—some say with reason. 
—at the way in which the contracts for the TD 
satellites have been handled. But these, however, 
are only superficial troubles. The real troubles are 
structural. And in reality, of course, the blame for the 
present disarray should be shared by all the ESRO 
council members who failed to agree on a three year 
budget at their council meeting in December 1966. 
Once that gesture of half-confidence in the organiza- 
tion had been made, the rules required that the council 
should swing over to the unanimity rule, and the way 
was open for the full deployment of spoiling tactics, 
It is true, of course, that in the circumstances it was 
imprudent—a mild word—for the organization to have 
committed itself deeply to the development of ambi- 
tious satellites, but that unfortunately is well in the 
traditions of weak management which have beggared 
ESRO since its inception. Now, fortunately, the 
organization has Professor Herman Bondi as director, 
which cannot fail to be an advantage. 

But should ESRO be allowed quietly to slip into 
oblivion? Now that the crisis has come, there is no 
hiding from this question. The first thing to be decided 
is whether there is a meaningful role for organization 
to play in the years immediately ahead. There has 
been some talk of grafting onto the ESRO programme 
a continuing interest in the development of com- 
munications satellites, and there is no doubt that this 
would please not only some of the member countries 
—]taly and Belgium, for example—but also some of 
those now working for the organization who consider 
that steps should be taken to make fuller use of the 
physical resources with which ESRO now finds itself 
endowed. It is, however, important that European 
nations should not pretend even to themselves that 
dickering with communications satellites in ESRO 
can be a substitute for the kind of European policy 
on communications satellites which is now urgently 
necessary, with the revision of the Intelsat agreement 
around the corner (see Nature, 918, 309; 1968). There 
are also ways in which the organization could develop 
existing facilities or plans in such a way as to provide 
a useful service for European members—the operation 
of a tracking network, for example, or the collation of 
data. But these, of course, are tiny roles compared 
with those with which ESRO has more recently been 
concerned. It is probably also true to guess that the 
organization will not be able to operate coherently 
if it cannot organize all these activities around a hard 
core consisting of a serious scientific programme. 

This is where the rub will come. In their present 
mood, a great many of the organization's customers 
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would be almost glad to see it disappear. They have 
had their fingers burned—and their experiments 
aborted—and they have little stomach for further 
disappointments. They are also probably right in 
thinking that it would now be easier to carry on their 
programmes of space research under ad Aoc 
ments with colleagues elsewhere. 





agree- 
But will this always 
be the case ? May there not be, in the seventies, much 
more scope for an organization like ESRO to provide 
the services necessary to support the prolific interests 
in space research which ?uropean nations will by 
then be clamant in Europe? In short, there is prob- 
ably a powerful case for some common European 
Agency to carry out the comparatively humdrum 
satellite projects typified by the three ESRO satellites 
due, with a little luck, to be launched this vear. By 
choosing to live dutifully by the principle that ESRO 
exists to attempt projects which are beyond the scope 
of European nations separately, the organization has 
probably asked for trouble. Even at this late stage, 
it is probably not too late to find a role for ESRO, 
but it will probably have to be that of an agenev which 


Will They Ban the Bomb? 


Tue draft of the non-proliferation treaty, hatched dur- 
ing the past two years in the protracted negotiations 
on the subject at Geneva, has now found its way to 
the General Assembly of the United Nations. Although 
the Soviet Union and the United States have com- 
bined to give the draft treaty a warm blessing, it 
remains an open question whether the assembly will 
grudgingly follow suit or whether, on the other hand, 
the draft treaty will be sent back to Geneva for further 
discussion or even for decent burial. Although the 


United Nations is by no means unused to conflicts of 


interest. between the great powers and less exalted 
member states, the row about the non-proliferation 
treaty in the weeks ahead will probably bring to the 
surface sharper differences between the nuclear powers 
and the lesser brethren than any comparable dispute. 
On this occasion, for example, some of the nations 
commonly known as non-aligned will find themselves 
supported to some degree by nations such as Germany 
and Italy. 

To begin with, it is only fair to recognize that the 
nuclear powers have learned a great deal since they 
first naively supposed, more than a year ago, that it 
would be comparatively easy to persuade the non- 
nuclear powers to toe the line. The latest draft of the 
treaty, for example, is well larded with declarations 
that nothing should impede or interfere with the 
development of nuclear energy for civil purposes. This 
is no doubt meant to reassure interests such as those 
in West Germany which made something of a Tuss a year 
ago about the danger that a non-proliferation treaty 
would throw open to commercial espionage the kinds 
of technical developments on which it is almost 
inevitable that aspiring nations will set their hearts. 
In reality, however, the issue of commercial seerecy has 
always been a red herring. And although the new 
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provides scientific and technical foundations for diverse 
programmes in member countries. 

But why should people bother * This is a question 
now commonly being asked, and the first thing to be 
said is that the collapse of ESRO would be a crushing 
defeat not merely for the abstract concept of European 
collaboration but for a host of specific plans now being 
hatched. What hope would there be for the European 
Molecular Biology Organization and its proposed 
laboratory if European governments seriously burn 
their fingers over ESRO? That is only one example 
of what may go wrong. It would also be entirely 
understandable if the collapse of ESRO were to en- 
hance the native distrust of governments for the 
scientists whom they support. After all, however the 
difficulties of ESRO may have origins in polities, to 
politicians (and taxpayers) the collapse of ESRO 
would seem a scientifie failure. It follows that there is 
hardly any other course to follow but to search for a 
viable programme for the next few years for ESRO. 
Simply to let the organization disappear for want of 
trying will be a great defeat. 


form of words does go a long way to meet the objections 
of Euratom countries to the proposal that. safeguards 
should be controlled from Vienna, this compromise 
will not do much to mollify most non-nuclear powers. 
Similarly, it will not help much if the nuclear powers 
stick to their voluntary promises to allow safeguards 
procedures to apply to their own non-military work. 
The reservations about the draft treaty which will be 
prominent in New York in the next few weeks are 
issues of principle which stem almost entirely from the 
way in which the draft treaty seems to make permanent 
and even to sanctifv the disparities which already 
exist between the nuclear powers and the rest. 

The most obvious asymmetry in the treaty is, of 
course, the way in which nuclear powers are allowed 
to continue with the manufacture of nuclear weapons 
while non-nuclear powers are enjoined not to do so— 
and subjected to a safeguards svstem to ensure that 
they keep the rules. [n present circumstances, it 
would, of course, be unrealistic to expect that the 
nuclear powers would cheerfully submit to the kinds 
of restrictions which they are wanting to impose on 
the non-nuclear powers. That would be tantamount 
to instant nuclear disarmament—a much bigger issue 
than any which has been raised in Geneva in the past 
few months. But if it is unreasonable to expect that 
the nuclear powers will join the ranks of the non- 
nuclear simply so as to make the non-proliferation 
treaty work, may there not be steps which they could 
take to make the treaty palatable to other nations * 
It will help a little—but only a little—if Britain, the: 
United States and the Soviet Union implement the 
promise they made a month ago to sponsor a resolu- 
tion in the United Nations calling for some kind of 
collective action in support of countries which may be 
subjected to what is called "nuclear aggression". The 
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trouble, of course, is not merely that of defining what is 
meant by nuclear aggression but also the simple know- 
ledge, which all the non-nuclear powers must share. 
that no amount of public declaration in the United 
Nations can provide a kind of universal guarantee. 
What chance is there, for example, that the great 
powers would risk an all-out conflict with mainland 
China in retaliation for the use of nuclear weapons on 
the border with India ? 

In some curious sense, however, the issue of military 
security as such has come to play a quite small part 
in the objections of the non-nuclear powers to the 
treaty. To judge from the course of the discussions 
in Geneva, the less tangible issues of status and 
sovereignty matter more. Nations such as India— 
the government of which must be given a serious hear- 
ing when it says that it has no intention of making 
nuclear weapons—are affronted that they should be 
asked permanently to join a group of permanently 
disadvantaged nations. It would be sensible if 
the nuclear powers would reeognize that the only 
sure way of winning approval for the treaty in the 
next few weeks would be some meaningful concession 
to the smaller powers on the simple issue of the im- 
balance within the treaty. 
military production is probably at this stage too 
much to ask for, but is it entirely unreasonable to 
ask that the nuclear powers should make regular public 
declarations of how much fissile material they manu- 
facture each month, for military as well as for civilian 
purposes? And would it be entirely out of the ques- 
tion that the safeguards procedures now being worked 
out at Vienna should apply to the nuclear powers as 
well as to their weaker neighbours * 

The consequences of failure could be quite consider- 
able. Now that the draft treaty has found its way to 
New York, it is bound to seem a defeat for liberal 
causes if it is returned again to the Disarmament 
Sub-committee in Geneva. Quite possibly, the treaty 
and its sensible objectives would not survive such a 
move. But the non-nuclear powers must recognize 
that once the treaty has been approved in the General 
Assembly, and thrown open to the accession of all and 
sundry, it will be virtually impossible to stand aloof. 
For in its present form the treaty includes the provision 
that states which adhere to the treaty will not supply 
fertile or fissionable material "to any non-nuclear- 
weapon state for peaceful purposes unless the source or 
special fissionable material shall be subject to thc 
safeguards... ." In other words, since Britain, the 
Soviet Union and the United States are certain to 
sign the treaty, nations wishing not to sign will have to 
face the prospect of cutting off trade in nuclear mater- 
ials from the three nations now most heavily engaged 
in it. Because it is improbable that France and China 
,between them could take over the parts now being 
played by the established nuclear powers, the chances 
are that most nations will be compelled to sign on the 
dotted line once the General Assembly has said yes. 
(It will nevertheless be extremely interesting to see 
what, if anything, the French delegation has to say 
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when its turn to speak arrives. France has sent its 
representatives to the talks in Geneva, but the French 
Government may well decide it is impossible now to 
stay aloof.) Caught between the devil and the deep 
blue sea, it is not surprising that there is now among 
the non-nuclear powers a growing body of opinion in 
favour of a postponement of the debate on the non- 
proliferation treaty at least until the meeting of non- 
nuclear powers due to be held at Geneva later this 
year. The nuclear powers are probably right in saying 
that the problem is too urgent to be postponed yet 
again, but it is extremely hard to see how they can at 
this stage blame anybody but themselves. 


GPO on the Defensive 


Tue British General Post Office is busy organizing à 
“telephone fortnight” in an attempt to silence the 
public criticism of its services. So far, the promotion 
has given everybody a chance to tell their favourite 
telephone stories, most of them unflattering to the 
GPO. The GPO's timing was inept; it is only two 
weeks since it announced increases in postal and 
telephone charges, and it might have been better to 
let the hubbub settle down before organizing the 
campaign. Two things seem to have caused particular 
irritation. The GPO has started to charge for the 
directory enquiry service, a move which might be 
expected to reduce rather than increase the use of the 
telephone services. It has also introduced a two-tier 
postal system, in which letters stamped with a five- 
penny stamp are given preference to those stamped 
with a fourpenny. The fivepenny letter, the GPO says, 
will definitely arrive within 24 hours of posting: the 
fourpenny letter may well be delayed by up to a further 
day. Although the proposal seems harmless enough 
(and certainly better than simply raising the tariff 
to fivepence without the option) it has come in for 
considerable criticism. 

But is all this criticism justified? Two reports 
published within the past year suggest that it is not. 
'The Prices and Incomes Board, which investigated the 
GPO's claim for price increases, produced a report 
which was on the whole favourable to the GPO. In- 
creases in manpower productivity in the GPO compare 
very favourably with those in private industry. The 
board was also impressed with the efficiency of the 
GPO and with its high regard for the public interest. 
The chief criticism in the report was of the costing 
system of the GPO. 

Comparison of the actual services offered by different 
telephone services in different countries is difficult. 
[n recent years, the best attempt to do this was carried 
out by Michael Dunn of the Research Institute for 
Consumer Affairs, in a study for the International 
Organization of Consumer Unions. This study shows 
that the cost of the telephone service in Britain is not 
excessive :, it falls roughly into the middle of the range. 
with Sweden very much cheaper and West Germany 
very much more expensive. For annual rental and 
1,000 local calis, only Sweden, Netherlands and New 
Zealand were cheaper than the British system, and 
the cost in the United States was slightly greater than 
that in Britain. The efficiency of the system in Britain 
was compared with svstems in Norway and New 
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Zealand. Norway clearly has the most efficient system 
—the proportion‘ of unsatisfactory calls for which the 
system could be blamed was only 3 per cent, against 
9 per cent in the UK and 11 per cent in New Zealand. 
In Britain, trunk calls were twice as likely to go astray 
as local calls—nearly 20 per cent were unsatisfactory 
because of the failure of the system. This, the report 
points out, is not because the equipment is old and 
out of date—the failure rate on modern exchanges 
is much the same as that on pre-war exchanges. The 
fact is that too little equipment has been provided, so 
that exchanges are often swamped with calls. When 
this happens, callers get the engaged signal: it seems 
that about one-third of the engaged signals are caused 
in this way, the other two-thirds representing genuinely 
engaged lines. 

The only way to get around this difficulty is to supply 
more new equipment which, the GPO says, means higher 
telephone charges. The Prices and Incomes Board 
found that productivity in the telecommunications side 
of the GPO had been increasing at a rate of more than 
8 per cent per year, and was satisfied that no impor- 
tant improvement could be made in time to avoid a 
price increase. In the next three years, the GPO is 
intending to spend £1,100 million on investment in 
telecommunications; in order to do this, and to make 
the target return of 8-5 per cent on net assets, increases 
in prices were inevitable. Subscribers will have to 
suffer now if they are to get a better system later. 
In the longer term, the GPO should be wondering how 
to increase the number of subscribers—compared with 
other developed countries, Britain still has very few 
telephones—183 telephones per 1,000 of population 
in Britain, against 459 in the USA and 440 in Sweden. 


Measuring Aptitude 


INVESTIGATION into supplementary predictive informa- 
tion for university admission is the carefully worded 
title of the project set up in 1966 by the committee of 
vice-chancellors to examine academic aptitude tests 
for university entrants. While various working parties 
and councils discuss the entire structure of the sixth 
form curriculum, the vice-chancellors’ investigation is 
an attempt to provide for more education and less 
cramming under the existing A-level examination 
system. Academic aptitude tests would provide in- 
formation for university selectors on candidates’ general 
ability to think effectively and would supplement the 
assessment of knowledge provided by A-level examina- 
tions. In this way the aptitude tests should remove 
some of the pressure to cram from the A-level courses. 

Recommendations for tests of this kind were made 
in the Robbins report in 1963 and, although the vice- 
chancellors took three years to set up the investigation, 
in such matters it is a question of better late than 
never. The project is being financed by grants from the 
Department of Education and Science and the Schools 
Council for an initial four year period, and the first 
tests were made in 1967. The experimental aptitude 
test being used in the project is based on a multiple- 
choice, objective type of test developed by Professor 
R. A. C. Oliver of the University of Manchester. This 
in turn evolved from tests of this kind which have been 
used successfully in the United States for 40 years. 
Numeracy and verbal ability are the two main factors 
which are assessed. It is hoped that the tests will 
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measure general ability, not facility in particular 
subjects, and will therefore be useful in assessment of 
candidates who want to read a subject at university 
which they have not studied at school. Aptitude for 
arts or science should also be indicated. Sixth formers 
who are not very clever but who have had good teach- 
ing, and those who are very bright but have not been 
well taught, are likely to be misjudged if assessed by 
A-levels alone, so it is hoped that aptitude tests will 
show them in their true light. 

Experiments with tests of this kind are inevitably 
slow, pecause the results cannot be judged until the 
first sixth formers who are tested have finished their 
university courses. To save on time on the first series, 
a number of first year undergraduates were tested last 
October. In all, 37,000 tests were given, although not 
all the sixth formers are likely to go to university. 
This year, 20,000 sixth formers who are intending to 
apply to university will be tested. As a guard against 
prejudice or contamination of the sample, the results 
of the tests are being kept entirely confidential. If 
useful tests can be developed from this project, and 
the system becomes operational for the whole of 
Britain, the results will probably be made available to 
schools as well as to the university selectors. Because 
the tests do not depend on a syllabus, they could be 
given at the beginning of the fourth term in the sixth 
form, and with the help of marking machines the 
results could be with the university selectors in good 
time. 

The results could be helpful to schools in that teachers 
would know whether their personal assessments of 
students are in line with general standards. No definite 
poliey has yet been formulated on the question of 
whether the sixth former should be told the results of 
his test. If the tests indicate an aptitude in a particular 
direction, it would be useful and only fair for candidates 
to be told their results, for this might affect their choice 
of university subject. If and when broader curricula 
are introduced, and the option for arts or science re- 
mains open throughout the sixth form, advice on 
aptitude might be even more welcome than at present. 
If continuous assessment of pupils by their teachers is 
introduced instead of A-level examinations, then acade- 
mie aptitude tests administered by a single body would 
be one way of maintaining uniformity of standards. 


University Statistics 


THE latest volume of statistics collected by the Uni- 
versity Grants Committee from universities in Britain 
(Returns from Universities and University Colleges, 
1965-66. Cmnd. 3586, HMSO, £1) is more than twice 
the price of its predecessor, but, to compensate, it is 
nearly four times as big—192 pages instead of 54. 
These Returns have been published comparatively 
much later than earlier issues. The 1964-65 statistics, 
for example, were out by October of the following 
year. The latest statistics have been delayed by a 
further six months. This delay, however, may be a 
result of some changes in the collection of university 
statistics introduced in the academic year 1965-66. 
For example, the timing of the count of staff and 
student numbers was changed so as to bring it into 
line with the pattern used in all other sectors of educa- 
tional statistics. In previous years the count took 
place at the end of the academic year; in 1965-66 the 
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count was taken at the end of the autumn term. This 
change has had an appreciable effect on the statistics 
of part-time students but not on the numbers of full- 
time students and of staff. Only those part-time 
students in universities at the end of the autumn 
term are recorded now—this has resulted in a drop in 
their numbers in 1965-66 compared with the previous 
academic year. Other changes in the 1965-66 statistics 
have included the reclassification of the staff and 
students into more detailed subject groups, and the 
inclusion of all academic staff : those financed entirely 
from university funds as well as those receiving money 
from outside sources. All this extra and more detailed 
information explains the bulkiness of these statistics. 
The new arrangement also makes direct comparisons 
with previous years more difficult. 

A further difficulty is that, for the first time, the 
former Colleges of Advanced Technology and the 
Heriot-Watt College are included in the UGC's list 
of forty-four university institutions in receipt of ex- 
chequer grants. In many ways, the 1965-66 figures 
confirm those published in Statistics of Education, 
1965, Part Three, compiled by the Department of 
Education and Science (HMSO, 1967). In fact the 
next issue of Returns from the UGC (for 1966-67) 
will be amalgamated with the Statistics of Education 
from the DES. Lord Robbins’s prediction of 173,200 
full-time students in universities and CATs in 1965-66 
was not confirmed by the actual numbers in that year. 
His estimate was, in fact, about 4,000 too many— 
there were only 169,486 full-time students in Great 
Britain in 1965-66. Contrary to general opinion, Lord 
Robbins’s estimate for the academic year 1966-67 was 
also too high—186,900 when actual figures were about 
184,200. The change-over from his figure being too 
high to being too low is, however, taking place this 
academic year. Provisional figures of full-time uni- 
versity students from the UGC (from figures compiled 
in October 1967) show that there are about 199,700 
university students at the moment—Robbins estimated 
that there would be some 196,500. 

Out of the 169,486 students in 1965-66, there were 
28,428 postgraduate level students (including those 
taking postgraduate courses in teacher training). In 
Britain as a whole postgraduates represented some 17 
per cent of the total student population; in England 
and Wales alone, the proportion was about 18 per 
cent, while in Scotland it was about 9-5 per cent. 
The provisional figures for 1966-67 and 1967-68 do 
not show any marked increase in the proportion of 
postgraduates among university students—it is around 
17 per cent for Britain as a whole, while figures for 
England and Wales, and Scotland, are about 19 and 
10 per cent respectively. 

The number of overseas students has continued to 
increase (9-4 per cent in 1965-66), but as a percentage 
of the total student population represents a marked 
decline from the peak of 11-5 per cent in 1961-62. 

The recurrent income of universities in the year 
under review amounted to £164-7 million. If the 
former CATs and the Heriot-Watt University are 
omitted this represents an inerease of £22 million over 
1964-65. Income from fees is continuing to fall, 
amounting to only 7:4 per cent of the total. Recurrent 
expenditure of universities in 1965-66 amounted to 
£160 million, of which 36-5 per cent was spent on 
salaries and 10-1 per cent on wages of departmental 
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staff. Departmental maintenance, and research and 
other types of specific expenditure, took 11-8 and 14-0 
per cent, respectively. Some of the headings for the 
recurrent expenditure have been changed and so valid 
comparisons with previous years cannot be made. 


Designing for Wind 
Tue largest wind tunnel available in the United King- 
dom for the study of industrial aerodynamics is now in 
operation at the Marchwood Engineering Establish- 
ment of the Central Electricity Generating Board. 
This is an appropriate place to find a large wind tunnel, 
for the CEGB was the victim of the most celebrated 
civil engineering failure in recent years—the collapse 
of the cooling towers at Ferrybridge C power station 
in 1965. The CEGB is quick to point out that the 
wind tunnel was planned before the Ferrybridge 
collapse, although it has come into commission more 
recently. The tunnel, which cost £100,000, should be 
particularly useful for studies of large arrays of cooling 
towers, or scale models of entire structures such as 
power stations: other wind tunnels in the United 
Kingdom are too small for this kind of investigation. 
The picture shows the great size of the working 
area in the slow section of the tunnel. This section is 
80 feet long, 30 feet wide and 9 feet high, and air speeds 
of up to 50 feet/sec can be reached. It comes as 


something of a surprise, however, to be told that the 
real purpose of the tunnel is for research at very 
low wind velocities, of only a few feet per second. 





The large wind tunnel at Marchwood (CEGB). 


The difficulty here is that atmospheric disturbances 
outside the wind tunnel can seriously influence the 
wind speed within the tunnel—this has been overcome 
at Marchwood by drawing the air into the tunnel 
through an elaborate baffle which smooths out the 
disturbances. "The tunnel is the shape of a bottle, the 
neck of which serves as a fast region 16 feet long, 7 
feet wide and the same height as the slow section. In 
this region speeds of 200 feet/sec can be reached. 
Industrial aerodynamics differs in various ways 
from the sort of work carried out with aircraft, In 
the case of tall structures, the top of the building, 
which penetrates through the atmospherie boundary 
layer, is subject to greater stress than the lower parts 
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of the building. The tunnel at Marchwood is provided 
with the means to simulate this boundary layer. The 
fluctuations in the wind velocity are also important, 
because they represent a much greater proportion of 
the total loading than is the case with aircraft. Two 
projects under study at Marchwood are concerned 
with the dynamics of current-carrying cables and the 
effect of reducing the height of a gas turbine exhaust 
stack. If the stack height could be reduced, money 
could be saved, but the danger is that the hot gas 
would be drawn back into the turbines and the building 
ventilation system. 

Another wind tunnel undergoing trials at March- 
wood is concerned with the other extreme of wind 
speeds—the supersonie speeds experienced by turbine 
blades. This is a closed circuit tunnel capable of testing 
turbine blades up to Mach 2. As turbines increase in 
power, the blades must get longer, and this means 
that the tips of the blades will be moving at even 
greater speed. The new tunnel, run by an electric 
motor which drives an Avon compressor (bought 
cheaply on the second-hand market) will help to 
build up experience of conditions like these before the 
very large machines come into operation. 


Wind-borne Foot and Mouth Disease 


THE London Times (April 23) has reported that 
meteorologists at the Meteorological Office at Bracknell 
have analysed the spread of foot and mouth disease 
in Cheshire in an outbreak in 1952 and concluded that 
wind and rain were the main vectors. The disease 
affected 160 farms, and with only one exception every 
outbreak oceurred downwind of an already infected 
farm during rainy weather. In most cases the rain was 
at night. After eight consecutive dry nights, the 
epidemic declined. The meteorologists are also said to 
have analysed the relationship between the prevailing 
wind and the distribution of scattered outbreaks along 
the Kent and Sussex coasts in the spring and summer 
of 1952. 

After the initial outbreak at Oswestry in October 
last year, there were fifteen wet nights out of the first 
Seventeen, and the pattern of spread of the disease 
reflected the changes in wind direction for at least the 
first four weeks of the epidemic. A computer is being 
used to analyse the epidemic. It is also rumoured that 
the analyses of the prevailing wind patterns in October 
1967 make it very unlikely that the virus which started 
the epidemic came from the continent. That, of course, 
was the conclusion of the Reid report. Publication of 
the details of this research has been officially delayed 
until they have been presented to the Northumberland 
committee which is collecting evidence for its inquiry. 


Research in Jeopardy 


UN Less more funds can be raised, research at the 
London Institute of Ophthalmology will Have to be 
severely curtailed in 1969 when the current grants, 
which are supposed to last until 1970, will have been 
spent. The "Fight for Sight" campaign has so far 
only produced £460,000 out of a target of £1 million and, 
unless another £0-5 million is raised, the outlook for re- 
search is bleak. There is now a freeze on the numbers 
of staff. As members leave—there are 176 on the staff, 
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56 of whom are academic staff—they are not usually 
being replaced, and no money is available for modern- 
ization of the institute's laboratories and very little 
for apparatus. 

The institute, one of fourteen specialized medical 
institutes in London University, was formally estab- 
lished in 1948 on the recommendation of the Good- 
enough report, although it had in effect been formed 
two years earlier. Since then it has become one of 
the leading centres in the world for research into vision 
and has been a model for comparable institutes in India. 
Egypt and Australia. It is an entirely postgraduate 
institution and is responsible for all the postgraduate 
teaching of ophthalmology in London. Ninety-five 
per cent of the students, however, come from abroad— 
chiefly from Africa, Asia and the Middle East—and 
there is a queue of overseas applicants awaiting places. 

The University Grants Committee finances the 
teaching. In 1967-68 it gave the institute £171,050. 
48 per cent of its total budget, for teaching and £7,000 
for apparatus, and it is virtually certain that the grant 
for 1968-69 will be about the same—in other words. 
insufficient. The research, which ranges from investiga- 
tions of eye pigments at the molecular level to the use 
of lasers in eye surgery (see Nature, 916, 535; 1967), is 
financed by specific grants from foundations and from 
the institute's own income. In 1963 the institute 
launched its first publie appeal, "Fight for Sight". 
which is in keeping with the UGC poliey of encouraging 
financial independence. To continue research at the 





Screening for Cancer 


AN aid to the efficiency of cytologists in their analyses of 
cervical smears is now being given field trials. In 
collaboration with doctors in Oxford (see Lancet, 
February 17, 359), Vickers Ltd have developed a cyto- 
logical sereening instrument to scan smears and pick out 
those with evidence of a possible pre-cancer state 
an i» situ carcinoma. The Vickers cytology screening 
apparatus (VCSA) is based on the theory, put forward 
by Dr R. A. Diamond in his Oxford BSc thesis last 
vear, that the presence of more than 12 nuclei larger 
than 125 in diameter in a smear is indicative of a pre- 
cancer state. The VCSA spreads out cells from a cervi- 
cal smear in a thin line along transparent tape, 
using about 2-5 feet of tape for each sample. Stan- 
dard staining and fixing techniques used for micro- 
scope slides are carried out automatically. The treated 
tape is then fed through a microscope which is pre- 
set so that whenever a nucleus larger than 12u in 
diameter is found by the automatic scanner, a hole is 
punched in the tape. A cytologist can then replay 
the tape to find the potentially dangerous cells and 
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make a diagnosis by the usual evaluation of such 
properties as density of staining, chromatin dispersion 
and irregularities in outlines. In this way much of 
the tedious studying of negative cells is eliminated, 
freeing the cytologists for more critical evaluation of 
the suspicious cases, 

Field trials are at present under way at the St 
Helier Hospital, Carshalton, with smears being tested 
by the VCSA after conventional glass slide evaluation 
has been made. Dr M. Levene, who is in charge of the 
tests, thinks that at least another year's trials will be 
necessary before the reliability of the machine is 
sufficiently tested. A second machine is on order for 
the Queen Elizabeth Hospital, Birmingham. 

At present the rate of testing is about 1-3 million 
smears a year. Any woman who has had sexual inter- 
course is at risk, and there are therefore about 17 million 
women at risk in Britain. An efficient cytologist can 
examine about 30 smears a day, while the VCSA can 
pre-test 200 a day. Final diagnosis of the pre-tested 
smears by a cytologist is still required, but considerable 
time can be saved. Vickers estimate that 400 cytolo- 
gists each with one machine would be enough to screen 
once a year all the 17 million women at risk in Britain. 
Each machine costs £6,000. 

If widespread screening is introduced, a considerable 
amount of treatment will be required, but suggestions 
that there would be a shortage of bed space were dis- 
counted by Professor McLaren of Birmingham, who 
pointed out that it should prevent the terminal cases 
which occupy much more space. The lack of enthus- 
iasm of women to be screened is another problem that 
has yet to be solved. 


Hazards of the Pill 


Two reports published in last week's British Medical 
Journal establish a definite link between the use of 
oral contraceptives and severe blood clotting in the 
absence of predisposing conditions. Although the 
reports do not justify the withdrawal of oral contra- 
ceptives from the market, they do at least point out the 
necessity of avoiding complacency about these prepara- 
tions, which are, after all, specifically designed to upset 
the hormonal balance of a woman’s body. The authors 
of the reports are Drs M. P. Vessey and Richard Doll 
of the Medical Research Council’s Statistical Research 
Unit, and Dr W. H. W. Inman, senior medical officer 
of the Committee on the Safety of Drugs. 

The study by Drs Inman and Vessey was undertaken 
in direct response to isolated reports submitted to the 
Committee on the Safety of Drugs concerning the 
incidence of thromboembolic disease in women using 
oral contraceptives. Enquiries were therefore made 
about the use of oral contraceptives by 334 married 
women aged 20-44 who died during 1966 from throm- 
bosis or embolism of the pulmonary, cerebral or 
coronary vessels (95, 30 and 209 deaths, respectively). 
For comparison, information about the use of these 
preparations was also obtained for a control series of 
women drawn from the same doctors’ practices as 
those in which the fatalities occurred. 

As a result it was estimated that the mortality from 
pulmonary embolism or cerebral thrombosis attribut- 
able to the use of oral contraceptives was 1-3 per 
annum per 100,000 users aged 20-34 and 3-4 per annum 
per 100,000 aged 35-44. The women who died from 
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coronary thrombosis had been using oral contracep- 
tives more frequently than might have been expected 
from the experience of the control group, but the 
difference did not quite attain statistical significance, 
and no definite link could therefore be established. 
Inman and Vessey point out, however, that if it is 
thought justifiable to include deaths from coronary 
thrombosis, then the mortality attributable to the use 
of oral contraceptives can be recalculated as 2:2 per 
100,000 users in the first age group and 4-5 per 100,000 
in the second. There was no evidence to suggest that 
the risk of thromboembolism is associated with the 
use of any particular oral contraceptive. Perhaps the 
most striking feature of the report is that 42 per cent 
of the women who developed thromboembolic disease 
had been using oral contraceptives for less than six 
months. 

In the second study, by Vessey and Doll, the medical, 
obstetric, social, family and contraceptive histories 
were obtained for a number of women who had been 
discharged from hospital with a diagnosis of deep vein 
thrombosis or pulmonary embolism. One hundred 
and twenty-two patients were selected as controls. 
The contraceptive preparations used by 23 of the 
affected patients and eight of the controls were known. 
It was found that of 58 affected patients, 45 per cent 
had been using oral contraceptives during the month 
preceding the onset of their illness while only nine 
per cent of controls had been doing so. Vessey and 
Doll concluded that the risk of hospital admission for 
venous thromboembolism is about nine times greater 
in women who use oral contraceptives than in those 
who do not. On the basis of data for the number of 
women in Great Britain using oral contraceptives, it 
was estimated that about 1 in every 2,000 women 
using oral contraceptives is admitted to hospital each 
year with venous thromboembolism of an obscure 
nature as compared with about 1 in every 20,000 
women not using them. The existence of a risk of 
coronary thrombosis was not proved. 

Although in these two reports no marked differences 
can be found between various contraceptives, in a 
leading article in the same issue the British Medical 
Journal itself suggests that oestrogens may have an 
effect on blood clotting, Continuous-low-dose-pro- 
gesterone techniques which do not require oestrogen 
may therefore afford a means of avoiding thrombo- 
embolie effects. Future studies would no doubt be 
more convincing if samples were larger. 

Vascular obstructions accompanying the use of oral 
contraceptives have also been reported by Drs Celia 
Oakley and Jane Somerville of the Royal Postgraduate 
Medical School, Hammersmith Hospital, London, but 
under different conditions. Writing in last week's 
Lancet they describe the rapid deterioration in the 
condition of three patients with congenital septal 
defects of the heart while taking oral contraceptives. 
As a result, one of the patients died, and corrective 
operations for the other two who had previously been 
suitable for surgery became inadvisable. The two 
doctors therefore conclude that the contraceptive pill 
may not be safe in patients with this type of heart 
disease, particularly when it is associated with raised 
pulmonary artery pressure. 

Other harmful actions of oral contraceptives which 
have been examined are liver damage and carcino- 
genesis. So far there is no evidence of a carcinogenic 
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action, but changes in liver function and occasional 
hepatic damage have been noted. 


Fertility 
Tux birth rate in the United States and the United 
Kingdom continues to decline. According to figures 
just released by the National Centre for Health 
Statistics, the birth rate in the United States in 1967 
was 17-9 per thousand compared with 18-4 in 1966. 
This is below the 18-4 per thousand level of the depres- 
sion years 1933 and 1936, and the absolute number of 
births in 1967—3-53 million—was also lower than 
in 1966—3-61 million. A much more sensitive indicator 
of trends in fertility is, of course, the relationship 
between the annual number of births and the number 
of women in the child-bearing age group (15 to 44 
years old). In 1967, the fertility rate in the United 
States was 88 per thousand, higher than the 76 per 
thousand during the depression. Compared with the 
1930s, fewer women are producing more children. 
The post-war boom in babies in the United States 
continued unexpectedly for a whole decade and the 
fertility rate reached a peak of 123 in the late 1950s; 
since then it has steadily declined to the present level. 
It remains to be seen whether or not the decline in 
birth rate reflects only a change in the timing of births 
or whether there will be a real decline in completed 
family size. A real decline is expected; with increasing 
standards parents are choosing to spend more on a 
few children than take the cheaper by the half dozen 
outlook. The British population is showing a similar 
trend. Statistics just released by the Registrar 
General covering the first quarter of 1968 indicate a 
continued fall in the birth rate. The rate was 17-3 per 
thousand compared with 18-1 per thousand and 18-2 
per thousand in 1967 and 1966, respectively. 
According to the latest United Nations estimates, 
the world population at the beginning of 1968 was 
3-443 x 10°; by the end of this year the population is 
estimated just to exceed 3-5 x 109. The world popula- 
tion will, by then, have increased by 1x10? since 
1953 and at the present rate the next increase of 
1x10? is expected within 14 years. In 1967 the 
population grew most rapidly in Central America and 
the population of the region may well double in the 
next twenty years. By contrast at the present rate it 
will take about 350 years for the population of East 
Germany to double and about 140 and 63 years to 
double the populations of Britain and the United States. 


Europe's Water 


Soon after May 6, a poster urging water conservation 
will appear on billboards in the eighteen member 
countries of the Council of Europe. It will announce 
the European Clean Water Campaign, which the 
council is launching at a formal ceremony in Stras- 
bourg on May 6 when the twelve clauses of the European 
Water Charter will be announced with as thuch pub- 
licity as possible. The Clean Water Campaign is a 
preliminary part of the European Conservation Year 
1970. The precise wording of the Water Charter, 
which was agreed by the council last May, has not been 
disclosed, but it stresses the familiar cry that water 
resources are far from inexhaustible and that water 
must not be wasted or polluted. Although the whole 


NATURE, VOL. 218. MAY 4, 1968 


campaign has been designed to appeal to the general 
public, it is not aimed at dripping taps or hose pipes 
but at emphasizing the enhanced amenities that a 
rational development of water resources would provide 
for everyone. The council’s idea is that, if it can 
create a climate of public opinion intensely hostile to 
the squandering of water, national governments, local 
authorities and industry will all be forced to adopt 
proper measures to dispose of sewage and industrial 
wastes and to exploit water supplies. 

In Britain, because the campaign is part of the 
European Conservation Year, the National Parks 
Commission is to run the national campaign in associa- 
tion with the Ministry of Housing and Local Govern- 
ment and the Water Board. But, relying as it does 
so heavily on the effect of public opinion, the campaign 
will certainly need all the support it can muster if it 
is to be anything other than a damp squib. 


Variation on a Theme 


ANOTHER approach to the controversial question of 
teaching engineering in schools is about to be put into 
action. Last week it was announced that Shell Inter- 
national Petroleum Company is awarding a grant of 
£27,000, spread over three years, to the Institute for 
Educational Technology at the University of Surrey 
to support a project designed to further the introduc- 
tion of engineering and other applications of science 
into sixth form activities quickly and on a national 
basis. Mr G. C. Sneed, head of applied science at 
Ealing Grammar School, has been appointed director 
of the project. 

Mr Sneed points out that able students tend to 
prefer pure science to more technical subjects, and this 
may stem from the fact that most of them are given no 
introduction to technical subjects at school. Several 
schoolmasters have tried to provide an answer to this 
problem individually, but recognition of the need for a 
combined effort led to the setting up in November 1967 
of an "action committee" to discuss what could be 
done. One outcome is the proposed summer school 
to be held at Imperial College in September of this 
year, at which teachers will be able to see equipment 
that has been used successfully by others in introducing 
technological subjects. 

As an important part of the project, Mr Sneed 
intends to visit different industries and to build models 
for use in schools of machinery and other equipment, 
indicating their industrial applications. After about 
two years, teachers will be able to visit the institute 
to familiarize themselves with the equipment, and a 
book containing suggestions for class experiments 
based on the results of the project will be available. 
Twelve members of the scientific staff at Surrey 
University are co-operating with Mr Sneed, and he 
will later be joined by another teacher and by tech- 
nical staff. Mr Sneed's own experience as a teacher is 
valuable because he has a good idea of what is likely 
to interest the pupils. 

The idea is that engineering and other applied 
sciences will supplement rather than replace more 
theoretical subjects such as physies; theory will 
simply be illustrated and broadened by reference to 
practical application in industry. Mr Sneed emphasized 
that the scheme differs from that of the Schools 
Council's project teams on applied science and tech- 
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nology. The new scheme is aimed at sixth formers 
only; the Schools Council, though greatly concerned 
with pupils in this age group, is also aiming at intro- 
ducing engineering to younger pupils. 

Commenting on this introduction of yet another 
way of introducing technology in schools, Mr G. B. 
Harrison, director of the Schools Council engineering 
project, said that it would be wrong at this stage to 
consider that any one method was better than the rest, 
and added that considerable research and evaluation 
of the different approaches were necessary. 


Defence Research 


Tur Select Committee on Science and Technology, 
investigating defence research in Britain, has heard 
from a number of witnesses how good is the work 
now being done. From the Electronic Engineering 
Association last week it got a different view—one 
which suggested that the establishments are good 
within their own military field but should not be 
encouraged to venture outside it. Success had come 
because the laboratories had immersed themselves in 
military problems, and thoroughly understood them— 
but they could not understand an industrial problem 
without becoming part of it. Did this mean that the 
staff of the establishments should be rapidly re- 
deployed into industry ? The association thought not— 
it would cause disruption on a large scale, and industry 
would be unable to take on large numbers of people. 
This painted a gloomy future for the establishments, 
gradually declining as the British defence budget 
declines. 

When the association came to give evidence, it 
was represented by three witnesses: Commander H. 
Pasley-Tyler, chairman of the EEA council, Mr 
W. D. H. Gregson from Ferranti, and Mr G. C. I. 
Gardiner from Hawker-Siddeley. Commander Pasley- 
Tyler argued that a new system was necessary for the 
successful execution of defence projects. Each pro- 
ject should have a manager with much more power, 
including power to control the project financially. 
Contracts should be given to industry from the start, 
with a firm operational requirement based on existing 
technology, a firm order and a fixed price. Only 
in this way could projects be finished in a reasonable 
time at a fair price. The one project which the 
witnesses could think of which had been tackled this 
way, the Nimrod aircraft project, had been a complete 
success. It had been finished two months early, within 
the original budget, and was "working beautifully". 

Commander Pasley-Tyler tended to put the blame 
on the Ministry of Defence. “I have never come across 
a Defence Secretary who was capable of developing 
anything", he declared. The comptrollers in the 
ministry were excellent men, but they controlled 
nothing. Much greater powers should be vested in the 
project managers, and the Government should make 
much more intelligent use of its purchasing power. 
The witnesses saw a danger that the decline in defence 
spending would lead to a real decline in Britain's 
technological performance; something would have to 
be done to prevent this. The Government should either 
place large contracts with industry, or should allow 
it to make bigger profits. From an industrial 
delegation, this was perhaps predictable—but it carried 
conviction, and the Select Committee seemed impressed. 
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Parliament in Britain 


Electricity Generation 

Tug new Minister of Power, Mr Ray Gunter, making 
his first announcement since he took over from Mr 
Richard Marsh, said that, in addition to savings of 
£31 million in the capital investment programme of 
the Central Electricity Generating Board announced 
on December 21, 1967, a further £16 million had now 
been saved "in the light of revised estimates in the 
trend of demand". (Oral answer, April 23.) 


Underground Cables 

Mn RecinaLp FnEESON, Parliamentary Secretary at 
the Ministry of Power, gave details of the costs of 
laying cables underground. Costs per mile vary with 
voltage but, in the range of voltages from 11 kV single 
circuit to 400 kV double circuit, costs for overhead 
lines are £1,100 to £5,000 per mile. For underground 
lines the corresponding costs are £5,000 to £930,000 
a mile. Every effort was made, Mr Freeson said, to 
pay attention to the amenity aspects of cables, and he 
suggested that the industry had a good record in this 
respect. Later Mr Freeson said that the gas industry 
had spent £4-2 million in 1966-67 on research and 
development, a figure which represented 0-8 per cent 
of turnover. The National Coal Board had spent £3-7 
million in the same year, or 0-4 per cent of turnover. 
(Oral and written answers, April 23.) 


Oceanography 

Mrs SmmLEYv WinLrAMs, Minister of State at the 
Department of Education and Science, said that the 
Natural Environment Research Council had decided 
to move its Research Vessel Management Unit from 
Plymouth to Barry. Dr David Owen, Labour member 
for Plymouth Sutton, had expressed concern at the 
move. Plymouth Council, he said, had offered every 
facility to the NERC, and had not been told that the 
negotiations with the NERC were being discontinued. 
Mrs Williams said that the NERC had decided that 
Barry was the most suitable site for the unit; she was 
now considering the evidence on which it had based 
the decision. She added that the NERC had decided 
that there was no case for concentrating the research 
establishments dealing with marine science and oceano- 
graphy, which were located in the areas best suited to 
the kind of work they were undertaking. She accepted 
this view. (Written answers, April 23.) 


Post Office 

Mr JosEPH SLATER, Assistant Postmaster General, 
gave a progress report on the National Data Processing 
Service. Nine existing computers had been taken over 
by the service; six in London and one each in Edin- 
burgh, Derby and Portsmouth. They were two Elliott 
405s, six English Electric Leo 3265, and one RCA 
Spectra 70/45. These "limited resources", he said, 
were already being used to undertake a certain amount 
of work for eustomers outside the Post Office; the 
RCA machine was on loan from English Electric 
pending delivery of an English Electric 4/70 machine. 
Four more 4/70s were in the Post Office plans, two in 
London and one each in Bristol and Leeds, and tenders 
had been invited from twenty-one manufacturers for 
two further computers for the London Heathrow Air- 
port project. But he hinted that the supply of man- 
power rather than machines was likely to be the 
limiting factor. (Oral answers, April 25.) 
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Three university buildings formally opened on May 2 


Above: Chemistry building, University of Keele, North 


Staffordshire. 


Above, right: Mathematics building, Queen Mary College, 
London. 


Right: Chemistry building, University of Manchester 


Institute of Science and Technology. 


New University Buildings 


THE formal opening of the chemistry building at Keele 
University by Lord Todd marks the completion of a 
four-stage building programme that has been spread 
over 17 years. The department will now accommodate 
comfortably the chemistry students in a university 
population of 3,000, with provision for fifty under- 
graduates a year. Under a staff of eleven there are 
more than twenty postgraduate students. The fourth 
stage of the building, with floor area of 26,000 square 
feet, cost £182,200, which includes the cost of altera- 
tions, particularly to the entrance hall and lecture 
theatre, which now seats 150. 
approximately £52,900 has been spent on the furniture 
and fittings. The new accommodation includes a 
computer suite, a thermochemistry suite, research 
laboratories, staff rooms and a cold room, in a three- 
storey block, and a two-storey block (see photograph) 
which contains a teaching laboratory, lecture room, 
library, radiochemistry suite and other rooms for 
tutorials, seminars and socializing. 

The mathematies building at Queen Mary College 


An additional sum of 
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has been in use since October 1967, but was formally 
opened this week by Lord Mountbatten. The building 
cost £285,377, without furniture and fittings, providing 
35,000 square feet of floor space. There are at present 
130 undergraduates, seventy of them being first year 
students, thirty graduates and more than thirty staff. 
The computer and related equipment occupy the top 
two levels of the seven-storey elevation facing Mile 
End Road; the rear of the building is divided into 
eleven storeys of smaller rooms for offices and tutorials. 

The chemistry building at the University of Man- 
chester Institute of Science and Technology, whieh was 
opened by the Duke of Edinburgh, provides for 420 
undergraduates, There are at present about 170 post- 
graduate students and postdoctorate fellows, and more 
than fifty academic staff. The building cost an 
estimated £2 million, for the four-storey undergraduate 
teaching block, the fifteen-storey research block and the 
bridging section and tunnel between them which house 
offices, library and stores. In all, the floor area is 256,000 
square feet. The department offers undergraduate 
courses in polymer chemistry and colouring matters, 
as well as honours and ordinary degrees in chemistry. 
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Research outside the Government 


Ir is a truism to say that in a world of increasing 
costs and complexity, scientific research—like educa- 
tion and industry—benefits from being organized into 
large units with correspondingly large budgets and 
staffs, Is there then any real future for small private 
research establishments? A case in point is the 
Animal Health Trust. Does it justify any longer its 
existence in the face of the Agricultural Research 
Council ? 

The Trust was founded as the Veterinary Educa- 
tional Trust by the late Dr W. R. Wooldridge in 1942 
to provide scholarships and fellowships for veterinary 
scientists. Although the Agricultural Research Council 
then provided grants for postgraduate veterinary train- 
ing, they were insuffieient and the Trust had a real 
part to play. Afterwards, however, the ARC increased 
the numbers of its training grants and the Animal 
Health Trust set out instead to establish research 
stations, seeking in the process fields neglected by 
the ARC. Its first venture, the Equine Research Station 
at Newmarket, was a shrewd choice because it tapped 
the vein of charity among land owners and horse 
owners. The second venture was the Houghton Poultry 
Research Btation, and again the Trust led the ARC, 
some say knowingly beating it to the post, although 
the poultry station is now jointly financed by the 
Trust and the ARC. Two other stations—the Small 
Animals Centre, dealing with cats and dogs, and the 
Farm Livestock Research Centre—have since been 
established. 

Since its foundation the Trust’s activities have often 
drawn attention to gaps in the work of the ARC but, 
nevertheless, the two organizations have enjoyed good 
relations. Individuals from both co-operate on specific 
research projeets; the ARC, and the MRC as well, 
give small grants to staff at Trust laboratories. Apart 
from the jointly run poultry station, the ARC seems 
to have no plans for taking over the Trust’s labora- 
tories. It seems content to have a small independent 
organization—the Trust’s total budget for the year 
beginning July 1, 1966, was only £0-25 million— 
working in the same general field. This no doubt is 
because the Trust and the ARC fulfil different roles. 
For example, the Trust’s Farm Livestock Research 
Centre does contract work for commercial companies 
which the ARC cannot undertake. At present it is 
testing, in experimental conditions and in controlled 
field trials with co-operative farms, anthelmintics 
(drugs against nematode parasites) for commercial 
companies. Four years ago, it also developed a live 
vaccine for domestic animals against Salmonellosis. 
And, because of its independence, the Trust seems 
to enjoy the confidence of the farming community 


which is traditionally suspicious of government organ- 
izations—even the ARC and the Ministry of Agricul- 
ture. As a result, the Livestock Research Centre 
has been able to conduet surveys of the breeding 
of pedigree beef cattle with the co-operation and 
financial support of the National Cattle Breeders 
Association. 

But not all the work at the Livestock Centre has 
such immediate commercial implications. A group is 
working on the life cycle of nematodes and studying 
the serology and antigenicity of Ascaris in humans and 
pigs. Are there two species or does the same species 
of Ascaris infect both man and pigs? It is estimated 
that about 600 million people are infected by Ascaris, so 
it is not surprising that the MRC takes an interest in 
this work and has given a grant. Another group is 
working on the problems of fertility in farm animals, 
and the infectious transmission of drug resistance and 
the induction of drug resistance by continuously feed- 
ing antibiotics to cattle, sheep and pigs is being studied. 
Although the Trust has a small budget—which is 
surprising, given British sentimentality about animals 
—Àt still fulfils a very useful role in Britain's veterinary 
science. 


Hydrobiology in Latin America 
from a Correspondent 


Ir has often been remarked that South America lacks 
a whole range of native land mammals, the large 
herbivores (it has only three). The subeontinent 
makes up, however, in richness of freshwater fish 
species. These have so far been inadequately studied— 
less thoroughly, for instance, than in tropical Africa— 
and there has been little or no co-operation between 
research centres in different countries. The First 
Regional Meeting on Hydrobiology held this spring at 
Santa Fé, Argentina, is therefore of special interest, 
It was jointly sponsored by the Argentinian Consejo 
Nacional de Investigaciones Cientificas y Tecnicas and 
the Freshwater Productivity (PF) Section of the Inter- 
national Biological Programme. Argentina, Bolivia, 
Brazil, Chile, Colombia, El Salvador, Guyana, Uruguay 
and Venezuela were represented, and visiting scientists 
from Britain, the United States and West Germany 
took part as well as the IBP Sectional Convenor and 
Co-ordinator. 

An initial stock-taking with each country giving a 
national feport opened the proceedings. 1t emerged 
that the hydrobiological scene in Latin America is 
enormously rich and varied. All types of ecological 
environments are represented, from tropical forest to 
both hot and cold arid zones, and the waters in these 
are equally varied—with mountain lakes, plain lakes, 
estuaries and lagoons, and large lakes at high altitude 
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near the equator, such as Lake Titicaca. In contrast 
to most other parts of the world, few of these waters 
have been much affected by man and this is reflected 
in an outburst of speciation. There are well over 600 
species of fish in the entire area, though this is likely 
to prove conservative since it is not yet known precisely 
how many fish species there are in the Amazonian 
system alone. A good start has been made with the 
publication of the record of Argentinian fish. 

The meeting drew up a series of seven resolutions to 
put this situation to rights. The mood and emphasis 
were essentially practical. First an inventory of Latin 
American hydrobiologists is to be compiled, with their 
special interests. An association of hydrobiologists is 
to be set up. There is to be a register of outside experts 
who are prepared to act as consultants and run training 
courses at the universities (the lack of trained man- 
power is "fantastic", comments a European par- 
ticipant), Interchange of technical staff within Latin 
America is to be promoted. Documentation is to be 
centred on a single information centre in Latin America 
which may also publish a periodical and run an advisory 
service. Bilateral research projects are to be pursued 
such as that currently going on in Brazil where German 
scientists are at work. There are to be joint (multi- 
national) projects on pollution in fresh waters and on 
fish culture in Latin America. 


Results from Ariel 3 


Tur Ariel 3 satellite, launched on May 5 last year, 
seems, in the main, to have been a success. This was 
clear from a meeting held at the Royal Society on 
April 24 at which preliminary scientifie results from 
the satellite were discussed. It is particularly pleasing 
that the power supply and data handling systems have 
functioned perfectly in Ariel 3, the first satellite to be 
designed and built entirely in the United Kingdom. 
It was launched by an American Scout rocket into a 
near Earth orbit having a perigee of 494 km and an 
apogee of 600 km from the Western Test Range in 
California, and has produced on the average 6 hours 
of data for each day in orbit. Five space research 
groups have experiments on board— Birmingham 
University, Manchester University (Jodrell Bank), 
Sheffield University, the SRC Radio and Space Re- 
search Station, and the Meteorological Office. 

The success of the satellite is qualified, however, 
because interference from the Birmingham experi- 
ments has limited the usefulness of the Jodrell Bank 
experiment which investigates cosmic and ionospheric 
radio noise. The Birmingham experiment is designed 
to measure the number and temperature of electrons 
in the high regions of the ionosphere through which 
the satellite passes. This it does by means of sensors 
fixed to the ends of two of the satellite's four solar 
cell booms. Signals applied to the sensors as part 
of the Birmingham experiment are picked up by the 
Jodrell Bank radio aerial, a loop of wire strung round 
the extremities of the satellite’s booms. The Jodrell 
Bank experiment was designed to measure'the inten- 
sity of cosmic radio noise in the range 2-4-2 MHz, 
part of the radio spectrum which cannot penetrate 
the ionosphere, and to investigate noise bands gener- 
ated in the ionosphere. At the meeting, Professor 
F. G. Smith and Mr P. Gregory of Jodrell Bank 
explained that the interference was caused by an 
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unexpected coupling effect through the ionosphere 
outside Ariel 3. "This means that the Jodrell Bank 
results have to be sorted from the unwanted signal; 
nevertheless the data are giving values of cosmic radio 
noise at 4:25 MHz, which the Jodrell Bank group 
hopes to extend to the remainder of the range. 

The Sheffield experiment measures very low fre- 
quency radio waves at three frequencies, 3-2, 9-6 and 
16 kHz, and is investigating naturally occurring very 
low frequeney phenomena such as whistlers, hiss and 
chorus, as well as transmissions from the Rugby 
Radio Station GBR at 16 kHz and from an Australian 
station at 15:5 kHz. Although the Sheffield experi- 
ment also incorporates a loop aerial adjacent to the 
Jodrell Bank loop, the Sheffield experimenters report 
no interference from other equipment in the space- 
craft. Measurements of chorus and hiss signals pro- 
duced by energetie charged particles in the upper 
atmosphere, should yield information about inter- 
actions between energetie particles and radio waves. 
World-wide maps of the signal strength of transmissions 
from very low frequeney radio stations are giving 
information about the way these radio waves are 
guided through the atmosphere. 

The experiment designed by the Radio and Space 
Research Station at Slough, on the other hand, is 
more concerned with events lower in the atmosphere. 
This experiment measures the intensity of radio noise 
from lightning discharges in a defined area over which 
the satellite is passing. Receivers measure terrestrial 
radio noise at six frequencies, but the experimenters 
Say that signals from a transmitter on the ground, 
whieh started operating after Ariel 3 was launched, 
interfere severely with one of the channels. So far, 
the group has concentrated on analysing data from the 
European area, but they say there is evidence that 
tropical lightning discharges are less potent generators 
of high frequency radio noise than discharges in tem- 
perate regions. 

The fifth experiment, designed by the Meteorological 
Office, measured the amount of oxygen in the atmo- 
sphere between heights of 150 and 250 km above the 
Earth. Because this region is too high to be studied 
by small rockets but is below the orbiting heights 
of satellites, it has not been studied extensively. The 
predicted lifetime of the experiment was short, how- 
ever, because the gas in its detectors was expected to 
be destroyed by solar radiation. The experiment 
worked by measuring the attenuation of sunlight as the 
satellite passed into the Earth's shadow. At this time 
sunlight illuminating the satellite has to pass through 
low levels of the atmosphere, where certain wave- 
lengths in the ultraviolet are strongly absorbed by 
oxygen. During the few weeks that the experiment 
functioned it made measurements over a range of 
latitudes: these are still being studied. 


Anglo-Australian Telescope 
from our Astronomy Correspondent 

Tus 150 in. telescope to be built at the Siding Spring 
Observatory of the Australian National University is 
to be a copy of the 150 in. telescope now under con- 
struction at the Kitt Peak Observatory in Arizona. 
Only a few minor changes are to be made and these 
should simplify the construction and operation of the 
telescope. The result is that design time has been cut 
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considerably—several years have probably been saved. 

The decision to build the $11 million telescope for 
observations of the Southern sky was taken in April 
last year by the British and Australian governments. 
This is only one of perhaps ten large telescopes planned 
or under way throughout the world, including a 6 m 
reflector being built in the Soviet Union—the world's 
largest telescope. This new crop of telescopes, possibly 
the last generation of ground based instruments before 
large telescopes in space above the disturbing effects of 
the atmosphere become a reality, is a measure of the 
wide variety of problems to be investigated in visual 
astronomy at present, and the shortage of instruments 
to solve them. 

Because of the diversity of problems to be tackled 
with the new telescopes, versatility is an important 
factor in the Kitt Peak design. Modifications envisaged 
for the Anglo-Australian instrument include an increase 
in the focal ratio at the prime focus from f/2-8 to f/3:3. 
The Kitt Peak focal ratio was chosen so that faint stars 
could be photographed with reasonable exposure 
times, but the change to f/3-3 makes tho figuring of the 
mirror simpler and should increase the field of view 
that can be photographed without distortion. 

The blank for the primary mirror was ordered in 
October last year from an American company which 
has developed ‘Cer-Vit’, a glass ceramie which has 
very much better thermal properties than other mirror 
materials such as ‘Pyrex’, used for the Mount Palomar 
200 in., and quartz, the material of the Kitt Peak 
telescope. The manufacture of a 'Cer-Vit' blank is a 
simpler and cheaper process than making the quartz 
equivalent—the blank should be delivered in October. 

The increase in the focal ratio means that the focal 
length of the primary mirror is 500 in., instead of the 
420 in. of the original design, so the dome of the Anglo- 
Australian telescope will be larger than the 108 ft. 
diameter of the Kitt Peak dome, to accommodate the 
inereased length of the telescope tube. 

Operation of the Anglo-Australian telescope should 
be simplified by modifications to the arrangements at 
the prime focus. In the Kitt Peak design the prime 
focus cage, containing observing facilities and secon- 
dary mirrors, is complex and its weight of 28,000 Ib. is 
excessive when the increased tube length of the Anglo- 
Australian instrument is taken into consideration. 
Design changes are envisaged whieh will simplifv the 
system yet will allow rapid change-overs of the foci at 
which observations are being made. 

Some of the general design details of the Anglo- 
Australian telescope, which is hoped to be completed 
some time between 1973 and 1975, have been described 
by Dr E. G. Bowen, Professor S. C. B. Gascoigne and 
Mr H. Wehner (Proc. Astro. Soc. Australia, 1, 74: 
1968). 


Food in the Greenhouse 


Tue British glasshouse industry is the second largest in 
the world, with about 5,900 acres under glass compared 
with about 12,000 in the Netherlands and less than 
2,000 in the United States, which has only the fifth 
largest acreage. This was a point firmly made by Dr 
G. W. Winsor of the ARC Glasshouse Crops Research 
Institute when he spoke about the nutrition of glass- 
house crops at the meeting of the Fertilizer Society on 
April 25. 
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The opportunities for controlling the environmental 
conditions of glasshouses obviously make this a very 
suitable industry for Britain. Although the need for 
heating and artificial irrigation adds to the grower's 
costs, the provision of these two factors frees him 
from the vagaries of the British climate and allows 
him to produce crops at seasons when conditions in the 
field are quite unsuitable. Improved yields and quality 
are also being obtained by enriching the atmosphere 
with added carbon dioxide for photosynthesis. Light, 
however, becomes a problem in the glasshouse, for up 
to fifty per cent of it can be reflected from the surface 
of the glass. Artificial illumination, which is very 
expensive, is largely confined to tomato propagation 
in mid-winter, although it is also used to prevent 
premature budding in chrysanthemums. Dr Winsor 
made it clear that light seems to be the principal factor 
now limiting yields of glasshouse crops. 

The ability to avoid limitation of growth by factors 
such as drought or low temperatures makes it possible 
to take greater advantage of soil nutrients in the glass- 
house. This is reflected in the recommendations of the 
Ministry of Agriculture that fertilizers should be 
applied to glasshouse erops when the content of phos- 
phorus and potassium in the soil is almost ten times 
greater than the value recommended for cereals. The 
recommended amounts of fertilizer to be applied are also 
very much larger for glasshouse crops than for any 
other crops; the average recommendation for applica- 
tion of potash to main crop tomatoes is about fifty 
times that for spring wheat. These great differences 
are not only a consequence of increased nutrient 
requirements in favourable conditions. The glasshouse 
grower seems to be prepared to increase his soil nutrient 
content to a level at which the crops would never be 
limited by shortage of nutrients. This would not be an 
economie proposition with field crops. 





Remote Sensing 


from a Correspondent 


REMOTE sensing involves measuring the intensity of 
radiation emitted on any wavelength of the electro- 
magnetie spectrum—gamma, ultraviolet, visible light, 
microwave, radio or sound. The radiation may be 
received passively or, at the longer wavelengths, may 
be aetively transmitted from the sensor which later 
receives the reflexion. The field has expanded rapidly 
from visual aerial photography and has received a 
great stimulus from the possibility of satellite-borne 
Sensors. 

'The fifth symposium on remote sensing of environ- 
ment, held at the University of Michigan, Ann Arbor, 
from April 16 to 18, did not reveal any startling 
advance. Most papers were restricted to aírborne 
sensing. This is perhaps the inevitable result of delay 
in launching an Earth resources satellite. It was gener- 
ally agreed that sensor technology is no longer a major 
problem. It is now necessary to concentrate on image 
interpretation and data processing, and to choose the 
optimum combination of sensors for each purpose. 
Generalization is not possible; each diseipline must 
examine a wide variety of photography and imagery 
to discover how features of interest may be identified 
and which environmental eonditions permit clearest 
diserimination. Where a feature is not identified 
uniquely by the magnitude or pattern of its signals on 
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a single wavelength, multi-band imagery may reveal 
a characteristic “spectral signature’. In this way it is 
possible not only to identify crops, but also to see how 
far advanced they are, so that harvests can be pre- 
dicted: this will yield great economic benefits on a 
world-wide basis, since inputs and sowing acreages 
can be adjusted to prevent glut or shortage. Pollution 
and the water content of clouds can be monitored. 
Radar and infrared imagery may reveal sub-surface 
features such as geological faults and the boundary of 
thick as opposed to thin superficial deposits. With 
ordinary visual photographs of good metric quality, a 
satellite could soon map and contour 95 per cent of the 
Earth at a scale of 1 : 250,000. Even counts of animal 
populations may be feasible. 

The use of infrared imagery to detect forest fires 
at an early stage, and to map large fires through their 
smoke blanket, is now an operational, and obviously 
a very economie, system. Infrared also detects hot 
spots in voleanoes, and satellite observations would 
scem the obvious form of volcano vigil. Ektachrome 
infrared photography seems to be particularly useful 
for vegetation mapping and for urban geography, but 
even better results may be obtained by combining 
images on several wavelengths by the technique of 
colour image enhancement. Geographers and geolo- 
gists in particular are now aware of the value of newer 
remote sensing techniques, but far too little research has 
yet been done. Small scale imagery is often difficult to 
interpret, especially in urban areas. 

Observations from the air have not completely 
replaced those on the ground, and obviously those from 
space will not replace those from the air for all purposes: 
as yet the dividing line is very blurred. Sometimes 
the optimum solution may be a combination. For 
example, slicks of fish oil may be located on satellite 
imagery, and the type of fish present may then be 
identified by airborne spectrometers; finally, fishing 
vessels will locate the desired fish precisely, with echo 
sounders, 

Although they are totally speculative, preliminary 
cost-benefit analyses of satellite sensing systems for 
resource inventory and appraisal are highly favourable. 
Even though profitability is not assured, the prospects 
are promising, and there is no excuse for failing to 
grasp this timely opportunity. An organizational 
footnote: the reading of papers by title only, despite 
prior circulation of abstracts, rarely generated as much 
discussion as the reading of papers in full or in summary. 


Dielectrics Discussion Group 


from a Correspondent 

GREGYNOG HALL, near Newtown, Montgomeryshire, 
which is now an attractive study centre for the Univer- 
sity of Wales, was the venue for a recent two-day 
meeting of more than fifty scientists interested in 
dielectric studies. The participants included research 
workers from Government, industrial and university 
laboratories. A l 

The meeting took the form of prepared contributions 
on various aspects of dielectric studies. These were 
followed by informal discussions. In an introductory 
talk, Professor A. D. Buckingham (Bristol) reviewed 
dielectric theory and discussed some recent theoretical 
treatments of static and dynamic dielectric behaviour. 
In a session devoted to the dielectric properties of 
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water, Dr J. B. Hasted (London) reviewed some of the 
theories and indicated the contribution of dielectric 
studies to the determination of structures in liquid 
water. Contributions on aqueous solutions eame from 
Dr D. A. Weyl (Unilever Ltd, Sharnbrook) and Dr D. 
Rosen (Chelsea). The features related to the Debye 
dipolar relaxation which are observed in the 1-100 
cm" region were discussed at one session. The prin- 
ciples of Fourier methods and instrumentation were 
described by Dr J. Chamberlain (National Physieal 
Laboratory), while Dr Mansel Davies (Aberystwyth) 
outlined some experimental results and their signifi. 
cance in relation to molecular behaviour. Dr G. Wyllie 
(Glasgow) discussed liquid solutions of the inert gases 
and Dr L. E. Sutton (Oxford) gave an account of 
preliminary measurements on metal complexes posses- 
sing high atomic polarization. Dr G. Williams (Aberyst- 
wyth) gave a systematic review of relaxation effects 
in solid polymers and Professors North (Strathelyde) 
and Ivin (Belfast) discussed the results obtained for 
polymers in solution. During an open session on 
Wednesday afternoon Dr Block (Liverpool) gave a 
short account of dielectric relaxation in poly-y-benzyl- 
L-glutamate in solution, Mr J. R. L. Swain (Aberyst- 
wyth) reported on the use of a polystyrene matrix 
as a medium for directly observing intramolecular 
frequencies in cyclohexyl rings and thianthrene-pety 
molecules, and Mr G. W. F. Pardoe (Aberystwyth) 
discussed some further results obtained in the far 
infrared spectral region. The material presented 
showed how molecular dynamical behaviour can be 
explored by dielectric methods from very low (10-* 
Hz) to very high (10'* Hz) frequencies, and a number 
of novel aspects of such behaviour were presented 
and discussed. 

The success of the meeting was such that those 
present agreed unanimously to set up a continuing 
Dielectrics Discussion Group which will meet not more 
frequently than once a year. Because of the very 
varied interests of its members, which cover general 
theory, studies of physical properties, and applications 
to chemistry, polymer technology and electrical 
engineering, the group does not currently intend to 
seek affiliation with any single professional or learned 
society. A committee consisting of Dr L. E. Sutton, 
FRS (chairman), Dr J. B. Hasted and Mr Wilson 
Reddish (ICI Plastics Division, Welwyn), Dr 
Mansel Davies and Dr A. H. Price (Aberystwyth) was 
empowered to arrange the further meetings. Dr 
Price was elected secretary of the group. 


Ice over the Earth 


by our own Correspondent 

KNOWLEDGE of the physical properties of ice sheets 
can reveal something of the nature and behaviour of 
the ice sheets which covered much of the northern 
hemisphere during the Pleistocene period. The effects 
of these ice sheets on flora and fauna were extensive 
and the fossil evidence could probably tell a great deal 
about the mechanism of evolution. "These two points 
emerged on April 18 at a meeting of the Linnean 
Society. 

Dr G. de Q. Robin, the director of the Scott Polar 
Research Institute in Cambridge, described some recent 
investigations of the properties of the ice sheets of 
Greenland and Antarctica. The thickness of the ice 
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has been measured using radio echo sounding. The 
rate of aceumulation of the ice is shown by the annual 
layering where it is visible, and lower down in the ice— 
100-300 metres deep— measurements of the ratio of 
oxygen-18 to oxygen-16 can be used. It has been found 
that the thickest ice is not necessarily where the rate 
of aceumulation has been fastest; ice flows away from 
some areas. "Temperature also seems to have little 
effect on the thickness of the ice sheets. 

This sort of information about the physical proper- 
ties of the ice, combined with geological evidence, is 
being used to build up a picture of the dimensions, 
flow and climate of the Pleistocene ice sheets. Calcula- 
tions from the known rates of aceumulation indicate 
that it would take 10,000—15.000 years for the ice to 
expand from its present extent to that of the greatest 
glaciation of the Ice Age. Recession back to the present 
situation would probably take 5,000-10,000 years. 
The expansion of the ice sheets seems to have occurred 
largely by spreading from cores of existing ice. 

Dr R. G. West, of the Botany School at the Univer- 
sity of Cambridge, talked about the biological conse- 
quences of glaciation. During each of the three major 
glaciations of the Pleistocene, ice covered much of the 
British Isles; at its greatest extent only a belt of land 
south of where London is now was left uncovered. 
Before the first cold period, the British flora, in common 
with that of the rest of Europe, eontained many species 
which are now characteristic of eastern Asia and North 
America, such as Tsuga, Sequoia and Metasequoia. 
These became extinct in Britain with the coming of the 
cold, after which there was a tundra-like flora, rich in 
low growing species and containing combinations of 
plants which are not known now. These flourished on 
the fresh soil which was made available by freezing 
and thawing processes, without competition from 
trees, and in a diversity of habitats. 

The animals, because of their way of life, suffered 
more than the plants, and there is a great difference 
between the situation now and that before glaciation. 
Deer, elephants and rhinoceroses soon became extinct. 
Only the insects seem to have escaped as lightly as the 
plants with comparatively few extinctions during 
glaciation. 


Free Fatty Acids and Heart Deaths 


from our Medical Biochemistry Correspondent 


Tux blockage of the blood supply to a portion of any 
tissue, usually as a result of thrombosis in the blood 
vessel, cuts off the oxygen supply to the tissue. Unless 
the oxygen supply is rapidly restored, the tissue cells 
will die, thus creating an area of infarction. When this 
occurs in the heart it may prove fatal, but patients 
can make good recoveries. It is not easy, however, to 
predict the likely outcome in individual cases of 
myocardial infarction. 

A report now published suggests that there is a 
connexion between high concentrations of free 
(unesterified) fatty acids in the serum immediately 
after acute myocardial infarction and the development 
of disorders in the heart rhythm and death. Oliver, 
Kurien and Greenwood (Lancet, i, 710; 1968) measured 
the free fatty acid concentrations in the serum of 200 
patients within the first 48 hours after an acute myo- 
cardial infarction. A blood sample was taken as soon 
as possible after admission to hospital, and later blood 
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samples were taken each morning so that they were 
comparable with the fasting blood cóneentrations ‘of 
a series of controls. 100 control male subjects had a 
mean free fatty acid concentration in the serum of 
521 + 129 micro equivalent per litre, and there was no 
evidence of any variation with age or sex. The highest 
free fatty acid concentrations were found within four 
to eight hours of the start of the attack, and almost 
invariably the highest concentration in each patient 
was in the first blood sample taken. When the patients 
were divided into four groups according to the highest 
free fatty acid concentration recorded in the serum, 
there was a clear correlation between early and late 
deaths and the increase in concentration of free fatty 
acids. "There was also a clear connexion between the 
presence of a high free fatty acid concentration in 
the serum and the development of abnormalities in 
the heart beat (arrhythmias). 

There was no correlation between the free fatty 
acid concentration and clinical state of the patient on 
admission, except that shock was more frequent in 
patients with very high concentrations. The free 
fatty acid and blood glucose concentrations were not 
significantly correlated except in patients with shock, 
and there was no correlation between free fatty acid 
concentrations and serum creatine kinase or aspartate 
aminotransferase concentrations. The increased enzyme 
concentrations are presumed to come from leakage 
of enzymes from dead tissue and therefore reflect the 
amount of tissue damage, but there was no correlation 
between enzyme concentrations and the development 
of arrhythmias. 

The authors suggest that the free fatty acid increase 
in serum may be a sign of the presence of excess cate- 
cholamines, particularly noradrenaline. These com- 
pounds are known to stimulate the hydrolysis of lipids, 
and excess catecholamine could affect the function of 
the heart and incidentally increase the free fatty acids 
in the serum. The same authors alternatively suggest 
that the heart tissue uses the fatty acid as respiratory 
substrate. Fatty acids require more oxygen for respira- 
tion than the equivalent carbohydrate substrate, and 
this additional requirement in a tissue already suffering 
from lack of oxygen might cause further damage. 
Much further work is necessary before the reason for 
the connexion between serum free fatty acids and heart 
arrhythmias and deaths is established, but this test 
seems to distinguish a group of patients who require 
the most careful attention after acute myocardial 
infarction. 


Ordered Transcription 
from our Microbiology Correspondent 


Tue latest contributions from H. O. Halvorson’s 
group at Madison, on the differentiation of bacterial 
endospores, are concerned with the timing of enzyme 
syntheses during the sequence of events leading to 
vegetative growth, that is, during the period known 
as outgrowth. Earlier work had shown that the dor- 
mant spore almost completely lacks mRNA, so protein 
synthesis during outgrowth is dependent on new 
transeriptions. Considerable evidence has accumulated 
to suggest that a sequential synthesis of proteins oecurs 
at this time. Furthermore, as mRNA has a short half- 
life, these ordered syntheses may mirror an ordered 
transcription of the genome. Steinberg and Halvorson 
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(J. Bact., 95, 469; 1968) have tested whether this 
sequential enzyme synthesis of outgrowth is in fact a 
reflexion of an ordered transcription or, alternatively, 
whether it is a manifestation of continuous induction 
or derepression in which an ordered synthesis of en- 
zymes is made by cyclic variations in repressor and co- 
repressor levels. In Bacillus cereus T, the times of 
a-glueosidase, L-alanine dehydrogenase and histidase 
svntheses were ordered and commenced at specific 
times after the initiation of germination, approximately 
10, 15 and 35 min respectively. Significantly the timing 
of these syntheses was not influenced by induction or 
repression conditions; if the genome was available 
for transeription continually throughout outgrowth, 
the enzyme periodicity should have been disturbed. 
The conclusion that ordered enzyme synthesis re- 
sulted from an ordered transcription sequenee was 
confirmed by studies of enzyme synthesis in the 
presence of actinomycin D.  a-Glueosidase synthesis 
was stopped within 3-4 min of the addition of the 
actinomycin D. This lifetime of enzyme messenger is 
identical to the lifetime of pulse-labelled RNA at the 
same period of ontogeny. The kinetics of the histidase 
induction were very similar to those of a-glucosidase. 
The order of enzymes synthesized during outgrowth 
was identical to that observed in the first few syn- 
chronous divisions of vegetative growth. By contrast, 
the genome appears to be available continuously for 
induction in synchronized vegetative cultures of B. 
subtilis and Escherichia coli. Steinberg and Halvorson 
suggest the timing of enzyme synthesis in vegetative 
cells of B. subtilis and germinated spores of B. cereus 
is under different control systems: possibly regulation 
in outgrowth is rigidly controlled but, after outgrowth 
is finished, the regulation mechanism becomes relaxed. 
In a second publication (J. Bact., 95, 479; 1968), 
the same authors report the results of experiments 
designed to test whether ordered transcription is con- 
trolled by DNA replication. Spore outgrowth provides 
an ideal system for this test because the initial stage of 
outgrowth proceeds synchronously in the absence of 
net DNA synthesis and is dependent on de novo mRNA 
transcription. Evidence was obtained which proves 
that, during outgrowth, transcription is not controlled 
by DNA replication. In particular, addition of thymine 
to a thymine auxotroph did not affect the periodicity 
of a-glueosidase and histidase. To investigate how 
ordering might be achieved in the absence of DNA 
replication, experiments were done with mitomycin C 
and 6-fluoro-2’-deoxyuridine (FUdR). At first glance 
the results from mitomycin C experiments appear to 
eonfliet with findings with the thymine auxotroph. 
However, the use of FUdR (an experimental system 
which mimies the conditions used with the thymine 
auxotroph) substantiated the induction of enzymes to 
control levels even though DNA synthesis was only 
20 per cent of the control level. The authors propose, to 
explain the anomalous result with mitomycin C, that the 
drug induces some physical modification of the DNA 
(presumably cross-linking) that impairs transcription. 
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More Coiled Coils and Catenanes 
from our Molecular Biology Correspondent 


SINCE I discussed, two weeks ago, recent work on the 
supercoiling of circular DNA, three further studies 
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from Vinograd’s laboratory have appeared. The 
first (Proc. US Nat. Acad. Sci., 59, 838; 1968) concerns 
the mitochondrial DNA of sea urchin eggs, which in 
these cells makes up the greater part of the total 
DNA. The DNA was isolated by the ethidium bromide 
density gradient method, in which linear DNA takes 
up more dye than circular DNA, and consequently 
bands in a different position on caseium chloride density 
gradient sedimentation. Three bands were in fact 
observed in this system, one containing linear mole- 
cules, both mitochondrial and nuclear, the other two 
only circular species. In the one (the lower band) 5 
per cent of the molecules were linked circles, or caten- 
anes, whereas the smallest (middle) band contained 
63 per cent of such dimers, as well as 3 per cent of 
trimers and 1-2 per cent of tetramers. The intermediate 
position of this band was taken to mean that one of the 
two circles of the dimers in each case contained a 
single-chain break and was therefore able to take up 
more dye than its partner, thus yielding a dimer of 
intermediate density. Overall, the total proportion 
of dimers in the mitochondrial DNA, measured by 
electron microscopy in a population of 1,300 molecules, 
was 11 per cent, with 1 per cent of trimers and 0:3 per 
cent of tetramers. The total contour length of a 
single circle was very uniform, being a little less 
than 5u. These remarkable catenated molecules 
have previously been observed in HeLa cells and in 
leucocytes. 

Bauer and Vinograd (J. Mol. Biol., 38, 141; 1968) 
have described in greater detail the conformational 
behaviour of circular viral (S V40) DNA on addition of 
intercalating dye. Their earlier results have now been 
placed on a more quantitative footing; thus, under 
standard conditions of high salt concentration, the 
DNA has some 14 turns of left-handed superhelix. 
On addition of the dye, ethidium bromide, the partial 
untwisting of double-helical structure, which is occa- 
sioned by intercalation, leads progressively to unwind- 
ing of the super helix, and rewinding in the opposite 
(right-handed) sense, up to apparently a maximum of 
about 45 turns. By contrast, a circular DNA contain- 
ing a single-strand break does not supercoil, and under- 
goes no topological change with uptake of dye. The 
unbroken DNA initially takes up dye with higher 
affinity, so as to release the strain of supercoiling, but 
as the dye concentration increases, so the affinity 
diminishes in comparison with that of once-broken 
DNA. 

The unwinding of the superhelix on denaturation of 
the DNA is considered in the succeeding paper (Vino- 
grad et al., ibid., 173). As also observed by the Dutch 
group working on a similar molecule, the early stages 
of alkaline denaturation lead to unwinding. This 
initial transition involves the titration of only some 
3 per cent of the bases, and is accompanied by a con- 
siderable change in buoyant density. It is assisted 
by the release of the energy of supercoiling, and there- 
fore precedes the denaturation of unsupercoiled DNA. 
Further denaturation, however, generates more slack, 
which must initially be taken up by formation of new 
turns of right-handed supercoil, so that this process— 
the main transition—is inhibited relative to the linear 
or once-broken forms. The thermal melting tempera- 
ture of the supercoiled DNA is likewise elevated—in 
the one solvent it is 25° C higher than that of circular 
DNA containing one broken bond. 
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Bionomics of Dugongs and Manatees 


by 
G. C. L. BERTRAM 


St. John's College, 
Cambridge 


C. K. RICARDO BERTRAM 


Lucy Cavendish College, 
Cambridge 


ALTHOUGH a considerable amount is known about the 
detailed anatomy of modern Sirenia, the living animals 
themselves have been remarkably little studied. Early 
exploitation exterminated one of the three modern genera 
(Steller's seacow) in the late eighteenth century. The 
present rarity of the other two forms, dugongs and mana- 
tees, is due both to extensive European exploitation in the 
past, and to normal hunting by local populations. In the 
wild the animals are exceedingly difficult of observation, 
often verging on the impossible, unless there is a super- 
abundance of time available. This is because they are shy 
and surreptitious in nature, and normally live totally 
submerged in the water and only put their nostrils above 
the surface to breathe. Much of the detailed information 
which we now possess on the dugong and manatee is 
therefore based on the answers to innumerable questions 
by many native persons in the regions where the animals 
live. 

By integration, a convincing pieture can be built up 
which goes much beyond what is possible for any single 
observer. Information was collected during two field 
surveys, in 1962 of the manatee in Guyana, and in 1965 of 
the dugong in northern Australia. In addition to question- 
ing and searching records, in Guyana living manatees were 
observed in a state of semi-domestication in connexion 
with experiments on weed clearance, and in Queensland 
fresh material was gathered from animals inadvertently 
caught in a netting programme designed to proteet the 
bathing beaches from sharks. 


Wide Geographical Range 

The modern Sirenia comprise three genera; with one 
species of Hydrodamalis (Steller's seacow), one species of 
Dugong (dugong) and three species of Trichechus (manatee). 
Whereas the other two genera are found only in the warm 
waters of the world, the range of the now extinct Steller’s 
seacow was limited to the cold waters of Bering Sea, parti- 
cularly around Bering Island. Most of our knowledge 
comes from Steller himself, and from his biographer, 
Stejneger. Steller’s seacow differed in being much larger 
in size, growing to a length of about 35 ft. instead of 
9-12 ft. (for the dugong and manatee), and was said to 
have fed on marine algae whereas the other forms feed 
only on green higher plants. Steller's seacow was exterm- 
inated by hungry seamen within & hundred years, possibly 
much less, after its discovery in 1741. The meat was 
prized and considered superior to the flesh of seals and 
other fur-bearing animals. It was said that one animal 


fed thirty-three men for a month. Though there have: 


over the decades been reports of possible sightings (the 
most recent by Russians in 1962 off Kamchatka), there 
has been no certain news of possible surviving Steller's 
seacows. Stejneger suggested that the entire population. 


These large aquatic mammals have always been valued as food, but 
little has been known of their biology. The following, based on a 
paper read to the Linnean Society on February 15, is a report of a 
preliminary study carried out in Queensland and Guyana. 


at the time of their discovery, may not have exceeded two 
or three thousand animals. 

The dugong has a range which covers the tropical Indo- 
Pacific region from the Solomon Islands to the Red Sea, 
It is now rare through most of this range, and the largest 
residual stock is probably in northern Australian waters. 
There are, also, some around northern Ceylon and on the 
east coast of Africa from Madagascar to Somalia, with a 
partieular group off the northern part of the coast of 
Kenya. They have almost gone from the Red Bea and the 
Persian Gulf, though occasional animals are still taken 
(including the much-photographed specimen which 
recently arrived deep-frozen at the British Museum). 
Some people subscribe to the view that there are two 
species of dugong, an eastern and a western form, but it 
seems doubtful whether sufficient measurernents and 
material have yet been available together to warrant this 
sub-division. Detectable differences between dugongs 
from the Solomon Islands and from the Red Sea would 
not be improbable. 

Manatees range the tropical coasts of the Atlantic 
Ocean, both on the American and African sides. Like 
the dugongs they are restricted to inshore waters, but 
also freely enter lagoons, the freshwaters of estuaries 
and rivers, reaching even to hundreds of miles from the 
sea. Of the three species, Trichechus senegalensis is 
found on the coasts of West Africa and in the rivers from 
Senegal to Angola. Little indeed is. known in detail 
about its present status. The second species, T'richechus 
manatus, is usually divided into two sub-species. One 
of these, T.m. latirostris, survives around the Florida 
Peninsula, as far north as Georgia, and can sometimes be 
seen in winter in the relatively warm water of canals in 
Miami City. The second sub-species, Tom. manatus, 
lives, mostly in very small numbers, in the West Indies 
and around the coasts of Yucatan, southern Mexico. 
Central America and South America to Guyana, The 
third species, T'. inunguis, is land-locked in the Amazon 
and Orinoco river systems. Nowhere do manatees now 
seem at all abundant and the largest residual numbers 
are probably in Guyana, in Honduras, and possibly in 
parts of West Africa, and in Venezuela where information 
is particularly lacking. 


Plant Eaters 

The ecological niche or habitat occupied by dugongs 
and manatees is clearly determined by the totally herbi- 
vorous aquatic nature of the animals, the temperature 
of the water and:the geographical and depth ranges of the 
green plants on which alone they feed. Specializations in 
connexion with this herbivorous habit are, notably. the 
development and museularity of the buceal region, the 
presence of horny pads in the forward part of the mouth, 
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the character of the teeth and the manner of their replace- 
ment, and the anatomy and proportions of the gut. 
The stomach is single and small in size, but the intestines 
are very long (about 90 ft. in a well-grown dugong) in 
the modern genera. The relatively high density of the 
bones in comparison with other mammals, including 
aquatic forms, may also be connected with the slow 
herbivorous habit of the Sirenia. 

The dugong, throughout its enormous range, is limited 
to shallow waters, where the bottom is of a suitable grade 
of silt or sand for vigorous growth by green higher plants 
(notably species of Zostera, Posidonia, Halophila, Diplan- 
theria). The result is that dugongs in general are not living 
in close proximity to actively growing coral reefs, but more 
usually inhabit broad bays and banks where silt, so 
inimical to corals, abounds. Dugongs, with rare exception, 
do not enter rivers, but they will survive in fresh-water, 
and have been kept in captivity at Mandapam Camp in 
South India for nearly a decade. Dugongs feed on bottom 
vegetation, and the head with the down-turned snout is 
well adapted for this purpose. The five or six cusped 
molars, which are present in each half of each jaw of the 
embryo, are reduced in the adult to two large teeth with 
flattened tops. These crush up the “dugong grass", and 
the contents of the stomach often have the texture of a 
well-filled tobacco pouch. The function of the two large 
canine tusks, which erupt only in the male, is quite 
unknown. 

Manatees are more catholic in the kinds of plants they 
eat and occupy a more varied habitat, regularly including 
rivers. Food is taken from the surface and from the banks 
of rivers even to 18 in. above water level, as well as from 
the bottom. The straighter head and more terminal 
mouth make this greater variation possible. Here, 
there are about twenty teeth in each half of each jaw, 
and they move progressively forward with age and drop 
out at the front. 'These animals appear to eat any higher 
plant, either fresh water or marine, which is soft enough 
to be torn off by the muscular upper lip. This lip is 
armed with hairs and bristles and, by an extraordinary 
movement, somewhat reminiscent of the proboscis of a 
polychaete worm, it seizes the food and pushes it back to 
the teeth. 

Both dugongs and manatees live in groups, varying 
from small probably family parties up to very large 
schools. In one inadvertent catch in a shark net off 
Magnetic Island in Queensland, two adults and three 
young of different sizes were entangled together. In 
the Torres Straits region several of the islanders spoke 
of seeing, even recently, schools consisting of many 
hundreds at the same time. There is a record of a pro- 
digious school in Moreton Bay off Brisbane in the eighties 
of the last century. 


Sharp Ears and Parental Care 

The sight of Sirenians is poor; but their hearing is 
extremely acute both when they are on the surface and 
below water. In Guyana the sensitivity of manatees to 
sound, particularly to the human voice, was observed and, 
in Australia, many dugong hunters described how silently 
they had to approach the animals with oars well muffled. 
Despite their name, Sirenians seem in fact to be almost 
voiceless. They can swim quite fast at the surface, but 
nothing is known of their speed under water nor of the 
depths to which they dive. Manatees in captivity in 
Florida have been known te hold their breath for more 
than 16 min, and Schólander has shown that-this ability 
results from a large flow of tidal air, rather than from a 
Jarge lung. Observation of captive manatees in weedy 
trenches in Guyana seemed to show a breathing rhythm 
from about 1 to 2-5 min. 

So little is known about the rate of breeding or the rate 
of growth of Sirenians that it is impossible to estimate how 
long it would take for a depleted stock to rebuild itself if 


unmolested. From a collection of about thirty skulls of 
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dugongs and a great many tusks, it is hoped to be able 
to determine at least the relative ages of animals, but at 
present nothing is known of the length of life, the age of 
maturity or the number of young produced during a life- 
time, It is known that dugongs occasionally have twins, 
though as a general rule there is only a single calf. It is 
also known that manatees sometimes come, in groups, 
into very shallow water, and lie even half out of water in 
river shallows for copulation. The period of gestation is 
known from captive animals to exeeed 152 days. It 
seems that, despite the tales of mermaids, both dugongs 
and manatees usually suckle their young from their 
pectoral nipples while lying horizontally in the water 
though they frequently hold the young with a fore flipper. 
Suckling in a vertical position has, however, been recorded. 





A large dugong caught from the Red Sea. 


Fig. 1. 


There is certainly much parental care, the mother pushing 
the calf to the surface to breathe and taking it for rides 
on her back before is can swim strongly. If a calf is 
harpooned the mother will follow a boat and often falls a 
victim herself. It is said, also, that there is affection 
between adults and that a male or female will stay near 
the dead body of another. In the Amazon, hunters would 
reputedly kill males attracted by a newly killed female, 
'The same phenomenon was earlier observed with Steller's 
seacow. 


Exploited by Man 
Man is undoubtedly the main enemy of Sirenians. Not 
only does he slaughter them for food, but also, particu- 


NATURE. VOL. 218, MAY 4. 1968 


larly in rivers, he disturbs them with his power boats, 
scaring them away from former haunts, and probably 
inhibiting their breeding. Apart from man, sharks attack 
both dugongs and manatees in the sea, particularly at 
the time of parturition. In the rivers of South America 
the manatee is also vulnerable, if damaged, to the parrot 
fish. 

In the past, both dugongs and manatees were exces- 
sively exploited by Europeans. Deliberate and extensive 
commercial exploitation of dugongs seems to have been 
limited to the coast of Australia, particularly around 
Brisbane and almost entirely to the nineteenth century. 
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ally nets. Increasing populations lead to increasing 
pressures in some areas, but in others the trend towards 
primitive people moving on to a wage basis results in 
there being less time, skill and zeal available for hunting. 


Potential Food 

The main bionomie importance of Sirenians lies in the 
fact that they are almost the only existing large aquatic 
herbivores. In many parts of the world, and particularly 
around northern Australia, there is a vast abundance of 
higher vegetation (especially “dugong grass") growing in 
which does not support any sizable 


shallow waters 





Fig. 2. 


At the end of that century numbers had been so reduced 
that exploitation ended. The objective of this commercial 
exploitation was almost solely the oil, all else being 
wasted. The oil, in the past, had many local uses, includ- 
ing fuel for lighting and preservation of canoes. For these 
purposes dugong oil is now being replaced by cheaper 
substitutes. For long, dugong oil was believed to have 
special medicinal qualities, both internally and externally. 
Until last year this oil was still officially used in the 
Government Hospital on Thursday Island. The hides, 
though very tough and especially useful for the soles of 
sandals, have not been greatly used, although, by tradi- 
tion, it was the hide of a dugong which protected the Ark of 
the Covenant during its wanderings in the wilderness. 
There was also extensive commercial exploitation of 
manatees in the eighteenth century in the Caribbean 
region and the Guianas. The animals were killed for meat, 
which was then taken to the labourers in the cane fields of 
the West Indies. There was also a smaller fishery for 
meat and hides in the Amazon basin, which started some- 
what later and extended on into the present century 
even up to 1945. Here the oil from the manatees was 
used in the canning of their meat. In addition to com- 
mercial fisheries Sirenians have always been hunted by 
native people, traditionally using harpoons, but occasion- 


A dugong. 


animals except Sirenians and, to some extent, green 
turtles, both of which have been greatly reduced in 
numbers. There is therefore a huge supply of foodstuffs 
going to waste which could be converted into good 
animal protein as food for man. Despite excessive 
exploitation in the past, and present small numbers, the 
Sirenians could, under proper conservation, become 
important again, grazing in numbers on shallow, coastal, 
underwater meadows, virtually marginal lands, and pro- 
viding excellent meat in sufficient quantities to be of 
local significance. Dugong meat, like that of manatees, 
has always been highly prized, both for its flavour and for 
the fact that it is surprisingly slow to putrefy. 


Clearing Weeds 


Apart from providing meat, Sirenians may have another 
use, of secondary importance except perhaps very locally, 
and that is in weed clearance. In recent years there have 
been much exaggerated hopes of the ability of manatees 
to clear vast areas of water hyacinths from man-made 
lakes in Africa. Unfortunately, the numerical and 
quantitative aspects were all too easily forgotten and 
there is no evidence that manatees are efficient at clearing 
floating vegetation in open water. None the less, it does 
seem that in certain specialized conditions manatees 


426 


could be useful in keeping artificial water channels clear, 
as in the irrigation channels of Guyana, if afforded suffi- 
cient protection from those who are hungry. In certain 
waterways in Guyana it may perhaps already be said 
that they are proving valuable, But so far manatees 
have never bred in such waters, with the result that this 
use of them results in a further depletion of the already 
greatly diminished local stocks. 


Need for Conservation 


It seems that residual stocks of manatees everywhere 
are small indeed and that if they are not to disappear 
altogether there must be proper conservation at once. 





Fig. 3. A manatee as most commonly seen at the surface of the water. 


This should include the enforcement of existing protective 
regulations, and further investigations about the breeding 
of the animals. It is important to know, in the wild, 
whether breeding takes place anywhere or whether only 
in particular areas. If there are special regions, then it 
may be necessary to prohibit in them the use of power 
boats and other causes of disturbance. Tt is also important 
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to find out how manatees can be brought to breed in a 
state of semi-domestication, for unless this can be done 
they cannot rationally be used to any extent in weed 
clearance. The difficulties of conservation in countries 
like Guyana are very great, for the rivers in which the 
animals live are long and wide, making it almost impossible 
to enforce legislation. Further, in the absence of roads, 
the need to use the rivers for transport makes it difficult 
to prohibit the use of power craft, particularly when the 
possession of an outboard motor is the first sign of 
affluence, Thus the first three steps needed to protect 
the manatees in these regions are: to find ways in which 
to enforce the existing regulations, to educate local people 
to aecept the need for them, and to find out more about 
the breeding habits of the animals themselves. 

Dugongs, on the other hand, are more numerous and, 
particularly around northern Australia, can still be locally 
quite common. It is not inconceivable that in these areas 
they could, in a few decades, if left alone, rebuild truly 
large populations which then could yield a substantial and 
sustained harvest of meat. In most areas there is legisla- 
tion available to protect them, but it is often scarcely 
enforceable. As so often in these matters, it is less a lack 
of knowledge than a lack of sensible practices which 
hinders advance or makes it impossible 


What Must be Done 


Further information about the biology of the animals is, 
of course, highly desirable and with it legislation might 
be improved, but the main need is to find ways to overcome 
the four fundamental difficulties which beset all fisheries 
throughout the world. The first is that the living stocks 
commonly have no legal or easily recognizable ownership 
and therefore competing economic and other pressures 
hold excessive sway. The second is that most stocks are 
now so much reduced that there ought to be a deeade or 
more of complete rest to allow for rebuilding before any 
rational exploitation is permitted. The third is that law 
enforcement is excessively difficult and often unacceptable 
locally; and the fourth is that the creatures themselves 
are practically invisible and cannot be counted. So far 
as the dugong is concerned, the several states of Australia 
namely, Queensland, the Northern Territories Administra- 
tion and Western Australia, have a splendid opportunity 
to lead and to demonstrate that residual stocks of a valu- 
able creature can in fact, and not only in theory, be 
allowed to rebuild and, so later, to afford useful and sensible 
exploitation. 
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THERE has been rapid progress in the understanding of 
the nature of antibody production in recent years, but 
there has been much less interest in the cellular side of 
immunity and very little attempt to consider the defence 
processes of invertebrates in relation to the standard 
immune system of mammals. 

In diseussing possible evolutionary processes from the 
cellular angle, I shall make two basic assumptions which 


to the Australian Society of Immunologists given by Sir Macfarlane 
in December 
immune system could have evolved from the haemocyte or primitive 
mobile cell of the invertebrate. 


1967. He suggests that the mammalian 


nowadays are probably acceptable to most immuno- 
logists. The first is that adaptive immunity is charac- 
teristic of the vertebrates only, the second is to accept the 
selective approach to the origin of antibody pattern as 
outlined by Jerne! in his summing up of the discussions 
at Cold Spring Harbor last June. Implicit in this approach 
is that the cells (the immunocytes) of an antibody- 
producing clone carry a receptor the reactivity of which 
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has approximately the same specificity as the combining 
site of the corresponding antibody molecules. In other 
respects also, I shall follow the general concepts of the 
clonal selection approach‘. 

The first point to be made is that, like vertebrates, all 
invertebrates, large and small, live in a world in which 
potentially pathogenic bacteria and other micro-organisms 
are abundant and menacing. Invertebrates are, however, 
not normally subject to overt bacterial infection and we 
must assume that all possess appropriate defence mech- 
anisms which are capable of recognizing, in at least a 
crude fashion, when foreign material enters the body and 
either eliminating it or rendering it harmless. If we are 
thinking only of defence against micro-organisms the 
invertebrate mechanism seems to be efficient and there is 
no obvious reason why the vertebrate system of adaptive 
immunity should have evolved. 

One cannot, however, just dismiss the invertebrate 
system of defence by saying that there is no evidence of 
antibody production or any other adaptive character. 
Zvolution demands some raw material from which to 
build a new functional system. I should like to explore 
the evidence in regard to recognition of foreignness—of 
not-self from self—in invertebrates in so far as it may be 
relevant to the evolution of the vertebrate immune 
system. 

Some ability to recognize foreignness must go right 
back to the first utilization by protozoa of other organisms 
for food. Thirty years ago I wrote about the need to 
concentrate on “the most obvious aspect of all—that the 
engulfed micro-organism is not the amoeba itself. The 
fact that the one is digested, the other not, demands that 
in some way or other living substance of the amoeba can 
distinguish between the chemical structure characteristic 
of ‘self’? and any sufficiently different chemical structure 
which is recognized as ‘not-self? "'5. 

Since then, much work has been done on the defence 
mechanisms of invertebrates particularly in regard to 
their responses to metazoan parasites. If one inserts into 
the body cavity of an insect a foreign object such as a 
larval parasite, a granule of celloidin or a little carbon 
black, there is a standard response. The nucleated cells, 
haemocytes, become attached to the foreign surface, 
flatten against it and build up a capsule of several layers 
of cells around the object. Subsequently the capsule 
becomes fibrous and the inner nuclei disappear. In the 
intermediate phase many haemocytes which had accumu- 
lated around the periphery disappear, presumably by 
release to the circulating fluid. From the indirect evidence 
of the ability of insect physiologists to graft organs almost 
at will and a very little specific evidence on the point’, 
one can assume that a piece of the insect’s own living 
tissue would not provoke such a reaction. One of the 
most interesting features of the action for an immuno- 
logist is that there are many instances where a “usual” 
parasite provokes no reaction, while parasites of the same 
general quality but which normally parasitize a different 
type of host—‘‘unusual” parasites—are actively encap- 
sulated and killed. There is here a reasonable implication 
that it is an evolutionary possibility for a parasite to 
discard the chemical structures which allow its recog- 
nition by the host as a “foreign body”. This has the 
further implication that the differences concerned are 
relatively minor ones beeause their removal leaves the 
parasite funetionally intact. 

At the risk of moving too far and too fast into a void 
of speculation, I should like to attempt to fit this picture 
of recognition of foreignness in invertebrates into relation- 
ship with the modern genetic approach to antibody pro- 
duction in vertebrates. It has, I believe, the virtue that 
it suggests definite experimental approaches. 

Tt is axiomatic that a haemocyte must not adhere to 
or react damagingly with auy body cell with which it 
comes into normal contact. It seems a likely corollary 
to this that any mutant haemocyte so doing would be 
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automatically destroyed, and that a damaged body cell 
could equally be recognized as foreign and sequestered. 
There is more than one way in which this necessary 
quality could be associated with recognition of foreignness, 
but, having due regard to what is the accepted situation 
in mammals, the following may be suggested. 

There are globulin-like proteins associated with the 
haemocyte surface and probably leaking into the fluid of 
the body cavity. These can act as receptors and can be 
adsorbed to a foreign configuration, the result of stimula- 
tion being broadly damaging to the haemoeyte and 
leading to capsulation. It would presumably require a 
range of patterns of this globulin to allow ability to respond 
to & wide range of foreign material. 

If diversity of pattern in cell globulins arose by & 
stochastic process it would be necessary to have @ means 
of eliminating self-reactive patterns. This could be done 
most effectively if diversification of globulin pattern was 
provided at a cellular level, that is, if each haemocyte 
produced globulin of one pattern only, presumably with 
phenotypic restriction extending to any descendant clone. 
The alternative that each cell contains a variety of 
globulins all available at the surface is less attractive for 
the same sort of reasons as hold for the corresponding 
mammalian hypothesis. 

The absence of adaptive immunity in insects and other 
invertebrates would then depend on the failure of specific 
stimulation of a reactive haemocyte to provoke its multi- 
plication. By hypothesis the response of the wandering 
cell to specific contact is limited to damage and conversion 
to an encapsulating fibroblast-like cell. The evolutionary 
step towards an adaptive response was the acquisition of 
the potentiality of a specifically patterned mobile cell to 
respond to at least a proportion of specific contacts by 
proliferation to produce à descendant clone of the same 
specificity. 

There are some relevant experimental findings and a 
number of new experimental approaches which could be 
considered in relation to this hypothesis. Cushing et al.* 
reviewed work on the haemagglutinins of crustacean body 
fluids, which show considerable specificity in relation to 
human ABO antigens. Uhlenbruck et al.* found that à 
globulin-like protein can be obtained from a snail. Tripp’ 
found that implantation of living homologous tissue into 
the snail (Australorbis) produced no response, but formal- 
ized homologous tissue and living tissue frorn another 
genus of snails were quickly encapsulated. 

It might be suggested that insect physiologists should 
carry out experiments to see whether haemocytes can be 
divided into specific sub-populations, for example, by 
their power to adsorb specific particles such as bacteria 
or red cells. If this is the case it should not be impossible 
to devise ways of inducing specific tolerance to a given 
type of foreign material. Yt would also be within the 
bounds of possibility that by using subcellular antigen in 
a very small dose, an abnormal reaction leading to pro- 
liferation of a specific clone might occur. A study of 
immunization of caterpillars with bacterial flagellin 
and its monomer and test of haemocytes with the corre- 


sponding motile bacteria might provide interesting 
results. 
At the biochemical level, I feel that an active search 





in haemocytes of large invertebrates for small proteins 
100-110 amino-acids (12,000+ molecular weight) with 
adsorptive and polymerizing properties might result in 
the isolation of the primitive building block for the 
immunoglobulins of vertebrates. 

My second point is that, as Hildeman and Owen" 
showed, homograft immunity as exemplified in scale 
transplantation in goldfish is exquisitely specifie in eold- 
blooded vertebrates. Antibody production, on the other 
hand, is eharacteristically poor in fish and amphibians, 
although more evident when their temperature is raised. 
There is a strong suggestion here that specific cellular 
responses of the type characteristic of homograft im- 
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munity and delayed hypersensitivity came earlier than 
antibody producticn during evolution. 

There is wide acceptance of the view that delayed 
hypersensitivity and homograft reactions are intimately 
related and that in neither does antibody play an essential 
part. A helpful hypothesis in regard to this relationship 
derives from Thornas’s suggestion! that the adaptive 
immune system arose out of the need for dealing with any 
foreign antigens which arose within the body by somatic 
mutation of some equivalent chromosomal process, 

Cancer, malignant disease, is something which appears 
to be confined to vertebrates. Given the characteristics 
of malignant cells as we know them, their existence 
would be a special threat to the young if there were no 
means of preventing contagious transfer of cancer cells 
from one individual to another. Cancer as a disease of 
the post-reproductive period has no intrinsic significance 
for evolution, but if it were transferable from old to young 
it would be disastrous to any species in which this occurred. 
In vertebrates we all know that it does not occur and 
it is worth analysing why it does not. It depends, of 
course, on the diversity of histocompatibility antigens and 
on the capacity of immunocytes in the body to recognize 
aud dispose of cells carrying alien histocompatibility 
antigens. 

I should like to explore the possibility that these two 
new characteristic ways of generating diversity are closely 
related evolutionarily; that the adaptive System of 
immunity arose from the need of countering the onset of 
malignancy in vertebrates. 

In the last analysis I expect that we shall find all three 
characteristics of vertebrates—proneness to malignant 
change, diversity of histocompatibility antigens and the 
adaptive immune system—to be related to the necessity 
for more flexibility of the genome both at germ cell and 
somatic cell level. What concerns us is how, granted a 
potential mutability of the somatie genome, evolution 
could have moulded an adaptive immune system out of 
a non-adaptive system of defence in invertebrates or the 
earliest vertebrates. 

As I have discussed already, there is definite evidence 
that there is at least a limited capacity to recognize 
foreignness in the haemocytes of invertebrates. It is also 
known that there are proteins in invertebrate body fluids 
which have pseudo-immunological capacities, for example, 
they ean agglutinate mammalian red cells. There is 
clearly raw material from which an antibody-based system 
could be moulded by strong enough evolutionary forces. 
What recognition of foreignness there is in invertebrates 
is à function of wandering phagocytie cells and we can 
think of them as in some sense ancestral to the immuno- 
cyte, polymorphonuclear and macrophage of the verte- 
brates (Fig. 1), 

Among the globulins present in the surface membrane 
of wandering cells there may well have been proto- 
antibodies of the type I have already spoken of. Two 
developments are required to convert this to an adaptive 
immune system. The first is an increased flexibility of 
the part of the somatic genome concerned with coding for 
the pattern of these protoglobulins. This conceivably 
arose as a phase of changing patterns or mechanisms of 
differentiation. Its function was (a) to provide a means 
of greater diversification of pattern—of the sort discussed 
by Smithies and others at the Cold Spring Harbor Sym- 
posium in June 1967-—and (b) to associate this diversi- 
fication with an increasingly absolute phenotypic restric- 
tion. In this way there would be an increasing number of 
foreign patterns that could be recognized and a concen- 
tration on a few cells of high ability to deal with any one 
specific pattern of foreignness. The second requirement is 
that contact of foreign pattern (antigenic determinant) 
with recognition globulin (combining site) should in appro- 
priate conditions allow proliferation of the haemocyte 
concerned; with retention of its specific character 
throughout the descendant elone. This at the cellular 
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level is the essential feature which makes an immune 
system adaptive. 

If Thomas’s hypothesis is correct that the primary 
function of adaptive immunity was to recognize and 
remove body cells which by somatie mutation or otherwise 
had become recognizably foreign, then the earliest mani- 
festations of this function would be expected to be wholly 
at the cellular level. On the effector side it would take 
the form of recognition, by specifie union, of foreignness 
in the surface of another cell with destruction of the 
"foreign" cell, and probably of the effector cell, by mutual 
liberation of damaging agents. 


PRIMITIVE 








PRESENTATION 
OF ANTIGEN 


RECOGNITION 
AND REACTION 


INVERTEBRATE 






VERTEBRATE 





DPC MC MPH PMN OH A MG 
rM 
IMMUNOCYTES 


Fig. 1. Diagram suggesting the evolution of the mammalian immune 

system from the haemocyte or primitive mobile cell of the invertebrate, 

MPH, Macrophage; MC, monocyte; DPC, dendritic phagoeytie cell of 

lymphoid follicles; PMN, polymorphonuclear leucocyte; DH, immuno- 

cytes mediating delayed hypersensitivity and homograft rejection 

(thymus-dependent); A, M, G, immunoeytes differentiated to produce 
the immunoglobulins shown (GALT-dependent). 


The only original suggestion I want to make—if it is 
original—is that there are many persisting indications 
that mammalian immune responses arose from cell to cell 
associations. This is particularly the case in regard to 
delayed hypersensitivity. It is in accord with the recent 
reviews of both Uhr!* and Humphrey? to assume that the 
challenge side of delayed hypersensitivity represents the 
liberation, by sensitized cells under the stimulus of antigen 
contact, of agents which can stimulate and damage 
associated unsensitized cells, even when the latter form 
a very large percentage of the cells in the system. 

The problem of the induction of hypersensitivity is less 
widely studied and there is no consensus of opinion in the 
matter. I have recently completed a discussion (unpub- 
lished) of the thesis that to provoke delayed hyper- 
sensitivity, homograft immunity and related reactions, 
the progenitor immunoeyte (antigen reactive cell) must 
react with the appropriate antigenic determinant carried 
in the cell surface of a mobile cell. Once this point of 
view is adopted we are almost compelled to adopt the 
paracortieal region of Turk and Heather, the thymus- 
dependent areas of Parrott ef al.!*, as the sites in lymph 
nodes and spleen where induction occurs. Here both 
progenitor immunocytes from the thymus and antigen- 
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carrying cells from the periphery are in a position to 
make mutually stimulating contact. The concentration 
of pyroninophil cells in this region at the stage of develop- 
ment of skin sensitivity to a chemical like oxosalone has 
been stressed by Oort and "Turk!*. It is reasonable to 
assume that the lipoprotein surface of a cell is a highly 
dynamic system and that there may be frequent trans- 
fer of potentially antigenie material from one cell to 
another. 

This concept derives very largely from considerations 
of Lawrence's transfer factor experiments, The only 
interpretation I can see—and it covers only about 90 per 
cent of the facts—is that in man an antigen of the type 
capable of producing delayed hypersensitivity character- 
istically concentrates on the surface of mobile cells, in 
such a form that it is both highly sensitizing and readily 
transferable to other cells of the same general quality. 
All the quality of the phenomenon is of an active rather 
than a passive character. The transferred sensitivity, for 
example, may last a year. 

There are many other aspects of delayed hypersensitivity 
and related phenomena which seem to become clearer on 
this hypothesis of cellular carriage of the effective anti- 
gen. These include the low molecular weight of some 
typical sensitizing agents, tuberculin, the effective peptide 
in experimental allergic encephalitis and the various skin 
sensitizing chemicals; the difficulty of inducing delayed 
hypersensitivity by the intravenous route and the many 
resemblances of delayed hypersensitivity and homograft 
rejection reactions. 

On such a view, delayed hypersensitivity would be 
regarded as a phenomenon essentially identical with the 
primitive surveillance function of which homograft 
responses are the standard laboratory model. It is prob- 
ably also implicit in the concept that the immunocytes 
mediating these responses can be regarded as a distinct 
immunoglobulin type. The possibility that the reactive 
immunocytes are IgA producers in which no antibody 
is actually liberated into the environment is suggested by 
Rothman and Lidén’s'® work, but this has not yet been 
confirmed or generalized. 

Active antibody production has all the marks of a 
later addition to the more primitive cell-based system 
concerned with delayed hypersensitivity and homograft 
rejection. Despite the assumption implicit in most of 
the teaching of immunology that antibody and antibody 
production were the central features of defence against 
infection, the evolutionarily significant features of anti- 
body are rather marginal ones. Its most important 
functions may be to act as opsonin especially when trans- 
ferred to the foetus or newborn, to provide effective 
protection on mucous surfaces and perhaps to act as a 
feedback preventing stimulation of new progenitor cells. 

Such functions can be regarded as extending the 
primitive capacity of cell to cell recognition to the mole- 
cular level with correspondingly increased flexibility and 
adaptability. The details of this evolutionary change 
may never be elucidated and they will certainly remain 
obscure until the relationships of the cell lines responsible 
for delayed hypersensitivity and those responsible for the 
production of IgM, IgG and IgA antibody are clarified. 

What may be a potentially productive approach is to 
follow the implications of the rapidly erystallizing view 
that only certain immune functions are "thymus-depen- 
dent".  Homograft immunity is the clearest example. 
There is no unanimity of the exact role of the thymus, 
but most immunologists would probably accept as con- 
cordant with the facts the view that the thymus cortex 
is a site at which stem cells from the bone marrow lodge 
and are differentiated under local hormonal influences to 
immunocytes. A proportion of these pass as small lympho- 
cytes to the peripheral lymphoid tissues. For some years 
I? have favoured the ancillary hypothesis that a newly 
differentiated immunocyte meeting in the thymic environ- 
ment antigen with which it can react is destroyed. This 
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provides a simple and direct way of interpreting natural 
and aequired immunological tolerance. 

The relation of the thymus to antibody production has 
been much less clear. Mice neonatally thymectorized 
can still produce a variety of antibodies and may show 
little reduction in immunoglobulins. What seems to be 
needed to bring antibody production into line is the 
postulation of a new site of primary differentiation. From 
the behaviour of the bursa of Fabricius in birds it seers 
likely that mammals possess an analogous differentiating 
system in the gut-associated lymphoid tissue which has a 
similar relationship to antibody-producing cell lines that 
the thymus has to those concerned with delayed byper- 
sensitivity and homograft immunity. 

The features necessary for the progressive incorporation. 
of antibody as a functioning component of the immune 
system would be (1) the evolution of immunocytes capable 
of actively synthesizing and liberating IgM and IgG and 
if the earlier suggestion of the relationship of IgA to 
delayed hypersensitivity is found to be valid of IgA 
liberators, (2) the development of lymphoid tissue associ- 
ated with the alimentary tract as a tissue capable of 
differentiating stem cells to immunocytes, and (3) the 
specialization of the dendritic phagocytic cells (DPC) of 
the lymph follicles as the standard presenters of antigen 
to immunocytes which are potential producers of anti- 
body?!. 

There is more than one way of looking at the evolution 
of IgM and IgG antibody-producing cells. If antibody 
is needed, there must not only be cells differentiated so 
as to be capable of produeing it but also a control mech- 
anism possibly quite elaborate to see that it is produced 
in appropriate amount and on the appropriate occasions. 

In seeking a more detailed interpretation I have felt that 
very great weight must be placed on two now well estab- 
lished dichotomies in the immune system. The first is the 
differentiation, gradually becoming clearer over the years, 
of the thymus-dependent and the bursa-dependent 
functions in the domestic fowl?-?. This has led largely 
from the study of immuno-pathological conditions such 
as congenital agammaglobulinaemia and some even rarer 
anomalies to the conclusion formulated largely by Good 
and his associates?9;?, that in the mammal there are, as 
in the bird, both thymus-dependent immunologieal fune- 
tions and another set dependent on gut-associated 
lymphoid tissue. In general the thymus-dependent fune- 
tions comprise delayed hypersensitivity and homograft 
rejection, while general antibody production is dependent 
on gut associated lymphoid tissue (GALT). 

The second set of experiments and interpretations is 
due primarily to the recent, work of Miller's group??? but 
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owes much to many previous investigators concerned with 
the function of thymus and bone marrow cells in murine 
immunity. Miller and Mitchell have shown that in experi- 
ments designed, by the use of irradiated animals and 
biologically recognizable cells from appropriate donors, to 
trace the origin of functionally active cells: A, that 
antigen-reactive cells which in the presence of antigen 
give rise to antibody-producing (plaque forming) cells are 
not of thymic origin; in part or wholly they are of recent 
bone marrow origin; and B, that cells of thymic origin 
which have reacted with antigen can multiply specifically?e, 
are not antibody producers?!, but are necessary if cells of 
bone marrow origin are to become specific antibody 
producers. 

There is, I believe, a simple way in which these two 
groups of findings can be brought into the picture of the 
evolution of the mammalian immune system. 

Simple interpretations are always less subtle than bio- 
logical realities but they can sometimes be helpful. The 
functions of a DH-type immunocyte making contact with 
antigen of type appropriate to its receptors is to liberate 
pharmacologically active material which can stimulate, 
damage or destroy adjacent cells. This is basic to the 
primary surveillance function that we have ascribed to 
such cells. There is evidence from various sources, for 
example, Dutton and Harris?*, that stimulation by antigen 
can induce immunological activation of adjacent cells. 
The hypothesis I wish to suggest is simply that in most 
or all immunological situations where antigenic stimula- 
tion is taking place we have in the relevant lymphoid 
tissue: A, progenitor immunocytes (lymphocytes) of 
thymic origin (PI-T), and progenitor immunocytes of 
GALT origin (PI-G); and B, antigen (i) as free molecules 
or particles, (ii) on the surface of monocytic cells, and 
(ii) held perhaps in modified form on the surface of 
dendritie phagoeytie cells. 

In such circumstances one can envisage the first step 
as stimulation by antigen of the DH-type cells (PI-T) to 
develop to pyroninophil blasts and to liberate pharmaco- 
logical agents which can influence and activate adjacent 
cells. One of these effects is assumed to be on any PI-G 
cells of potential reactivity with the antigen concerned. 
Only when they are so stimulated do they become sus- 
ceptible to react with antigen (especially with antigen on 
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DPC) by taking on plasmablast morphology and initiating 
clones of antibody-producing cells. 

This concept avoids the very unattractive necessity of 
postulating any transfer of genetie information between 
somatic cells, is in accord with the experimental facts as 
far as I am aware of them and should in principle be 
capable of experimental test. 
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Electron Ring Accelerators a Cheap Path to 
Very High Energy Protons? 


by There is considerable interest in a Russian proposal for a machine 


J. D. LAWSON 
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Tue drive towards higher particle energies, inspired by 
the desire to look more closely at the “ultimate” constitu- 
ents of matter, is more likely to be limited by economie 
considerations than by purely technieal ones. Whether 
Britain can afford to participate in the proposed European 
300 GeV synchrotron, at an estimated total cost of some 
£150 million, is, for example, a very pertinent question 
at the present time. Any suggestion of new approaches, 
in which particles can be accelerated more cheaply, is 
sure to be examined with great interest by accelerator 
designers and high energy physicists. 


in which small electron rings containing trapped protons are 
accelerated to high energies in a linear accelerator. 
out the possibility of very high accelerating rates, and—hopefully— 
a relatively cheap and compact accelerator for ultrahigh energies. 


The idea holds 


There have been many pipe dreams of acceleration by 
new mechanisms; many of these were systematically set 
down by Veksler? in a very speculative paper presented 
to the accelerator conference at Geneva in 1956. Work 
by a Russian team, originally led by Veksler and now 
under the direction of V.P. Sarantsev, reached such a stage 
that they were able, in the accelerator conference held in 
the USA last September, to put forward ideas for a ‘‘collec- 
tive linear accelerator of ions" which showed in a reason- 
ably convincing way how one of these ideas might be 
realized in practice’. Included were some details of 
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experimental apparatus designed to test the basic prin- 
ciples, Examination of the eoncept by American and 
European physicists has shown no basic flaws, but sug- 
gests that many questions need to be answered before 
full feasibility can be established. Physicists at the 
Lawrence Radiation Laboratory at Berkeley became 
particularly enthusiastic about the idea, and organized a 
working conference and symposium in January and Febru- 
ary to study it further. About fifteen accelerator and 
plasma physicists formed the two week working party. 
led by A. M. Sessler, and some eighty visitors and members 
of the Lawrence Radiation Laboratory attended the 
symposium, organized by E. J. Lofgren and D. Keefe. 
The proceedings of this symposium have now been 
published?, 

The basic idea of the "collective accelerator” is simple. 
Suppose that somehow one can assemble a compact 
"bunch? of electrons; inside the bunch there will be 
an outward electric field tending to blow it apart. If in 
some way this force can be resisted. the bunch will act 
as a potential well in which positive ions, for example, 
protons, can be trapped. If now the bunch can be held 
together and accelerated, the protons will be pulled along 
as well, attaining the same velocity as the electrons. 
Because the kinetic energy of a particle moving with a 
given velocity is proportional to its rest mass, the indivi- 
dual proton energies will exceed those of the electrons 
by the factor mp/me = 1,840. If the proportion of protons 
Np/Ne in the bunch is so small that their mass can be 
neglected, the field required to accelerate protons to, say, 
1,840 MeV will only be that needed to produce 1 MeV 
electrons. Electrons can be accelerated at the rate of a 
few MeV per m, so one might hope to accelerate protons 
at the rate of several GeV per m. If the mass of the pro- 
tons is not negligible the factor is reduced to 1,840 
(Na — Ny)/(No + 1,840 Np). 

As far as I am aware, this idea was first put forward by 
R. B. R-S-Harvie in 1951 (ref. 4). He soon saw the basic 
difficulty; that of holding together a compact bunch of 
electrons against the enormous repulsive forces. For a 
bunch compact enough to be useful these forces are in the 
range of several million volts per em, somewhat larger 
than the accelerating forces acting on the protons. A 
variant of the scheme was proposed by Alfvén and Wern- 
holm* in 1951, but this still suffered from the same basic 
defect. 

'The recent Russian proposal overcomes this difficulty 
in a very elegant way. Instead of a spherical or ellipsoidal 
bunch of, electrons, they use a small electron ring, in 
which the electrons move round the circumference with 
relativistic velocities. Mutual repulsion of the electrons 
still oceurs, but this is very much reduced by the presence 
of a magnetic field arising from the current in the ring. 
which acts so as to bind the electrons together (as in the 
well known “pinch effect"). If the electric field is now 
reduced, as it will be when some protons are introduced 
into the ring, it is possible to make the magnetic effect 
dominant, so that the ring holds together. The condition 
for this is that Ni/Ne, the ratio of the number of ions to 
electrons in the ring, should exceed 1/Y. where y; is 
the ratio of the total energy of the electrons to their rest 
energy. For Ni/N,=0-01, therefore. y, must be greater 
than 10, corresponding to an electron energy of about 
5 MeV. The radius of the ring is determined by a magnetic 
field applied perpendicular to the plane of the ring. as 
indicated in Fig. 1. Rings constrained by a betatron type 
field are discussed in Harvie's original paper, but he did not 
realize that neutralization would overcome the effect of 
eleetrostatie repulsion. 

Magnetically pinched electron beams were first analysed 
by Bennett* and the concept of a ring beam was introduced 
by Budker? in connexion with a completely different 
aecelerator proposal. I have given? a simplified analysis, 
noting its relation to pinched plasma columns ("Zeta"*. 
for example) The properties of the ring and some 
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typical numerical values are summarized in Fig. 1 and 
the accompanying Table 1. 

The practical questions are, first, how can such a ring 
be produced, and, second, how can it be accelerated ? 
I deal with these in turn. 

Much smaller ring currents of considerably larger radius 
are familiar in all types of circular accelerator. In the 
betatron, for example, a pulse of electrons is injected 
into a rising magnetie field from an external gun. and 
energy is fed continuously to the electrons from the 
changing magnetic flux linking the orbit. The flux 
through the centre of the machine is augmented in such a 
way as to keep the orbit radius constant. Without such 
augmentation the orbit radius would shrink continuously. 
For example, for a field which decreases with radius as 
the nth power and changes everywhere by a factor B/ B, 
the radius is proportional to (B/Boy? and the electron 
momentum Bymec is proportional to (B/Bo)*. This is the 
process by which the ring is formed, except that an elec- 
tron accelerator, capable of producing very intense elec- 
tron pulses of some hundreds of amps at a few MeV, is 
used in place of a gun. The dynamic magnetic field is 
produced by pulsing a suitably shaped array of circular 
coils with their centres on a common axis, as shown in 
Fig. 23. Some typical parameters for a ring before and 
after compression are given in Table 1. 

Having formed the ring, the protons must be injected, 
If a puff of hydrogen gas is let into the system, atoms 
passing through the ring are ionized, and the resulting 
protons become trapped in the potential well. The ring 
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Fig. 1. Configuration of an electron ring. The ring is accelerated in a 


direction perpendicular to the paper. 
‘Table 1. PARAMETERS FOR A TYPICAL RING 


Suitable for Before 


acceleration — compression 
Current, A 2,000 380 
Number of electrons io ios 
Number of protons 10: )o 






Major axis, Rem 37 


Minor axis, a cm 0-00 (5 
Yi 47 ü 
Electric field at beam edge, MV em~ i4 $05 
Axial electric field required to separate elec- 

trons from ions, KV em~ 35 
Externally applied axial field, gauss 26,000 750 
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Fig. 2, Diagrammatic sketch of compression chamber, illustrating the 
way in which the magnetic fleld lines are changed so as to eject the ring. 


is now ready for acceleration, and must be ejected from 
the compressor into the accelerating column. This may 
be accomplished by varying the configuration of the 
magnetic field in the manner shown in Fig. 2. The radial 
component of the magnetie field acting on the ring cur- 
rent produces a force perpendicular to the ring. At the 
same time the weakening of the axial component of the 
field allows the ring to expand. Energy from the cireum- 
ferential motion is transferred to axial motion of the ring 
as a whole. Limited acceleration can be achieved in this 
way, though if very high energies are to be obtained it is 
necessary to limit the expansion of the ring and accelerate 
it by axial electric fields in radio-frequency cavities as in 
a conventional linear accelerator. 

Before discussing the acceleration process, a digression 
will be made to consider more closely the relativistic 
kinematics of the ring. The ring may be considered as a 
single rigid body, of mass Npmp+y,Neme, which is 
accelerated axially to a velocity je. A corresponding 
yı 18 associated with the velocity. 

Because the electron mass is effectively y,me, the ratio 
of field acting on the protons to the field accelerating the 
electrons is reduced by the factor y,, so that in practice 
it would be nearer to 50 than the ideal value of 1,840 
stated earlier (still a useful amount, however). Such a 
ring undergoes Lorentz contraction, and as seen by an 
observer in the laboratory appears flattened in the direc- 
tion of motion by a factor 1/y;. It is interesting to study 
the motion of individual electrons, and to understand 
how to account for the Lorentz contraction seen by an 
observer in the laboratory reference frame. As the ring 
as & whole approaches the velocity of light, the angular 
velocity of the electrons as seen in the laboratory must 
clearly decrease, beeause their velocity cannot exceed 
that of light. A simple analysis shows that the angular 
velocity decreases as l/vy and furthermore the total 
energy ymec? of electrons seen in the laboratory frame 
(with v, Nm,» Npmp) is given by *—y,yy. The slowing 
down of angular velocity illustrates the time dilation of a 
moving body. If the ring were reflected back down the 
accelerator, an electron in the travelling ring would have 
made less revolutions than if the ring had "stayed at 
home". In the same way, an observer in the laboratory 
sees the particles getting apparently heavier, so that their 
oseillations within the ring itself become more sluggish; 
furthermore, they are adiabatically damped, leading to 
smaller amplitudes and thus the Lorentz contraction. All 
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actual rigid bodies, of course, consist of assemblies of 
oseillators, and one can see that a criterion for rigidity 
is that the damping should be adiabatic. This means 
that the fractional change of ‘vy in one eycle should be 
small. 

Returning now to the question of acceleration, bhe 
simplest system would be a succession of radio-frequeney 
cavities, or a travelling wave structure similar to those 
used at present in electron aceelerators, but with a larger 
central hole to accommodate the ring. The problem of 
"beam loading". a phenomenon which reduces the 
effectiveness of the accelerator cavities when there are 
many electrons in the beam, occurs in a particularly acute 
form, and, as will be seen later, sets a minimum value to 
the accelerating field which can be used. The situation 
is illustrated in Fig. 3, in which a ring moving at nearly 
the velocity of light is shown crossing a cavity. If an 
electric field E exists aeross the gap G, which is small 
compared with the wavelength of the radio-frequeney 
power. then a single electron receives eEG eV on crossing 
the gap. A bunch of N electrons might be expeeted to 
receive energy NeEG. There is, however, a limit to this 
process—suppose, for example, that the total energy 
stored in the cavity is less than NeEG, then the energy 
collected per electron must clearly be less than eEG. 
Indeed, energy can only be swept out of these regions of 
the cavity which can be reached by a light signal which is 
able to return to the ring before it leaves the eavity. For 
an extremely relativistic ring this is likely to be only a 
small fraction of the cavity volume. The problem can be 
analysed in terms of a gain of energy NeEG accom- 
panied by a loss of energy by radiation, which reduces 
the effective value of NeEG. Quantitative estimates of 
this radiation have been made, but there is some doubt 
about their accuracy. An analysis by Voelker? indicates 
that with praeticable fields in the order of hundreds of 
kV cm the value of N for energy to be radiated away as 
quickly as it is received is in the interesting range of 
10*°—10!4 electrons. A definitive solution to this difficult, 
though easily specified, boundary problem is awaited with 
interest. The Russians state that this effect is not a 
limitation. even at N = 1014, but no details of their calcula- 
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Fig. 3. Passage of ring with charge Q through cavity. The energy gained 

is AU = QEG ~ Q*/L, where L is a characteristic length associated with 

the cavity geometry and yi of the ring. torenta contraction of the ring is 
indicated, 
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tions are given?, Beam loading implies a minimum acceler- 
ating field; if this exceeds the maximum permitted to 
avoid the ions being left behind, then the cavities must be 
widely spaced to reduce the mean field. Care must then 
be taken to ensure that the ions are not "shaken" out of the 
ring by jerky acceleration. A modulated magnetic field, 
which enables energy exchange between axial and cireum- 
ferential velocity, has been considered as a sort of cushion 
to reduce the severity of this effect. 

The high fields imply very considerable radio-frequency 
power, or else the complication of supereonducting cavi- 
ties. Preliminary estimates suggest that for a high energy 
accelerator, nearly all the cost is in the radio-frequency 
system. An alternative suggestion which might be much 
cheaper has been put forward by E. Hartwig and D. Sloan. 
This is to replace the cavity by a folded radial transmission 
line along which a transient voltage pulse is propagated 
by firing four spark gaps 90° apart. The problem of power 
is now traded for that of extremely accurately timed 
triggering of the spark gaps, an accuracy of the order of 
10-* s being required. This could perhaps be achieved 
by pulsed laser irradiation of the gaps. The exploration 


of these possibilities is still at a very early stage and there ` 


is still scope for new suggestions or, alternatively, the 
discovery of major snags. The main features of the 
accelerator have now been outlined; many detailed ques- 
tions, including the effects of particle resonances in the 
electron ring and the all important one of whether the 
ring will be stable or subject to the type of instabilities 
all too familiar to plasma physicists, have not been 
discussed here. They have, of course, been considered 
by the Russians and at Berkeley, but with no decisive 
conclusions. 

The use of such a machine presents special problems. 
Separation of the protons from the electrons should not 
be too difficult, but the extremely short pulse length 
would mean that experiments using time discrimination 
(counters) would be quite impracticable. One could 
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Rapio astronomers at the University of Cambridge have 
recently discovered a class of pulsed radio sources with 
the following properties: (i) a remarkably constant 
period of ~ 1 s; (ii) a pulse duration of ~ 20-40 ms; and 
(ii) an apparently random pulse intensity'?. Further 
investigation has shown that the main pulses may have 
an internal structure of sub-pulses of ~ 10 ms duration? 
and that the radiation, at least in a single sub-pulse, may 
be highly polarized’, 

At this early stage, there are clearly many possible 
interpretations of the phenomena. Most attention has so 
far been concentrated on providing a clock mechanism 
with the observed period, which immediately seems to 
demand extremely condensed systems. Thus current 
proposals involve pulsating white dwarfs*. rotating white 


433 


perhaps build a beam stretcher in the form of a super- 
conducting storage ring, but the cost would then be 
unlikely to be less than that of a conventional synchrotron. 

Experimental work to probe the principle is being 
carried out in Russia?, where it is reported that high 
current electron rings have been produced and contracted. 
At Berkeley an experimental programme to produce and 
contract rings is under way?-!*-!!, as are studies of possible 
radio-frequency eavities and pulsed lines. 

What then are the chances of building such an accelera- 
tor to attain very high energies cheaply ? Discussions at 
Berkeley yielded, as might be expected at this stage, & 
wide spectrum of opinions. The sobering lessons of the 
fusion programme have been learnt, but it is also pointed 
out that storage rings, now a practical fact, seemed very 
remote when first seriously proposed some twelve years 
ago. A convincing set of basie parameters has yet to be 
established, though this may be possible soon. Once 
such parameters have been found, the task of establishing 
full feasibility will be a long and laborious one. 

It now appears that the radiation loss formula used in 
the beam loading calculations in ref. 3 is incomplete and 
under-estimates the effects. A tentative order of magni- 
tude caleulated by me (Rutherford Laboratory Memoran- 
dum No. M 144), if correct, implies a further severe 
limitation on possible parameters. Resolution of this 
point is urgently required. 
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The bursts of radio waves at decametric wavelengths emitted by 
Jupiter suggest a model for producing the signals from the pulsating 
radio sources. This mechanism includes polarization of the signals 
and structure within the pulses. 





dwarfs? and neutron star binary systems‘. None of these 
can yet be excluded though the first two are already being 
pressed to the lower limit of possible periods while the 
third may encounter difficulties associated with gravita- 
tional radiation. None of the above proposals naturally 
includes an explanation of the pulse substructure or the 
polarization, however, though there is no reason why 
these should not be produced in some mechanism extrane- 
ous to the clock. The gravitational lens binary model* 
seems to have most freedom in this respect because the 
energy production and clock mechanisms are in any ease 
separated. In this note we wish to suggest an alternative 
model for producing the pulsed radiation whieh would 
include pulse structure and polarization n a natural 
way. 
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It has been known for almost two decades that the 
planet Jupiter emits bursts of radiation at decametric 
wavelengths and that these occurrences are correlated 
with certain orientations of Jupiter or, more particularly, 
its magnetic field, with respect to the Earth-Jupiter 
line*, More recently, Bigg!? and Dulk!! have shown that 
the emission is also eorrelated with the position of the 
satellite Io in the sense that strong bursts are virtually 
certain when both Io and the magnetic field axis are simul- 
taneously in favourable positions. While there have been 
a number of attempts to explain these observations, in 
terms of a plasma wake or distortions of Jupiter's magnetic 
field by the presence of the satellite, it seems that a gener- 
ally aceeptable and comprehensive theory has yet to be 
proposed. Indeed, even the precise location of the emit- 
ting regions is still in some doubt. None the less, the very 
existence of such a pulsing mechanism suggests that it 
may well prove profitable to look for an analogous inter- 
pretation for the pulsars. 

We therefore propose that the central object is a neutron 
star of mass M,~0-5 Mo and that it possesses a small 
satellite with an orbital period Po of ~1 s. so that it has 
an orbital separation of ~ 108 cm. This satellite may be 
formed from remnants of the supernova explosion which 
presumably took place when the neutron star was formed; 
this would then account naturally for the ~ 1 s period*:!?, 
Provided the mass M, of the satellite <10?? g, no difficul- 
ties need arise from radiation of energy by gravitational 
waves. Further, the mass of the satellite does not. seem 
to be crucial so far as the disturbance to the magneto- 
sphere is concerned because even artificial earth satellites 
produce measurable effects!?, 

The central star, which represents the final evolved 
state of an upper main sequence star, should be in a state 
of rapid rotation with a period Pr somewhat in excess of 
1 ms depending on the mass. The main pulse may thus be 
envisaged as arising from the favourable location of the 
satellite period Po) while the sub-pulses are to be associated 
with the passage of a magnetie field axis through the 
satellite (period Pj). The observations of CP 1919, for 
example, would suggest a value P;~20 ms. (If, however. 
we assume that the central star rotates near its break-up 
velocity, its mass may be determined from P, and, hence, 
the satellite orbital distance from Po.) 

Clearly it is necessary that the emitted radiation be 
beamed, the required cone for the pulsars having a semi- 
apex angle of ~5°, rather smaller than in the case of 
Jupiter. This causes no difficulty concerning probability 
of observation*. The question arises, however, as to 
whether there are one or more positions on the orbit 
from which radiation can be received. For simplicity we 
assume there to be one only, namely when the satellite 
is moving more or less towards the observer. In this 
context we note, following Gold, that the velocity of 
plasma corotating with the central star would be approach- 
ing that of light at the orbit of the satellite. At this stage 
the situation becomes most complex. We note. however, 
that these high velocities would necessarily result in 
preferential emission in the forward direction, thus assist- 
ing any beaming mechanisms of the Jupiter type which 
may already be operative. Also the local magnetic field 
would be perpendicular to the line of sight at the point of 
emission resulting possibly in linearly polarized light. The 
direction of polarization would “rock” as in the case of 
Jupiter's decimetric radiation if the field were inclined 
to the rotation axis as assumed implicitly above. 

A difficulty arises in estimating the magnetic field. 
In view of the sharp drop-off in energy output at the higher 
frequencies the local cyclotron frequency ve must 
satisfy vo<100 MHz (or less if relativistic beaming is 
important); thus the local magnetic field strength Hox 
30 gauss. Assuming a typical neutron star radius 
~ 10 km and a dipole field, it follows that the field Hs at 
the stellar surface —3»x 107 gauss. (A multipole field 
would, of course, allow much higher values of Hs.) This 
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compares with a value ~ 10° gauss from direct. compres- 
sion of a "general" solar type magnetic field and the 
figures of ~ 101-10 gauss suggested by Woltjer for 
the maximum allowable field strength in a neutron star. 
On the other hand. it is by no means clear that a magnetic 
field can continue to exist in highly degenerate material. 
The largest field that can be confined in the outer non- 
degenerate regions is given by 





B*j8zl es G M ófr? 


where / and z are the thickness and mean density of these 
zones; this again gives H,~ 10°-10' gauss. There is 
also the question of whether this field can maintain itself 
against decay or whether a neutron star field would need 
to be dynamo maintained by the rapid rotation. Clearly 
these questions require closer analysis. We note, how- 
ever, that with the observational requirements in the 
region of the satellite orbit, there would be no significant 
loss of angular momentum from the star. 

The radiating particles in this model would have to be 
supplied internally rather than through an external 
agency (the solar wind) as in the case of Jupiter. Thus the 
energetic electrons could either be generated through 
the interaction of the satellite with the corotating plasma 
(a satellite of radius 2108 em could just produce the 
observed radio emission ~ 1026-102? erg s~ without de- 
manding too large a plasma density or running into 
momentum diffieulties) or, perhaps more likely, be sup- 
plied from the surface of the star during field distortions 
indueed by the satellite. The intensity of the pulses 
would clearly depend on the supply rate of particles which 
would in turn depend on flare activity and suchlike on the 
central star. Should there be a substantial number of 
trapped particles there should also be continuous emission 
at higher frequencies, analogous to Jupiter's decimetric 
radiation. Again using the Jupiter analogy, the flux 
would probably be well below present detection levels, 
however. Finally. we note that the precise onset of an 
individual pulse would be determined largely by the 
beaming mechanism but to a lesser extent by the rotation 
of the central star. Some variation of pulse onset time 
(^ a few ms) might therefore be expected from pulse to 
pulse, though no systematic effect should be present. 

While we recognize that the present “theory” of pulsars 
is sketchy in the extreme, we note that it would allow a 
qualitative understanding of the pulse period, the sub- 
pulse duration, the polarization and possibly to some 
extent the beaming of radiation. Unfortunately the 
details of all but the first of these depend sensitively on 
the magnetic field configuration which we are unable to 
prediet (but which the observations should in principle 
allow us to determine). Although progress along these 
lines will be difficult, the similarity between this and 
another well observed but ill-understood phenomenon, 
the radio bursts from Jupiter, is encouraging. 

We wish to thank Drs J. Faulkner and J. V. Narlikar 
for helpful discussions. 
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Structure of the Galactic Magnetic Field 
by Faraday rotation measurements have shown that there is a basic 
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order in the galactic magnetic field which can be fitted by simple 
models. The data also indicate the presence of irregularities in 
electron density or magnetic field with a scale of 10° or smaller. 
A galactic depolarization effect in emission from extragalactic 


sources requires a microscale in the magnetic field and electron 
density of 10 to 100 s of arc (0-05 to 05 pc). 


Raptro polarization data for extragalactic radio sources 
show two effects attributable to the galaxy. One effect is 
the dependence on galactic co-ordinates of the rotation 
measure (RM = 8-1 x 10°/N,B,,dL where Ne is the electron 
density in em-^?, By, is the line of sight component of the 
magnetic field in gauss and L is the path length in pe). 
The other is the depolarization of the emission of sources 
at low galactic latitudes. These polarization data have 
been interpreted in several ways. The most recent is by 
Berge and Seielstad', who claim that the galactic distri- 
bution of RM can only be fitted by an infinite slab model 
which has a reversal of the magnetic field on crossing the 
galactic plane. More recent observations of RM (refs. 2-4) 
have become available which, as I shall show, necessitate 
a major modification of their conclusions. 





Magnetic Field Models 


The starting point used here for deducing galactic 
magnetic field models is the distribution of RM in galactic 
latitude. Because the RM distribution shows a symmetry 
about HI =10°, 190^, the directions in which the RM is 
zero (that is, orthogonal to the magnetic field) on the 
galactic plane, data for the two hemispheres have been 
plotted together in Fig. 1. The data are restricted to 
longitudes with + 75° of IH = 100? and 280°, the directions 
parallel to the field. Fig. 1 shows a considerable scatter 
in values of RM at a given latitude which it can be shown 
are largely not a consequence of the range of longitudes 
included in the plots; this spread in RM will be diseussed 
in the next section. Despite the scatter, two main latitude 
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effects can be distinguished in the RM distribution of 
Fig. 1. Of these, one is the well established reversal 
of the sign of the RM between intermediate positive and 
negative latitudes. The other is the property first indi- 
cated in the early plot by Gardner and Davies*, namely 
that this reversal occurs at bH = + 10° to + 15° rather than 
on the galactic plane. 

One geometrical model which fits the data consists 
of a slab of electrons parallel to the plane of the galaxy 
containing oppositely directed magnetic fields above and 
below the central plane. In order to fit the RM distribu- 
tion the slab must be limited in extent so as to have a 
ratio of length to thickness of about 6:1 and at the same 
time the Sun should be about 20 per cent of the slab thick- 
ness below the central plane. The RM variation with 
latitude expected on this model is shown in Fig. 2a. It 
can be seen that the expected shape for an infinite slab 
which is also plotted is quite inconsistent with the observa- 
tions. The possible linear dimensions of the limited 
slab model can be inferred from the known distribution 
of thermal electrons which lie within +100 pe of the 
galactic plane*. The overall diameter would then be about 
1-2 kpe. It is possible, of course, that the linear scale 
eould be smaller than these values if, for example, the 
region was a condensation in the local spiral arm. Indeed. 
the Sun lies in just sueh a region—known as Gould's 
Belt—whieh is about half the dimensions given (see 
refs. 7 and 8). 

It is known, however, that the magnetic fields respon- 
sible for the baekground synchrotron emission from the 
galactic disk penetrate the whole galactic disk with a 
vertical thickness of +250 pe. Optical studies of the 
polarization of starlight show that a field which can 
presumably be identified with the synchrotron disk field 
is aligned parallel to the galactic plane out to a distance of 
at least 2 kpe. Because the part of this field which lies 
within the +100 pc thickness slab of galactic disk elect- 
rons is likely to contribute to the low latitude RM distri- 
bution, an alternative model field is proposed which 
includes such a component with a field directed in one 
sense (namely towards WM =100°) around the galactic 
plane; at low latitudes the distribution is given by 
RM = l7cot|bl|, 
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A second component is required in a localized region 
which has oppositely directed fields above and below 
the central plane in order to explain the intermediate 
latitude data. This local region of magnetie field and 
electrons has an axial ratio of about 5 : 1 with its major 
extent in the galactic plane. At intermediate latitudes, 
the RM distribution is given by RM —22 cot bH, The 
field in this region will entirely dominate or exclude the 
general disk field in its vicinity. The latitude variation of 
RM for the two components suggested is shown in Fig. 2h 
and is in good agreement with the observations. Again 
the local region could be identified with a condensation 
like the Gould Belt system. The Sun would be nearer the 
central plane of the system than in the model of Fig, 2u. 

Either of the models of Fig. 2 fits the data, and on the 
basis of model fitting alone there is no evidence for pre- 
ferring one to the other. Both require a localized field 
which is oppositely directed above and below the plane. 
The second model attempts to include the effects of 
another component of the field which is known from 
other evidence to lie within the galactic disk. If the low 
latitude field in Fig. 1 is indeed the general galactic disk 
field, then there is no reversal of field above and below the 
plane in this component. 


Irregularities in the Field 


The rotation measure data also give information about 
irregularities in the product NeB, integrated through 
the galaxy. Fig. 1 shows that the scatter in RM at 
intermediate and low latitudes is approximately +50 
per cent about the mean value for a given latitude even 
when the variation in longitude is taken into account. 
In comparison it should be noted that the variation in 
RM within extragalactic sources has an r.m.s. value of 
only 5-10 radians m-?, This scatter of Fig. 1 is also seen 
on a plot of RM over the sky and seems to be occurring 
over angles corresponding to the separation between the 
sources measured, namely 107-20?. The actual irregulari- 
ties in NeB,, could well be on a smaller scale than this. 
Another form of irregularity has been detected by 
Gardner, Whiteoak and Morris lving in directions of 
maximum neutral hydrogen density in the Gould Belt 
system. In these directions (0 = 10°, b= 10* to 25° and 
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fitting the observed polarization data for a source to a function of the form Dy: 
Li 


lE 1805, bH = — 20° to — 40?) the field is almost normal 
to the line of sight and adjacent reversals in RM are 
evidently caused by changes in field direction by 20° or 
more over àn angle of 10? in the sky. 

Evidence for irregularities in NeB,, on a much smaller 
angular scale is indicated by the existence of galactic 
depolarization of the emission from extragalactic radio 
sources. Fig. 3 shows a plot of the way in which the 
distribution of 4 (the wavelength where the percentage 
polarization falls to half its maximum value) varies with 
galactic latitude. It can be seen that the distribution 
of da at lsin bH| <03 shows very few sources with 
da > 30 em compared with the higher latitude sources 
which may be assumed to be unaffected by the galaxy. 
Thus it seems that the effect of a long path through the 
disk of the galaxy is to depolarize (that is reduce the value 
of A4) those sources the intrinsic depolarization of which 
is weak (that is with Xa > 30 cm). 

This depolarization can only be produced by irregulari- 
ties of [NeB dL across the face of the source. The angular 
size of these irregularities must be comparable with or 
less than the angular size of the sources plotted in Fig. 3 
which are in the range 10 to 100 s of arc. The corre- 
sponding linear size is 0-05 to 0-5 pe, supposing the 
line of sight through the galactic disk at |sin 611) = 0-1 is 
l kpe. The increment of rotation measure, ARM, required 
to produce this depolarization on a simple model is 
readily calculated on the assumption that the irregularity 
is effectively a wedge which reduces the percentage 
polarization to half at 40 em wavelength. The value 
of ARM required is 15 radians m-? which is only about 
0-1 of the total RM found at these latitudes. This de- 
polarization mechanism is thus clearly consistent with the 
rest of the RM data. 

There is no way of telling whether this microscale in 
RM is caused by B,, or Ne or both. It ean be argued, how- 
ever, that on this linear scale ( x 0-5 pe) the electrons and 
magnetic fields are coupled, for the interstellar medium 


is constantly being mixed by the random motions of 
interstellar clouds. It is interesting to note that a similar 
linear scale is indicated in the fields responsible for the 
optieal polarization of starlight by the investigations of 
Krzeminski and Serkowski*, who find that the polariza- 
tion scale is 0-3 pe which in their case gives the seale of 
the magnetic field irregularities. 

It has been shown that the reversal in RM between the 
northern and southern galactic hemispheres oceurs at 
latitudes significantly above the galactic equator (namely 
at blc .-10? to +15°) and accordingly the field dis- 
tribution eannot be that of an infinite slab with reversed 
fields as proposed by Berge and Seielstad. Both the two 
simple field models suggested here require a local region of 
magnetic field with opposite field directions above and 
below the galactic plane. A definite proof that a finite 
flux of B penetrates most of the galactie disk as proposed 
in one of the models awaits further measurements of RM 
near the galactic plane. : 

There seem to be two scales of irregularity in [Nef,,dL 
—one of about 10? or less (perhaps 30 pe or less on the 
models eonsidered) and the other of the order of 0-05 to 
0-5 pe. A eonfirmation of the galactic depolarization 
apparently indicated by Fig. 3 may be provided by a 
study of the depolarization structure across extended 
extragalactic radio sources at wavelengths in the range 
30 to 50 em. 
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ALMOST all our information about the mechanism of 
conduction of the nervous impulse comes from studies 
of the electrical behaviour and ionie permeability of the 
nerve membranet. This article is concerned with the 
preliminary results of a different approach, and describes 
the detection by two optical techniques of rapid structural 
changes that accompany the action potentials in two types 
of non-myelinated nerve fibre. By using à signal averager 
to observe very small changes, we have greatly extended 
the observations of Hill and Keynes?-? and of Tobias et 
a’, who found relatively slow changes in the light 
scattered by crustacean nerves when trains of 50-500 
stimuli were applied. We have also been able to detect 
and analyse birefringence changes whieh turned out to be 
à thousand times too small to have been seen in the 
negative experiments of Schmitt and Schmitt®. 

Most of our experiments have been done with nerve 
bundles from walking legs of the crab Maia squinado, 
and with carefully cleaned giant axons from the squid 
Loligo forbesi. A short length of nerve (1-3 mm) was 
illuminated with foeused white light from a 50-100 W 
quartz iodine bulb. In the light scattering experiments 
the end window of a vacuum phototube (Mullard Type 
53C V) was placed about | em from the illuminated patch 
so as to accept light scattered radially over a wedge 40° 
wide centred at 90°, 45° or 30° to the transmitted beam. 
For crab nerve, the output of the phototube was balanced 
against a steady potential and fed directly to a d.c. 
amplifier and thence to a signal averaging device (a 
Mnemotron Computer of Average Transients), using a 
smoothing time constant of about 2 ms, For squid axons, 
the phototube was capacity coupled with a long time 
constant to a high impedance amplifier and the smoothing 
time constant was reduced to about 150 us. Most of the 
birefringence experiments were done with a Reichert 
Zetopan polarizing microscope fitted with a four-stage 
photomultiplier tube (Mullard type X P1114) to measure 
the transmitted light. The output was capacity coupled 
with a long time constant to the amplifier and thence to 
the CAT computer, using a smoothing time constant of 
about 80 us, For crab nerve the repetition frequency was 
l/s, and 25-200 sweeps were averaged. For squid axons, 
the signals were smaller but a repetition frequency of up 
to 30/s could be used, and 3,000-20,000 sweeps were 
averaged. The nerves were bathed in natural and artificial 
sea waters. 


Light Scattering 
As deseribed already’, the amount of light seattered at 


90° from a stimulated crab nerve increases and then 
decreases with a time course (Fig. la) which is probably 





Two optical techniques—light scattering and birefringence—have 
been used to detect rapid structural changes accompanying the action 
potentials in two types of non-myelinated nerve fibre. Changes in 
light scattering originate from at least two different phenomena, 
while a large part of the birefringence change seems to be directly 
dependent on the potential difference across the axon membrane, 
and arises in radially oriented molecules associated with the mem- 


similar to that of the compound action potential (Fig. 1c). 
The action potential produced by these nerves has not 
yet, however, been recorded in a satisfactory way, so that 
an exact correlation of the optical and electrical events 
could not be made. The peak increase in scattered light 
divided by the resting seattered light in different nerves 
was 2-9 x 10-5 for a single impulse. Preliminary measure- 
ments have suggested that the light seattered at 45° and 
30° may decrease instead of increasing as at 90°. 

Because all the changes were very small, we attempted 
to rule out the possibility of artefacts by performing 
several control experiments. None of the optical changes 
(including birefringence) occurred when the action poten- 
tial was blocked by the following three methods: increas- 
ing the concentration of KCl; replacing the NaCl in the 
artificial sea water by choline chloride; or treatment with 
tetrodotoxin (3,000 nM for crab, 150 nM for squid). When 
the stimulating voltage was raised stepwise above the 
threshold, the changes reached a plateau in the same 
manner as the action potential; they were therefore 
directly related to the conduction of an action potential. 
When the light was turned off without altering the 
sensitivity of the photodetector, there were no changes in 
the averaged signal, showing that the effects were not 
caused by electrical coupling between the conducted 
action potential and the light recording apparatus. 
Further controls proved that the changes were not the 
result of movements of the nerves or axons. 

The time course of the light scattering change in crab 
nerves was sensitive to two parameters of the external 
bathing medium; the refractive index and the osmotic 
pressure. When either bovine albumin or dextran was 
added to the artificial sea water to raise the refractive 
index by only 0-015, the passage of an action potential 
produced a relatively persistent increase in light scattering 
(Fig. 15) that was larger than the original transient 
response (Fig. la). Nerves slightly swollen by immersion 
in hypotonie solutions also developed a persistent scatter- 
ing increase on stimulation; in 85 per cent sea water the 
persistent change was about as large as the transient 
component. It seemed that the important parameter in 
the persistent change was the difference between the 
external and the axoplasmic refractive indices, whether 
such a difference was varied by adding large molecular 
weight solutes externally or by swelling of the axon. 
This suggests that the persistent change produced by the 
action potential may arise from a reduction of the internal 
refractive index by a small inerease in the volume of the 
nerve fibres, as was proposed by Hill’. The transient 
light scattering change did not vary markedly with the 
refractive index or osmotic pressure and therefore seems 
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? from a squid giant axon and a simultaneous record of the 
The thick noisy trace is the optical record, and the vertical arrow 


represents an increase in scattered light of 1-5 x 10-*/impulse. The thin smooth trace is the 
propagated action potential recorded at the centre of the illuminated region with an 
internal capillary electrode!®, Temperature 4:5* C. 


not to be a volume change. Sandlin, Lerman, Barry and 
Tasaki® have recently reported their inability to detect 
by optical interferometry any transient or persistent 
swelling of stimulated lobster nerves, despite the previous 
claims of Kayushin and Lyudkovskaya?. 

In order to be able to interpret these light scattering 
changes in terms of other events known to take place in 
stimulated nerves, we next looked for them in the giant 
axon of the squid. Our efforts to find a change in the 
light scattered at 90? were unsuccessful. but we did find 
changes in the light scattered at 45°. They were not 
affected by the presence of an internal axial eleetrode!*, 
and when the electrode tip was placed at the centre of the 
illuminated zone the time course of the light scattering 
changes could then be compared with that of the action 
potential (Fig. 2). In this figure, a decrease in light scatter- 
ing is plotted as an upward deflexion to facilitate compari- 
son with the aetion potential record. In axons with 
action potentials of 100-112 mV the decrease in scattering 
divided by the resting scattering was 1-4 x 10-*/impulse. 
The light scattering change began about 0-25 ms after the 
rising phase of the action potential. This difference in 
timing corresponds to a conduction distance of more than 
5 mmt, and therefore represents a significant time lag 
between the optical and electrical events. 

The failure of the light scattering to return to the 
original baseline after 10 ms (Fig. 2) suggests the oceur- 
rence of some long-lasting structural changes which may 
be related to the volume changes that Hill" found in 
Sepia giant axons. 

There are two other studies of transient light scattering 
changes during nerve activity. Komissarehik, Levin and 








Sviridov!? were unable to find a change in scattering 
during the action potential in the cerebrovisceral connec- 
tive of the mussel Unio crassus. They stated that any 
change must be smaller than 2 x 10-*, which is consistent 
with our measurements. On the other hand, Lyud- 
kovskaya, Emeljanov and Lemazhikhin?? reported large 
(20 per cent) changes in the forward scattering in stimu- 
lated squid giant axons. Obviously, we cannot eoufirm 
this result. 

It seems, then, that the nervous impulse is accompanied 
by changes in light scattering that originate from at least 
two different phenomena. We hope that with further 
improvements in technique it will be possible to sort out 
the significant parameters more effectively, and that the 
results will provide a useful “new look" at the mechanism 
of nerve eonduction. 


Birefringence 

While the experiments on light scattering were in 
progress, Mr Henry Lester suggested that we might also 
look for changes in birefringence. This proved to be à 
most helpful idea. for we soon found that when nerves are 
viewed between crossed polars the relative changes in 
intensity during electrical activity are actually about ten 
times greater than they are in the light scattering studies. 

A crab nerve or squid axon placed between erossed 
polars appears brightest when it Hes at 45° to the plane 
of polarization of the incident light: at 0 and 90^ it 
appears darkest. Some of the sourees of this resting 
birefringence have been shown'! to be longitudinally 
oriented proteins in the axoplasm, tangentially oriented 
proteins in the sheath, and radially oriented lipids m the 
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membranes of the Schwann cells and of the axons. Follow- 
ing stimulation, the amount of light passing crossed polars 
with the nerve at 45° decreased momentarily by 1-9 x 10-4 
in different, crab nerves (Fig. 3) and by 3-11 x10 in 
squid giant axons (Fig. 4). The variation in light intensity 
was not seen when the nerve was parallel or perpendicular 
to the plane of polarization of the incident light (Fig. 3). 
When a rotating mica plate compensator (Brace-Kóhler 
type) was set to compensate exaetly the re ing bire- 
fringence of a crab nerve, no change in light intensity 
could be detected on stimulation; also the sign of the 
signal reversed if the plate was turned beyond the point 
of compensation. These tests showed conclusively that 
there was a bona fide birefringence change, and ruled out 
artefacts from changes in the area of the nerve, turbidity, 
dichroism or light scattering. ` 
Two experiments showed that the birefringence change 
was not associated with the bulk of the axoplasm in the 
squid axon, By selecting the light from certain regions 
of the axon instead of using all the light, we could raise 
or lower the fractional change recorded for a single 
impulse. A strip including 100u of an edge of a 1,000u 
axon gave at least twenty times as large a fractional 
change as a strip containing the central 5001. of the same 
axon. It follows that the birefringence change has à 
radial optic axis and arises from sources disposed in a 
cylindrical region at the outer edge of the axon or in the 
sheath. The observations cannot be explained by sources 
with a radial axis distributed throughout the axoplasm, 
or by sources with circumferential or longitudinal axes. 
It was also shown that after 95 per cent of the axoplasm 
had been removed’ and the axon perfused with a buffered 
solution of potassium fluoride, the birefringence change 
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during the action potential was similar to that in an 
intact axon. 

The time course of the birefringence change was com- 
pared carefully with the time course of the action potential 
recorded with an internal electrode the tip of which was at 
the centre of the illuminated area (Fig. 4). Examination of 
à number of records of this kind indicated that a large 
part of the birefringence change was directly dependent 
on the potential difference across the membrane. In 
contrast to the light scattering change, the leading edges 
of the action potential and of the birefringence change 
were nearly coincident in time; but it was consistently 
observed that the downstroke of the action potential 
slightly preceded the return of the light intensity. 

The close dependence of the birefringence on membrane 
potential was confirmed in uncompensated voltage clamp?’ 
experiments with squid axons. The birefringence change 
during a square hyperpolarizing pulse had nearly the same 
shape as the pulse, and in the first measurement on each 
of nine axons had a rise time shorter than 200 us (Fig. 5). 
Depolarizing pulses elicited appreciably smaller bire- 
fringence responses than equal hyperpolarizing pulses, 
and the resulting shape was not square. Because we did 
not use compensated feedback, the membrane potential 
could not be expected to follow the square waveform 
exactly, so that it was necessary to correct the voltage 
record to take account of the error caused by radial 
current flowing through a 5-10 ohm cm? series resistance!^. 
With this correction, shown by the dotted line in Fig. 5, 
the voltage record became similar to but still not quite 
identical with the birefringence record. Unfortunately, 
the usefulness of this procedure was limited by other 
errors, such as the inaccuracy of the current record for an 
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Birefringence in à crab leg nerve. The nerve is placed between crossed polars at 
and 90° to the plane of polarization of the incident light. y 
represents a 1 x 10+ increase per impulse in the light passing the crossed polars with the 
The sensitivity of the recording system was not changed in the other two 
Stimulation conditions similar to Fig. 1. 


The vertical arrow 


Temperature 17? C. 


Light increase 


50 mV 


Fig. 4. Birefringence and the action potential in a squid giant axon. The thick noisy trace 

is the lizht passing through erossed polars with the axon at 45? to the plane of polarization: 

the central part of the axon and the recording electrode were stopped out. The arrow 

represents a light increase of 5 x 10-5/impulse. The thin smooth trace is the action potential 
recorded as in Fig. 2. Temperature 7? €, 
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Fig. 5. 


Birefringence of the squid giant axon in voltage-clamp conditions. 
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Top trace. 


light passing crossed polars (axon at 45°); the arrow represents an increase of 1x 107. 
Middle trace, membrane potential; the dotted curve is corrected for & ohm em? series 


resistance, 


Bottom trace, membrane current density. 
1-5 mm length of a 10 mm voltage clamped region. A stop was used as in Fig. 4. 


The optical record is from a 
Tem- 


perature 16-5° C. 


unguarded system. The current-dependent error was 
smaller when the large inward sodium current was 
eliminated by placing the axon in sodium-free choline 
sea water. In these conditions, the birefringence record 
became more nearly reetangular. 

The voltage clamp experiments showed that the 
birefringence change depended primarily on the mem- 
brane potential, with a small time lag; however, they 
were not sufficiently precise to rule out some contributions 
from other factors. In any case, the potential differences 
exist almost exclusively across the axon membrane, so 
that the potential-dependent birefringence must be 
associated with that membrane. A number of plots of 
birefringence against membrane potential were made 
using the voltage clamp or action potential records. The 
relationship was markedly non-linear, the birefringence 
changing five to ten times more steeply at 120 mV of hyper- 
polarization than at 120 mV of depolarization. The lack 
of symmetry around either the resting potential or any 
other point between — 120 mV and +120 mV suggests 
that the membrane has a considerable degree of electrical 
or structural asymmetry. 

Surprisingly, the changes in birefringence for voltage 
clamp pulses were doubled or quadrupled in size by 
treatment of the axon with 60-150 nM tetrodotoxin (four 
experiments with two different samples) or with 300 nM 
saxitoxin (two experiments). Moreover, the rise time of 
the birefringence change lengthened to more than 1 ins. 
This remarkable effect did not seem, however, to be 
associated directly with the blocking action of the toxins 
on the sodium current, for it sometimes did not manifest 
itself until several minutes after the sodium current had 
fallen to zero; and conversely, when the toxin solution was 
removed, the sodium current could recover while the 
birefringence change was still markedly enlarged and 
slowed. Because at these low toxin concentrations the 
numbers of toxin moleeules taken up by the surface 
membrane are thought to be very small", it seems that 
some kind of co-operative phenomenon is involved. 

Having decided that the birefringence change is radial 
and arises in the axon membrane, we may tentatively 
calculate its magnitude. A light intensity decrease of 
4x 10-5 from a region with a net axial retardation of 
240 À (figures for the outer tenth of the squid giant axon) 
would correspond to a relative increase of 0-005 A in the 
radial retardation. Note that the change in retardation is 
larger if the sources of the change are not uniformly dis- 
tributed. The intrinsie positive radial birefringence of a 
cell membrane corresponds to 1-3 A of retardation near 
the outer edge of a cylinder such as the axon!*?*.. Thus 
the change at the peak of the action potential would be 
equivalent to an increase of 0-05-0-15 per cent in the 
intrinsic radial birefringence of the membrane. Polariza- 
tion and alignment of molecules by an electric field give 
rise to birefringence the optic axis of which is parallel to 
the field; this is the Kerr effect??, Such an effect in a 
35 A sheet of liquid water rolled into a cylinder and sub- 


stituted for the axon membrane would be slightly smaller?? 


than the change we observed in nerve fibres; the Kerr 
effect in nonpolar molecules such as liquid decane would 
be smaller still. On the other hand, the Kerr effect m 
molecules larger and more polar than water could be so 
large that even a small amount of reorientable protein at 
the outer or inner surface of the membrane would be 
sufficient to account for our observations!??, The pos- 
sibility that there is a better alignment of molecules 
during reduction of the field would fit with the conelusion 
of Howarth, Keynes and Ritchie** from thermal data that 
there is an entropy change on depolarization that corre- 
sponds to a greater orderliness of the membrane structure. 

An alternative explanation for the birefringence changes 
might be found in the compression of the dieleetrie of the 
membrane in an electric field caused by the mutual 
attraction of the ionic double layers. Haydon and 
Andrews (personal communication) have found thickness 
changes of up to 10 per cent with potential changes of 
100 mV applied to bimolecular lipid-hydrocarbon films. 
These thickness changes should affect both the form and 
the intrinsic birefringence of the membrane, but we 
cannot at present prediet their magnitude. There are 
several ways of looking into the problem, and while we 
await the 1968-69 squid season, we propose to investigate 
the oceurrence of birefringence changes in model systems 
subjected to varying electric fields. 

We thank Messrs D. V. Barker and S. B. Cross for 
building special apparatus. L. B. C. is a US National 
Science Foundation postdoctoral fellow and B. H. is a 
Helen Hay Whitney postdoctoral fellow. 
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Phosphorylation on the Primitive Earth 


Conditions can be created in which 
phosphorylating agents. 


inorganic phosphates act as 
Such reactions may have occurred in 


prebiotic chemical processes. 


Phosphorylation by way of Inorganic 
Phosphate as a Potential 
Prebiotic Process 


PREBIOTIC phosphorylating agents must have existed on 
the primitive Earth if phosphoryl compounds were as 
essential in the early stages of the chemical evolution of 
life as is suggested by their variety and necessity in all 
living systems". Recognition of the biochemical import- 
ance of esters, amides and mixed anhydrides of ortho and 
polyphosphorie acids has stimulated the development of 
numerous synthetic methods for phosphorylating appro- 
priate organic compounds??. With few exceptions?-5, 
these require phosphoryl reagents containing a labile 
P— X bond, and the phosphorylation mechanism? involves 
displacement of X or ita conjugate acid at tetrahedral 
phosphorus by a nucleophile as illustrated in the following 
equation 





RO OR 
RO, ' ! OR 


N 
N: u 


O NR o 





CH, 
| I i I 
X= —OP(OR),, — OCR, — OCR, —OCOR, —NR,, halogen, 


and so on (R may be H, aryl, aralkyl, or alkyl). 

This mechanism, eludicated and exploited in a wide 
variety of laboratory conditions, seems to be the most 
general method of phosphorylation. It is therefore 
reasonable to expeet that direet phosphorylation would 
have proceeded along similar mechanistic pathways on 
the primitive Earth. 

In the context of chemical evolution, recent reports have 
described the phosphorylation of glucose? with N-eyano- 
guanidine and orthophosphorie acid and of nucleosides* 
with polyphosphorie acid. Presumably, the former 
reaction proceeded by way of the equation above with 
N = glucose and X= —OC(NH,) == NC(NH,) == NH; 
and the latter with N = nucleoside and X = —O(PO,;H), H 
(n zl) 

We have phosphorylated nucleosides at 160^ C with 
either phosphoric acid or its monobasic salts?. Marked 
decreases in yields of nucleotides were observed with 
monohydrogen phosphates, M,HPO,. except when one 
M was ammonium, in which cases thermal dissociation 
to ammonia and dihydrogen phosphate was possible. 
Practically no phosphorylation took place with tribasie 
phosphates. The thermal reaction between nucleosides 
and inorganic orthophosphates has recently been explored 
as a useful method for preparing radioactively labelled 
nucleotides! i, 

Inorganic orthophosphates are not known to be 
effective phosphorylating agents. "These results, however, 
can be attributed to partial thermal transformation of 
orthophosphates to condensed phosphates, the latter 
serving as the effective phosphorylating agents. To test 
this hypothesis various orthophosphates were heated 








in open vials for 2h at 160? C and analysed for condensed 
phosphates by paper chromatography!*3, Some results 
are summarized in Table 1 along with yields obtained in 
phosphorylation of uridine in identical conditions. Some 
preliminary data in Table 2 show the relative ease with 
which some orthophosphates are converted to condensed 
phosphates at 165? C and 195? C. 


Table 1. CONVERSION OF ORTHOPHOSPHATE TO CONDENSED PHOSPHATES 
AT 160° © AFTER 2 H 
Percentage 


Orthophosphate uridine ¢ 


Percentage of total phosphorus 





used* AS pyro- As tripoly- converted to 
phosphate + phosphatet monophosphate 
H,PO, 30-50 1-5 R3 
NaH, POr H0 5-10 1-5 16-0 
Na,HPO,7H,O — — 0-6 
Na4PO,-12H;,0 ee 0-6 
NH,H;PO, 10-30 5-103 59 
(NH) HPO, 10-30 5-10 § 13:4 
Ca(H;PO4), HO 30-50 10-30 8 105 
CaHPO, = — 
KH;PO, — 
Ca(PO) (OH), -—i = 
Ca, ( PO), — = 01 


* Orthophosphates were used as obtained commercially, 
phosphates were detectable before heating. 

T Visual estimates made by comparing the sizes and colour intensities of 
spots with those obtained with standard mixtures having known ortho and 
polyphosphate compositions. Less than 1 per cent is indicated by —. 


No condensed 


A more detailed discussion and quantitative report of this and related work 
will be presented later, 


1 Taken from ref, 7. 


$ Polyphosphates more highly condensed than tripolyphosphate were 
observed at or near the origin. 


€ Pyrophosphate appears after 6 h at 160°, 
|| No condensed phosphates appeared after 7 days at 160? C. 





nations are certainly 
;ossible, albeit slow, at considerably lower temperatures. 
I , i 


Table 2. HOURS AFTER WHICH CONVERSION OF SOME ORTHOPHOSPHATES TO 


CONDENSED PHOSPHATES WAS FIRST OBSERVED 





1?5* € i65^ € 
Orthophosphate* Pyro Tripoly Pyro Tripoly 
H,PO,t 1:0 6-0 0-25 r0 
Ca(H,PO,-H,O 0 60 (25 0i 
NH,H.PO, 144-0 - 6350 
NaH,PO,.IHLO 144-0 = 0-25 2-0 


Greater than 1 per cent conversion was observed after the designated times, 
* See first footnote of Table 1. 

* Pyrophosphate observed after 1 day at 65^ C. 

$ See fourth footnote of Table 1, 
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Other workers reporting transformations of ortho- 
phosphates to condensed phosphates in presumably 
primitive Earth eonditions have used condensing agents 
such as potassium eyanate!*!9, N-cyanoguanidine® and 
sodium dithionate (unpublished results of N. Gabel). 
Because of its simplicity, thermal condensation of inorg- 
anie orthophosphates at relatively low temperatures is 
very attractive as a general source of condensed phosphate 
on the primitive Earth and supports the suggestion’? 
that thermal processes may have provided one of the 
most likely sources of inorganic polyphosphate, a potential 
phosphorylating and condensing agent in primitive 
svyntheses®: 4.17, 
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Phosphorylation of Adenosine with 
Linear Polyphosphate Salts in 
Aqueous Solution 

LINEAR when 


condensed phosphates are produced 


orthophosphate salts are heated!. The lower members of 


the series—di and tripolyphosphate—are formed from 
monobasie salts at temperatures well below 200° C (see 
preceding communication).  Pyrophosphate has also 
been produced in aqueous solution, in what have been 
suggested as possible prebiological eonditions?*?. The 
stabilities of polyphosphate salts in aqueous solution are 
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Fig. 1. Fractionation of the products of the phosphorylation of adeno- 


sine with Na,P,O,,. See Table 1 for conditions. 
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Table 1. COMPOSITIONS OF REACTION MIXTURE 
PHOSPHORYLATION OF AD 
Relative Total conver- 
Phosphate pH range* Reflux produc sion of adeno- 
(h BS AMP 272 
Na, PeO; 97-105 5-0 — = 
Na;P 3010 7-5-8-0 5-0 18 28 
Graham'ssalt 57-67 60 17 26 
Graham'ssalt 9-7~10-5T 40 30 45 





* The highest pH in each cuse was that at the start of the reacti ihe 


lowest pH was measured at the conclusion of the reaction, — 
+ The reaction was run at 1007 C in a sealed tube in O75 N NH,OH. 


surprisingly high. The tripolyphosphate ion, for example, 
has a half life at room temperature and neutrality of the 
order of years’. We have been interested in water 
soluble polyphosphate salts as possible prebiological 
phosphorylating agents. This communication reports the 
synthesis of adenosine-2’, 3' and 5’-phosphates, by the 
simple heating of an aqueous solution of adenosine and 
linear polyphosphate salts. 

Adenosine, Na,P,0, and Na,P,O,, were commercial 
products, the purity of which was checked chromato- 
graphically. A Graham's salt preparation was made by 
melting NaH,PO,, holding the melt at 650° C for 4 h, 
and quick cooling. The preparation was shown to be com- 
posed primarily of linear polyphosphate chains, with no 
species smaller than tripolyphosphate detectable by thin- 
layer ehromatography*. Ina typical reaction, an amount 
of polyphosphate salt, corresponding to 20 mmoles of 
phosphorus, and 2 mmoles of adenosine were weighed 
into a 50 ml. round bottom flask. The mixture was dis- 
solved with heat in 20 ml. of water (or in dilute NHOH), 
and the solution was refluxed for 4-6 h. The hot solution 
was then diluted to 30-40 ml. with H,O cooled, and run 
directly onto a 2:5 x 42 em column of ‘Dowex’ 1 x 2 formate 
(200-400 mesh). Elution was begun immediately with 
0-20 N HCOOH. Fig. l illustrates the fractionation of the 
products obtained with Na,P,0;,, The identities of 
the isomers were established by standardization of the 
column with authentic samples, and by thin-layer chroma- 
tography. In addition, the three isomers were shown to 
be degraded to adenosine by E. coli alkaline phosphatase. 
The 2’ and 3’ isomers were further shown to be resistant 
to periodate oxidation, while the 5' isomer was oxidized. 

Pyrophosphate did not phosphorylate adenosine in the 
conditions studied. Tripolyphosphate and  Graham's 
salt, however, were effective phosphorylating agents. 
The reaction conditions and the isomeric composition 
of the adenosine phosphates produced are presented in 
Table 1. A marked difference was observed in the product 
composition obtained with Graham's salt in acid and 
basic conditions, although significant yields were obtained 
in all conditions studied. The observation that poly- 
phosphates will serve to phosphorylate a nucleoside for a 
wide range of pHs makes these materials even more 
attractive as possible prebiological phosphorylating 
agents. Experiments at more extreme pH (for example, 
in 0-5 N NaOH) have produced conversions of adenosine 
to AMP of 10 per eent, with à further shift in the isomerie 
composition towards production of the 2'(3') phosphate. 
The mechanism of this pH effect, as well as other details 
of the reaetion, are now being investigated. 
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Antibacterial Nature of Prostatic Fluid 


by 

T. A. STAMEY 
W. R. FAIR 

M. M. TIMOTHY 
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Division of Urology, 


Stanford University School of Medicine, 
Palo Alto, California 


DURING experiments designed to study the diffusion of 
antibaeterial agents from plasma to prostatie fluid in the 
dog’, prostatic fluid itself was consis ently observed to 
possess a remarkable bactericidal activity against Gram 
negative and Gram positive bacteria. A 





this antimicrobial substance are reported here. Prelimin- 
ary attempts to isolate the active fraction indicate that 
it is heat stable, of small molecular weight and unrelated 
to spermine. A similar antibacterial activity in the pros- 
tatic secretion of human males and its potential relation- 
ship to urinary tract infection have been noted. 

Using pentobarbital for anaesthesia, à vertical midline 
incision was carried to the right of the penile sheath to 
the pubie bone, the abdominal cavity opened and the 
bladder identified. Because the dog has neither seminal 
vesicles nor bulbo-urethral glands, ligature of the vasa 
deferentia permitted collection of essentially pure pros- 
tatic secretion. The ureters were separated from the 
bladder and ureteral catheters passed to each renal pelvis. 
‘Phe neck of the bladder was cleaned of surrounding fat 
to identify the junction of the bladder and prostate gland. 
Two ligatures of No. 0 cotton were fastened securely 
around the bladder neck to prevent retrograde flow of 
prostatic fluid into the bladder. The abdominal incision 
was closed, and each animal was circumcised by a longi- 
tudinal slit in the centre of the penile sheath whieh was 
opened and sutured to the abdominal wall. The dog was 
placed on his ventral surface, and prostatic fluid collected 
from the penis direetly into sterile test tubes. Intravenous 
pilocarpine, 1 mg/kg/h, was used to stimulate the flow of 
prostetie secretion, but an occasional dog required as 
much as 6-8 mg/kg/h. Collections were made over periods 
of 3-6 h, depending on the volume of fluid secreted; the 
amount collected varied from 25-200 ml. with an average 
of 75 ml./dog. 

The bacterial assay was performed on 2 ml. samples of 
prostatic fluid, clean and free from blood or serum con- 
tamination, and ineubated at 37? C in sterile test tubes. 
Before adding bacteria, 0-1 ml. of prostatie fluid was 
removed for culture to ensure sterility. From an 18 h 


Table 1. BACTERICIDAL EFFECT OF PROSTATIC FLUID AGAINST AN O, E. coli 
Dog Hours of incubation 
No. 0 i 2 4 6 24 
1 770 600 120 0 0 
2 310 240 50 10 IU 0 
3 450 70 0 8 0 
4 1,800 200 0 Ü Q 0 
5 150 70 0 0 6 a 
6 770 600 740 135 0 ü 
7 310 0 6 0 Q 
* 430 330 350 270 210 30 
* 510 10 20 0 0 
16 310 0 0 0 0 0 
1l 385 165 70 0 0 ü 
12 335 0 0 6 0 0 
{3 530 380 370 350 270 n 
14 1,800 7 10 0 ü 
15 260 i90 0 0 
16 1,090 1,400 1.120 700 160 ü 
17 806 100 30 ü 
i8 260 280 210 200 145 Ü 
19 1,200 720 220 0 9 a 
20 1,380 540 100 60 0 0 


AU values represent bacteria/ml. of prostatic fluid. The O4 E. coli were 
grown in trypticase soy broth, diluted 10? with saline, and 0-1 ml. added to 
1-@ ml. of prostatic fluid. Subcultures were performed at 0, 1, 2. 4, 6 and 
24h ofincubation at 37° C, 


number of 
experiments which characterize the biological activity of 





Human and canine prostatic fluid is bactericidal for a number of 
Gram negative and Gram positive bacteria. 
for this effect is heat stable, of low molecular weight and is inactivated 
by normal blood serum. 
explain why men are less susceptible to infections of the urinary 
tract than are women. 


The fraction responsible 


This antimicrobial activity may help to 


growth of bacteria in trypticase soy broth, 0-1 ml. of an 
appropriate saline dilution (usually 10* or 105) was added 
to the remaining 1-9 ml. of prewarmed prostatie fluid. 
Immediately after mixing, 0-1 ml. was plated with 10 ml. 
of trypticase soy agar or streaked directly on the surface 
of blood agar plates. Further aliquots were cultured 
quantitatively after incubation for 1, 2, 4, 6 and 24 h 
of ineubation. 

The action of prostatic fluid against an O, E. cols test. 
organism in twenty dogs is presented in Table 1. This 
bactericidal effect was shown in more than 125 separate 
experiments. The data in Table | show that the killing 
effect was consistent, and that the activity was bacteri- 
cidal, not bacteriostatic. There was slight variation in 
the potency; prostatic fluid from some dogs killed all the 
bacteria in 1 h while other samples required 6 h of incuba- 
tion. No viable bacteria could be cultured from the 
prostatie fluid of seven dogs after 2 h of incubation. 

In early experiments prostatic fluid was collected 
serially in volumes of 6-10 ml. to see if variation existed 
between early and later samples. No difference in anti- 
bacterial activity could be shown between the first and 
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Fig. 1l. ŒE. coli, grown in trypticase soy broth and diluted in saline, 

were incubated at 37° C in 2 ml. volumes of normal prostatic fluid. 

prostatic fluid heated to 100° C for 5 min, saline, and trypticase soy 

broth (TSB). Subcultures were quantitated after 0, 1, 2, 4, 6 and 24 h 
of Incubation. 
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last fractions. In two dogs, however, several of the inter- 
mediate tubes did not possess antibacterial activity. To 
ensure more reproducible results, the remaining experi- 
ments were done on pooled samples of prostatic fluid. 
About one out of ten dogs had no antibacterial activity 
in its prostatic fluid; in these dogs, the prostatic fluid 
had a peculiar yellowish colour. 

The survival of E. coli in saline is compared with the 
death rate in prostatic fluid in Fig. 1. In saline, two- 
thirds of the original inoeulum were viable after 24 h, 
whereas all E. coli in prostatic fluid were killed in 4 h. 
Thus the decrease in the number of viable bacteria in 
prostatie fluid is not caused by a non-nutritious environ- 
ment. Moreover, when prostatic fluid was boiled for 5 min 
the antibaeterial aetivity was lost and bacterial growth 
was comparable with that in trypticase soy broth (Fig. 1). 
After boiling, a large protein precipitate was formed with 
a clear supernatant. When the coagulated protein was 
removed, even the supernatant contained enough nutrients 
to permit luxurious bacterial growth. 

Pooled canine prostatic fluid was inoculated with strains 
of bacteria obtained from twenty-nine patients with 
urinary tract infections. A bactericidal effect was present 
against twenty-six of the twenty-nine strains. In addition 
to the experiments in Table 2, prostatic fluid has been 
tested against forty-five other strains of these Gram 
negative and Gram positive pathogens, including such 
organisms as S. typhimurium and S. enteritidis. Of the 
seventy-four different strains of bacteria incubated with 
prostatic fluid, only four were viable after 24 h of incuba- 
tion. 

An O, strain of E. coli was added to fresh normal blood 
serum and prostatic fluid from the same dog; the serum 
supported bacterial growth, while the prostatie fluid was 
bactericidal. 

Some of the physical and chemical properties of this 
antimicrobial substance are shown by the following 
studies. 

(1) The pH of canine prostatic fluid varied from 6:1 
to 7-0; the pH of the pooled samples from twelve dogs 
was 6:5. Thus pH alone was not a factor in the inhibition 
of bacterial growth. 

(2) Stability: bacterial assays showed no loss of anti- 
bacterial activity after prostatic fluid had been frozen 
for 4 months ; samples thawed and refrozen did not 
lose their activity. Antibacterial activity was not changed 


fable 2. THE ANTIBACTERIAL SPECTRUM OF POOLED CANINE PROSTATIC 


FLUID 
Organism Hours of incubation 
(patient) 0 F 2 4 6 24 
Klebsiella (B, W.) 920 380 70 10 0 I" 
Klebsiella (T. I.) 2,400 20 0 0 0 0 
Klebsiella (J. $.) 1,000 1,000 500 110 0 0 
Klebsiella (H. 8.) 1,500 — 1,100 800 ü 0 0 
E. coli (L. L.) 600 180 110 0 0 0 
E. coli (J, R.) 1,040 310 90 10 0 0 
E. coli (M. M.) 800 380 560 140 0 0 
E. coli (M. F.) 1,500 160 240 0 0 0 
E, coli (A. M.) 1.200 370 360 30 0 0 
7. coli (B. M.) 1,600 180 BO 0 0 0 
E. coli (B. B.) 1.600 140 150 0 0 0 
E. coli (N. L.) 1,500 1,400 1.100 170 0 0 
E. coli (J. N.) 2,250 — 1,120 800 20 0 0 
E, coli (8. M.) 3,500 2,200 1,100 0 ü 0 
E. coli (M. R.) 1,800 1,700 420 0 0 0 
E. coli (F. P.) 1.300 800 410 50 ü 0 
E. coli (W. W.) 1.600 840 340 0 0 0 
P. mirabilis (L. J.) 1.200 1,000 1,600 2,200 1.200 1,800 
P, mirabilis (C. W.) 1,520 1,500 600 20 0 0 
P. mirabilis CT. 8.) 2,100 2,400 1,200 40 0 0 
P. mirabilis (R. W.) 104 10* 10* 104 105 105 
P. vulgaris (L. M.) 3,000 1,800 2,200 180 0 0 
Pseudomonas (C. C.) 3,600 3,000 1,680 Q 0 0 
Pseudomonas (J. K.) 960 250 70 10 0 0 
Paracolon (C. 8.) 1,200 900 680 10 10 0 
Paraeolon (M, R.) 2,100 1,200 660 50 0 0 
S. faecalis (J. A.) 3,000 — 2,200 — 2,500 — 2,800 2,200 10° 
S. aureus (J. L.) 3,000 1,500 1,000 340 0 0 
S. albus (H. J.) 1.400 60 30 0 0 a 


All values represent bacteria/ml. of prostatic fluid. Different strains are 
identified by the patients’ initials. Each pathogen was grown in trypticase 
soy broth, diluted 10* with saline, and 0-1 ml. was added to 1-9 ml. of pooled 
prostatic fluid, Subcultures were performed at 0, 1, 2, 4, 6 and 24 h of 
incubation at 37°C. 
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when prostatic fluid was stored at room temperature for 
3 weeks. 

(3) Effect of temperature: samples of canine prostatic 
fluid were inoculated with bacteria and separate aliquots 
placed in a refrigerator (6? C), left at room temperature 
(24? C) and incubated at 37? C. Complete sterility was 
obtained in all tubes maintained at 24° C or 37° C, although 
24 h was required at 24? C. Prostatic fluid at 6^ € showed 
no decrease in the number of becteria/ml. after 24 h in 
the refrigerator. 

(4) Heating: prostatic fluid was heated to 56^ C for 
30 min to inactivate complement, to 56° C for 120 min, 
and to boiling for 5-15 min. There was progressive loss 
of activity with increased exposure to temperature. 

(5) Filtration through a 0-22y ‘Millipore’ filter attached 
to the end of a sterile glass syringe produced a clearer and 
less viscous prostatic fluid, but did not change its anti- 
bacterial activity. 

(6) Dilution: because the bactericidal activity of 
prostatic fluid was reproducible when 10%-10° bacteria 
were added to 2 ml. of prostatic fluid, no attempt was made 
to develop a quantitative bioassay to measure the exact 
amount of antibacterial substance present/ml. of prostatic 
fluid. Samples of prostatic fluid, however, could be diluted 
four-fold without apparent loss of activity; a sixteen-fold 
dilution, although diminishing the rate of cell death, did 
not prevent a bactericidal endpoint after 24 h of ineuba- 
tion. Dilutions of 1:32 or greater resulted in growth 
patterns similar to the saline inoeulum in Fig. 1, suggest- 
ing that the absence of a growth curve may be caused by 
dilution of available nutrients. 

(7) Dialysis for 24-72 h in a ‘Cellophane’ sac at 6° C 
against distilled water removed most of the antibaeterial 
activity. Because of more convincing evidence of low 
molecular weight, further dialysis experiments were not 
performed. 

(8) Acid phosphatase content in relation to antibacterial 
activity: many enzymes are present in prostatic fluid, 
but the availability of valid measurements for acid 
phosphatase led us to compare the concentration of acid 
phosphatase with the antibacterial activity of serial 
aliquots collected under pilocarpine stimulation. Acid 
phosphatase activity was determined in successive 10 ml. 
collections by a modification of the method described by 
Bessey et al.2. As expected, only the first few 10 ml. 
samples of prostatic secretion contained large amounts 
of acid phosphatase; the bactericidal activity of conseecu- 
tive aliquots was not diminished. In fact, the first few 
aliquots were sometimes less bactericidal than the later 
ones. Repeated efforts to find a decrease in antibacterial 
activity in samples collected near the end of pilocarpine 
stimulation were unsuccessful; this is surprising because 
100-200 ml. of prostatic secretion was sometimes col- 
lected before completion of the experiment. 

(9) The addition of crystalline trypsin in increasing 
concentrations had no effect on the antibacterial activity. 
As expected, trypsin alone in concentrations as high as 
100 ug/ml. had no effect. on bacterial growth. 

(10) Inhibitors: during the dilution experiments, 
the addition of even a small amount of trypticase soy 
broth (TSB) to prostatie fluid inhibited bactericidal 
activity. In some dogs, as little as one part of TSB in 
sixteen parts of prostatic fluid prevented bacterial inhibi- 
tion, but most required TSB in at least a ] : 4 concentra- 
tion. Equal parts of TSB and prostatic fluid always 
caused a loss of activity. When TSB was divided into its 
chief components and added to prostatie fluid, inhibition 
was caused by tryptone (Difeo), a pancreatic digest of 
casein. In addition, casamino acids (Difeo hydrolysed 
casein, free of pancreatic inhibitory substances) caused a 
loss of bactericidal activity. More important, the addition 
of serum prevents the antibacterial activity of prostatic 
fluid. 

(11) The standard photometric determination of lvso- 
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Fig. 2. Ten ml. of canine prostatic fluid was placed on a 45 x 2-5 em 

column of ‘Sephadex G-10’ (Pharmacia), followed by a continuous 

flow of sterile, distilled water. A flow-through cell in an 4-0 Spectronic 

600 spectrophotometer was used with a direct recording of transmittance 

at 280 mæ. The void volume (Vo) vd the column was approximately 
75 ml. 


zyme activity was used by plotting the increase in trans- 
mittance of a soluti 
Micrococcus lysodeikticus cells lyophilized in saline buffered 
with phosphate. The decrease in optical density was 
determined at 420 my. in a spectrophotometer using the 
interval between 30 s and 3 min to express lysozymal 
activity’. There was no change in optical density when 
the suspension of Micrococcus lysodeikticus was treated 
with prostatie fluid, whereas the lysozyme standard 
produced marked changes at a concentration of 10 ug/ml. 

Considerable effort was necessary to separate the anti- 
bacterial fraction present in prostatic fluid. Because the 
final measurement of activity was based on a bacterio- 
logical assay, isolation was complicated by the need to 
maintain the chromatography system sterile as the fluid 
passed through the column, the spectrophotometer and 
into the fraction collector. The eation exchange resin, 
carboxymethyleellulose, used in previous studies to 
isolate prostatic fluid components, was not helpful; the 
higher concentrations of phosphate buffer needed to elute 
the CM-cellulose prevented bacterial growth. With 
sterile technique, the molecular sieve ‘Sephadex 6-10", a 
non-ionic polymeric carbohydrate with an exclusion limit 
of approximately 760 molecular weight (for polysacchar- 
ides), produced a remarkably constant peak for anti- 
bacterial activity (Fig. 2). Because only pure prostatic 
finid and distilled water were placed on the ‘Sephadex’ 
column, no interfering components were present. 

A large protein peak was found consistently beyond the 
void volume (Vo), representing the larger molecular weight 
proteins in prostatic fluid. The next peak outside the Vo 
contained all the antibacterial activity (Fig. 2); we have 
called this peak the prostatie antibacterial fraction (PAF) 
in contrast to the activity in natural prostatie fluid. 
Serial aliquots from both peaks were lvophilized separ- 
ately and later reconstituted with saline to a final volume 
of 2-0 ml. To each tube was added 0-1 ml. of a 10* dilution 
of an O, E. coli. All the tubes within the A peak sup- 
ported bacterial growth. The antibacterial activity of 
intact, untreated prostatic fluid is compared in Table 3 
with a representative tube from the A peak and a tube 
from the second or PAF peak: a saline control is also 
included. 

The antimicrobial characteristics of the prostatic anti- 
bacterial fraction isolated from the ‘Sephadex’ column 
were similar to those of intaet prostatic fluid. The anti- 
bacterial spectrum was identical to that in Table 2; the 









on that contained a known weight of 


NATURE, VOL. 218. MAY 4. 1968 


rate of bactericidal activity was usually enhanced (Table 
3) As expected from the small molecular weight, there 
was no lysozymal activity. PAF, like intact prostatic 
fluid, was inactivated by either blood serum or trypticase 
soy broth. 

The chief difference between PAF and intact prostatic 
fluid was the complete heat stability of the former. PAF 
could be boiled for 30 min and retain all of its antibacterial 
activity. The loss of antimicrobial activity when intact, 
prostatic fluid is heated (Fig. 1) may be caused by binding 
by the denatured proteins. 

E. coli and P. mirabilis, exposed to PAF at 37? C, were 
viewed under the phase microscope and compared with 
the same strains similarly exposed to bactericidal con- 
centrations of penicillin G, nalidixie acid and polymyxin 
B sulphate. Bacteria exposed to PAF showed none of 
the features characteristic of cell death eaused by penicillin 
( (mycoplasma forms from cell wall inhibition) or nalidixic 
acid (elongated forms from DNA inhibition’), Death 
indueed by PAF seemed similar to cells exposed to poly- 
myxin B sulphate, a surface active bactericide: the 
exposed bacilli developed punctate areas and gradually 
faded without aberrant changes in gross morphology. 

Spermine. a basic polyamine, has been reported as 
possessing a definite antibacterial action against Gram 
positive organisms’. It is this substance that is respons- 
ible, at least in part, for the antibacterial effect of human 
semen, described by Rozansky and associates*®, The anti- 
bacterial spectrum of spermine and spermidine is almost 
entirely confined to Gram positive organisms, whereas 
our data show that Gram negative pathogens are exquis- 
itely sensitive. Only after oxidation of spermine with a 
specifie amine oxidase from beef plasma has marked 
inhibition of Gram negative bacteria been shown’, Be- 
cause the antibacterial action of spermine and spermidino 
is inhibited by inorganic ions. notably CA** (ref. 10), 
we added 0-1 M CaCl, to both untreated prostatic fluid 
and PAF ; there was no decrease in the bactericidal 
activity. In addition, the antimicrobial activity of 
spermine is greatly decreased when the pH of the media 
falls below 7-4 (ref. 11). Our studies on PAF were per- 
formed at a pH of 65-68; a pronounced antibacterial 
effect was always observed. 

While these data exclude spermine as the active com- 
ponent in the PAF described in this paper, it is equally 
unlikely that antibacterial activity is caused by an alde- 
hyde formed from the oxidation of spermine’. When 
2,4-dinitrophenyl.hydrazine was added to PAF, the test 
was negative for the presence of carbonyl groups. 

Because of these observations in the dog. prostatic 
secretion from normal human volunteers was examined 
for antibacterial activity. Specimens of urine were 
obtained from each male by the method described previ- 
ously". The mid-stream urine supported bacterial 
growth, while the same bladder urine following prostatic 
massage was bactericidal. It may be of interest that 
several male patients with a history of reeurrent urinary 
tract infections studied by the same technique failed to 
show inhibition in either the midstream or the prostatic 
urine aliquot. Because this method of collection involves 
a twenty to fifty-fold dilution. the bactericidal activity 
of normal human prostatic fluid must be considerable. 








Table 3. ANTIBACTERIAL EFFECT OF REPRESENTATIVE ALIQUOTS FROM THE 
'SEPHADEX' COLUMN (FIS, 2) COMPARED WITH INTACT PROSTATIC FLUID AND 
NORMAL SALINE 








Time Intact pros- Saline 
(h) VA” peak PAF peak tatic fluid control 
0 1,980 1,580 2,000 1,930 

i 2,180 B 2,200 1,800 

z 3. 200 1,400 1,640 

4 0 900 1,440 

6 ü 810 1,440 
24 9 [uU 1,200 


After passing through the spectrophotometer, 5 ml. aliquots from the 
fraction collector were lyophilized and later reconstituted to 2-0 ml. with 
saline. After removing O1 ml. for culture, 0-1 ml. of a 10* dilution of E, eol 
was added to each tubs. as well as to 2 ml, of saline and to a sample of the 
nriginal intact prostatic fluid. Subcultures were made at 0, 1, 2, 4, 6 and 24 h, 
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Perkash, who was a research fellow at Stanford while 
this work was in progress, was able to extend the study by 
examination of pure prostatic fluid from fifty males in 
India. He found that most normal males secrete prostatic 
fluid capable of inhibiting bacterial growth"?. 

Now that adequate quantities of the prostatic anti- 
bacterial fraction can be obtained reproducibly from the 
‘Sephadex’ column, more exact identification of this 
heat stable, antimicrobial agent should be possible. More 
important than identification, however, is the potential 
role of this substance as a principal defenee mechanism 
in the male for preventing urinary infections. The reason 
why urinary tract infections are approximately ten times 
more frequent in women than men has never been ade- 
quately explained. The studies reported here suggest 
that careful examination of resistance to urinary infections 
in the area below the bladder may be rewarding. 
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lonic Relations of Chloroplasts in vivo 


by 
A. W. D. LARKUM 


Botany School, 
University of Cambridge 


Recent proposals concerning the role in adenine tri- 
phosphate production of electrochemical gradients across 
mitochondrial and chloroplast membranes^? have em- 
phasized the need for information about the ion content 
of such organelles in vivo. Since the first investigation of 
Neish?, evidence has accumulated to indicate that ehloro- 
plasts contain large amounts of inorganic ions*-. In 
giant algal cells it is possible to measure the ion content 
of various subcellular compartments, and indirect evidence 
has indicated a site of high concentration of ions within 
the parietal ehloroplasts*. Direct evidence" has shown 
high concentrations of potassium in chloroplasts of Nitella 
opaca, but because there was little difference between the 
level in the chloroplasts and that of the streaming cyto- 
plasm this might indicate that there was equilibration 
between the two compartments during the isolation 
procedure. The situation has now been re-examined in 
Tolypella intricata using improved techniques. In par- 
ticular, a non-aqueous isolation technique was adopted to 
obtain chloroplasts and the concentrations of potassium, 
sodium and chloride in T'olypella chloroplasts have been 
compared with those in chloroplasts of three angiosperms. 

To isolate the chloroplasts, freeze-dried material was 
homogenized and filtered!* and subjected to density 
gradient separation!!; the actual densities, found to give 
the best result, and the criteria of purity were the same as 
those of Thompson and Whittingham’. Only mature 
internodal cells of Tolypella (T. intricata var. prolifera 
(Trent. ex Roth.) Leonh. em Wood) were used. The cells 
were kept in a bathing solution (composition given in 
Table 3) for 7 to 10 days under natural light before freezing 
quickly in liquid nitrogen. The broken cells were freeze- 
dried at —40?-- 5? C. Tests of electrical conductivity'® on 
a cell homogenate indicated that there was little or no 
liquid phase at that temperature and, furthermore, treat- 
ments which were dried at — 20°C and — 10? C yielded 
chloroplasts with almost exactly the same ion content. 
Weighed samples of chloroplast material were dissolved, 
for ion analysis, in 20 ul. of 6-1 M HNO,. For freezing- 
point determinations, 10 ul. of distilled water was added 
io 1 mg of sample in a polythene mieroeuvette and quiekly 





The salt content of the chloroplasts of Tolypella intricata has been 
found to be very high. To maintain this it seems that there must be 
some form of ionic control at the outer boundary of the chloroplasts. 


covered with liquid paraffin; the suspension was stirred 
intermittently for 1 h and the determination was made on 
the clear supernatant. 

The ion content of chloroplasts isolated from four plants 
is shown in Table 1. No attempt was made to destarch 
the chloroplasts by dark treatment! except for Tolypella. 
Here a dark pretreatment of 72 h yielded slightly higher 
values, for example, 0:7-0-8 umole Cl/mg dry material, 
whether or not a light treatment of 2 h was given after 
the pretreatment. The nitrogen content (Dumas de- 
termination) of such chloroplasts fell from the normal 
value of 5-4 per cent to 3-0 per cent so that differences in 
ion eontent are probably a consequence of a change in 
weight of chloroplasts caused by a decrease in the dark in 
protein content rather than an increase in the ion content. 


Table 1. ION CONTENT OF CHLOROPLASTS ISOLATED BY NON-AQUEOUS MEANS 


FROM FOUR PLANTS 


Ionic content (nmoles/mg dry chloroplasts) 
Sodium Potassium Chloride Magnesium Calcium 
Tolypella intricata 65+3 620450 620-20 108 39 
Lagrosiphon major 


(“Elodea crispa”) 300 700 170 70 28 


Limonium vulgare 960 540 1,250 200 168 
Beta vulgaris 390 500 130 120 26 


Chloride analysis by electrometric titration?; potassium and sodium 
analysis by flame photometry; magnesium and calcium by atomic absorp- 
tion spectrophotometry on acid digest. Determinations accurate to better 
than 5 per cent; two replieates were used per treatment; standard errors 
of the means are given for T'olypella on six samples between September and 
December 1967. The leaves of Limonium vulgare used for the extraction 
were of a high salt status; Beta vulgaris was sampled in June inmoles = 
moles x 10-9). 


Despite possible differences in the ratio of volume to 
weight for chloroplasts of different plants, there are clear- 
cut differences in both the amount of ions and their ratio 
to one another in the chloroplasts of the four plants 
studied (Table 1). Chloroplasts of Limonium vulgare L. 
and Beta vulgaris L. var. perpetual are similar in that 
they have a high sodium content relative to potassium, 
in contrast to those of Tolypella, while those of Lagrosiphon 
major (Ridl.) Moss. are intermediate. There is, however, 
almost a ten-fold difference between the chloride contents. 
Limonium vulgare is a salt-marsh plant and may well 
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have evolved a greater tolerance to high salt concentra- 
tions in its chloroplasts. In contrast to these differences 
the potassium content and, with the possible exception of 
Limonium, the magnesium and calcium contents remain 
remarkably constant for all four plants. On the basis of 
this and evidence to be presented, it seems probable that 
ionic control must. occur in vive in all these chloroplasts 
in order to give the observed ion contents ; but direct 
proof requires a knowledge of the ion concentrations 
within the chloroplast and in the bathing cytoplasm. 

It is possible by direct measurement to obtain values 
of the ion concentrations in the streaming cytoplasm! 
and vacuole’ in characean cells, and values for Tolypella 
are shown in Table 2. Tolypella has an electrical potential 
difference of approximately — 120 mV between the 
vacuole and the bathing solution (personal communica. 
tion from R. M. Spanswiek). The equilibrium potentials 
derived from the Nernst equation would indicate that 
chloride is actively transported into, and sodium out of, 
the cell and flux analysis has largely confirmed this 
(unpublished work of F. A. Smith). The Tolypella plants 
were collected from a local habitat (the large amount of 
material needed for chloroplast. extractions precluded 
laboratory culture) and ionic concentrations were meas- 
ured throughout the year to test for seasonal variations. 
Sodium concentration is seen to be rather variable, 
whereas potassium and chloride were much less 80. 


Table 2, IoNIC COMPOSITION OF THREE COMPARTMENTS IN THE INTERNODAL 


CELL OF T'olypella intricata 














Streaming Cytoplasmic 
cytoplasm layer Vacuole 
(mM) (nmoles/em?) (mM) 
Sodium April 1967 21-7+ 61 — 38.7 *3:0 
Oct. 1967 46+ 1:3 — OS + 16 
Dec. 1967 +24 01 255+ 26 52t006 
Potassium April 1967 87-05 10-0 — 109-5 + 2:7 
Oct, 1907 970+ 41 — 119-0+8-3 
Dec. 1967 938+ 2-0 185-1 + 10-4 1120+18 
Chloride April 1967 23.3t 46 - 1361-40 
Oct. 1967 306+ 2-0 121.2 4:2 
Dec. 1967 26-14 1-1 115-6 +28 
Freezing-point Dec, 1967 0-403 + 0:005 — 0:385 + 0-010 


depression (°C) 


Streaming cytoplasm determinations performed on samples extracted by 
centrifuging cells at 200—700g for 10 min at 4° C (ref. 15). Determinations of 
vacuolar contents were performed according to MacRobbie*, The cyto- 
plasmic layer determination is described in the text. Freezing-point de- 
terminations were made using the technique of Ramsay and Brown’. The 
freezing-point depression of chloroplast material was 1:49" C for 1 mg of 
dry material in 2 ul. of water, The limit shown for each mean is the S.E.M. 
for six replicates. 


The concentration of ions in the chloroplasts ean be 
calculated from the ion content on a dry weight basis by 
estimating the solute-available space of these chloroplasts 
in vivo. The packed volume of Tolypella chloroplasts 
was determined by a  micro-haematocrit method!*; 
vacuoles of internodal cells were perfused with a chilled 
solution similar to the isolation medium A of Jensen and 
Bassham"', except that the MES buffer was adjusted to 
pH 7-2 using KOH and suitable amounts of NaCl and KCl 
were added to bring the solution to 10 mM Na, 80 mM K 
and 23 mM Cl which are close to the concentrations found 
in the streaming eytoplasm (Table 2). The contents of the 
cells were then squeezed into a large volume of cold isola- 
tion medium. Centrifugation at 300g for 3 min was fol- 
lowed by resuspension in the same medium and centrif uga- 
tion in micro-haematocrit tubes at 1,500g for 10 min. 
The volumes of the precipitate and its chlorophyll content 
(80 per cent acetone—water extraction!*) were measured. 
Another fraction of the chloroplasts were taken up in @ 
large volume of distilled water and centrifuged at 30,000g 
for 30 min; the precipitate was freeze-dried at — 20°C 
and the final dry weight and chlorophyll content were found. 

The packed volume of the aqueously isolated chloro- 
plasts (correeted for 26 per cent interspace volume) was 
35-8 nl/ug of chlorophyll. This compares well with a 
value of 38-1 derived from measurements of the axes of 
150 chloroplasts in vivo for six different cells together 
with twenty separate estimates of the number of chloro- 
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plasts/em? of cell surface (chloroplast volume was ealeu- 
lated using the formula for an oblate spheroid). The solid 
content of the chloroplasts was approximately 33 per 
cent on & weight for weight basis assuming an overall 
specific gravity of the structural elements of unity. Thus 
the solute available space in these chloroplasts was 
approximately 24 nl./ug of chlorophyll. The chlorophyll 
content of non-aqueously isolated chloroplasts, corrected 
for 10 per cent losses during extraction, was 76-5 ug/mg 
dry chloroplasts, and so the concentration of ions can be 
calculated (Table 3) from the contents on a dry weight. 
basis (Table 1). Of the magnesium present in the Tolypella 
chloroplasts, about 75 per cent is accounted for by chloro- 
phyl. The remainder :f it were in free solution would be 
at a concentration of 14 mM and similarly the calcium 
would at 21 mM. 


Table 3. CONCENTRATIONS OF SODIUM, POTASSIUM AND CHLORIDE IN THREE 
COMPARTMENTS IN INTERNODAL CELLS OF Tolypella AND IN THE BATHING 
SOLUTION (€) 





Co Ceptaat Ce Esq, plast 
(mM) (mM) (mM) (mV) 
Sodium 1-0 36 8-39 ~12to —55 
Potassium 064 340 110-119 —31to -34 
Chloride 14 340 116-136 +60 to +68 
Total molarity, 15 450 120 — 
mM* 


Cot.cyt. concentration in the streaming cytoplasm; C, ‘plast. Concentration 
in the chloroplasts; Cy, concentration in the vacuole; Beg, e'plast, equilib- 
rium potential between chloroplast and streaming eytoplasm compartments, 
The bathing solution also contained 0-05 mM CaSO, and 0-05 mM CaCo,, 

* Molarity was caleulated from freezing-point depressions (Table 2) using 
NaCl standard. solutions, 


The ion content of the total cytoplasmic layer (Table 2j 
allows a eross-check to be made because the methods used 
here were quite different from those used to determine 
the amounts in the flowing cytoplasm and chloroplasts. 
The thickness of the cytoplasm in Tolypella is approxi- 
mately 10u (measurements from living and freeze-dried 
cells; compare refs. 8 and 19) and the chloroplasts packed 
together without any interspace would form a layer 
approximately 2-84 thick. Working on this basis, and 
using the ion concentrations given in Table 3 for the 
streaming cytoplasm and chloroplasts, separately, it fol- 
lows that the ion content of the total cytoplasmic layer 
would be Na 21-5, K 163-5 and Cl 102-0 nmoles/em?. 
These estimates are in close agreement with the observed 
values (Table 2), which strongly supports the conclusion 
that the chloroplasts are the site of high concentration 
of these ions. 

The Nernst equation has been used to calculate the 
equilibrium potentials for the three ions, separately, 
across the chloroplast boundary (Table 3). "These poten- 
tials indicate that at least two of the ions are actively 
transported aeross the boundary, if the ions are in flux 
equilibrium*':?!, There are no data on potential differences 
for chloroplasts, and so it is not possible to say which of 
the three ions are pumped and in which direction. Further- 
more, there may be some doubt as to whether the con- 
centrations inside the ehloroplast and in the streaming 
cytoplasm can be used directly to determine the potentials; 
the demonstration of compartmentation in the cytoplasm 
leads directly to the question as to whether the streaming 
cytoplasm and chloroplasts are further compartmented. 
The extremely high estimated concentration of potassium 
and chloride in the chloroplast suggests that regions of 
lower or higher concentration must represent only a small 
proportion of the total volume and this indicates that the 
chief site of pumping lies at the chloroplast boundary. 
As for the cytoplasm, the only available evidence for 
cation activity coefficients based on work with animal 
tissues suggests that sodium, but not potassium, is to 
some extent bound in the cytoplasm, that is, not in free 
solution®?3, It is known that mitochondria have a high 
potassium content in vivo and figures of 147 mM have 
been quoted, but the mitochondrial volume in Tolypella, 
compared with that of the total streaming cytoplasm, is 
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Fig, 1. Specific activity changes in compartments of internodal cells 
of Tolypella on exposure of the cells to a solution containing chloride-36. 
The external specific activity was 3x 10° e.p.m./amole chloride. The 
bathing solution was the same as in Table 3; illumination by weak 
incandescent tungsten lamps; temperature was 10°C. Two replicates 
were taken per treatment, eaeh having about 350 internodal cells. 
The chloride influx of the cells was 0-56 pmoles/em*/s. a, Streaming 
cytoplasm; b, cytoplasmic layer; e, chloroplasts; d, vacuole. 


so small that the amount of potassium sequestered in this 
way would be very small. The freezing-point determina- 
tions (Table 3) indicate that, for Tolypella, with the 
exception of a large quantity of unidentified anions in the 
cytoplasm, potassium and chloride are the prineipal 
osmotica in all the compartments studied. 

The demonstration of large amounts of potassium, 
sodium and chloride in non-aqueously isolated chloro- 
plasts ís in substantial agreement with the work of 
Stocking and Ongun’. These findings, however, contrast 
markedly with the work on aqueously isolated chloro- 
plasts. There is little doubt that chloroplasts with only 
small eytoplasmie contamination are obtained by non- 
aqueous teehniques!!*25.6, Further evidence that the 
chloroplasts isolated by these techniques represent a 
separate compartment within the cell is indicated by 
preliminary labelling experiments (Fig. 1) using radio- 
chloride. These experiments indicated that there was a 
small contamination of chloroplasts with cytoplasmic 
material (less than 6 per cent). Taking this into account, 
it has been calculated that there was a chloride influx into 
the chloroplasts of about 1 pmole/em/s (which was very 
similar to the plasmalemma influx of 0-56 pmoles/em?/s). 
Thus the chloroplasts have been identified as a slowly 
exchanging component of the cytoplasm; this is the first 
evidence from radio-isotope experiments that the cyto- 
plasm of characean cells does not exchange as a single 
component, 

There is rapid exchange of K, Na, Cl and other ions 
when chloroplasts are isolated in aqueous media‘ §-?*-%, 
and so it must be assumed that the outer chloroplast 
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membranes are damaged by such a procedure. A more 
slowly exchanging phase can be detected by careful 
analysis?393!, which has been attributed to a space 
occupying between 10 per cent and 20 per cent of the 
total chloroplast volume and which may well be the 
thylakoid space. It is also possible that the thylakoids 
are the site of the ionic movements invelving calcium, 
magnesium, protons, phosphate, organie anions and so 
on which have been much studied recently?*52-35, Tn the 
future it may be possible to isolate chloroplasts in aqueous 
media which allow them to maintain their full capacity 
for ionie regulation. Two recent reports of higher potas- 
sium concentrations in chloroplasts? and mitochondria? 
support this prediction. Furthermore, it has already 
been demonstrated that carefully isolated chloroplasts 
can regulate the passage of important intermediates and 
cofactors of the Calvin cycle across the outer membranes”? 
and this has led independently to the suggestion that these 
membranes also control the movement of magnesium 
ions?*. Speculation as to the need for such high con- 
centrations of alkali metal ions and accompanying anions 
and their role in electron flow and phosphorylation mech- 
anisms will be deferred until later when I hope to present 
further evidence as to the fluxes across the chloroplast 
boundary and the effects of various inhibitors. 

This work was made possible by a Science Research 
Council fellowship and was sustained by a Nuffield 
Foundation fellowship. I thank Dr E. A. C. MacRobbie 
and Dr J. A. Raven for help and advice. I also thank 
Dr J. A. Ramsay for the loan of his freezing-point appara- 
tus, Dr J. D. Davies for carrying out the conductivity 
measurements on frozen material and the University of 
Cambridge Miero-analytical Laboratory (Department of 
Chemistry) for determinations of nitrogen content. 
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Tue latest steps in the elucidation of the genetical origin 
of the bread-wheats (Triticum aestivum) have been 
summarized by Sears! and Riley and Chapman?, The 
story began with Nilsson-Ehle's demonstration in 1909 
of three genes controlling grain colour in wheat, the first 
indication of the allo-hexaploid origin of the bread-wheats. 
Following Winge’s classical paper of 1917 on “the chromo- 
somes, their numbers and general importance", several 
workers independently tracked down the three diploid 
progenitor species, Triticum monococcum (which contri- 
buted the A genome), Aegilops speltoides (the B genome) 
and Aegilops squarrosa (the D genome). 

Sears, and Riley and Chapman, have described recently 
two different methods for establishing the relatedness of 
homoeologous chromosomes of the three genomes. 
Sears uses nulli-tetrasomie combinations to determine 
which homoeologue present in four doses can best 
replace a missing chromosome. He concludes that genetic 
homology is probably confined to the seven homoeologous 
groups. But, possibly because of translocations or 
deficiencies, chromosomes 24, 44 and 6B are only poorly 
compensated for by their appropriate homoeologous 
tetrasomes. Riley and Chapman estimate meiotie pair- 
ing affinity in hybrids in which the pairing control gene 
situated on chromosome 5B is missing or otherwise 
inactivated. They show that chromosomes 5B and 5D 
pair together much more frequently than either pairs 
with 54. Whether this closer relationship between 
homoeologues of the B and D genomes is general is 
unknown. One possible interpretation of the data which 
we shall give, however, is that chromosomes 32 and 3D are 
more closely related to each other than either is to 24, 
a conclusion, perhaps, made more probable by general 
taxonomic evidence. 

The concept of homoeology between the genomes and 
chromosomes of wheat and its relatives unphes that 
similar homoeologies should exist between the individual 
genes and the polypeptides coded by them. Of necessity, 
the homoeology of a given set of polypeptides must be 
deduced from their degree of chemical relatedness which, 
ideally, should be deduced from their sequences of amino- 
acids. Unfortunately, these sequences have not been 
determined for any of the polypeptides made by plants 
and we must rely on less direct measures of chemical 
relatedness. The high resolving power of electrophoresis 
in starch and acrylamide gels makes it very suitable for 
this purpose, particularly when it is coupled with methods 
for detecting only those polypeptides with similar enzyme 
properties (the so-called "zymogram" technique) A 
further and powerful indication of chemical relatedness is 


Genetic relationships of chromosomes of the Triticinae have been 
revealed by means of electrophoretic zymogram comparisons of lines 
with distinctive chromosomal constitutions. Cytogenetics combined 
with protein chemistry thus provides a new method of genetic 


the ability of some polypeptides to form highly symme- 
trical functional polymeric associations or "oligomers"*, 
The structures which bind the protomers into such 
oligomers must have a high degree of chemical relatedness 
to permit symmetrical binding of the protomers. 

Johnson et al.5 have obtained evidence about the origins 
of the genomes of polyploid wheats from gel electrophoresis 
of seed storage proteins. Boyd and Lees, by studying 
appropriate nullisomies, have given some evidenee that 
one seed protein in T., aestivum is produced by one arm 
of chromosome 1D. 

The zymogram technique has been used by Schwartz?-? 
to analyse the genetics of esterase formation in maize, and 
by Hart and Bhatia! in an attempt to elucidate the 
taxonomy of the genus Nicotiana, The great power of 
this method to indicate chemical relatedness has led us 
to use it in an attempt to find homoeologous polypeptides 
within the Triticinae. 


Plant Material 

In such work it is essential to have accurate genetic 
control. Some of the earlier work" which has attempted 
to identify hybrid proteins has suffered because appro- 
priate parental lines were not available. We have used 
the following genetic lines of wheat: cultivar ‘Chinese 
Spring’ hexaploid (2n= 42) and the following monosomics 
and nullisomies of it: mono 34, mono 36, mono 3D, 
nulli 34, nulli 35, nulli 3D. These lines were originally 
developed by Sears. Also available was a Triticale made 
by Sears by hybridizing ‘Chinese Spring’ with ‘Imperial 
Rye’, a self-fertile, inbred, line of Secale cereale, followed by 
chromosome doubling. In addition, lines of ‘Chinese 
Spring’ were available with six of the possible seven com- 
binations of a complete set of ‘Chinese Spring’ chromo- 
somes and a single ‘Imperial Rye’ chromosome present 
in single or double dose. The chromosome addition lines 
available are those designated by Sears as rye 4, B, C. D, 
E and G. 

Stocks of Triticum monococcum. Aegilops speltoides and 
Ae. squarrosa and certain tetraploid hybrids were also 
available. These lines, however, are not closely related 
to "Chinese Spring’ as far as we know. 


Making the Zymograms 

Starch gels were prepared by the method of Markert 
and Hunter! in a modified apparatus of the Smithies 
type". Tissue was used either fresh or after having been 
frozen and stored at — 10? C for periods up to several weeks. 
No differences were found between fresh and frozen tissue. 
Pieces of leaf or root tissue weighing between 50 and 200 
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Fig, 1. Typical zymogram for esterase activity on starch gel. Extracts 
of 14 day old endosperm of (from left to right) T'riticale, rye, wheat, rye, 
Triticale, wheat. Numbers indicate the fast moving (anodic) esterases. 


mg were crushed in a mortar and pestle at room tempera- 
ture and the expressed sap was absorbed into pieces 
of Whatman 3MM chromatography paper 5x12 mm 
in size whieh were immediately inserted into slots cut 
in the gel. For some experiments immature grains taken 
approximately 14 days after appropriate pollination were 
also used. The whole grain was crushed and the sap was 
absorbed on the chromatography paper. Single grains 
were used for each run. Electrophoresis was carried out 
with a voltage gradient across the gel of 25 V/em for 3 h 
with the gel in the vertical position. Water at 1° € was 
eireulated through both top and bottom cooling tanks. 
The gel was then removed from the apparatus and cut 
into two slices which were stained for esterase activity!*. 
Usually one slice was stained with x-naphthyl acetate 
and the other with 8-naphthyl acetate as substrate. The 
patterns did not differ significantly. 


Esterase lso-enzymes 


A typical zymogram is shown in Fig. 1. Each extract 
produces many different bands in a pattern which varies 
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Fig. 3. Diagram of fast moving esterase bands, The abbreviations are 


the same as in Fig. 2. 


from tissue to tissue even within the one plant. A group 
of fast moving bands (3, 4 and 5, Fig. 1) in wheat and 
a single fast moving band in rye (1, Fig. 1) were, however, 
always present in all the tissues tested (roots, leaf 
sheath, leaf blade and young grain). All the results 
reported here concern this group of esterases. In some 
gels band 4 is resolved into two distinet but closely 
spaced bands. 

Triticale was found to produce five fast moving bands, 
four of them corresponding to the parental bands but 
with a new band, No. 2, appearing between band 1 (from 
rye) and band 3 (from wheat; Figs. 2 and 3). Thus, the 


Tr W ext. W+kg Nulli Nulli 
and 3A 3A «xR 
R ext. 
mixed 
Fig. 2. Enlargement of fast moving esterase bands, + and — indicate the anodic and cathodic ends of the gel, respectively 


W, Wheat; R, rye; Tr, Triticale; W ext. and R ext. mixed, a mixture of extracts of wheat and rye; W + Rg, chromosome addition 
line, wheat plus rye chromosome G; nulli 34 x R =appropriate endosperm from cross mono 3A » rye. 
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genes coding for these esterases are able to operate in the 
presence of alien chromosomes. Mixtures of extracts from 
wheat and rye gave only bands 1, 3, 4 and 5 (Figs. 2 and 3). 

The wheat addition lines containing rye chromosomes 
A. B, C, D and E gave patterns identical with those of 
wheat. Addition lines containing either the whole rye 
chromosome G, or a line telocentrie for that arm of the 
C chromosome carrying a stem-rust resistance gene, 
produced a pattern identical with that of Triticale. 

Acosta! has suggested, from genetic evidence, that 
rye chromosome G is homoeologous with the group 3 
chromosomes of wheat. The three lines of wheat nulli- 
somic for each of the group 3 chromosomes were then 
tested. Nulli 34 produced only band 5 and lacked bands 
3 and 4 (Figs. 2 and 3). Nulli 3B and nulli 3D produced 
patterns indistinguishable from that of normal wheat. 
Thus wheat chromosome 34 carries one or more genes 
controlling the formation of bands 3 and 4. 

Immature grains of the F, of the cross mone 3A 
(female) x rye (male) gave two types of pattern. One 
grain gave a pattern identical with that of Triticale and 
four grains gave a pattern containing bands 1, 3 and 5, but 
not bands 2 and 4 (Fig. 3). This agrees with the expected 
ratio of one normal egg to three deficient eggs produced 
by monosomies. The endosperm makes up most of the 
grain and it is assumed that the observed patterns were 
essentially those of the endosperm. "These observations 
can be explained by assuming that the triticale type of 
pattern was produced by endosperms containing inter 
alia both chromosome 3.4 of wheat and chromosome G 
of rye, while the second pattern was produced by endo- 
sperms lacking chromosome 34 of wheat but containing 
chromosome G of rye. Thus band 2 is formed only in the 
presence of both wheat chromosome 34 and rye chromo- 
some G; it must contain a true hybrid enzyme. 

Five immature grains of the F, of the cross mono 3B 
(female) x rye (male) and six immature grains of the 
cross mono 3D (female) x rye (male) all gave patterns 
indistinguishable from that of Triticale; this is consistent 
with the results using nulli 3B and nulli 3D. 

Ditelocentric 3A (right arm) gave the same pattern as 
nulli 34. Thus genes on the left arm of 34 are involved 
in the produetion of esterase in bands 3 and 4. This 
suggests that the arm of rye chromosome G which carries 
the gene for stem rust resistance is homoeologous with 
the left arm of wheat chromosome 3A. 

The simplest explanation of the hybrid origin of band 2 
is to assume that it contains an oligomer made up of one 
protomer (9) controlled by a gene on rye chromosome 6 
and one protomer (a) controlled by a gene on wheat 
chromosome 34. Schwartz! has given good evidenee for 
the existence of analogous dimerie esterases in maize. 
By analogy, the esterase in band 1 should be a dimer with 
the constitution pp. Band 3 should contain a dimer with 
the constitution ax. 

The genetic origin of band 5 has not been established 


directly. Several lines of evidence suggest that it con- 
* 
ae — 005505 
JN ap, a6. 
M aa po ,dp. 
[m ap. 
| amm pp. 

Fig. 4. Hypothetical composition of the fast moving esterase bands in 


Triticale, + and — indicate the anodic and cathodic ends of the gel, 
respectively, Each protomer is represented by a Greek letter correspond- 
ing to its presumed genome of origin. 
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tains at least two different protomers (8 and 3). This 
band is much broader than any of the others. The fact 
that band 4 sometimes appears double and that it is 
absent from lines lacking wheat chromosome 34 can 
best be explained by assuming it to contain dimers with 
the constitutions «8 and «8. Band 3 in the pattern pro- 
duced by endosperms with nulli 34 wheat genome plus 
therye genome was broad and sometimes appeared double; 
it could contain dimers with the constitutions Bp and 3p. 
Preliminary observations show that the tetraploid wheat 
Mindum (genome A44BB) produces bands 3, 4 and 5, 
while Aegilops squarrosa (genome DD) produces only band 
5; this strengthens the conclusion that band 5 in wheat 
contains two different protomers. These hypotheses 
concerning the origins of the bands are summarized in 
Fig. 4. 

The evidence presented here strongly supports Acosta's 
suggestion that rye chromosome G is homoeologous with 
the group 3 chromosomes of wheat. It is tempting to 
speeulate that the genes controlling the production of 
protomers fj and 8 are located on chromosomes 3B and 3D. 
Proof of this will depend on obtaining lines deficient for 
both chromosomes 3B and 3D. If this is true, and the 
whole concept of homoeology makes it probable, our 
results agree with Riley and Chapman's suggestion? that 
genomes B and D are more closely related to each other 
than either is to genome A. 

The methods used in this investigation seem to be 
of wide applicability. We have already found that some 
of the slow moving esterases differ between rye and wheat. 
The differences are not so clear cut as among the fast- 
moving group and a detailed analysis has not been made. 
Preliminary observation on three other enzyme systems 
capable of resolution on aerylamide gel has also shown 
that electrophoretic differences exist in all three enzymes. 

It is also interesting that in this investigation of one 
iso-enzyme system, evidence for the existence of at least 
three hybrid enzymes has been obtained. The ability of 
proteins to hybridize multiplies the effects of genetic 
variability. Further work may extend this finding and, 
perhaps, give evidence that the formation of hybrid 
enzymes is responsible for the two phenomena (i) of 
hybrid vigour (heterosis) and (ii) of the success of poly- 
ploids, whether auto- or allo-ploid, in their colonization 
of new and varying habitats. Certain hybrid enzymes 
may be stabilized against environmental fluctuations and, 
thus, allow the plant (or animal) to survive environmental 
extremes in the way found by McWilliam and Griffing 
in their study of the effect of hot and cold temperature 
shocks on hybrid and pure-bred maize. 

The biological function of these esterases remains 
unknown despite Schwartz's excellent genetic analysis in 
maize. The genes for the formation of the various iso- 
enzymes may ultimately be correlated with genes for 
visible and physiological effects, thus elucidating the 
biological function of many enzymes. 

We thank the Australian Research Grants Committee 
for financial support. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


When were Galaxies and Galaxy 
Clusters formed? 


Conklin and Bracewell! have presented upper limits on 
the root mean square temperature fluctuation c of the 
3? K mierowave background radiation over angular scales 
of up to 2°. Their results ean be summarized by the 
formulae 


19 0-12, 0 < 0 < 120 (1) 


where o is in millidegrees K and the angular scale 0 of 
the temperature anisotropy is in minutes of arc. A recent 
theoretical treatment®? of the dissipative effects resulting 
from radiative diffusion on inhomogeneities during the 
expansion from the primordial fireball phase of the 
universe has yielded a critical size for the fluetuations, 
below which radiative smoothing is dominant over a time 
short compared with the cosmic expansion time. This 
enables the anisotropy measurements to be used to make 
quantitative statements about the possible epochs of 
galaxy formation, when the fluetuations first become 
gravitationally bound. 

As numerous authors! have shown, the specification of 
primordial chaos, in the form of a spectrum of non- 
thermal fluctuations of arbitrary scale and small but finite 
amplitude, is a necessary initial condition for condensa- 
tions of galactic mass to develop by means of gravitational 
instability, in an initially hot universe. Furthermore, the 
isotropy observations may impose an upper limit on the 
amplitude of inhomogeneities at the epoch when the 
matter (assumed to be mostly hydrogen) recombines at a 
temperature of about 4,000" K. The 3? K microwave 
radiation becomes isotropically diluted by the expansion 
of the universe, its energy density per unit volume 
varying as (1--2)* where z is the red-shift. If the universe 
does not contain any loeal irregularities appreciably 
larger than 30 Mpe (the approximate scale of our local 
super-cluster)®, as the isotropy of the radio source counts 
would seem to indicate*, then inhomogeneities in the dis- 
tribution of matter do not have any significant effect on 
the radiation after its last interaction with matter (ref. 7 
and unpublished work of A. M. Wolfe). Provided that 
the mean electron density in the intergalactic medium 
is somewhat less than 10-7 em-? for a present mean 
density pọ=2x 10- g cm? or 2x 10-8 cm? for po— 
10-9 g cm, then the radiation is last scattered at the 
decoupling epoch (that is, when atomic recombination 
oecurs) Observations of the 3° K background may 
therefore enable us to see back to the decoupling epoch, 
which corresponds to red-shifts of between roughly 1,300 
and 1,500, for Friedmann models of low (10-9? g em-?) 
and high (2 x 10-?* g cm) density. 

This conclusion is only valid as long as there is no 
appreciable heating of the intergalactic medium after 
decoupling. For example, if the intergalactie medium is 
heated to a temperature of 2x 105 °K by a mechanism 
such as the dissipation of hydrodynamie turbulence or 
the explosions of galaxies, then the various cooling pro- 
cesses are inadequate to cause a substantial lowering of 
temperature over a cosmic expansion time’. The inter- 
galactic gas remains ionized, and the presence of an 


zc i oed eo zi 


453 


electron density in excess of ~ 107 em in intergalactic 
space prevents our seeing back as far as the decoupling 
epoch (for example, if intergalactic matter is fully ionized 
and at the mean cosmic density, then optical depth unity 
corresponds to an approximate red-shift of 30 in the low 
density model and 7 in the high density model) The 
anisotropy measurements will then yield upper limits on 
the scale and separation of intergalactic H IE regions; 
this case will not be considered here. 

Assuming that the intergalactic medium is effectively 
neutral, any anisotropy now observed in the background 
radiation will provide an upper limit on the possible 
anisotropy in the radiation at decoupling. To relate this 
to inhomogeneities in the matter distribution, one must 
use the results of an analysis?? of the evolution of fluetua- 
tions in a hot universe. A critical scale for the fluctuations 
exists, below which radiative diffusion is effective in 
damping out matter inhomogeneities. 

Above this critical seale, fluctuations grow adiabatically, 
and it may readily be shown that 








where 8p and 8T' are the fluctuations in the density of 
matter and in the radiation temperature, respectively. 
The amplitudes of the density inhomogeneities 8p/p grow 
slowly in the linear regime; in fact to a good approxima- 
tion inversely as (1+2). When a fluctuation achieves a 
density of the order of the mean density (8p/pe 1) it 
becomes gravitationally bound, and condenses out of the 
cosmic medium?. Thereafter, the condensation implodes 
and the density fluctuation is rapidly enhanced, in a time 
short compared with the expansion time of the universe. 
We accordingly define the epoch of galaxy formation by 
the condition 3e/e~1. 

We first calculate the earliest epoch at which a galaxy 
could have formed. The minimum mass of a member of 
the first generation of galaxies must be given by the 
critical fluctuation scale for survival through to the post- 
decoupling epoch. Values for the critical masses and 
angular diameters are taken from ref. 3*, and the cor- 
responding values of the r.m.s. temperature fluctuation a 
may be derived from equation (1). Equation (2) is used 
to obtain 8p/p, and Table 1 gives the results for the low 
density and high density cosmological models, in the form 
of upper limits to the most remote epoch at which galaxies 
may have first separated out from the cosmic expansion. 
(Recent observational results by Holmberg” indicate that 
galaxies may have first condensed when the mean cosmic 
density was of the order of the mean density of the least 
condensed galaxies at the present epoch", about 10-** 
g cm~, or equivalently, at a red-shift of between roughly 
10 and 30 in the high density and low density cosmo- 
logical models.) 


Table 1. MAXIMUM RED-SHIFTS AT WHICH GALAXY FORMATION MAY FIRST 


OCCUR 


Mean density at present epoch 
2x 107% g cem? 1079? g om 


Critical mass (M m) 7x10 5x109 
6 (arc-seconds) ~ 30 10 
6o/@ at decoupling 0-12 6-37 
zat dg/o ~1 175 480 


A much more useful result may be obtained if we 
attempt to estimate the earliest epoch at which the largest 
observed clusters of galaxies could have formed. Strong 
arguments exist in support of the hypothesis that cluster 
members possess a common origin. For a cluster mass 
of 10 Mo, the angular diameter subtended at de- 
coupling is found to be approximately 8’ in the low 
density model. From equations (1) and (2) we also find 
that the initial value of 8¢/¢ corresponding to this value 


* In ref. 2, a formula was used to evaluate the cosmic expansion time in the 
low density model which is, in fact, not valid over much of the range of 
interest, Consequently the calculated values for the critical mass and angular 
diameter ought to be modifled, and are as listed in Table 1, Iam indebted 
to Dr M. J. Rees for pointing this out. 
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of 0 is 0-008. It follows that 8p/p- 1 at a red-shift of 
about 10. In the high density model the angular diameter 
is found to be 3°, and we deduce that 39/o ~ 0-002 at an 
angular resolution of 2°. We then find that, in a universe 
of present mean density 2x 10-?? g em~, galaxy clusters 
of mass somewhat less than 10% M would not be 
formed until a red-shift of 1-5. 

We therefore conclude that clusters of galaxies can 
form at a red-shift no larger than 10. A value for the 
present mean density of the universe much in excess of 
10-* g cm~ requires an exceedingly recent epoch for 
formatión of the more massive galaxy clusters. The 
assumption of a high matter density (pọ= 2 x 10-?? g cm~) 
implies that clusters of galaxies are condensing out of 
the expanding universe (or becoming gravitationally 
bound systems) at a red-shift of about 1-5. It may there- 
fore be possible to observe protoclusters, either directly 
when sky surveys in the far infrared are attempted (for 
example, Ha emission at z~ 1-5 would be observable at a 
wavelength of ~ 164), or indirectly by their contributions 
to the diffuse X-ray background. 

Our results have a direct application to the possible 
existence of inhomogeneities in the universe on a scale 
^ 1,000 Mpe (ref. 12). Fluctuations of this dimension may 
produce anisotropy in the 3? K radiation over an angular 
seale of the order of 30? (ref. 7), comparable with the 
apparent clustering scale of certain quasi-stellar sources!?, 
These inhomogeneities have presumably developed from 
the same initial spectrum of density fluctuations at 
decoupling as the clusters of galaxies. A physically 
plausible initial spectrum requires the total power in 
wavelengths greater than ^ to decrease with increasing 2. 
With à power spectrum oc A^, for example, the total power 
varies as ”-*, where n «3. Fluctuations therefore separate 
out according to a hierarchy of scales, the least massive 
objects being the first to form. Peebles" has, in fact, shown 
that the maximum mass M attainable by gravitational 
clustering of galaxies of mass M, which separate out at 
a red-shift z is given by 


M $ M,(142)9 8-0 (3) 


Table 1 shows that a galaxy of mass 5 x 10! M o separates 
out at 23,600 in the low density model. We then see 
from equation (3) that the upper limit on the mass of a 
galaxy cluster at the present epoch is 10" Mo for the 
case of a flat spectrum (n=0), and less than this value 
ifn«0. The maximum scale of a density inhomogeneity 
at present with 8p/p- 1 is therefore about 100 Mpe. 
compared with the 1,000 Mpe required by Reesand Seiama! 
to explain the observations of apparent quasar aniso- 
tropy. If a mean density for the present epoch greater 
than 10° g em-? is used, the length scale for possible 
inhomogeneities is considerably reduced. 

This researeh was supported in part by a US Air Force 
contraet. 
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Indirect Experimental Evidence for the 
Existence of Hall and Pedersen Currents 
in the Auroral E Region 


THE conductivity of the ionosphere can be expressed as 
a tensor containing three components—cs,, o, and Ga 
representing, respectively, conductivity along the magnetic 
field (“longitudinal”), along an applied electric field itself 
perpendicular to the magnetic field (“transverse” or 
"Pedersen"! and perpendicular to both the electric 
and magnetic fields (Hall"??) A sample computation 
of Hall and Pedersen conductivities based on an electron 
density profile taken during auroral activity! is shown in 
Fig. l. For a given applied electric field independent of 
height the resultant current is obviously a funetion of 
height and can be computed from the geometry. It now 
seems that afternoon radio aurorae are basically reflexions 
from ion acoustic waves generated by a two-stream 
instability set up when electrons flow through the ions 
with a relative velocity some factor greater than the ion 
acoustic speed'-?. The auroral echoes are received only 
when the radial from the radar is perpendicular to the 
magnetic field, and most favourable circumstances occur 
when the electric current flows along this direction also. 

The echoes originate chiefly from a region between 
altitude limits of about 90 and 130 km, which are deter- 
mined by the current pattern of the ionosphere. Two para- 
meters which can be measured by radar, absolute intensity 
of the reflected signal and its Doppler spectrum, have a 
certain three dimensional distribution for a given "applied" 
electric field which depends on the existence of both Hall 
and Pedersen currents. Gadsden!? has considered the 
signal intensity expected for azimuths to the east and 
west of the magnetie meridian, and has suggested from 
geometrical considerations that the maximum echo should 
occur at a higher altitude to the west of the meridian 
than to the east for afternoon radio aurora in which the 
main Hall current flows eastward. The ion acoustic 
waves travel in the same direction as the electrons--- 
westward at this time—thus approaching Doppler 
displacements are expected from echoes to the east and 
receding displacements from echoes to the west, [f 
the “applied” electrie field is directed poleward and the 
Hall current is therefore eastward and Pedersen current 
poleward, then Fig. 1 shows clearly that the resulting 
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Fig. 1. Conductivity (mho/cm) based on electron density profile meas- 
ured during aurora, Rocket flight AD 3.613. 


NATURE, VOL. 218, MAY 4. 1968 


eurrent will exhibit a vertical shear. At low levels in the 
echoing region, such as near 105 km, the chief contribution 
to the total current will be the Hall eurrent, flowing 
eastward. At 120 km the Pedersen current directed towards 
the pole will be significant and the resulting current will 
be direeted in the north-east quadrant. This vertical 
shear in the direction of the current will alter the Doppler 
spectrum, plotted as a function of azimuth and height. 
by shifting the zero point erossover towards the west 
with increasing altitude. The Doppler spectrum will thus 
have easily recognizable characteristics if Hall and 
Pedersen currents occur. 

Fig. 2 shows height profiles of the intensity of signals 
reflected from radio aurorae, synthesized from scans 
in range at 1° elevation for 330° and 000? azimuth. At 
these two azimuths the angles between the magnetic 
field and the radar beam are the same. The example 
shown is from a 6 month sample (54 observation days) 
of afternoon radio aurora data obtained at 1,295 MHz at 
Millstone Hill, Massachusetts, in 1965 and presented in 
detail elsewhere (unpublished results of W. G. Abel and 
R. E. Newell). The radar is located at 42-6? N., 11.5? W. 
(magnetie dip latitude 58^). System parameters are as 
follows: antenna, 84 ft. parabola; half-power beam width 
0-7; gain 47-4 dB; peak power 4-5 MW; pulse length 
500 us; pulse repetition frequency 50/s; receiver band- 
width 25 kHz. Doppler speetra are obtained with a bank 
of filters each 500 Hz wide and spaced 500 Hz apart 
using a 500 us gate length. The heights shown have been 
sorrected for refraction. There is a height difference 
between the maximum signal intensity to the west and 
east in the example shown, which is also present in the 
average statistics. Based on data taken on 12 days, the 
average maximum signal to the west of the magnetic 
meridian (345° true north) occurred at a height of 113 km, 
333° azimuth with volume reflectivity of 9x 10-15 m=, 
while to the east average values were 108 km, 001° azi- 
muth, and 12 x 10-5 m-i, Part of this difference in height 
results because the echo peaks to the east are farther from 
the meridian than those to the west and the locus of 
perpendicularity between the Earth's magnetic field and 
the radar beam, near which auroral echoes tend to peak, 
slopes towards lower heights with increasing azimuth 
from the meridian. 

Fig. 3 is & height-azimuth cross-section of Doppler 
displacements obtained during 1912-1934 EST on 
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Fig. 2. Volume reflectivity (m~?) measured as a function of range at 1° 
elevation and plotted as a function of refraction-corrected height. 
Subtract 5 dB for absolute scale. 
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Fig. 3. Height-azimuth cross section of Doppler shift (Hz) at 1,100 km 
range. November 5,1905. 1912-1934 EST. Equivalent phase velocity 
of 1 kHz is 115 m s`. 


November 5, 1965. The cross-section was synthesized 
from data taken at every 5° of azimuth and every 05? of 
elevation to 4°. Doppler spectra were obtained for three 
positions in each eeho corresponding to the echo maximum 
and the leading and trailing edges and drawn on range- 
height cross-sections; the figure contains interpolated 
results appropriate to a range of about 1.100 km. The 
zero point eross-over does shift towards the west with 
increasing altitude and a vertical shear in the current 
may be inferred. Furthermore, it is clear that phase 
velocities do not continue to increase with azimuth angle 
from the magnetic meridian as would be the case for 
drifting irregularities. Thus the expected manifestations 
of the Hall and Pedersen currents appear in tho observa- 
tions and provide indirect experimental evidence for 
their existence. The profiles of Fig. 2 and Fig. 3 vary 
with latitude and time, suggesting a quite complex and 
variable current distribution. As far as we know, there 
is no direct experimental evidence for the presence of the 
Pedersen current in the auroral zone, for ground magneto- 
meter data seem to be dominated by the Hall current. 
Work on the auroral are orientation and ground magneto- 
meter readings"? has shown that there is usually a 90° 
angle between the tangent to the are and the ground 
magnetic field change, but there are a few cases where this 
angle reduces to 25° and these, too, could perhaps be 
interpreted as indirect evidence for Pedersen currents. 
A complication involved in reversing the procedure and 
using the radar data to deduce electric fields is the presence 
of a large semi-diurnal tidal wind in the region which, 
through ion-neutral collisions, communicates an additional 
velocity component to the plasma waves. The tidal wind 
itself may contribute to the production of an electric 
field and it would seem that concomitant measurements 
of auroral echoes and meteor winds would be a profitable 
field for further study. Until such a time, the contribution 
of the tides to the results shown in Fig. 3 is difficult to 
assess. The east-west asymmetry in the magnitude of 
the Doppler shift evident in Fig. 3 could be produced by 
the superposition of an equatorward wind of about 60 m/s 
on the plasma wave velocity. But the asymmetry is not 
present at all ranges or altitudes. With the assumptions 
of a negligible neutral air velocity, an electric field indepen- 
dent of height and the conductivity profiles of Fig. 1, 
the best fit to the current directions as a function of 
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altitude deduced from Fig. 3 is obtained for an electric 
field directed several degrees east of true north. Eventually 
it should be possible to decide between the various field 
models for the auroral electrojet, such as those offered by 
Bostrém"4, 

We thank Melvin L. Stone for helpful discussions. The 
Millstone Hill radar of the M. I. T. Lincoln Laboratory 
is operated with support from the US Air Force. 
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Some Measurements of Ozone Variation 
and Destruction in the Atmospheric 
Surface Layer 


I REPORT here a preliminary investigation into the varia- 
tion and destruction of ozone in the atmospheric surface 
layer. The measured destruction rates of ozone at the 
Earth's surface are in substantial agreement with those 
observed by Regener!. These observed destruction rates 
are considerably larger than those estimates of average 
destruction rates obtained from total ozone considerations 
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and summarized by Junge! The observed destruction 
rates, however, lie in a suitable range to give a satisfactory 
model when used in the global ozone budget formulated 
by Junge?. 

The measurements were made at Hay, New South Wales 
(34-5° S., 144-9? E.), during an expedition in August 1967. 
The Hay area is well away from any sources of pollution. 
Its ground surface consisted of short dry grass inter- 
spersed with bare soil. The measurements of ozone 
were made with a Mast-Brewer ozone-sonde suspended 
from a tethered balloon. 

In Fig. 1 the variations of ozone concentration measured 
at several heights up to 200 m for 24 h are presented, The 
influence of a nocturnal inversion on the ozone concentra- 
tion at the levels below its maximum height of 140 m 
can be seen, the ozone concentrations at these levels 
decreasing at the time the inversion formed, between 
1600 h and 2000 h, and then increasing during the following 
morning with the breaking up of the inversion laver. 

For comparison with Fig. 1, the course of the measured 
Richardson number Ri, (subscript denoting height in 
metres) is shown in Fig. 2. Its features include the typical 
diurnal variation between stable and unstable conditions. 

The shorter term changes visible in Fig. 1 are probably 
the combined effects of fluctuating ozone supply associated 
with the inversion layer and of the varying contact with 
ozone destroying substances, both airborne and at the 
surface, on the different air samples advected into the 
region. 

We adopt a similar procedure to that of Regener! to 
calculate ozone fluxes from these data. This procedure 
assumes that the transfer processes of ozone and momen- 
tum are identical, that is the ozone flux, Fo (molecules 
area-! time-!), is evaluated from the relationship, Fo=u,? 
(Afo]/Au), where [o] is ozone concentration (molecules 
volume-!), u is wind speed, u, is friction velocity and 
A indicates a difference in values with respoct to height. 
The shearing stress was not obtained from measurements 
as in ref. l, but evaluated from the wind profiles by 
applying the logarithmic profile relationship between 
0-5 and 2 m and obtaining the friction velocity. 

The wind observations were half hourly mean values 
observed at the 0-5, 1, 2, 4, 8 and 16 m levels. 
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Because of air safety requirements-—there was an airfield 
near the main experimental site where the wind profiles 
were taken— the ozone-sonde flights were made at a site 
6 km away. Thus an assumption of horizontal uniformity 
is implicit; but because both sites have the same type of 
surface and are located on an extensive flat plain devoid 
of any major obstacles, the average flux value should not 
be unduly biased although the experimental error in 
individual determinations may be large. 

The Mast-Brewer ozone-sonde appears to measure 
relative differences of 1 or 2 ug/m? of ozone. Ozone 
soundings were made up to three times per half hour 
observing period. 

The results of the analyses are shown in Table l. Two 
additional measurements made during the following 
night and one result of a flux calculation to 50 m height 
are also presented. 

The two fluxes calculated for 1525 b, August 23, give 
excellent agreement for fluxes calculated for such different 
height intervals. The wind profile above 16 m was obtained 
by the double theodolite pilot balloon method, and 50 m 
was chosen as an upper limit for the flux caleulation be- 
cause there was a slight wind speed decrease above this 
level. 

The range of flux values measured at Hay is 0-14 to 
3-60 x 10" molecules cem- s-! which is similar to Regener's 
range of values of 0-87 to 2:50 x 10" molecules cm? s-t, 

I thank the many members of the division for their 
co-operation; in particular, Mr R. H. Clarke, who was 





Table 1. OZONE FLUXES (DOWNWARD) 
Us Flux 1-16 m 
Time Ri; ms? 10% molem s~? 
August 22, 1967 
2025 1:30 0-83 
August 23, 1967 
0110 115 087 
0220 L31 0-33 
0300 105 0-63 
0800 0-75 O14 
0945 1-58 1-26 
1335 2-58 OTT 
1525 2:37 0-48 
1525 2:37 0:35* 
August 24, 1967 
0210 137 0-35 
0340 475 3-60 
* This flux was calculated for a 1 to 50 m height interval. 


August 23, 1967 


Ri on2 m level (evaluated from 1 and 4 m mean winds and mean temperatures), 


responsible for the main expedition, and Mr W. C. 
Swinbank for his helpful criticisms. 
Tan GALBALLY 
Division of Meteorological Physics, 
CSIRO, Station Street, 
Aspendale, Victoria, 
Australia. 
Received March 18, 1968. 
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Geochemistry of Some Large Canadian 
Craters 


PETROGRAPHIC criteria have been applied to large and 
complex structures containing rocks of igneous appearence 
in attempts to prove an impact origin of these structures’ * 
Discovery of alkaline and carbonatitic rocks in the Brent 
crater®, widely accepted as a holotype of "fossil" impact 
sites, throws serious doubt on petrographic criteria of 
origin. We have therefore examined four large craters on 
the Canadian shield by geochemical methods. The 
locations and diameters of these structures are as follows-— 
East Clearwater (56° 05/ N., 74° 45’ W.), 14 miles; West 
Clearwater (56° 10^ N., 74^ 45' W.), 19 miles; Carswell 
(58° 27' N., 109° 30° W.), 24 miles; Manicouagan (51° 25 
N., 68° 30° W.), 38 miles. All four structures* are roughly 
cireular basins having a depth than 1 per cent of the 
diameter, and with a concentric central prominence. The 
basin is almost circular at West Clearwater and Carswell 
quadrate at East Clearwater and octagonal at Mani- 
couagan. Rocks of igneous appearance outcrop on the 
edges of the central prominence and (except at Carswell, 
in the lowest parts of the basin. Volumes of igneous 
rocks range from less than 0-01 miles? at Carswell to more 
than 20 miles? at Manicouagan. Both dyke-like and 
sheet-like masses are present—the latter greatly pre- 
dominant in volume. The lower parts of the sheets are 
rich in inclusions, and loeally consist of unusual breccias 
(suevite) which are also found as dykes. 
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Samples for analysis were selected from systematic 7 FEE 
collections made during detailed mapping. For the M a: 
“igneous” rocks we selected a suite covering the extremes E 2-2 
of modal composition. Weathered or inclusion-rich f z 8 
specimens were avoided where possible, but for Carswell i DE 
we selected specimens containing quartz as inclusions. B eo BOS « 
Polished slabs were point counted, and the appropriate c TT PM 
amount of SiO, deducted from the analysis. We analysed nomm Sg 
all available specimens of breccia, but these analyses az 
are few, and they are contaminated to various extents = 3 28 
by country rocks. Breccias are volumetrically insignificant à zog 
in all these craters. To construct an average sample of PEN gees * $ o» 
the country rocks, we adopted the following procedure. = i n v 33 
On the geological map the igneous rocks were “removed” = 2o E ‘os 
and the contacts of the country rocks extended to the > "I E? = 3 
approximate pre-crater configuration. Each unit of the 3 " 5 a E a 
country rocks was sampled and an average composition > + 8 “xË 
obtained. The averaged analyses were weighted according 2 ¢ 
to the area of the crater underlain by the unit, and means d ESS$S 3s 
and standard deviations were computed from the averaged, t g X 
weighted analyses. For Manicouagan and West Clear- 2 m aae eus Ed E 
water the analysed samples were colleeted outside the S age * VUE Re S 
crater. For Carswell and East Clearwater the samples tad 
were from the central uplift. For the Clearwater craters " s 222 2$822o0222.- Ro 
average analyses for the country rocks were also available’. E: S RAR A E EE ep = § 

Analyses were made by direct reading spectrography 3 "ER g 
for SiO,, Al,O,, total iron, CaO, MgO and TiO,; by Tos 8285892|mg" A 
emission spectrography for barium, beryllium, boron, 2 Eg 
ehromium, cobalt, copper, nickel, strontium, vanadium pan 2 825222852 = 2 & 
and zirconium; and by wet chemistry for cobalt, copper, — E E QNEM ES 
lead, nickel and zine. Potassium and sodium were analysed zo 2229952250 n © È 
by flame photometry. Analysis of standards W-1, G-1, 3 © * CET MERE" gs 
and 7-1 by the same methods suggests that the average G PEIE P PEA ree son a BR 
error for major elements was 4 per cent of the amount E © 2526525525 FARS 851953 "GB 
present, and for trace elements 15 per cent of the amount = ares gare 8 3 
present. "The analytical results are compiled in Table 1. — # s óeoscsdosa S9Sg8222g85 e Ue IA UE 
The data of Table 1 were analysed using Student's ¢ test £ dq E c ME ee 5 9 
with the Bessel correction for small population, and the E m " 3 8 
differences between units significant at the I per cent +> P ABBE ABA 2a AAAARRRE ES 
level are shown in the table. £ s 8.8 

Comparison of the average analyses for country rocks Z Banners RR BRE 
around the Clearwater craters shows remarkably good £ ¢ 8955955*25- Eas 
agreement between averages computed at different 8 PEE Sts k 8 3c 
times and by different methods. The one serious dis- #8 Bo $2z2z29222 S99 143143 gee 
erepancy is in alkali content in the East Clearwater crater. E = Nu ME s 
Because of the enrichment of alkalis observed in other E $.5228022422 98 REZE g^ Z5 Seg 
craters, we believe the country rocks of the central uplift MO I C Dix CM 52o 
at East Clearwater to be enriched in potash and im- 28 a$2e9888.5 $2 usoo2ogs «+ BE 
poverished in soda by processes related to crater formation. 98557299 *9e^" Q 3 SRRY yey 33. 
The low content of Ni, Cu and Pb in the West Clearwater £ d du de i aus Bu B 
structure is surprising, and probably deceptive, because oo Sooo o ee em oh nm es ESI 
millerite-tetrahedrite-galena mineralization has been found dS zag 
in drill cores from this structure. > cdd RG SRSESRS^ 9 Bes 

The significant results deduced from Table 1 are as is i ES 
follows. (1) With the exception of unit a, of the Mani- zx 2 "ES S4 
couagan igneous complex, the average composition of ? S£ £2 222.2822 ane 
the igneous rocks is broadly compatible with the average s EPE 
composition of the country rocks. (2) The composition eBeoun SSE age 
of the igneous rocks is strikingly homogeneous, compared SBS a Se ae 2E S 
with that of the country rocks. (3) The igneous rocks are EA OE Ses 
significantly enriched in potash and depleted in soda, ge FBRSes ise I8 I8i lea) s3 
compared with the country rocks. Enrichment in mag- É is PEE EET 
nesia is noticeable but less striking. (4) The breccias 3 Bee 2355 z sa 82 82833 8^ a S3 E: 
show the same characteristics as the igneous rocks in pes EUIS EE * 3 85 
exaggerated form. (5) Heavy metals are significantly $ o$ooe-239 & e “Seeger « ane 
enriched in the igneous rocks. (6) The ultrabasic alkaline Bos SUNOS Se g z vo ae E 
rocks from the Manicouagan structure (unit a,) cannot rm A MS EFE 
be derived by melting of the country rocks, nor do they © MBALSSÓso (8 RSISISI & 22 
closely resemble any known meteorite. Small veins of M DE usi. 
almost identical material have been found in drill cores s áéósáaseon Z2 RASAJ 2 2982 
from West Clearwater. mue RM 330% 

The impact hypothesis supposes that the rocks which E «B ERE 
seem to be igneous are a melted mixture of country Ssee Beso E s E E z 
rocks, possibly modified by addition of meteoritic material, HeALSOEMA RNASONeRAOSOSX zo 

ux o 


exposure to very high temperature during impact, and 


> evidence of alteration. 
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post-impact alteration by circulating waters. Meteorites 
are notably low in potash. Heating at very high tempera- 
tures causes either no fractionation or marked depletion 
*of:alkaliss, The igneous rocks show no petrographic 
The impact hypothesis is unable 
to-explain the observed geochemical anomalies. 

‘The voleahie hypothesis supposes that the igneous 
rocks originate at some depth, and that any relation 
between their composition and that of the country rocks 
“is fortuitous. The observed congruence of igneous and 


*eountry rocks could arise only by a highly improbable 


"coincidence. These considerations militate against a 

. "pure"* volcanic hypothesis, and against a modified 
impact hypothesis in which impact triggers later volca- 
nism. . 

Recent work on the origin of carbonatites and related 
alkaline rocks? suggests a third possibility. Ultrabasie 
alkaline material is assumed to generate alkaline solutions, 
which can produce peralkaline rocks and carbonatites 
by metasomatie reactions. In this case the solutions 
melt the wall rocks at a shallow depth below the crater 
ffbor producing an anatectic melt of mildly alkaline 
affinities. This process can be compared with Burnham’s 
experiments’, The merit of this theory is that it explains 
the presence of ultrabasic and mildly alkaline rocks in 
the same structure. 

We thank Dr H. H. Bostock and Mr M. R. Dence for 
specimens. The speetrographie analyses were made by 
C. C. Durham and R. E. Horton. 
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Ottawa. 
" M. SHAFIQULLAH 
Department of Geology, 
Carleton University, Ottawa. 
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Fossil Bivalve Shells and the Length of 
Month and Year in the Cretaceous 


Berry and Barker! have suggested that laminae, ridges 
and troughs, and bands on present day and Cretaceous 
bivalve shells, are growth increments of the day. month 
and year, respectively. By counting the number of lam- 
inae in a number of ridges and troughs they therefore find 
that the number of days in the month in the Late 
Cretaceous was 29:65 -- 0-18 (S.D.) They also count in 
specimens of /donearcus vulgaris of Late Cretaceous age 
24:98 + 0-04 (S.D.) half-monthly clusters in annual bands 
or 1249+002 months in the year. Multiplying these 
two results, they find 370-3 days in the year in the Late 
Jretaceous. Wells? had proposed that such observations 
on palaeontological clocks should be compared with a 
plot of the length of the day through geological time 
obtained by the extrapolation of the astronomically 
determined secular lengthening of the day since the 
seventeenth century. Because this value (2 ms/century) 
leads to a value of 371 days in the year in the late Creta- 
ceous, Berry and Barker find their results highly satis- 
factory. 

Unfortunately, Berry and Barker's results are not in 
such close agreement with this simple expectation as they 
suppose. In discussing the determination of the number 
of days in the year and month in the Middle Devonian 
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by Wells? and Serutton? from similar counts on rugose 
corals, 1*9 pointed out that the simple but quite funda- 
mental laws of mechanics of the Earth-Moon system are 
involved in their interpretation. From Kepler's second 
and third laws of motion it is easy to prove that for any 
time in the past, neglecting changes in the eccentricity 
of the lunar orbit, 
(Y /T) (Paj Yo) = (L/L) 

where T and Y are the lengths of the sidereal month and 
year in the past, L the past orbital angular momentum 
of the Moon and Te, Y, and L, are the present values of 
these quantities. From Wells’s and Scrutton’s counts I 
calculated that for the Middle Devonian L-(1016-4 
0-003) L4, which shows that the known cause of the 
present secular deceleration of the Earth—lunar tidal 
frietion—has transferred angular momentum from the 
Earth to the Moon for the past 370 million vears. 

There are obvious reasons why skeletal growth is 
affected by variations of temperature and light: the 
presence of daily growth laminae and annual growth 
bands is therefore acceptable. The causes of the monthly 
bands found by Serutton in corals—and there are signs 
also of bimonthly bands in his photographs of the speci- 
mens he used——and the monthly and bimonthly groupings 
found by Berry and Barker are obscure and many have 
been sceptical of the interpretation of their significance. 
Nevertheless, the tides and the waxing and waning of the 
Moon are known to influence marine life. But there are a 
number of months which differ by a few per cent: the 
sidereal month used in the foregoing dynamical caleula- 
tion, the synodieal month, whieh is the period of the 
tides and the interval between successive new moons, the 
calendar month and the Paschal month, from which the 
date of Easter is computed. However sceptical we may 
be about the influence of the tides or moonlight, it is 
more unreasonable still to suppose that the coral or 
bivalve records the sidereal, civil or ecclesiastical months. 
We suppose therefore that the synodical month is the one 
measured in Berry and Barker's work. Thus the number 
of days in the sidereal month in the late Cretaceous was 
29-65/(1-- 29-65/370-3) = 13-49 + 0-02. Because the present 
number of sidereal months in the sidereal year is 13:37, 
we find 








Ly = (1.0089 + 0.002) L 

Because the Late Cretaceous was about 80 millon 
years ago and the middle Devonian 370 million. years 
ago, the rate of loss of angular momentum from the 
Earth as & result of tidal frietion is about twice as great 
on average since the Cretaceous as it has been since the 
seventeenth century or on average since the middle 
Devonian, The errors. however, make the discrepancy 
between this result. and that in the first paragraph mar- 
ginally significant. 

The reason that Berry and Barker think that their 
determination is in much more exact agreement with the 
simple extrapolation of the astronomically determined 
value is that they have determined both the number of 
days in the month and the number of months in the year; 
they have two independent determinations of the same 
quantity and they have only exhibited the more obvious. 
Of course, they do not take account of a change in the 
moment of inertia of the Earth, which, as I^ pointed out, 
is to be expected on all theories of the Earth's evolution, 
but the magnitude of the effect since the Cretaceous is 
too small to matter here. 

S. K. Runcorn 
School of Physies. 
University of Newcastle upon Tyne. 
Received March 26, 1968. 
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Entrainment of Small Particles by a 
Large Sphere 


Many theoretical and experimental investigations have 
been carried out on collisions between a singli sphere and 
one or more smaller ones as the former moves through a 
field of the latter. Pertinent physical phenomena are the 
growth of raindrops by coalescence and the scavenging 
on non-liquid particulates from the atmosphere. An index 
of the efficiency of these processes is given by the concept 
of collision efficiency. A large drop moving through the 
atmosphere under 
cylindrical volume equal in cross-section to that of the 
advancing drop. 

The collision efficiency is usually defined as the ratio of 
the number of droplets that actually make contact with 
the drop to the number in the volume swept by the sphere. 
Theoretical values for the efficiency range 
from zero to unity depending on the relative values of 
the inertial and fluid forces acting on the smaller particles, 
Collision efficiencies corresponding to zero values for 
either fluid or inertial forces ean be established, but when 
both forces have non-zero values the problem is less 
amenable to mathemetical formulation. Langmuir! 
established an empirical equation for interpolating between 
the efficiencies of unity and zero. More results 
have been summarized by Herne? and Englemann*. This 
concept of collision. efficiency less disregards 
events that take place at or near the downstream surface 
of the drop. The terms collection and retention efficiencies 
are used in the literature to the ratio of the 
particles retained by the drop to the number of physical 
contacts made. 

The experimental evidence suggests that many small 
particles are trapped in the region immediately behind 
the drop and are dragged for a considerable distance 


gravitational forees sweeps out a 


collision 


recent 


more or 


indicate 





Fig. 1 Fhe stabl 


falling through water 


Wake configuration behind a drop of onini 
Revnolds No, 190 


liquid 


Smoke particles dragged behind à drop of milk 5 mm equivalent 
diameter falling at velocity approaching the terminal value 
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before escaping. Oakes‘ carried out a series of experiments 
with drops falling through smoke and observed smoke 
particles being dragged behind drops 3:5 mm in diameter. 
In these laboratories experiments have been carried out 
in which drops of various sizes were allowed to fall through 
a smoke cell. The smoke particles were trapped and held 
in the wake of the drop as it passsed through a layer of 
smoke 160 em in thickness. 

Fig. 2 shows the first 20 em of the trail as a drop 
equivalent to 5 mm in diameter emerges from the 10 cm 
layer of smoke. The capture of the smoke particles and 
their the near 
support for large drops there is an 


subsequent escape from wake 
the theory that 
exchange of air between this region and the ambient air. 
The experimental evidence suggests that the exchange 
is greatest for drops in which the wake is characterized 
by a periodic or an aperiodic shedding of vortex elements. 
There is no evidence to suggest an exchange for single 
trail wakes. This wake geometry is shown in Fig. 1. From 
smoke density considerations it is estimated that smoke 


410-60 em 


region 


particles are carried an average distance of 
at the velocity of the advancing drop. 

The large drops were produced by a drop generator of 
the type described by Magarvey and Curry’, and a shutter 
at either end of the smoke cell was synchronized to the 
drop selector. 

Phenomena associated with the entrainment of small 
particles by falling drops have relevance in theories of 


scavenging by rain and may well be a factor in the 
separation of electrical charges in electrical storms. 
This work was supported in part by the Defence 


Research Board of Canada and the Nova Scotia Research 
Foundation 
R. H. MaGARVEY 
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Canada. 


Received February 12; revised March 25, 1965, 


Langmuir, I., J. Meteorol., 5, 175 (1948) 

* Herne, H., Aerodynamic Capture of Partiet 
! Englemann, R. J., AEC Research and 
(1963) 

t Oakes, B., Ae 
Magarvey, R. H., and Curry, M. J., J. Sei 


t (Pergamon Press, 1960) 
t Report, HW-79382 





Developme? 


cles (Pergamon Press, 1960) 
Instrum., 43, 482 (1966) 


rodynamic Capture of Part 


Photo-dimerization of Solid Anthracene 


THE photo-dimerization of solid anthracene by ultra- 
violet irradiation has been reported! and denied*. It has 
also been suggested* that oxygen plays an essential part in 
photo-reactions of anthracene. We have proved by X-ray 
diffraction studies of single crystals of anthracene irradi 
ated by ultraviolet light under various conditions: (1) 
that when radiation of wavelengths less than about 3000 A 
that the 
that the 


is excluded, dimerization does take place; (2) 
presence of oxygen is not necessary; and (3) 
phenomenon is not wholly a surface effect. 
Ultraviolet radiation Mazda (ME/D-250 W) 
Hg discharge lamp was filtered by a piece of ordinary 
‘Pyrex’ glass and focused by a quartz lens. Photographs 
of the filtered and unfiltered ultraviolet spectra showed 
that the ‘Pyrex’ transmits wavelengths 
above 3000 A. Single crystals of anthracene of maximum 
dimension 1 to 10 mm were grown from amyl acetate 


from a 


radiation of 


solution. These erystals, originally transparent, turned 
first pale vellow then white 
hours’ irradiation, but with no change of external shape. 
with the ultraviolet 
unchanged. As 


they 


and opaque after a few 


Crystals irradiated for 50 h whole 
unfiltered, 
filter 


spectrum, remained soon as 


the ‘Pyrex’ was inserted began to dimerize, 
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By partially covering single crystals with ‘Mylar’, speci- 
mens were obtained that were yellow at the covered end 
and white at the other; X-ray studies showed that the 
dimerization had gone further at the white end. To test 
whether the presence of oxygen was essential, experiments 
were carried out in vacuo (10-* mm Hg) and also in a He 
atmosphere. Di-para-anthracene was formed in both 
cases. To test whether the reaction occurred only at the 
surface, crystals were irradiated with ultraviolet light, 
and when X-ray diffraction proved that the dimer was 
present they were partially dissolved away. Some dimer 
was still found in the interior. 

A few crystals were examined by X-ray diffraction 
before each experiment. These gave undistorted anthra- 
cene single-crystal reflexions. The final product after 
ultraviolet irradiation was not dependent on preliminary 
X.radiation. X-ray photographs (rotation, oscillation, 
Weissenberg, Laue; from Mo and Co targets) of the 
photo-produet show a preferred orientation pattern of 
dipara-antbracene? superimposed on the still apparently 
undistorted anthracene spot pattern. No other inter- 
mediate was identified. For comparison purposes powder 
pattern standards were made of anthracene, dipara- 
anthracene, anthrone and anthraquinone*. Single-crystal 
photographs of all these, by various techniques, were also 
available. The specific reaction geometry is now being 
studied by X-ray methods. 

I am grateful to Dame Kathleen Lonsdale for laboratory 
facilities and helpful discussions. 
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Calorimetric Determination of the 
Equilibrium Constant and the Heat of 
Formation of Hydrogen Bonded 
Complexes 


ACCURATE measurement of the heats of formation of 
hydrogen bonds in solution between a hydrogen bonding 
acid A and an acceptor base B, forming the complex C, 
has long been recognized as a very difficult problem. 
Pimentel and McClellan’ have illustrated the discrepancies 
between published data. 

Most of the values so far reported were obtained from 
the temperature dependence of the equilibrium constants 
determined by spectroscopy. It now seems that this 
method can often lead to considerable errors caused by 
absorption properties, temperature and slit width effects. 

A self-consistent calorimetric determination? of both 
the enthalpy of formation, AH, and the equilibrium con- 
stant for complex formation, K, has been applied to 
adduct formation between aliphatie alcohol and amine in 
eyclohexane*. This method has recently been applied to 
the study of aniline-benzene complexes’. A value of K 
for which the computed AH remains constant for different 
base concentrations was sought by trial and error 


è 


J (a—c) (b—c) Y 
AH = Q/Ve (3) 
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where K is the equilibrium constant in l. mole~!, a and b 
are the formal concentrations of A and # after mixing, 
c is the molar concentration of the complex, Q is the 
observed heat of mixing corrected for the heats of dilution 
of the binary solutions and V is the volume of the 
solution in litres. 

A simple way of handling calorimetric procedure has 
been described by Bolles and Drago’. The equation 





1 ab V AH 


l P24 
K VAH Q 


— (a+b) (3) 


derived from the previous relations may be solved by 
measuring Q at different concentrations. Arbitrary values 
of AH are chosen and a straight line is obtained when 
plotting K~ against AH for each different concentration 
system. The intersection of the lines representa the 
unique solution of the equation. We applied this method 
to the determination of equilibrium constants and heats 
of formation of more than fifty hydrogen bonded com- 
plexes of both the normal and the ion pair type (unpub- 
lished work of Neerinck and Lamberts). 

We developed a new self consistent calorimetric method 
(unpublished work of Van Audenhaege, Lamberts and 
Huyskens) based on the Van't Hoff relation 


1 kK, AHf1 l \ " 
Oi oce Besos D eMe T ( 
Bk, 4501T, T 
where K, and K, represent the equilibrium constants at 
the temperatures T, and 7,, respectively. 

The equilibrium constant A, for a given complex can 
be related to the experimental heat of complex formation 
and to the formal concentrations by combining equations 
(1) and (2) and setting f=Q/V. The equilibrium constant 
is written as 


eet 


7 (a AH—f) (6 AH - f) (5) 


By replacing K, and A; the Van't Hoff equation can 
finally be written as follows 


4-57 





loài (6) 


The formation enthalpy AH has to be calculated by trial 
and error from the experimental values of f, and fe 
The results obtained when the two self consistent 
methods were applied to complexes of phenols with tri-n- 
butylamine in toluene are compared in Table 1. The 
experimental results were analysed by computer according 
to the method of ref. 4 to remove the ambiguity of dif- 
ferent intersection points when plotting K~ against AH. 
The value of K was taken where the sum of the squares of 
the deviation of the enthalpy values was the smallest. 
The measures were made at T,= 10°C and T,-40" C, 
The phenols are classified according to their relative 
acidity in water. The enthalpy values AH are expressed 





Table i. COMPLEXES OF PHENOLS WITH TRI-4-BUTYLAMINE IN TOLUENE 
~ AH; ~ SHu Ke 
4-Methy! phenol 7 3 ILO 
Phenol T5 T 
B8-Naphthol TO 69 
a-Naphthol so $ 
4-Chlorophenol 8-0 
3-Chlorophenol 789 
3-Bromophenol 8 
3,4-Dichlorophenol 8-0 
3-Nitrophenol RD 
4-Nitrophenol 85 
5-Tricblorophenol 9d 
,3,4,5,6-Pentachlorophenol 143 
2,4-Dinitropheno! 14-2 
2.6-Dinitrophenol 1l 
2,6-Dichloro 4-nitrophenel 15-9 
2,4,6-Trinitrophencl 19-6 1075 
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in Cal. mole-! and the equilibrium constant in l. mole-!. 
The temperature is 20° C. AH, and Ky are values deter- 
mined by the method of ref. 4. AHy; and Kır are the 
values determined by the new method based on equations 
(5) and (6). The range of base concentration is 0-1 to 0-3 
M, the acid concentration is 0-02 M. 

Enthalpy values for complex formation obtained by 
the two methods show very good agreement. The mean 
difference between the AH values caleulated by the two 
methods does not exceed 5 per cent. The energy of forma- 
tion of hydrogen bonds for the phenol complex with 
tri-n-butylamine is about — 7 Cal. mole-!, and falls with 
donor acidity to — 19 Cal. mole- for the picric acid 
complex, where the bond is of the salt-like type. 

The agreement is less good when comparing large 
equilibrium constants. When K is less than 50 1. mole-! 
the difference between the results obtained with the two 
methods is 0-30 per cent. Above 50 1. mole-! important 
discrepancies appear. These are caused by the lack of 
precision of both methods in the concentration range 
used. It must be noted, however, that as soon as the K 
value exceeds a value of about 40, 90 per cent of the acid 
present in solution is converted into the complex. 


D. NEERINCK 
A. VAN AUDENHAEGE 
L. LAMBERTS 
P. Hv vskENs 


Laboratory of Physical Chemistry, 

39, Schapenstraat, 

Louvain, 

Belgium. 

Received January 25; revised March 25, 1968. 

t Pimentel, G, C., and McClellan, A. L., The Hydrogen Bond (W. H. Freeman, 
San Francisco, 1960). 

* Lamberts, L., and Zeegers-Huyskens, T., J, Chim. Phys., 60, 435 (1963). 


` Abello, L., and Pannetier, G., Bull. Soc. Chim, France, 3752 (1907). 


* Bolles, T. F., and Drago, R. S., J. Amer, Chem. Soc., 87, 5015 (1965); 
Epley, T. D., and Drago, R, S., J. Amer. Chem. Soe., 89, 5770 (1967). 


BIOLOGICAL SCIENCES 


Dimensions of Microfibrillar Elements 
in Fungal Walls 


Tue residual microfibrillar elements of the cell walls of 
three fungi have been measured after chemical removal 
of matrix materials. The fungi Phytophthora parasitica, 
Neurospora crassa and Schizophyllum commune were 
selected because accurate and detailed chemical analyses 
of their wall components are available'-*, Statistically 
significant differenees have been found between the 
dimensions of these mierofibrillar elements. 

P. parasitica was supplied by Dr S. Bartnicki-Garcia 
(University of California) and is the strain the walls of 
which he analysed. N. crassa was a stock wild-type culture. 
Emerson A, and S. commune was isolated from damp 
plywood in Newcastle. The fungi were grown in liquid 
shake culture in the media given in Table 1 for 5 days 
at 25° C. 

Mycelium was collected, washed and blended in distilled 
water in a microblender at full speed for 1 min. The 
material was then treated by Aronson and Preston's 
modification! of Scholl's permanganate oxidation tech- 
nique: that is, extracted with boiling water, hot absolute 
ethanol; washed in distilled water and suspended in 
5 per cent (w/v) KOH in polythene containers for 12-24 h 
at room temperature (about 22° C); washed free of alkali 
in distilled water, treated briefly with hot 5 per cent acetic 
acid, washed, then resuspended in 2 per cent (w/v) KMnO, 
for 12-24 h at room temperature?; washed three times in 
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Table 1 
P. parasitica N.crassa* — S. commune 
(all g/l. distilled water) 
Dextrose 2-0 — 20 
Sucrose — 15 — 
KH,PO, 3:0 ro 0-46 
K,HPO, = L0 
Mg80,.7H,0 0-3 0-5 0-5 
. tartrate 05 -— 
NH,NO, ro amò 
Nacl 01 ~ 
CaCl, 34 0-1 — 
FeS0,.7H,0 1-0 - — 
Zn80,.7H,0 L8 - 
Asparagine 2 — r5 
Thiamine 1x10" 12 x 10-* 


* Plus biotin 0-05; Cu 0-1; Fe0-2; Mn 0:02: Mo 0-02; Zn 2-0 mg. 


2 per eent oxalie acid; boiled for 30 min in 0-5 N HCl and 
washed five times in distilled water. Drops of the result- 
ing aqueous suspension were dried down on grids coated 
with *"Formvar' and carbon. They were shadowed with 
Au/Pd (60/40) and examined in an AEI EM6B electron 
microscope. Precautions were taken to standardize the 
shadowing procedure and conditions. 

Prints were made of the shadowed material. Measure- 
ments of the diameter of residual mierofibrillar elements 
were made both at hyphal apices and regions distal to 
them with a mierometer eyepiece used at a magnification 
of x 6-25, At least 100 measurements were made in each 
case and each sample was compiled from several different 
prints; the results are set out as histograms in Fig. 1. 

Pairs of samples, in all combinations both within and 
between species and between regions, were tested for 
statistically significant differences between their means. 
The results of these tests are set out in Table 2. All 
comparisons were significantly different except that 
between the distal regions of Schizophyllum and Phytoph- 
thora. 

Previous measurements'* of residual mierofibrillar 
elements in the walls of fungi have been presented as 
lying within broad limits of 100-250 A. Greater accuracy 
has not been attempted, perhaps because it has been 

Distal region Apical region 
Phutophthova parasitica 


Mean 128-08 Mean 114-75 


30 
20 
10 


Neurospora crassa 


Mean 18908 Mean 104-06 


ad. di 


Schizophyllum commune 
Mean 110-68 


| dle 


95 145 195 245 205 
Dimensions of microfibrils (A) 


S 5 


- 
= 


Frequeney (per cent) 


Mean 93:16 





95 145 245 


Fig. 1. Distributions of diameters of residual microfibrillar elements in 
apical and distal regions of treated walls of Schizophyllum, Phytophthora 
and Neurospora. 
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Table 2. COMPARISONS OF MICROFIBRILLAR DIMENSIONS 


Significance 


Distal areas D/E» (5% level) 


Neurospora/Schizophylium 14-69 * 
Schizophyllum] Phytophthora 173 

Phytophthora] Neurospora 12-95 * 

Apices/distal areas 
Neurospora 17-65 * 
Schizophyllum 8-87 » 
Phytophthora 2-29 $ 
Apices 

Neurospora/ Schizophyllum 3:3 * 
Sehizophyllum] Phytophthora 6-54 * 
Phytophthorc | Neurospora 3:23 * 


thought that absolute measurements of shadowed materials 
could not be obtained with sufficient accuracy, but this is 
not necessarily so?". In any case, in this material the 
relative differences are not subject to such criticism 
and it is believed that the absolute diameters are also 
accurate. Two facts emerge from these data which 
require explanation: first, the differences shown in each 
species between the diameters of apical and distal miero- 
fibrils, and second, the differences shown between the 
species, at least in the diameter of their apical microfibrils. 

The diameter of the ultimate unit microfibril of cellulose 
is of the order of about 35 A and it is usually supposed 
that chitin chains have similar dimensions to those of 
cellulose, It seems probable that the treatment given 
will leave chitin principally, some insoluble glucan and, 
if present, cellulosic substances. The differences in 
microfibrillar dimensions must therefore represent different 
degrees of aggregation in walls predominantly composed 
of either 90 per cent glucose polymers including some 
cellulose (Phytophthora), or 50 per cent 81-3 glucans and 
about 5-10 per cent chitin (Neurospora), or non-cellulosic 
glucose polymers plus 3-4 per cent chitin (Schizophyllum). 
Tt is probable that protein can fulfil a skeletal function in 
Neurospora walls, especially in association with a system of 
pores’, and 81-3 glucans also function in this way’. 
Nothing is known with certainty of the forces or processes 
responsible for the aggregation of unit mierofibrils. It 
may be suggested that the differences observed in the 
dimensions of fibrillar elements could reflect the agglutin- 
ating ability of the amorphous wall components on the 
fibrillar ones. Nothing is known, as yet, about the nature 
of the processes or forces which lead to the aggregation 
of the ultimate microfibrils. 

The notable inerease in the diameters of the micro- 
fibrillar aggregates in the distal regions of all three fungi 
suggests that unit microfibrils are added during growth 
by a process of secondary intussusception, so increasing 
the size of the aggregates. This contrasts with the notion 
that thickening of hyphal walls oceurs by the apposition 
of new microfibrillar lamellae as has been described in 
Phycomyces'*. In the fungi studied here this latter process 
seems to be unlikely because older (distal) regions of 
hyphae do not, as a whole, appear more electron-dense 
than the apices. Robertson! has suggested that apical 
growth of a hypha involves two processes—wall extension 
and wall "setting". This may be an over-simplification 
of the situation, but our data sugggest that one process 
involved in increasing rigidification, that is wall "setting", 
could be the increased aggregation of microfibrillar 
components. 
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Protein Synthesis in Megaloblastic 
Erythropoiesis caused by 
Vitamin B, Deficiency 


LITTLE information is available about protein synthesis 
in the megaloblasts of pernicious anaemia. In exper 
mental animals deprived of vitamin B,, however, de- 
pressed protein synthesis has been demonstrated both 
in vivo! and in cell eultures and cell free systems derived 
from deficient animals!-?. The addition of cobamide 
eo-enzymes to such in vitro systems enhances the meor- 
poration of labelled amino-acids into proteins?9, while 
the addition of vitamin B,, alone has little or no effect? *. 
Following the recent demonstration of a pile-up of megalo- 
blasts in the G, stage of interphase in pernicious anaemia‘, 
we decided to investigate the protein synthetic activity 
of these abnormal cells by autoradiography. 

Marrow (0-5-2 ml.) was aspirated from the sternum and 
immediately transferred into a sterile siliconized centrifuge 
tube containing 2 ml. of heparinized Hanks solution and 
20 Ci of L-leucine-4,5-T (specific activity = 1,000 mCi/mM) 
at 37°C. After 60 min of incubation at 37° C, marrow 
fragments were removed with a Pasteur pipette and 
smeared on glass slides. The smears were rapidly air 
dried and fixed in methanol for 10 min. Autoradiographs 
were prepared with Ilford A2 emulsion, exposed for 3 or 
6 weeks at 4° C and developed with Kodak D192 at 
16° C. The marrow smears were stained through the 
autoradiographs by a modification of the Leishman 
method. Cell trails leading from small marrow fragments 
were selected for study, and the percentage of labelled 
erythroblasts of each type was det ermined. A cell was 
considered to be labelled if the number of overlying grains 
was at least twice the average background in immediately 
adjacent cell free areas. 

Both in normal bone marrow and in pernicious anaemia, 
all classes of erythroblasts and reticulocytes were labelled 
in autoradiographs. In the normal, more than 95 per 
cent of red cell precursors were labelled after incubation 
for 1 h with tritiated leucine. In contrast, in pernicious 
anaemia a large proportion of unlabelled erythroblasts 
was seen. The percentage of unlabelled cells was lowest 
in the basophilic erythropoietic cells and highest in the 
non-dividing, late polychromatic megaloblasts where 
nearly 50 per cent of cells were unlabelled (Table 1). Th 
eells remained unlabelled at a time when the intensity of 
labelling of a proportion of the labelled erythroblasts was 
too high for grain counting. 

These findings indicate either an undetectably low rate 
of protein synthesis in the unlabelled cells or the presence 
of a very large intracellular pool of amino-acids which is 
balanced very slowly with exogenously supplied radio- 
active leucine. This could be the consequence of an 
imbalance between protein catabolism and anabolism 
in an abnormal cell. 

A reduction or cessation of protein synthesis in a pro- 
portion of the more mature megaloblasts may seem to be 


























inconsistent with the cytochemical demonstration of 
abnormally high RNA contents in the more mature 
Table 1. PERCENTAGE OF ERYTHROBLASTS UNLABELLED WITH TRITIATED 
LEUCINE IN PERNICIOUS ANAEMIA 
Case B.E. E.S. PE 
Hb (g/100 ml.) $5 53 TÀ 
(Promegaloblasts and  basophilic 
Per cent . megaloblasts 5 10 3 
unlabelled | Early polychromatic megaloblasts — 28 28 is 
celis Late polychromatic megaloblasts 54 64 Ai 
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erythroblasts in pernicious anaemia. These results, 
however, apply to total cellular RNA and do not neces- 
sarily imply that the RNA is functional in respect of 
protein synthesis. 

The recent publication by Vaughan et al." on the effects 
of methionine deprivation on ribosome synthesis in HeLa 
cells is relevant to the findings reported here, for methio- 
nine synthesis is known to be vitamin B,, dependent®?, 
These workers? have shown that in the absence of exogen- 
ous methionine the transcription of ribosomal precursor 
RNA continues but complete ribosomes are not formed. 
They present evidence that the degree of methylation 
of ribosomal precursor RNA is severely limited in the 
absence of methionine, and suggest that this may be 
the factor limiting ribosomal maturation. Although the 
transcription of the messenger RNA continues, protein 
synthesis is markedly depressed in HeLa cells deprived 
of methionine. 

It is likely that in vitamin B,, deficiency there is a 
similar failure in RNA methylation with a consequent 
abnormality of ribosome formation and protein synthesis. 
Vitamin B, is known to be involved in methylation 
reactions®, including the methylation of transfer RNA!*. 
Furthermore, electron microscopy of megaloblasts in 
pernicious anaemia reveals a clear cytoplasm with only a 
few ribosomes", Biochemical information on the degree 
of methylation of ribosomal and transfer RNA from the 
bone marrow in vitamin B,, deficiency is not available. 
The autoradiographic demonstration of active RNA 
synthesis in the megaloblasts of pernicous anaemia!?, 
however, does not invalidate this possibility, for the type 
or functional capacity of the newly synthesized RNA is 
not defined. 

Tt is generally accepted that vitamin B,, deficiency 
affects DNA synthesis by preventing the conversion of 
uridylate to deoxyuridylate or by blocking folate meta- 
bolism which in turn blocks the conversion of deoxyuridyl- 
ate to thymidylate**. ^ Cytophotometrie and interfero- 
metrie studies have shown that the synthesis of nucleo- 
histones occurs concurrently with DNA replication!*:H, 
and the inhibition of protein synthesis early in the S 
phase of the cell evele has been shown to interfere with 
DNA synthesis!*. The demonstration of depressed protein 
synthesis in the megaloblasts of pernicious anaemia 
therefore suggests a further mechanism by which DNA 
synthesis may be impaired in this disease’. Finally, the 
G, arrest in pernicious anaemia may be related to dis- 
ordered protein metabolism, for there is evidence that a 
block in protein synthesis, in conditions which appar- 
ently permit the completion of DNA replication, prevents 
cell division'*. S. N. WICKRAMASINGHE 
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Evolutionary Advantage of Control 
of a Biosynthetic Pathway 


BECAUSE uncontrolled production of metabolites is rare 
in nature it has been concluded that the ability to regulate 
biosynthetie pathways confers an evolutionary advantage 
on a species. The advantage has been interpreted as 
arising from a more efficient use of energy which leads to 
more rapid growth in a competitive environment. The 
advantage gained by control of a pathway can thus be 
estimated by comparing the relative growth rates of two 
strains which are isogenic, except that one lacks control 
of the pathway. 

We have compared the growth of wild type Escherichia 
coli (W) with that of a strain which lacks the ability to 
control the synthesis of proline (W P1) in a mixed culture. 
Control of this pathway is attributed largely, if not 
entirely, to end-product inhibition by proline! 

In a mixed culture the ratio of the numbers of the 
two strains is a function of the initial ratio and of their 
relative growth rates. This can be expressed as 


2) 


where R is the ratio of the amounts of W P1/W, g is the 
generation time, » is the number of generations, and 
assuming that g= (gi pigyw)!/?. 

A plot of In R/R, against n yields a straight line, the 
slope of which can be calculated to give the percentage 
difference in the generation times of the two strains. 

As can be seen from Table 1, there is a consistent 
decrease in the amount of WP1 compared with the 
amount of W with time. The differences in the generation 
times are strongly dependent on the composition of the 
growth medium; the richer the medium, the less the 
growth differential. This is particularly marked when a 
complete medium is used, but can be seen using glutamic 
or aspartic acid as well. At a low concentration proline 
enhances the differential between the two strains, while 
at higher concentrations it produces a growth pattern 
approaching that found in minimal medium. These data 
can be interpreted as indicating that the presence of 
proline in low concentrations increases the selective 
advantage of the controlled strain, while at higher con- 
centrations this effect is overcome by the presence of 
additional nutrient. 








In R/R, = n ( yr 


Table 1. EFFECT OF THE MEDIUM ON THE RELATIVE GROWTH RATES OF 
BACTERIA SHOWING CONTROLLED AND UNCONTROLLED SYNTHESIS 


Percentage Generations required 


Medium difference in to change the ratio 
growth rates of WP1/W 
1:10 
Minimal! 4T 49 
Minimal + 1/2 brain-heart infusion 18 130 
Minimal + glutamic acid 0-1 mg/ml. 3:0 77 
Minimal + proline 0-1 mg/ml. 6 7 34 


Minimal + proline 0-01 mg/ml. 76 80 

One ml. of a mixed culture of W and W P1 which contained approximately 
equal numbers of the two strains was inoculated into 1 1, of medium. After 
stationary phase had been reached, 1 ml. of this culture was used to inoculate 
11. of medium ina flask. Because the dilution 1 : 1,000 is close to 2°, each flask 
was considered to contain ten generations. Cells of WP1 were identified in 
the mixture by their ability to cross-feed a proline deficient strain, The 
death rate of the two strains in these conditions was identical. "The ratio, 
W P1/W, did not change in 4 days at 37? C. 

Zamenhof and Eichhorn? have shown that derepression 
of the tryptophan pathway in Bacillus subtilis causes a 
marked decrease in the survival potential of this organism 
when it is compared with that of the wild type. The 
change in the ratio for these organisms was 10? in twenty- 
six generations. The effect of the loss of control of the 
proline pathway leads to much less of a decrease in the 
survival potential. This ean be explained by a difference 
in the organism or & difference in the generation time, 
which was 4 h for B. subtilis. Another difference is that 
in the proline pathway the only saving of energy arises 
from the synthesis of the amino-acid, rather than from 
the synthesis of a series of enzymes. A pathway subject 
to end-product inhibition seems to enjoy less of a selective 
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advantage in a competitive environment than one which 
utilizes à repression mechanism. Loss of control of the 
pathway would, however, be less harmful to the species. 
It is possible that the growth differential measured 

between regulated and unregulated pathways in an 
organism can be used to distinguish pathways which are 
controlled by repression from those controlled by end- 
produet inhibition. 
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Enzyme Abnormality in Human 
Leukaemia 


CHANGES in the concentrations of several enzymes in 
leukaemic leucocytes have been reported. including 
increases in acid phosphatase!, dihydrofolate reductase’, 
and the first three enzymes in the pathway for the de novo 
biosynthesis of pyrimidine?. A reduction in the activity 
of some enzymes has also been reported, for example, 
alkaline phosphatase*.*, lactic dehydrogenase’ and deoxy- 
thymidine phosphorylase’. In general, it is not clear 
whether these changes in concentrations are caused by 
abnormalities of the leukaemic process itself, or simply 
the consequence of a decrease in the percentage of mature 
cells in the peripheral blood. It is therefore important 
to show that the enzyme defect persists in the presence 
of a complete clinical and haematological remission. 
There have so far been few reports dealing with this 
question. This is partly because of the difficulty of 
procuring sufficient leucocytes for study because patients 
in remission have normal or low normal white blood cell 
counts. Thus most documented cases of enzyme abnormali- 
ties in leukaemia have been reported from studies with 
immature cells. Exceptions to this are the observations 
on the concentrations of leucocyte alkaline phosphatase 
(AP). This enzyme is low or absent in the leucocytes of 
patients with chronic myelogenous leukaemia (CML)*5, 
and remains low in some patients in remission even though 
the number of mature cells in the peripheral blood is 
normal*:5/5.?, 

We report here the results of studies which show 
another enzyme abnormality in leucocytes obtained from 
CML patients in remission, namely, a deficiency of 
pyrimidine deoxyribosyltransferase. (The definition. of 
remission status in chronic myelogenous leukaemia which 
we have used in this study includes the absence of symp- 
toms and abnormal physical findings, a normal platelet 
count, peripheral blood haemoglobin, bone marrow, 
leucocyte differential count, and a peripheral leucocyte 


Table 1. 


PYRIMIDINE DEOXYRIBOSYLTRANSFERASE ACTIVITY IN EXTRACTS FROM LEUC! 
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count less than 10,000/mm? with the exception of patients 
M. H. and R. B. who had leucocyte counts of 15,000/mm?.) 

One enzyme mechanism for synthesis of deoxythy- 
midine (TdR) in a cell-free system prepared from leuco- 
cytes is catalysed by pyrimidine deoxyribosyltransferase 
(thymine + pyrimidine deoxynucleoside=deoxythymidine 
+pyrimidine base)!*"". In this reaction the deoxy- 
ribosyl moiety of a pyrimidine deoxynucleoside is trans- 
ferred to a pyrimidine base. It provides a mechanism 
whereby the deoxyribosyl group of one pyrimidine 
deoxynucleoside can be redistributed to another deoxy- 
nucleoside precursor of DNA. 

We have investigated transferase activities im extracts 
from normal leucocytes, leukaemic leucocytes (acute and 
chronic myelocytic and lymphocytic leukaemia} and 
morphologically normal leucocytes obtained from patients 
with CML or acute leukaemia in complete remission. 
Blood was collected and the leucocytes isolated as des- 
cribed previously". The cells were concentrated, washed 
three times with cold 0-85 per cent NaCl and the erythro- 
cytes removed by mild osmotic layers?*. The detaila 
of preparation of the enzyme extraet and assays of 
pyrimidine deoxyribosyltransferase have been described 
before, In some experiments, cells obtained from 
normal donors and from patients with CML were separated 
into granulocytic and lymphocytic components by a nylon 
column technique’. 

With normal leucocytes separated into their granulo- 
cytie and lymphocytic components, assay for transferase 
activity revealed that lymphocytes contain approximately 
10-20 per cent and granulocytes 80-90 per cent of the 
total leucocyte enzymatic activity. 

For the usual assay separation of the leucocytes into 
lymphocytic and granulocytic fractions was not per- 
formed. The normal leucocytes in these conditions 
consisted of approximately 70 per cent granulocytes and 
30 per cent lymphocytes. Activities obtained from 
leukaemic cell extracts were compared with these normal 
cell extracts and expressed as a percentage of the normal. 

Transferase activities were low in all types of leukaemic 
cells. The mean activity in extracts from predominantly 
immature leucocytes obtained from fifteen patients with 
CML in relapse was approximately 50 per cent of normal 
(range 25-60 per cent). The activities in extracts of 
myeloblasts obtained from four patients with acute 
myelocytic leukaemia were 13, 63, 27, and 40 per cent of 
normal, respectively. The lowest values were found in 
leucocytes from patients with lymphocytic leukaemia 
(chronic or acute). We have found that the enzyme is 
primarily confined to the granulocyte, however, so the 
low concentrations in lymphoeytie leukaemia may be 
the result of an absence or a marked decrease in the total 
number of granuloeytes. In fact, the activity in the 
lymphocytes from patients with chronic lymphoeytic 
leukaemia is comparable with the activity in normal 
lymphocytes. 

Pyrimidine deoxyribosyltransferase returned to normal 
or near-normal in the three patients studied with acute 
leukaemia in complete remission (Table 1). In sixteen of 
seventeen paired assays of the enzyme activity in extracts 














CYTES ORTAINED FROM PATIENTS WITH ACUTE LEUKAEMIA IN REMISSION 





AND FROM NORMAL CONTROLS 


Enzyme activity Mature 


Normal in normals granulocytes 
sample No. v/10* vimg (percentage of Patient 
leucocytes of protein total leucocytes) 
1 47 20 72 J. B. 
2 28 1-4 69 F. D. 
3 29-7 r3 65 C. H, 


Assays were performed by measuring the amount of !C-deoxythymidine synthesized from 4C-thymine and deoxyuridine after 30 min at ? 
reaction mixture contained in a final volume of 0-5 ml.: 25 umoles of tris- HCl buffer, pH 7-2; 25 «moles of 
(0-5 uCi/umole); 15 umcoles of deoxyuridine; and between 0-6 and 1-2 mg of protein. 
chromatography in the upper phase of a mixture of ethyl acetate-water-formic acid (12 : 7 
Protein was determined by the procedure of Lowry et al, with bovine serum albumin as standard, 


cent efficiency in a liquid scintillation spectrometer. 


A unit (U) is define as the amount of enzyme catalysing the formation of one mole of deoxythymidine/h. 





Enzyme activity in acute Mature 
leukaemia in remission* granulocytes 
e/a timg {percentage of Therapy 
leucocytes of protein total leucocytes) 
4-0 ras 70 None for 2 years 
40 r6 56 None for 6 weeks 
2:0. 10 45 Prednisone 





The 
; diam succinate, pH 7-2; 1 mole ef PC nine 
Thymine and deoxythymidine were separated by descending paper 

7 : 1), cut into strips and counted in toluene phosphor at 60 per 








Each assay of the leucocyte extracts from 


patients with acute leukaemia was paired with an assay of normal cell extracts. . 
* Specific type of acute leukaemia: J. B., acute myelogenous leukaemia; F. D., acute undifferentiated leukaemia; C. H., acute myelogenous leukaemia. 
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from leucocytes obtained from fourteen patients with 
CML in remission, however, the results were below the 
respective normal values (Table 2). A statistical analysis!5 
for differences between paired observations revealed that 
D, the average difference between the normal and CML 
values, is highly significant. The intervals 1-7-- 0-9 and 
0-84 t 0-3 are the 95 per cent confidence intervals for the 
estimate of the average difference of the enzyme activities 
between the normal and the treated CML patients 
expressed as units/10* leucocytes and units/mg protein, 
respectively. The 95 per cent confidence intervals for 
D, between the untreated patients and the normal controls, 
were L3--0-9 for units/10® and L1-0-7 for units/mg 
protein. These findings indicate that chemotherapy is 
not responsible for the low enzyme activity in CML 
leueocytes. 


Table 2. PYRIMIDINE DEOXYRIBOSYLTRANSFERASE ACTIVITY IN EXTRACTS 
FROM LEUCOCYTES OBTAINED FROM PATIENTS WITH CHRONIC MYELOGENOUS 
LEUKAEMIA IN REMISSION AND FROM NORMAL CONTROLS 


" : 2. Mature Enzyme Mature 
Nor- Enzyme activity granulo- activity in CML granulo- 
mal in normals eytes (per- in remission cytes (per- 

sample v/1i0s t/mg centage Patient 0/108 U/mg centage 

No.  leuco- of of total leuco- of of total 

eytes protein leucocytes) cytes protein leucocytes) 
Untreated 
i 4:2 31 35 D. M.* 11 1-9 66 
2 27 12 65 M, 8.* 13 0-5 85 
3 3-6 17 81 A. 8. 3:6 r3 60 
4 490 2:0 45 P.8. 3-6 L8 50 
5 49 2-0 50 R. B. 16 0:84 60 
6 5-0 21 44 WwW. W. 94 0:96 83 
7 1-4 344 56 M.H.* 0:80 033 86 
8 25 2-0 76 G. I. 16 0-91 55 
Patients receiving therapy f 
9 2-8 1:3 58 D.M.* 0-92 050 75 

10 3-5 2-8 69 8. 15 r3 78 

1i 4^2 3-3 84 M.S.* r3 2:0 76 

12 $5 23 74 E.M 15 2:1 66 

13 41 3:1 82 J.P 19 2:3 61 

14 9:6 16 79 J. R. 2:0 0-71 55 

15 3-6 16 68 M. H.* li 0-40 80 

16 37 17 7i R.S. r8 0-76 80 

17 21 18 61 E.J. T8 1-4 68 

Mean 
values 3:5 92 71i 18 12 70 


Assays were carried out as described in Table 1, Each assay of the leuco- 
cyte extracts from CML patients was paired with an assay of normal cell 
extracts, For statistical analysis see text. CML, Chronic myelogenous 
leukaemia (all were Philadelphia chromosome positive). 

* Patients studied twice at intervals of 6 months. 

t AU patients on therapy had received dibromomannitol at the time of 
study or within the previous 6 days, 


Variations in the assay results in the controls (normal 
leucocytes) were probably caused by differences in the 
efficiency of homogenization secondary to variable cell 
sample sizes. In all cases, however, the samples of normal 
and CML cells were paired and treated identically. 

All bone marrow preparations of the CML patients were 
positive for the Philadelphia chromosome (Ph!) an 
abnormality present in the twenty-first chromosome of 
the bone marrow myeloid cells in most CML patients!*17, 
There was no clear association, however, of deoxyribosyl- 
transferase deficiency and the PA! chromosome because 
the enzyme activity of the one patient with CML that 
returned to normal was also Ph? positive. Preliminary 
results indicate that there was no apparent relationship 
to leueocyte alkaline phosphatase activity because 
histochemical measurement? of AP in patient G. I. was 
high but deoxyribosyltransfer activity was approxi- 
mately 50 per cent of normal. 

Because the CML leucocyte still retains significant 
enzyme activity, it seerns that if the defect is genetic it is 
unlikely that a deletion or insertion mutation is responsible 
because such alterations should result in the complete 
absence of enzymatic activity or a markedly defective 
enzyme. The decrease to approximately 50 per cent of 
normal is more in keeping with a base pair switch muta- 
tion resulting in a partially defective protein. 

There is evidence that this protein also contains 
deoxythymidine phosphorylase activity’. Thymine is not 
only a substrate but at high concentration inhibits the 
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activity of the transferase!'/!, In addition the enzyme is 
also subject to inhibition by purine bases. It is possible 
that in CML leucocytes there 1s a defect at one of the active 
sites. An attempt to answer this question by kinetic 
analysis of the CML leucocyte enzyme is now in progress. 
We thank Dr T. R. Breitman and Dr Marvin Zelen for 
their helpful suggestions and for reviewing the manuscript 
and Mrs Carla Davis for technical assistance. 
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Mechanically Induced Free Radicals 
in Bone 


THE electron paramagnetic resonance (EPR) spectra of 
non-irradiated human bone and its components have been 
previously reported!?. We wish now to report results 
which have been obtained from human bone at X-band. 

The origin and general preparation of both powdered 
and whole bone samples were as previously described!-?. 
Whole bone samples were 2 x 2 x 20 mm, and had a final 
weight of about 200 mg. The final weight of bone powder 
samples was 100 mg. 

The EPR spectrum obtained from bone powder at 
room temperature is a sharp resonance at g = 2-008 + 0-003, 
of width 11-1 gauss measured between peaks of the 
derivative. Both values are slightly greater than pre- 
viously reported’. The resonance corresponds to a spin 
concentration of about 1-4x 10'* spins/g. As the miero- 
wave power is varied, the resonanee saturates inhomo- 
geneously. Magnetic field scans from 100 to 11,000 gauss 
revealed no other consistently present resonances. At 
114? K, the results were identieal with those at room 
temperature except for an increase in signal intensity. 

The room temperature speetrum of whole bone is a 
singlet at g-2-008--0-003, again showing a width of 
lll gauss. Other resonances, including the previously 
reported anisotropic resonance at g= 2-3 (ref. 1), are seen 
occasionally. They do not seem to be an intrinsic 
property of the material and will not be considered here. 

If the angle between the bone long axis and the external 
magnetic field was varied, no change in the g-value of the 
singlet at g —2-0 was seen. In addition, for freshly pre- 
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pared samples the intensity of the whole bone resonance 
is less than that of the powder by a factor (average) of 
11-5. The bone powder resonance decays with a time 
constant of the order of months; during this time, whole 
bone resonances show no change. The whole bone reson- 
ance saturates homogeneously and shows a weak maximum 
at about 10 dB below the nominal klystron power output 
(300 mW). It shows no appreciable change in amplitude 
as the temperature is lowered to 114? K. At this tempera- 
ture the weak maximum at 10 dB is still observed. 
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Fig. 1. Accumulation of free radicals in bone powder as a function 
of time of dispersion: The ordinate is the amplitude of the derivative 
signal. 


There is a series of papers?-? describing the production 
of EPR spectra in & number of polymeric materials by 
the application of mechanical energy. The mechanical 
destruction is variously produced by filing or milling the 
polymer or by dispersing in a vibrating mill. Although the 
effect is poorly understood, the mechanical destruction is 
associated with the rupture of molecular chains and the 
formation of free radicals, including some that are stable 
indefinitely. Usually materials treated in this manner 
show EPR absorption in the vicinity of g=2-0. In par- 
ticular, Ulbert? has obtained mechanical destruction by 
filing in atmospheres of air, and nitrogen with 7 per cent 
oxygen. Abagyan and Butyagin* have observed intense 
EPR doublets from gelatine mechanically dispersed in 
air and in vacuo. To determine if such a mechanism was 
responsible for the resonance at g= 2-008 from bone 
powder, bone powder was dispersed in a vibrating mill 
for varying lengths of time. The results given in Fig. 1 
show the accumulation of free radicals as a function of 
the time of dispersion. The flat portion of the curve 
represents the attainment of equilibrium between the 
rates of free radical production and decay for a given 
(mechanical) energy input. The last point in Fig. l 
corresponds to a spin density of about 10!" spins/g. With 
the exception of the increase in signal intensity, all signal 
parameters remained the same. The mechanical disrup- 
tion of bone powder results in an increase in intensity of 
the resonance at g= 2-008. Tt is therefore likely that the 
original powder resonance is a result, at least in part, of 
the method of preparation of the samples, namely, seraping 
with a glass slide. The reduced intensity of the whole 
bone resonance might, by itself, reflect less damage 
produced in the preparation of the samples. The fact, 
however, that the whole bone resonance does not decay, 
and that it shows a different saturation behaviour and tem- 
perature dependence, leads us to conclude that the 
resonance arises from a second magnetic species. 

In summary, it is likely that two different magnetic 
species, both at g — 2-0, are responsible for the resonances 
from bone, and that their relative contribution to the 
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resonance amplitude depends on whether the sample is 
examined as a powder or whole. As a powder, a free 
radical that has been induced by damage gives the 
dominant contribution masking the presence of a second 
species. In whole bone samples, the free radical that has 
been induced by damage may still be present but the 
second species makes a significant contribution. The 
assumption of a second species accounts for the observed 
differences in intensity, stability, saturation behaviour 
and temperature dependence. 

The nature of the magnetic species responsible for the 
absorption in both powdered and whole bone at g = 2-008 
remains unknown. The whole bone resonance at g= 2:008 
may represent a magnetic species that is naturally present 
in bone in vivo. 

This work was supported by the US Public Health 
Service and the Veterans Administration Research 
Service. 
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Tissue Determined Variations of 
Adenylate Kinase 


GENETICALLY determined isoenzymes of human erythro- 
cyte adenylate kinase (AK), ATP : AMP phosphotrans- 
ferase E.C, 2.7.4.3, have been reported!?. We have 
characterized several forms of AK in different organs of 
Wistar rats, employing a mixed agarose-acrylamide gel 
electrophoresis*. The electrophoretic behaviour of AK 
was studied in tissues taken from the same animal. 
Extracts of muscle, heart, eye lens, brain, liver and 
erythroeytes have been compared. 

Tissues were extracted by homogenization of the 
organs in 6 volumes of tris, 0-001 M glycine 0.0033 M 
buffer, pH 7-5, containing 0-03 M mereaptoethanol. The 
extracts were centrifuged at 4,000g for 15 min and the 
supernatants were adjusted by dilution, with the same 
buffer, to the enzyme activity appropriate for good 
electrophoresis resolution. Samples were filtered through 
a ‘Millipore’ syringe to give a clear solution. Samples 
(0-1 ml.) were mixed with 0-1 ml. of 1 per cent agar 
solution at 50? C and placed in the slots of an aerylamide- 
agarose (7 per cent and 1 per cent, respectively) slab. 
22x16 em. Electrophoresis was performed with a dis- 
continuous buffer at 30 mA, 250 V for 4 h at -- 2? C (gel 
buffer 0-07 M in tris and 0-06 M in glycine, bridge buffer 
0-01 M in tris and 0-3 M in glycine, both adjusted to 
pH 8&7 with 2 N NaOH). After electrophoresis AK 
aetivity was characterized by incubating in the dark the 
acrylamide slabs in à reaction mixture containing 200 ml. 
of 0-2 M tris-HCl, pH. 7-4, 1,200 umoles of glucose, 120 
u moles of MgCl, 240 umoles of ADP, 48 umoles of NADP. 
16 mg of phenazine metosulphate, 16 mg of MTT tetra- 
zolium salt, 105 v of hexokinase and 35 v of glucose-6- 
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Mixed agarose-acrylamide gel electrophoresis of variants of AK in extracts of tissues from the same Wistar rat. Slots 1-6 contain 


samples of (1) muscle, (2) heart, (3) lens, (4) brain, (5) liver, and (6) erythrocyte haemolysate respectively. 


phosphate dehydrogenase. Controls were run in the same 
conditions without ADP in the incubation media. 

As Fig. | shows, all tissues have a principal fraction with 
the greatest mobility towards the anode. In these condi- 
tions, muscle, heart, brain and erythrocytes show two 
additional bands, which are very well pronounced for 
muscle. With lens tissue, only one additional band was 
detected and no additional bands could be found with 
liver. The control runs, without ADP in the media, 
showed no bands of AK activity, but, as in the normal 
runs, there was one band a long way towards the anode; 
this ean be attributed to ATP present in the tissue 
extracts. Dialysed extracts did not show this band. The 
same isoenzyme patterns were obtained using another 
type of incubation system which contained ATP and AMP 
as substrate and pyruvate kinase and lactate dehydro- 
genase. according to the method of Adam‘. The sites of 
AK activity appeared as zones of absorption on a fluorese- 
ing background when the gels were examined in ultraviolet 
light. The relative activity of the different bands deter- 
mined by densitometry is shown in Table 1. 


Table 1, ACTIVITY ZONES OF ADENYLATE KINASE 
Proteins* Bands t 
Tissues (mg) 1 2 3 
Muscle OCS 1 0:19 0:24 
Heart. 0:3 1 0-05 0:02 
Lens 2:3 1 0-03 — 
Brain OS 1 0:07 0:07 
Liver 03 1 — — 
Erythrocytes 0:5 1 0-09 0:03 


* Quantity (in mg) of proteins used for electrophoresis. 
+ Activity bands expressed in arbitrary units, the principal band being 
taken as 1 v. 


AK activity seems to differ from tissue to tissue, and 
the lens and the brain, which have the same embryonic 
origin, show different isoenzyme patterns. These results 
indicate that there is a tissue specifie polymorphism of 
AK in the organs which we examined. Lens AK was 
interesting for its energetic metabolism which depends 
essentially on the adenylic nucleotides, the only efficient 
substrates for lens AK activity®. 
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Elastase from Staphylococcus epidermidis 


WE report the discovery of an elastolytie enzyme secreted 
extracellularly by a variant of Staphylococcus epidermidis 
found on normal human skin, The 30 per cent incidence 
of this variant in our isolants of Staph. epidermidis, the 
most abundant organism on human skin. indicates that 
it is present in much larger numbers as part of the normal 
flora of a tissue than any other previously discovered 
elastase-producing micro-organism. The elastases are 
enzymes capable of digesting the scleroprotein, elastin, a 
component of mammalian connective tissues important 
in, for example, arteries, lung and skin. The screening of 
micro-organisms on human skin for elastase began as a 
search for the aetiology of perifollicular macular atrophy 
(Fig. 1), a skin disease characterized by a selective loss of 
orcein-staining elastic fibres around hair follicles, without 
loss of collagen or significant inflammation. The clinical 
features of this disease consist of white, atrophic 1-4 mm 
sized circular flat patches in the skin with a central hair 
follicle (unpublished work). 

Isolants of Staph. epidermidis were obtained from body 
hair plucked in sterile conditions and from skin swabs of 
patients with perifollicular macular atrophy and of normal 
subjects. This material was plated on trypticase-soy 
agar containing | per cent particulate elastin and assayed 
for elastase activity by a zone of clearing of particulate 
material around a developing colony of Staph. epidermidis. 
The elastin used for assay contained 9:1 and 3-1 residues/ 





Fig. 1. Biopsy specimen of skin from a patient with perifollicular 
macular atrophy stained for elastic fibres visible as black threads and 
stipples in the dermis. No elastic fibres are present for some distance 
around the large central hair follicle and its attendant sebaceous 
lobules. The smaller follicle on the right is surrounded by a normal 
complement of elastic fibres, There are no signs of Inflammation or 
destruction of a follicle. The collagen is intact ( x 20). 
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1.000 total residues of quarter-desmosine and lysine, 
respectively. A colony was considered elastase-positive if 
clearing oeeurred after incubation for 48 h at 35° € in an 
atmosphere of 10 per cent carbon dioxide. — Elastase 
activity was also found to occur regularly in anaerobic 
conditions. Fifty serial subeultures of several isolants on 
elastin-free trypticase-soy agar did not result in loss of 
elastase activity. Treatment of broth cultures with mito- 
mycin C did not produce lysis of bacterial cells during 
their exponential phase of growth. In Fig. 2, the long 
hair on the right was plucked from the centre of an area 
of perifollicular macular atrophy similar to that shown in 
Fig. 1. No collagenase activity was found in the elastase- 
positive strains. Some strains caused clearing in the 
elastin-agar only after incubation for | week, suggesting 
that enzyme production was not eonstitutive but rather 
had induced. Approximately 85 per cent of the 
elastase-producing variants belonged to type 1 according 
to the criteria of Baird-Parker in which five biotypes are 
recognized'. All forty elastase-negative isolants from 
skin were (-galactosidase-negative; correspondingly, of 
forty-five elastase-positive isolants 92 per cent were 
8-galaetosidase-positive. Genetic linkage of these two 
enzymes cannot be assumed in the absence of recom. 
bination studies. Several elastase-positive isolants were 
sensitive to penicillin, chloramphenicol. 
streptomycin and erythromycin, but resistant to the 
tetracyclines. 

Bacteria-free, crude extracts of the nutrient medium 
contained active elastase as determined by the orcein- 
elastin method?. In 0-03 M tris buffer the pH optimum 
of the enzyme was approximately 7-0. In tris buffer at 
pH 7:0 the enzyme was almost completely inhibited by 
10-? M ethylenediamine tetraacetic acid (EDTA); com- 
pletely inhibited by 0:3 x 10-* iodoacetate; competitively 
inhibited by a soluble elastin (x-elastin) and not inhibited 
by 0-15 M NaCl and by normal human serum in a dilution 
of 1: 100. At this dilution the serum reduced the activity 
of pancreatic elastase to 10 per cent of its control value. 
The activity of Staph. epidermidis elastase in concen- 
trated NaCl solutions and the synthesis of the enzyme 
anaerobically are characteristics which may result from 
adaptation of the organism to its microaerophilie habitat 
in the hair follicle and to the NaCl in 
sweat. 

Normal human skin obtained at biopsy was incubated 
for 10 h at 37° C in a crude bacteria-free extract of the 
nutrient medium in (ris buffer at pH 7-0, and as a control, 
in boiled extract. from both control and test 
incubation mixtures were then processed simultaneously 
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Fig. 2. A white glistening semicircular colony of Staph. epidermidis 
has grown around the hair on the right side of the plate. A wide area 
cleared of particulate elastin surrounds the colony. By contrast, the 
drop-shaped colony of Staph. epidermidis to the left, also growing 
around a hair, is surrounded by intact elastin. The plate is 72 h old. 





Fig. 3. 


Specimens of normal human dermis stained fer clastic fibres 
(A) after incubation with a heat-inactivated, bacteria-free preparation 


of elastase from Staph. epidermidis and (B) after incubation with an 
active, bacteria-free preparation of the enzyme. The jet black fibres 
of elastin have disappeared from the specimen incubated with the 
active enzyme without loss or partial digestion of collagen ( x 125) 


for histological examination and stained with orcein to 
show elastic fibres. Fig. 3.4 shows a section of dermis 
incubated in the boiled preparations, and Fig. 35 illus 
trates a corresponding section incubated in the 
preparation. The dissolution of elastic fibres without loss 
of collagen fibres demonstrates the selective action of this 
bacterial elastase on cutaneous elastin in situ, thereby 
duplicating in vitro the histological features of macular 
atrophy illustrated in Fig. 1. Jn vivo, the passage of 
elastase, a protein, through the barrier layer of the 
follicular wall into the dermis is conceivable’. 

The discovery of elastase from Staph. epidermidis led 
us to screen the true (eukaryotic) fungi for elastase’. 
There were many positive results including the inter 
esting finding that only plus-mating-type strains of the 
dermatophyte, Nannizzia fulva, produce elastase. In 
addition, the elastase-positive "sex" may 
responsible for inflammatory skin lesions. 
positive strains of Staph. epidermidis, however, did not 
produce significant inflammatory lesions when injected 
into rabbit skin. 

We examined several strains 
Staph. aureus and found them to be elastase-negative 
Elastolysis and the giant cell reaction characteristic of 
giant. cell arteritis can be duplicated in vivo in rabbits bs 
intra-arterial infusion of elastase’. Thus elastase-positive 
strains of Staph. epidermidis in the blood may be poten 
tially pathogenic to tissues rich in elastin such as arteries 
and lung. The vulnerability of lung to elastase is especially 
interesting because Staph. epidermidis forms part of the 
normal flora of the respiratory tract. 
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Haemoglobin J Sardegna: 
x50 (CD 8) Histidine — Aspartic Acid 


A HAEMOGLOBIN variant has been observed in several 
members of a family in Cagliari on the island of Sardinia. 
Italy, which on electrophoresis at pH 8:9 moved in the 
position of haemoglobin J. 

Hybridization with canine haemoglobin showed that 
the difference from haemoglobin A was in the x chain’. 
The variant was isolated and its amino-acid substitution 
was localized and identified by methods recently summar- 
ized?, The fingerprint (peptide chromatogram) showed 
an absence of the sixth tryptic peptide of the x chain (x 
TpVI) which is formed by residues 41-56 of the 141 
residues composing this polypeptide chain*. <A new 
peptide was noted which was more negatively charged. 
It resembled «TpVI by giving positive reactions for 
tyrosine and histidine. On amino-acid analysis it was 
found that the new peptide differed from «TpVI of haemo- 
globin A in two respects. It contained one histidine 
residue instead of the two found in xTpVTI and two 
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residues of aspartic acid instead of one. On amino-acid 
analysis of a peptide asparagine is converted to aspartic 
acid during the hydrolysis which precedes the estimation 
of the single residues. In view of the electrophoretic 
mobility of the haemoglobin and of the variant peptide 
it was unlikely that histidine had been replaced by 
asparagine. In haemoglobin Mexico* a single charge 
difference «54 glutamine—glutamie acid is found. This 
causes on the fingerprint the variant peptide to be 
seen midway between the area where aTpVI of haemo- 
globin A and the «TpVI of the present haemoglobin are 
situated (Fig. 1). Thus the change in charge would be 
greater in this haemoglobin variant than that resulting 
from a substitution of a neutral residue by that of an acid. 
A replacement of the basic histidine by aspartic acid 
would fulfil this condition. 


Table 2. AMINO-ACID COMPOSITION OF NORMAL AND ABNORMAL aTpVI AND 


AND CHYMOTRYPTIC PEPTIDES 247-56 
aTpVI 
Normal Abnormal 


No. of residues 
of amino-neid 


Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Giycine 
Alanine 
Valine 
Leucine 
Tyrosine 
Phenylalanine 
Histidine 
Lysine 
Yield/regidues (moles) 


47-56 
Normal Abnormal 
10 


2:1 
0 


2» 


Pici dodo oio di poo CR 
eT- N 


13 = 
1-4 1 
0-013 0-038 


225€*-o02225-225--25e 


cmo 
m 
> 


oy 


Because xTpVI contains two histidine residues 245 
and 250 (ref. 3) it was necessary to decide which of the two 
had been replaced. A chymotryptie digest was prepared 
and the resulting peptides were separated by electro- 
phoresis and chromatography. The resulting fingerprint 
(Fig. 2) showed that the chymotryptic peptide «47-56 
was absent and a new more acidic ehymotryptie peptide 
could be seen. Unlike the chymotryptie peptide «47-56 
of haemoglobin A this acidie peptide did not stain for 
histidine. Amino-acid analysis showed that it differed 
from the «47-56 of haemoglobin A by one additional 
aspartic acid and the absence of histidine. The other 


Fig. 1. Fingerprint of haemoglobin Sardegna. 1, Indicates a trace of the normal aTpVI 


which has not 


n removed during the purification procedures, 2, Indicates the aTpVI 


of haemoglobin Sardegna (eTpV1 contains residues 41-56 of the 141 amino-acid residues 
of the a chain), 


Table 1, AMINO-ACID SEQUENCE OF THE TRYPTIC PEPTIDE VI OF THE à CHAIN (RESIDUES 41-56) OF Hb A AND Hb J SARDEGNA 


41 42 43 44 45 46 


Thr Tyr Phe Pro His Phe 


HbA 
Thr Tyr Phe Pro His Phe 


Hb J Sardegna 


47 48 49 50 51 52 53 54 55 56 
Asp Leu Ser His Gly Ser Ala Glu Val Lys 
Asp Leu Ser Asp Gly Ser Ala Glu Val Lys 


The arrows indicate points of chymotryptic cleavage which is complete at 46 Phe and partial only at 42 Tyr. Chymotryptic action on 43 Phe cannot 


occur because of the neighbouring 44 Pro. 
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as) 


Histidine + P» aki 
Tyrosine * E 
43-46 Gy 
41-42 
o 
“47-56 47-56 
HbA [new] 
[missing] 
> XQ 
Fig. 2. Two-dimensional separation of the chymotryptie peptides of 


aTpVI of haemoglobin Sardegna 


chymotryptie peptides were identical with those found 
in the fingerprint of the chymotryptic digest of x*TpVI. 
This haemoglobin is therefore a new, so far undescribed, 
haemoglobin variant: haemoglobin J Sardegna: x, 50 His 
—Asp. 
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Cagliari: University, 
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incorporation of Tritiated Thymidine 
into the Ovarian DNA of Stable 
Flies: Effects of Treatment 

with Apholate 


SEVERAL independent investigations have shown that 
apholate! and other chemosterilants inhibit the production 
of DNA in insect eggs*, and dominant lethal mutations 
have been demonstrated in insect eggs** after treatment 
of the adult insects with chemosterilants. 

We found that tritiated thymidine was incorporated 
into the nuclei of the nurse cells and follicular cells of the 
ovaries of stable flies, Stomoxys calcitrans (L.), less than 
3 h after injection of flies 15+3 h after eclosion. At this 
stage no tritiated thymidine was incorporated into the 
oocyte nuclei. "Topical applications of 10 ug of apholate 
to each fly prevented the incorporation of the tritiated 
thymidine into the DNA of the nuclei of the nurse cells 
and follicular cells. 

The female stable flies, 15-3 h after eclosion, were 
topically treated with | ul. of 1 per cent apholate in ethyl 
alcohol applied to the thorax, and 1-6 h later were injected 
with ] ul. of an aqueous solution containing 1 mCi/ml. 
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(5 Ci/mmole) of tritiated thymidine (Nuclear Chicago). 
Similarly, stable flies of the same age were injected with 
only the tritiated thymidine. Female stable flies 15+ 3 h 
old clearly showed the fifteen nuclei of nurse cells and the 
single oocyte nucleus within the first follicular group, but 
no yolk had formed at this stage. The 10 ug of apholate 
caused more than 90 per cent sterility of female stable flies 
of this age (unpublished data) and 70-85 per cent reduction 
in egg production. After treatment, the flies were fed 
citrated beef blood and kept for dissection, which was 
carried out 3-24 h after injection of the tritiated thymidine. 
The ovaries were fixed in Carnoy fixative, stained with 
Feulgen reagent and sectioned at 7u. After the tissues 
had been affixed to slides and cleared, they were dipped in 
nuclear track emulsion NTB-2 (Eastman Kodak Company ) 
and held in light-proof boxes for 2 weeks before develop- 
ment in 'Dektol' (Eastman Kodak Company). 

Ovaries dissected 24 h after the flies were injected with 
tritiated thymidine usually had about half the nuclei 
of the nurse cells and follicular cells labelled, but no 
labelling was ever found in the nuclei of the oocytes (as 
would be expected, Fig. 1). 'The incorporation of the 
tritiated thymidine was complete by 3 h. for no difference 
in the amount of label was detected at any time between 
3 and 24 h after injection. When the young flies were 
treated topically with apholate and later injected with 
tritiated thymidine, dissection at 24 h showed a distinet 
reduction in the degree of labelling of the nuclei of the 
nurse cells and follieular cells (Fig. 2) in comparison 
with flies receiving only tritiated thymidine. The degree 
of reduction in labelling was dependent on the time 
between the topical apholate treatment and the injection 
of thymidine. When this interval was only 1 h a reduction 
in labelling was noticeable, and there was an essentially 
complete lack of labelling when the interval was 6 h. 
It should be stressed that these observations with very 
young stable flies have been made a number of times (six 
complete experiments involving forty-two female flies 
treated with tritiated thymidine only and 168 female 
flies treated with both apholate and tritiated thymidine). 

Because all ages of stable fly adults can be sterilized 
with apholate* and even flies that already have mature 
eggs can be more than 90 per cent sterilized if they are 
kept for 3 h after treatment before oviposition, there 
may be a dual effect. It has been shown* that 3-7 ug of 
apholate applied to female stable flies younger than | day 
old causes little, if any. reduction in egg production, but 





Fig. 1. Section of ovary of stable fly adult female 30 * 3 h old injected 


with tritiated thymidine 24 h previously, NC, nurse-cell nuclei; ON 
oocyte nuclei; FC, follieular-eell nuclei. 
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Fig. 2. Section of ovary of stable fly adult female 42+ 3 h old treated 
topically withapholate at 15 +3 h of adult age and injected with tritiated 
thymidine at 18+3 h of adult age. 


at 7:4 pug/fly the egg production is reduced to a half or a 

third of the normal level. This communication has shown 

that not all (actually about half) the 15-- 3 h old nuclei of 

stable fly nurse cells incorporated the tritiated thymidine. 

In young flies, we have also shown that the apholate 

treatment interfered with the incorporation of the tritiated 

thymidine into the DNA of some of the nuclei of nurse 

cells and follicular cells. When sufficient numbers of 

these nuclei were affeeted, there would be an induced 

infecundity by preventing yolk production, but where less 

nuclei were affected the follicles might complete the 

production of some eggs (between 15 and 35 per cent of 

normal), which, however, were sterile in most instances 

(no more than 2-9 per cent of those laid hatched). The 

latter effect could be ascribed to the induction of dominant 

lethal mutations?*, In older flies, apparently the primary 

effect would be the induction of the dominant lethal 

mutations, which would thereby prevent embryonic 

development of the fertilized eggs*. The eggs would, as a 

result, fail to synthesize additional DNA after being laid. 
W. F. CHAMBERLAIN 
C. C, BARRETT 
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Tritium Exchange from Compounds 
in Dilute Aqueous Solutions 


ALTHOUGH considerable information is available about 
the lability of the tritium in tritiated compounds treated 
with acid or alkaline solutions!, little attention has been 
given to its lability in compounds stored in dilute aqueous 
solution in the essentially neutral conditions usually pre- 
ferred for biological investigations. Recently, the ex- 
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Table |. RELEASK OF TRITIUM STORAGE AT +2° C 
. Specific Storage Labile 
Compound activit; time tritium 
(Ci/mM) (weeks) (per cent) 
L-Alanine-T(G) O17 <1 
5-Aminolaevulinic ach!-3.5-T 2: 20 
L-Arvinine-T(G) 0:35 <1 
L-Aspartic acid-T(G) 0-22 2 
I- DOPA-2,5,6-T 34-7 15 
t- Histidine-3,5-'T 111 19° 
L-Histidine-3.4-T red 9 
L- Leucine-4,5-T 1-0 1 
bL-isoLeucine-T(G) 0-56 1 
DL-Lysine-4.5-T 8:2 2 
DL-Methionine-T(G) 24 1 
L-Phenylalanine-4-T 1-0 2 
L-Tyrosine (side ehain-2.5-T) 36 «1 
L-Tyrosine-3,5-T 28-2 ge 
Adenine-2,8-T 3-6 5 
Adenosine-T(G) $1 ŝ 
Cytidine-5-T 25-3 2° 
Deoxyadenosine-T( i) O57 Li 
Guanosine-8-T 51 4 
Guanosine-8-T +9 13 
5-Methyleytosine-TiG) 0-56 gie 
Thymidine (methyl-T) 50 <2 
Thymidine-6-T(n) 50 <2 
Uracil-5-T 1-0 6 
Uracil-6-T 6-2 <1 
Uridine-5-T 50 3 
Uridine-6-T 47 <1 





* Plus decomposition. 


change of the C, proton of purine derivatives with water 
has been reported’, and we now publish some of our 
findings on tritium exchange in purines and in other 
nucleics and amino-acids, in order to make research 
workers using these materials more aware of this pheno- 
menon. 

All the samples listed in Table 1 were stored in distilled 
water in rubber-capped multidose soda glass vials and 
kept at + 2" C at a radioactive concentration of 1 mCi/ml. 
To determine labile tritium, each sample was distilled 
under vaeuum at room temperature after the addition of 
inactive carrier and the distillate was colleeted in a liquid 
nitrogen trap and assayed by liquid seintillation eounting. 

It is often necessary to sterilize very dilute aqueous 
solutions of labelled compounds which are to be stored for 
prolonged periods in order to avoid microbiological con- 
tamination, Sterilization by autoclaving the solutions is 
usually the simplest method, provided the compound is 
chemically stable in the conditions used. At high tem- 
perature, however, the rate of tritium exchange from 
certain compounds can be appreciable, and a significant 
amount of tritiated water is formed even though the 
compound itself remains chemically unchanged. The 
samples listed in Table 2 were autoclaved at 121°C, 
15 Ib./in.*, in aqueous solution at a radioactive con- 
centration of | mCi/ml. The solutions were contained in 


Table 2. RELEASE OF TRITIUM ON AUTOCLAVING aT 121°C 
Specific Autoclaving Labile 
Compound activity time tritium 
(Ci/mM) (min) (per cent) 
DL-Alanine-T(G) 15 20 «1 
5-Aminolaevulinic acid-3.5-T 25 20 95 
L-DOPA-2.5,0-T 347 20 75° 
L-Leucine-4,5-T 24-3 20 <1 
L-Lysine-4,5-T 0:6 20 «1 
L-Methionine (methy1-1') 9:3 20 <2 
DL-Ornithine-T(G) Uo 20 «1 
L-Phenylalanine-4-T 50 20 2 
L-Serine-T(G) 02 20 «2 
L-Tyrosine (side chain-2,3-11 36 20 «1 
L-'Tyrosine-3,5-T 28.2 20 18° 
Adenine-2,8-T 36 20 59 
Adenosine-T(G) 2:7 20 54 
5- Bromouracil-6-T 15 20 2 
Cytidine-T(G) 14 20 «2 
Deoxyuridine-6- T 64 20 «1 
Guanosine-8-T fel 20 9s 
Inosine-T(G) Li 20 94 
Thymine (methyl-T) 1-0 120 1 
Thymine-6-T(n) 19-3 20 <1 
Thymidine methyl-T 25.2 120 1 
Thymidine-6-T(n) 50 120 1 
Uracil-5-T 14-6 120 10 
U -6-T 62 120 2 
Uridine-5-T 28-0 20 b] 
Uridine-5-T 50 120 14 
Uridine-6-T 47 120 <2 


* Plus decomposition, 
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rubber-capped multidose soda glass vials which had 
previously been autoclaved and washed with distilled 
water. 

In general, tritium attached to aliphatic carbon atoms 
is stable except where enolization can occur, as in 5-amino- 
laevulinie acid-3,5-T. Tritium attached to aromatic 
carbon is also stable unless the aromatic ring contains 
vlectron-donating substituents (compare L-phenylalanine- 
4-T with r-3,4-dihydroxyphenylalanine-2,5,6-T). Similar 
results are obtained in acidic conditions’. Tritium in the 
pyrimidine 6-position is stable but in the 5-position is less 
so. It is interesting that the rates of tritium loss from 
uracil-5-T and uridine-5-T are about equal, whereas in 
strongly acid conditions uracil-5-T exchanges five times 
as fast as uridine*. We confirm that the C, proton in 
purines is readily exchangeable, as is to be expected in a 
desmotropic molecule. The non-labile tritium in adenine- 
2.8-T and inosine-T(G) is associated with the purine C, 
proton and the ribose moiety, respectively, and is not 
removed by further autoclaving. 

The radiochemical purity as determined by paper 
chromatography of the non-volatiles dropped by less than 
1-2 per cent except where noted, and the chemical con- 
centration remained unchanged within the limits of 
experimental determination by conventional methods. 
Decomposition of tritium labelled compounds as a result 
of self-radiolysis may give products containing readily 
exchangeable tritium®, and this process may account for 
up to 2 per cent of the labile tritium found. Nevertheless, 
the significant amounts of labile tritium arise from 
exchange reactions, and it is, of course, possible that self- 
irradiation has some small effect on the rate of exchange. 
For many biological investigations, the rates of exchange 
reported here will not lead to spurious results. In bio- 
logical conditions, however, stable tritium atoms may 
become labile* or potentially labile atoms become un- 
expectedly stable’, and in quantitative work it is some- 
times advisable to undertake preliminary double-labelling 
experiments with carbon-14 and tritium to establish the 
integrity of the tritium label. 

W. R. WATERFIELD 
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Active Intestinal Absorption of -Glucose 


Iw their study of the effect of amino-acids on the intestinal 
absorption of sugars in normal hamsters, Hindmarsh, 
Kilby and Wiseman! observed that although r-glueose 
was not transported against its concentration gradient, 
its absorption down its concentration gradient was 
markedly reduced by r-histidine. They concluded that 
L-glueose probably partieipated in an active transport 
system. In order to investigate this problem further, we 
have carried out experiments using sacs?:? of everted mid- 
small intestine from rats kept on a restricted diet (6-10 g 
food/day for 9 days); on such a diet this species shows 
enhanced active absorption of D-glucose and L-histidine*}. 

We have found that, in contrast to the normal rat, 
hamster!* and frog’, the semistarved rat can transport 
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L-glueose against its concentration gradient. This is the 
first direct demonstration that rL-glucose is actively 
absorbed. 

The animals, the body weight of whieh had decreased 
from about 250 g to about 170 g on the restricted diet, 
were anaesthetized with ‘Nembutal’ (0-15 ml. intra- 
peritoneally} and the whole of the small intestine was 
removed after washing it out with bicarbonate-saline* 
equilibrated with 95 per cent oxygen and 5 per cent 
carbon dioxide. The middle one-fifth of the small intestine 
was then everted and made into two saes (eaeh about 
9 em long) the inner (serosal) fluid being bicarbonate- 
saline containing 8-33 mM (150 mg per cent) L-glucose. 
Each sae was then put into a 150 ml. conical flask eon- 
taining 20 ml. (outer or mucosal fluid) of the same solution 
as was used for filling it; the air in the flask was replaced 
by 95 per cent oxygen and 5 per cent carbon dioxide, and 
the flask was then shaken (eighty oscillations/min. 
amplitude 5 em) in a Warburg bath for 1 h at 37° C. At 
the end of the hour each sae was removed, its surface 
drained, and the volume of its fluid contents determined 
by weighing. Samples of initial and final mucosal and 
serosal fluids were analysed for reducing sugar by the 
method of Nelson? and, in the appropriate experiments, 
for D-glucose by the specific D-glucose oxidase method'*. 
The r-glucose was found to be free of D-glucose. 

It can be seen from Table 1 that in the standard 
experimental conditions, the semistarved intestine trans- 
ferred both r-glueose and water into the serosal (inner) 
fluid, the sugar being moved against its concentration 
gradient so that its final concentration in the serosal 
fluid was well above its initial concentration. The con- 
centration of r-glueose in the mucosal (outer) fluid 
showed only a small decrease because the mucosal fluid 
volume was relatively large. The initial ratio of serosal/ 
mucosal concentrations for L-glucose was 1-00; the 
final concentration ratio was 1:32. The r.glucose was 
therefore actively absorbed. An attempt was made to 
improve the ratio of the final concentration of L-glucose 
by distending the sacs with comparatively large initial 
volumes of serosal fluid (about 2 ml. instead of 0-8 ml.), 
so that the sacs actually lost serosal volume while 
absorbing r-glucose. The final r-glucose concentration 
ratio, however, remained unchanged (Table 1) from that 
found in the standard experimental conditions. 

In sharp contrast to these results with saes from semi- 
starved rats, saes from rats fed freely (20-25 g food/day) 
yielded final concentration ratios of 0-80 in standard 
experimental conditions (Table 2). Even when sacs from 
normal rats were greatly distended (initial serosal volume 
about 2-3 ml. instead of 0-8 ml.) so that they lost serosal 
volume, the final concentration ratio for L-glucose was 
only 0-95 (initial ratio 1-00). In both these sets of experi- 
ments with normal intestine, the final concentrations of 
L-glucose in the serosal fluid was always well below the 
initial concentration (Table 2). The difference between 
normal and semistarved intestine was not caused, there- 
fore, by net movement of water. 

Some of the factors affecting the active absorption of 
L-glucose by semistarved intestine are given in Table 1. 
Transport of the sugar against its concentration gradient. 
did not occur in the absence of oxygen. or in the presence 
of 8:33 mM (150 mg per cent) D-glucose. 10 mM r-histi- 
dine, or 10-* M phlorrhizin. The active absorption was 
reduced, but not abolished, by 10-* M phlorrhizin. Re- 
placing the NaCl (but not the NaHCQ,, equivalent to 
25 mM Na) of the incubation media by an equivalent 
amount of either KCl or mannitol also stopped the active 
movement of L-glucose. 

In the experiments in which p-glucose was added tu 
the ineubation media, there was à considerable loss of 
r-glucose from the serosal fluid (Table 1). This, together 
with the effect of water uptake, resulted in a final con- 
centration of L-glucose in the serosal fluid of 2-10 mM in 
standard conditions and 4:47 mM when the sacs were 
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Table 1, EFFECT OF VARIOUS AGENTS ON THE ACTIVE ABSORPTION OF L-GLUCOSE BY SACS OF EVERTED MID-SMALL INTESTINE OF THE DIETARY-RESTRIOPBD RAT 


‘Transport of 
i-glucose into Gain in serosal 
serosal fluid fluid water 
(amole/100 mg dry (nmole/100 mg dry 


L-Glucose final 
conc. ratio 
(serosal/mucosal) 


Final conc. of 
L-glucose in 
mucosal fluid 


Final conc. of 
i-glucose in 
serosal fluid 










(mM) (mM) weight of sac/h) weight of sac/h? 

in standard conditions* 10-53 + 0-28 8:03 + 0-06 6-07 + O48 11-68 + 2-66 1:32 + 0-04 (15) 
Initial serosal volume 2 nij, 11-00 + 0-20 810+ 0-06 5-55 + 1-80 — 24-2 +40 1:36 + 0-03 (10) 
O, replaced by N, T81 +008 8°30 +004 ~1:4040-17 0-04 + 0-01 (10) 
5:33 mM D-glucose present 2710+ 0-28 8:95 + 0-05 ~ 7-87 + 0-69 30- 0-24 x: 0-03 (16) 
5:33 mM D-glucose present. fnitial serosal volume 1-6 ml, 4:47 +0-56 9-14+40-08 — 9-20 + 2-08 1 0:49 + 0-06 (16) 
10-* M phlorrhizin present 6:82 0:21 8-23 + 0-03 — 0-55 + 0-32 18-8 82 + 6-08 (12) 
10-* M phlorrhizin present 9-46 - 0-49 8:13 £ 0-09 4-46 + 0-69 15- 1:16 + 0-06 (12) 
10 mM r-histidine present 8-03 +013 823 + 0.04 1:60 + 0-16 it 0-98 + 0-02 (17) 
NaCl replaced by KCl 7:22* 0-07 &:11 +009 —3:18 ż 0-27 -7 O-89 + 0-01 (6) 

Nat'l replaced by mannitol 7-47 € 0-05 $21:z007 —1:4540-14 Q- 0-01 0-01 (6) 





Values are means + S.E.M., with the number of sacs in parentheses. 

* Sac length about 9 cm, Initial serosal (inner) volume 0-8 ml. Initial mucosal (outer) volume 20 ml, 
3°33 mmolar L-glucose. Gas phase 95 per cent O, and 5 per cent CO,. 
šem. Initial L-glucose serosal/mucosal concentration ratio was 1-00. 


x 1 Initial sero: 
Incubation period 1 h, temperature 37° C, eig 


land mucosal fluids contained 
' oscillations/min, amplitude 


Table 2. ABSORPTION OF L-GLUCOSE BY SACS OF EVERTED MID-SMALL INTESTINE OF RATS FED FREELY 


Final conc. of Final cone, of Transport of L-zlucose Gain in serosal L-glucose final 


L-glucose in L-glucose in into serosal fluid fluid water conc. 
serosal fluid mucosal fluid (emole/100 mg dry (mmole/100 mg dry ratio 
(mM) (mM) wt. of sac/h) wt. of sac/h) (seroosal/muesal) 
In standard conditions* 6.54019 8-19 + 0-06 0:43 174 £112 0-80 + 6-02 (13) 
Initial serosal volume 2-3 ml. 7:89 0-11 827 + 0:06 ~ 195403 — 6:50 + O87 0-95 + 0-02 (8) 


Values are means $ S.E.M., with the number of sacs in parentheses, 
* Experimental details as for Table 1. 


greatly distended (initial serosal volume about 1-6 ml.) at 
the beginning of the experiment in order to reduce the 
amount of water entering the sacs. There was a con- 
comitant rise in the concentration of r.glucose in the 
mucosal fluid. The p-glucose itself was actively absorbed 
by these sacs, its ratio of the final concentrations of 
serosal/mucosal fluid being 11-6+1-1 in standard con- 
ditions and 22-7+5-1 for the greatly distended sacs. 
The final concentration of L-glucose plus p-glucose was 
38-9- L9 mM in the serosal fluid and 12-34 0-1 mM in 
the mucosal fluid for the standard sacs, and 44:3 - 2-1 mM 
and 11-7 t£ 0-3 mM respectively for the greatly distended 
ones. Thus the p-glucose not only inhibited the active 
absorption of the r-glucose, but also resulted in migra- 
tion of r-glueose from an overall high concentration of 
glucose (L plus D) in the serosal fluid to an overall low 
one in the mucosal fluid. Although the active absorption 
mechanism showed a preference for p-glucose, the out- 
ward, presumably passive, movement may not dis- 
criminate between the L- and p-forms. 

The behaviour of r-glucose in these various experi- 
ments, especially in the presence of p-glucose and low 
concentrations of phlorrhizin, suggests that its active 
absorption is mediated by the same mechanism as that 
which transports p-glucose. 

We found unineubated semistarved mid-small intestine 
(whole wall) to contain 10-8 mg p-glucose/100 g wet 
weight of tissue (D-glucose oxidase method), whereas 
normal intestine had 37.8 mg p-glucose/100 g tissue. The 
ease with which semistarved intestine actively absorbed 
L-glucose is therefore possibly related to its relatively low 
content of D-glucose (resulting in less inhibition of active 
transport of r-glucose by the p-form), as well as to its 
enhanced capacity for active absorption of hexose. 

The current hypothesis! that sugars require the 
D-pyranose ring structure for active absorption is no 
longer tenable. 

One of us (R. J. N.) thanks the Medical Research 
Council for a research scholarship. 

R. J. NEALE 
G, WISEMAN 
Department of Physiology, 
University of Sheffield. 
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Analysis of Chromatin in Male 
and Female Mealy Bugs 


THE chromosome system of the mealy bug, Planococcus 
citri (= Pseudococeus), is unique for the study of differences 
between heterochromatin and euchromatin. In the male, 
the paternal ehromosomes are heterochromatie; that is, 
they remain condensed throughout interphase. In the 
female, both maternal and paternal sets are euchromatic. 
The paternal set behaves like heterochromatic sex chromo- 
somes of other organisms; it reproduces asynchronously 
from the maternal or euchromatic set and is genetically 
inert’. Marker genes in the mealy bug are expressed in 
the male only if received from the mother (personal 
communication from S8. W. Brown). X-ray damage to the 
heterochromatie set is not expressed? and the heterochro- 
matie set is not labelled with tritiated uridine?. 

Because of these properties, the mealy bug provides an 
opportunity for determining the molecular basis of 
heterochromatization. Analysis of DNA from male and 
female insects has shown no methylated bases in either 
sex nor any difference in base ratios’,  Histones have been 
suggested as repressors of gene action and are observed 
to suppress RNA synthe by DNA dependent RNA 
polymerase in vitro*^. Ratios of absorbance of alkaline 
fast green to Feulgen were 2-5 times greater in the hetero- 
chromatin than in the euchromatin of mealy bug nuclei; 
this result was interpreted to mean that there is either 
more or qualitatively different histone in the hetero- 
chromatin?. 

This communication summarizes results of analyses 











of mealy bug chromatin for protein composition 
and templating capacity in DNA-dependent RNA 





synthesis. The culture and sexing methods have previously 
been described‘. Samples (0-5-1 g) of insects were collected 
for 6-8 weeks and stored at — 15^ C; repeated experi- 
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ments with chromatin from mass collections (adults, eggs 
and larvae) showed no change in the measured character- 
istics during these periods. 

Nuelei were obtained from male or female late second 
instar larvae by homogenization in 10 volumes of 0-33 M 
sucrose — 0-003 M CaCl, — 0-05 M tris buffer, pH 7-6. The 
homogenate was filtered through gauze and muslin and 
centrifuged for 10 min in a clinical centrifuge at 1,000g. 
The pellet was suspended in 9 volumes of 2-2 M sucrose — 
0-003 M. CaCl, with five or six motor driven strokes of a 
‘Teflon’ homogenizer and the suspension was centrifuged 
at 27,000 r.p.m. in a Spinco model L 50 rotor in 2 ml. 
tubes for 60 min. This pellet was washed three times 
with the first medium and centrifuged at 1,000g in a 
clinical centrifuge. ^ Microscopie examination of the 
nuclei at this stage showed little or no contamination by 
whole cells. The heterochromatic areas of the male nuclei 
were visible. The nuclei were next extracted with 0-14 M 
NaCl, followed by 0-05 M tris buffer, pH 7-6, and sus- 
pended in the same buffer for testing. 

Chromatin was prepared by suspension of the pellet 
from the third sucrose wash in 0-05 M tris buffer, pH 7-6, 
and sonication for 5-10 s in a model 8-75 Branson 
sonifier at 7 A and 20,000 kHz. Chromatin was collected 
by sedimentation at 3,000g in a refrigerated Sorvall and 
extracted with 0-14 M NaCl, then 0-05 M tris buffer, 
pH 7-6, and suspended in the latter. No whole nuclei were 
microscopically visible in this preparation. 

Determinations of histone were made on 0-2 ml. sus- 
pensions of nuclei or chromatin, using graduated, conical 
tubes, recalibrated in this laboratory. After extraction 
for 0-5 h with 0-0125 M citric acid (pH 2-8) histones were 
extracted with 0-25 N H,8O, for 1 h. The small amounts 
of material used precluded repeated extractions, but 
preliminary experiments on material from mass collec- 
tions had shown that 90 per cent of the acid soluble 
materials were removed by the first of three sulphurie 
acid extractions. Prior washing of the chromatin in 
80 per cent ethanol, following the technique of Johns and 
Butler?, and extraction of histone in 0-25 N HCl gave com- 
parable results (Table 1), but was not further used because 
it seemed to result in a loss of subsequently extracted 
acidie proteins. 


Table 1. PROTEIN : DNA IN CHROMATIN AND NUCLEI OF MEALY BUGS 





Extract Material Female Male 
Histone Chromatin (Johns 0-86 
and Butler*) 1:38 
Chromatin 1:36 
Nuclei 1:34 
Average 1:23 + 0-25* 
Citric acid Chromatin 084 
Chromatin 1:64 
Nuclei 0-56 
Acidic protein Chromatin O71 
Chromatin 0-94 
Nuclei 1.36 
Residual protein Chromatin 1-79 
Chromatin 2:24 
Nuclei 3:56 
Total non-histone protein Chromatin 3:34 
Chromatin i82 
Nuclei 548 
Average 4-55 + 1-20* 





* Standard deviation. 


DNA and acidic proteins were determined from the 
residue of the sulphuric acid extraction which was washed 
once with cold 10 per cent TCA and extracted with 5 
per cent TCA for 20 min at 90° C. The TCA extract was 
analysed for DNA". The residue was extracted with 0-1 
NaOH for acidic proteins and 1-0 NaOH for residual 


proteins. Repeated analyses on the same preparation of 


chromatin from mass collections agreed within 10 per 
cent. 

For the templating experiments, RNA polymerase 
from M. lysodeikticus (Miles Chemical Co., Elkhart, 
Indiana) was isolated by the method of Nakomoto et al. u 
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through the ammonium sulphate precipitation step. The 
HC.ATP (Schwartz Bioresearch Inc., Orangeburg, New 
York) taken up in the RNA-polymerase reaction was 
measured by the assay method of Nakomoto ef ai" 
omitting spermidine phosphate. Free mealy bug DNÀ 
was isolated from masses of insects by the method of 
Marmur??. 

The results of the protein analyses on two preparations 
of chromatin and one of nuclei are reported in Table 1 as 
ratios of protein to DNA. The first chromatin preparation 
was also analysed by the method of Johns and Butler’. 
Protein analyses of the citric acid extracts are included 
because they may represent chromosomal proteins. I 
found no consistent difference in histone between male 
and female insects; the differences between experiments 
are greater than between males and females of one 
experiment. This may reflect the difficulties of extracting 
nuclei from whole organisms and small sample sizes. 
While variations between males and females occur in the 
different acidic protein fractions, the total non-histone 
proteins are the same within the limits of accuracy of 
these data. 





my moles ATP-'*C incorporated 








240 10 20 30 — 40 50 90 
49g DNA 


Fig. 1. Procedure: 0:36 &moles of C-ATP (specific activity 10 x 10° 

c.p.m./umole) and 11 t of enzyme were used, Other details are in the 

text. The washed perchlorie acid precipitate was dissolved in (2 N 

NH,OH and counted in a scintillation counter. Free mealy bug DNA: 

^, female nuclei; €, female chromatin; £. male nuclei: a, male 
chromatin. 











Templating capacity of these preparations of chromatin 
and nuclei and of free mealy bug DNA as a function of 
DNA content can be compared (Fig. 1). There is no 
difference between female or male nucle: or chromatin, 
although the male sample contains the heterochromatin. 
The activity of DNA in chromatin and nuclei is about 
25 per cent of that of free DNA, a figure comparable with 
that reported for tissues of other species??? !, "Phe chro- 
matin had no endogenous RNA polymerase activity. 
Preincubation for 10 min of the chromatin with DNase at 
30° C removed 93 per cent of the templating activity. 
Brief sonication of the nuclei did not affect the templating 
ability of the subsequently isolated chromatin. 

The equal templating ability of chromosomes from the 
two sexes might be interpreted as meaning that the 
euchromatic set in the male is twice as active in RNA syn- 
thesis as that of the female, a dosage compensation 
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mechanism similar to that found by Mukherjee and 
Beermann" in X chromosomes of male Drosophila. Because 
one set of chromosomes is inactive in the male in vivo, 
and because male and female larvae are similar in size 
and morphology, some such mechanism would be expected. 
Data from cell counts of whole embryos and from DNA 
analysis of whole larvae, however, show that males con- 
tain about 1-5 times as many cells per gram of tissue as 
females (unpublished results of L. Berlowitz, D. Pallotta 
and myself)—enough to compensate for the inactive 
heterochromatic set. The ratio is not 2 because of the 
deheterochromatization of the paternal set in some 
tissues of the male's, The number of nuclei or cells in 
male mealy bugs, unlike the X chromosomes of Drosophila, 
are free to vary independently, and this last mechanism 
seems more probable in mealy bugs. 

A more reasonable interpretation of the equal templating 
ability of male and female chromatin is that it is the 
result of the effects of extraction. Hotta and Stern!? 
found that the extended leptotene chromosomes of 
ineiosis in T'ulipa were labelled by tritiated uridine in 
rivo, although the condensed, metaphase chromosomes 
were not; in vitro the chromatin of the two meiotic 
stages showed no differences in templating experiments 
similar to those reported here. If these results are a 
consequence of disruption of the heterochromatin of 
males, they tend to confirm that heterochromatization 
is a relatively superficial controlling mechanism and 
similar in this respect to the temporary blocking of gene 
action in mitotic and meiotic condensation’. The dis- 
ruption of the heterochromatin occurs even in nuclei, a 
large part of which still have microscopically visible 
heterochrematin, so a very subtle mechanism may be in- 
volved. 

If the figures of 20 30 per cent templating ability, 
reported for so many different chromatins, are taken at 
their face value, it should be pointed out that the inaetivity 
in vivo of heterochromatic chromosomes of mealy bugs 
represents à further repression. When this total repression 
is disrupted during isolation, there still remains, in both 
male and female, the 70-80 per cent repression. This may 
represent a phenomenon which occurs in all chromatin 
as a mechanism of differentiation. Complete repression 
would then involve a further, relatively more superficial 
inechanism. lasting for longer or shorter periods of time 
as exhibited during mitosis and meiosis, in sex chromo- 
somes of many species and the paternal set of coccid 
males. 

I thank Dr 8. W. Brown for suggestions and stimulating 
criticism. This research was supported by the US National 
Science Foundation. 


Mary W. Lokwvcs 
Department of Biology. 
State University of New York at Buffalo, 
Buffalo, 
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Haptoglobin-Haemoglobin Complexes 
studied by Polyacrylamide 
Gel Electrophoresis 


HAPTOGLOBIN, one of the « 2 globulins of human serum, 
is thought to combine irreversibly with haemoglobin in a 
molecular ratio of one to one'?.. Two bands are therefore 
expected after gel electrophoresis of haptoglobin to whieh 
haemoglobin has been added in non-saturating proportions, 
a rapidly migrating band of free haptoglobin and a slower 
one for the haptoglobin-haemoglobin complex. Reported 
results are different. In agar gel eleetrophoresis, a single 
zone occurs with a mobility that decreases with inereasing 
haemoglobin concentration. Two possible explanations 
are offered by Wieme*. Complex formation may be 
reversible, making it possible for a few haemoglobin 
molecules to interact with all of the haptoglobin molecules, 
resulting in a migration rate intermediate between 
free and fully saturated haptoglobin. More probably, the 
haptoglobin-haemoglobin complex has residual binding 
capacity for other haptoglobin molecules. In this way the 
influence of one haemoglobin molecule extends over 
several molecules of haptoglobin. Both explanations are 
incompatible with the commonly held ideas about the 
character of the haptoglobin-haemoglobin complex. In 
starch gel, undersaturated haptoglobin type 1-1 (ref. 4) 
shows a complex with a mobility intermediate between 
that of the uncombined and the fully saturated protein. 
Laurell’ suggests that haptoglobin may pick up a half 
molecule of haemoglobin in these conditions. 

We report here the patterns, obtained by polyacryl- 
amide gel electrophoresis, of the complexes of haemo- 
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Fig, 1. Five per cent polyacrylamide gel electrophoresis of human serum 

with haptoglobin type 2-1, mixed with haemoglobin (a, 0-6 mg/ml.: 

b, 1:5 mg/ml; e, 2:1 mgiml.). 300 V, 50 mA, 4 h; peroxidase stain. 

With low concentrations of haemoglobin the flrst band (1) shows one 

pre-band, the others (2-8) two. Addition of more haemoglobin makes 
the pre-bands disappear, 
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Fig. 2. Diagram of the possible patterns of monomeric and polymeric 
of haptoglobin combined with haemoglobin, Without haemo- 
globin a single zone is visible. This is joined by slower bands (2 for the 
monomeric type, 3 for the polymers) when haemoglobin is added. Larger 
amounts make the fastest pre-bands disappear until only the slowest 
component is left when excess haemoglobin is available. 


globin with the three principal genetic types of hapto- 
globin. These results not only confirm Laurell’s hypo- 
thesis*, but also indicate a difference in the behaviour of 
the monomeric and polymeric types of haptoglobin, 
possibly related to their haemoglobin binding capacity. 

Polyacrylamide gel electrophoresis was carried out in 
5 per cent and 8 per cent gel by the method of Raymond 
and Nakamichi* with a tris-EDTA-boric acid buffer of 
pH 8-3 (ref. 7). Three per cent gel was prepared as 
described by Raymond, Miles and Lee*. To facilitate 
handling of the gel after electrophoresis, it had to be 
covered with a 10 per cent acrylamide solution which was 
then polymerized by addition of ammonium persulphate*. 
This interfered with the peroxidase stain applied later, 
because the entire gel turned reactive, and was replaced 
by riboflavine as a catalyst and photopolymerization® to 
prevent the artefact. Haptoglobin types of individual 
sera were determined by electrophoresis with added 
haemoglobin A and benzidine-hydrogen peroxide staining. 
Pure haptoglobins were prepared from suitable pooled 
plasma after Connell and Shaw'*. 

Electrophoresis in 5 per cent gel of 1-1 haptoglobin 
mixed with low concentrations of haemoglobin A followed 
by peroxidase staining revealed a minor pre-band migrating 
in front of a major component. With amido black 10B 
staining a third still faster zone could be demonstrated 
which lacked peroxidase activity. When more haemo- 
globin was added the non-reactive band disappeared first, 
followed by the peroxidase-positive pre-band. In the 
fully saturated complex (appearance of free haemoglobin) 
only the slow, major component was detected. With 
traces of haemoglobin only the fast pre-band was visible. 
Undersaturated type 2-2 showed two peroxidase-positive 
pre-bands with migration rates intermediate between 
those of the free protein and the fully combined complex, 
for each of the bands of the polymer series. The same 
was true for type 2-1 haptoglobin, with the exception of 
the first zone of the series which exhibited only one pre- 
band (Fig. 1). By adding more haemoglobin the free 
haptoglobin bands were made to disappear, followed first 
by the fastest migrating pre-bands and as saturation 
inereased by the slower ones. With excess haemoglobin 
only the major zones remained. 
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Thus, as indicated diagrammatically in Fig. 2, all of 
the polymeric types of haptoglobin (2-2; 2-1, except for 
the first band) may show two intermediate complexes in 
addition to the free and the fully saturated protein, while 
the monomeric types (1-1; first band of 2-1) have only 
one intermediate complex. 

The intensity of staining of the bands with amido 
black 1058 changed as expected with the changes in 
eleetrophoretie pattern. Thus with little haemoglobin the 
density of the free haptoglobin, the undersaturated com- 
plex(es) and the saturated haptoglobin zone decreased in 
this order. Adding haemoglobin resulted in a gradual 
reversal, the slow bands becoming more dense. With 
the peroxidase technique this shift was not clear. The 
intensity of the slowest band, even at very low concen- 
trations of haemoglobin, was always greater than that of 
the pre-bands (Fig. 1), indicating considerably more 
enzyme activity for the amount of protein than for the 
other zones. We tried to investigate this further by 
heating sera at 60° C for periods of up to 10 h which, 
according to Pintera'!, diminishes the capacity of hapto- 
globin to increase the peroxidase activity of haemoglobin 
without influencing the amount of haemoglobin bound. 
We observed indeed a distinct decrease in the intensity 
of the benzidine stain after this treatment. Because the 
loss of activity was proportionate for all of the bands, no 
further conclusions could be drawn regarding the char- 
acter of the complexes represented by the individual zones, 

The patterns observed in 3 per cent and 8 per cent gel 
were essentially the same as those just described for 5 per 
cent gel. With increase in gel concentration, however, the 
saturated haptoglobin-haemoglobin complex was pro 
portionately most retarded, the undersaturated complexes 
less and free haptoglobin least. This was particularly 
clear in two-dimensional plots of the data for a com 
bination of two different gels (Fig. 3) or in actual two- 
dimensional runs*. The different electrophoretic behavi- 
our of the various zones seems primarily to be caused there 
fore by differences in molecular size. After prolonged 
electrophoresis in 8 per cent gel the polymeric zones of 
haptoglobin showed a third pre-band. 

One of us has described a method for the estimation 
of molecular weights of proteins by polyacrylamide gel 
electrophoresis? The ratio of migration of proteins in 
two different gels, identical but for their polyacrylamide 
concentration, was shown to be linearly related to the 
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Fig.3. Two-dimensional plot of electrophoresis of the tirst four bands of 

haptoglobin 2-1 and their pre-bands with haemoglobin in 5 (4 h) and 

8 per cent gel (6:5 h); peroxidase stain. Decreases in mobility in 5 per 

cent gel are accompanied by relatively greater decreases in mobility in 

8 per cent gel. This indicates an increase in molecular size from the 
fastest to the slower components. 
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logarithms of their molecular weights in certain con- 
ditions. The method is very similar to that based ou gel 
filtration. For free haptoglobin 1-1, fully saturated 1-1 
and its pre-band we found with this method molecular 
weight values of respectively about 80,000, 140,000 and 
110,000. For free haptoglobin this is close to the accepted 
value. 

From this evidence it is obvious that one molecule of 
the monomerie type of haptoglobin is able to find one 
moleeule of haemoglobin (molecular weight 64,500) or. if 
the latter is present in low amounts, one half-molecule. 
Theoretically haemoglobin may yield three different 
dimers, xx, BB and «8. The observation of only one 
pre-band suggests that only one of these actually occurs. 
This agrees with the idea that the dissociation of haemo- 
globin is symmetric, giving two «8 halvesti?-t5, Hapto- 
globin does not bind haemoglobin H, whieh has four B 
chains'*, and so the coupling of the «3 dimer probably 
takes place primarily through the « chain. The same 
conclusion is reached by Nagel and Gibson" based on a 
study by fluorescence quenching of the interaction of 
haptoglobin and isolated haemoglobin chains. 

The occurrence of two, sometimes three, pre-bands 
with the polymerie types of haptoglobin and their estim- 
ated moleeular weights, to be reported in detail later 
(our unpublished work), indicates a binding capacity of a 
half to two moleeules of haemoglobin per molecule of 
polymer. An even larger binding capacity cannot with 
certainty be excluded, because the complexity of the 
electrophoretic pattern may obscure the presence of more 
than two or three pre-bands. 

Numerous gene frequeney studies among various 
populations suggest that possession of the Hp-2 allele 
confers a selective advantage on the carrier'*. One could 
postulate that this advantage is related to the larger 
haemoglobin binding capacity of the gene product, if 
indeed this complex formation is its function. 

This work was supported by a grant from the US 
National Science Foundation. 
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Effects of Anti-thymocyte Serum on 
Rauscher Virus Infection of Mice 


CELL-MEDIATED immune responses seem to be the principal 
host defence against virus-induced tumours and leuk- 
aemias!. Transfer of sensitized lymphoid cells ean produce 
resistance to tumour induction or transplantation, 
whereas depression of cell-mediated immune mechanisms 
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results in enhanced susceptibility to viral oncogenesis o1 
leukaemogenesis?. The most potent suppressants ol 
cellular immunity yet described are anti-lymphoid sera’. 
These sera have been used primarily to suppress homo- 
graft rejection after tissue transplantation, but have also 
been used to investigate mechanisms of viral pathogenesis. 
They have been found to potentiate polyoma and adeno- 
virus oncogenesis*?, as well as Moloney virus leukaemo- 
genesis*, whereas they delay or prevent signs of lympho- 
eytie choriomeningitis (LCM) and vellow fever infeetionss-?, 
We report an examination of the effects of rabbit anti- 
mouse thymocyte (RAMT) serum on the development of 
Rauscher leukaemia virus infection. 

ICR Swiss mice between 28 and 35 days old were used. 
The virus preparation was supplied by Dr Frank J. 
Rauscher, National Cancer Institute, Bethesda, Mary- 
land; it was prepared from BALB/e mouse spleens 
according to established techniques!". RAMT serum was 
prepared as described by Levey and Medawar? and was 
assayed by its ability (a) to diminish peripheral blood 
lymphocyte counts by 50 per cent within 4 h of a single 
intraperitoneal inoculation of 0-3 ml., and (b) to prevent 
clinical and histological signs of LCM virus infection in 
ICR mice given three intraperitoneal inoculations (0-05 
ml.) at 3 day intervals before virus challenge. As outlined 
in Table 1, 180 mice were divided into nine groups. At 
hour zero, 0-1 ml. of à 10 per cent suspension of Rauscher 
virus in buffered saline containing 0-75 per cent bovine 
albumin was inoculated into each animal. The control 
group received no further treatment, whereas the re- 
maining groups were inoculated intraperitoneally with 
either pooled normal rabbit serum (NRS) or pooled 
RAMT serum at various times before or after virus 
administration. The sera (0-5 ml.) were administered 
at the following times relative to virus inoculation: 
—3 days, —2 h, +2 h, +3 days. Twenty-one days 
after virus inoculation, all animals were anaesthetized 
with ether and killed by cervical fracture. Individual 
body and spleen weights were measured. Spleen weight 
in early Rauscher virus infeetion has been shown to be 
an accurate index of the progress of the disease!!, and in 
otherwise untreated mice it is directly proportional to the 
size of the virus inoculum!?. 





Table 1. EFFECTS OF RABBIT ANTI-MOUSE THYMOCYTE (RAMT) SERUM AND 
NORMAL RABBIT SERUM (NRS) ON RAUSCHER VIRUS INDUCED SPLENOMEGALY 
IN MICE 





Timeofserum No. of Mean spleen weights + standard deviation (g) 
treatment mice Control RAMT serum NRS 
—3 days 40 1:206 + 0-627 0-883 + 0-449 
-2h 39 L777 +0672 1:098 + 0-586 
Oh 22 0-605 + 0-492 
+2h 39 T1144 0-614 1:029 + 0-587 


+3 days 40 0:917 + 0:536 0-950 + 0:526 

Control group received only Rauscher virus (0-1 ml, of a 10 per cent 
suspension) at hour zero. Other groups received Rauscher virus at hour 
zero and single dose serum treatments (0-5 ml.) at various times. The means 
in italie in the table are significantly greater than the control mean 
(P « 0:05. Dunnett's procedure). 

The results of various treatments of a single dose of 
serum on Rauscher virus-induced splenomegaly are sum- 
marized in Table 1. Because the variances of the groups 
were homogeneous, an overall pooled estimate of vari- 
ability was obtained (5—0-568) and used to judge the 
significance of observed differences between treatment 
means and the control (Dunnett's procedure). Differences 
greater than 0-456 g were significant at the 0-05 level, 
whereas those greater than 0-564 g were significant at 
the 0-01 level. Pretreatments with RAMT serum had a 
marked potentiating effect on Rauscher virus infection, 
as shown by spleen size. Maximum augmentation was 
obtained when RAMT serum was administered 2 h before 
virus was given; mean spleen weight in this group was 
nearly triple that of control mice infected with Rauscher 
virus. RAMT serum, when given 3 days before virus, 
still had a marked potentiating effect, with spleen weights 
averaging nearly twice that of controls. NRS at —2 h 
had a lesser, but still significant, augmenting effect 
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on splenic enlargement. Treatment with RAMT serum 
at +2 h had a slight potentiating effect, but less than 
either of the two treatments with RAMT serum given 
before virus inoculation. Treatment with NRS at —3 
days. +2 h, or +3 days, or with RAMT serum at +3 
days had no significant effects at the 0-05 level. 

The results reported in this study indicate that anti- 
thymocyte serum greatly potentiated Rauscher virus- 
induced splenomegaly when administered before virus 
inoculation or immediately after inoculation. 

Although the mechanisms of action of anti-lymphoid 
sera are not fully understood?.?, it is known that the 
effects on lymphoid cells are exerted rapidly. In vivo, 
profound lymphopenia is present within 4 h of inoculation, 
whereas in vitro, effects are noted within 30 mint”. 
The suppressant effects of administered sera, however, 
last a long time, competent cellular immunological fune- 
tion taking several days to several weeks to return after 
a single dose of serum. Thus a single dose shortly before 
inoculation with Rauscher virus, or immediately after 
injection, could be expected to exert rapid, profound and 
long-lasting effects on the cellular defence mechanisms of 
the host allowing unimpeded growth of virus in suscept ible 
target cells. NRS showed a similar but less pronounced 
effect; observations of NRS-induced lymphopenia of 
less magnitude than that caused by RAMT serum!! 
suggest a similar depressant mechanism. Because anti- 
thymocyte serum has been demonstrated to have little 
or no effect on circulating antibodies in viral infections?! 
and no effect on interferon production (unpublished 
observations), cell-mediated immunity must be very 
important in host defences to Rauscher virus, as it is 
with other tumour and leukaemia viruses. 

M. 8. Hirscx 
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Effect of Phytohaemagglutinin on 
Persistence of Immunological 
Tolerance 


Two general mechanisms have been considered to explain 
the loss of acquired tolerance with time. The first requires 
that the slow degradation of antigen with time permits 
the recovery of inhibited or "tolerant" cells to their 
normally responsive state!. A variation of this hypothesis 
proposes that continued proliferation of cells in the 
absence of new supplies of antigen leads to an intra- 
cellular dilution of captured antigen by division among 
daughter cells to a point where the antigen concentration 
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Table 1. EFFECT OF PHYTOHAEMAGGLUTININ ON PERSISTENCE OF TOLERANCE 
TO BSA INDUCED IN NEONATAL GUINEA-PiGs 
Delayed 
reaction Average 
Group No, Tolerance PHA average (mm) anti- 
induction treatment Immunized BSA OT BSA 
G0eg) (1:500) titre 
A 13 50mgBSA 10mg/kg 1007 BSA 33 119 1:48 
i.p. on i.p.at4, in adjuvant 
days l, 2, 5,6 3days 
5 after weeks after last 
birth P 
B 9 Se None ; $ 44 12-8 1:38 
c 7 None 10 mg/kg $5 26:6 Td 1:8,110 
i.p. at 4. 
5,6 weeks 
D 6 . None ar 5» 32:5 $0 1:2,710 


is ne longer inhibitory and may even stimulate an immune 
response. The more strongly held alternative proposes 
that tolerance wanes part passu with the formation of 
virgin immunocompetent cells from a source organ such 
as the thymus?*. 

We thought that one possible experimental test of the 
validity of the first hypothesis might be available through 
an artificially induced stimulation of immunocompetent 
lymphoid cells through the agency of the powerful mitogen 
phytohaemagglutinin (PHA). This material bas been 
shown to induce proliferation of lymphocytes in vitro? 
as well as in vévo*-*. 

Accordingly, an experiment was set up to determine 
the effect of administration of PHA on tolerance to bovine 
serum albumin in guinea-pigs. Randomly bred white 
male guinea-pigs were injected intraperitoneally with 
50 mg of bovine serum albumin ( BSA) on the first, second 
and fifth days after birth. Eight weeks later they were 
immunized with 100 ug of BSA in 0-1 ml. of complete 
Freund adjuvant divided among the four foot pads. Two 
weeks after immunization, they were skin tested with 
BSA and old tuberculin (OT) for the existence of delayed 
sensitivity and 1 week later they were bled to obtain sera 
for analysis of antibody to BSA. The results are shown 
in Table 1. 

Guinea-pigs rendered tolerant by treatment with BSA 
at birth (group B) had markedly depressed delayed sensi- 
tivity reactions to 10 ug of BSA (4-4 mm) compared with 
the untreated control group D (32-5 mm). Similarly, when 
antibody to BSA was assayed by complement lysis of 
BSA coated sheep red blood cells’, the group treated at 
birth had markedly depressed titres of y, antibody (1: 38) 
compared with controls (1 : 2,770). Oddly enough, delayed 
reactions to OT were greater in the BSA-tolerant group 
than in the control group, a phenomenon we have come 
to associate with the competitive effect of a simultaneous 
response to BSA in this group. 

The effect of PHA (Difco) on the state of tolerance to 
BSA was assessed by injection of this material (10 mg/kg) 
intraperitoneally into guinea-pigs four, five and six weeks 
after tolerance-inducing injections of BSA. This group 
of guinea-pigs (group A) showed a similar suppression of 
delayed sensitivity and y, antibody production to BSA 
as shown by group B. Three injections of this mitogenic 
agent at weekly intervals were without apparent effect on 
the tolerant state produced by neonatal injection of 
antigen with respect to both delayed sensitivity and 
antibody formation. 

To rule out the possibility that PHA has a suppressive 
effect on the immune response itself !?.!!, another group of 
guinea-pigs was treated with PHA before immunization 
with BSA in adjuvant. These guinea-pigs (group C) had 
delayed reactions (26-6 mm) and antibody titres (1: 3,110) 
comparable with those in the untreated control group D. 

These experiments show that a significant degree of 
tolerance in respect to delayed sensitivity and y, antibody 
production persists in guinea-pigs 8 weeks after their 
treatment at birth with BSA. Administration of the 
mitogen PHA for 3 weeks did not significantly alter thus 
existing state of tolerance. Similar results have been 
reported for mice given a single injection of PHA before 
challenge*. This material has been shown? to induce 
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proliferation in vivo and so it can be argued that such 
lymphoid proliferation has no effect on the existence of a 
specific tolerant state. There are two possible reasons for 
this. One is that whatever proliferation there may be 
involves only lymphoid cells not directly involved in the 
immune response or, alternatively, does not involve the 
lymphoid stem cells concerned with tolerance and its loss. 
Alternatively, the explanation that we favour suggests 
that tolerance is the absence of competent cells and dis- 
appears only when new cells are produced by a source 
organ such as the thymus, a time dependent process not 
affected by PHA. 
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immunological Factors in 
Human Placentation 


A CONSIDERABLE volume of evidence from animal experi- 
ments suggests that mammalian placentation is under 
some kind of immunologieal control. In the mouse, for 
example, it has been shown that placental size’? and, 
indirectly, foetal size and length of gestation? can be 
influenced by the materno-foeta! immunological relation- 
ship. An increase in placental weight with birth order has 
been described in several species (mouse!, rat?*, guinea- 
pig$ and man!) and this may represent an immuno- 
logical effect. 

In an attempt to detect an immunological influence on 
normal placental development in man, a pilot study has 
been carried out, utilizing retrospective data on maternal 
blood groups and placental weights. It is known that the 
AB antigens participate in transplantation immunity and 
that the ABO blood group system can be utilized in histo- 
compatibility studies’. Despite the fact that the presence 
of AB antigens on trophoblast is in dispute’, there is 
no doubt that an interchange of these group substances 
takes place across the placenta and may result in iso- 
immunization. Although there is therefore obviously a 
large background of genetic dissimilarity between mother 
and foetus, the ABO groups can be used as a convenient 
parameter for the study of histo-compatibility differences 
hetween these two individuals. 

Data have been studied retrospectively from 3,688 
consecutive confinements. This total excludes cases of 
multiple pregnancy, diabetes mellitus and rhesus iso- 
immunization, for in these conditions the placental weight 
is known to be abnormal. Mean placental weights were 
calculated in each of the maternal blood groups and the 
results are shown in Table 1. Although the mean placental 
weight increases progressively in the blood group order 
O-A-B-AB, the differences are not statistically significant. 
Comparison of placental weight for group O mothers 
(629+3-1 g) and for groups A, B and AB combined 
(639 + 3-1 g), however, revealed a significant difference 
(S.E. of difference + 4:2). The mean gestation periods 
for each blood group did not differ significantly from each 
other. 
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Table 1. MEAN PLACENTAL WEIGHT ACCORDING TU MATERNAL ABO BLOOD 
GROUP 
Maternal Mean placental 
blood group No, of cases weight (g) SLE. 
ü 1,809 629 i Fi 
A 1,382 636 + $5 
B 331 645 £74 
AB 106 656 $14-0 


Blood group data were not available for the children, 
but the expected proportion of ABO incompatible (hetero- 
specific) pregnancies for each maternal group was caleu- 
lated from the AB gene frequencies’? in the population, 
The proportion of ABO heterospecifie pregnancies in 
group O mothers would be expected to be 32 per cent; in 
group A, 6 per cent; in group B, 26 per cent; and in 
group AB, 0 per cent. The relative heterospecificity of 
unions involving group O women compared with those 
involving other groups is apparent. 

These results suggest that iramunological disparity of 
mother and foetus is associated with a relatively smaller 
placenta and vice versa. This agrees with observations 
made on human trophoblastic tumours, which by their 
unusual biological behaviour provide interesting material 
for the investigation of immunological aspects of placenta- 
tion. The epidemiology of these tumours has been studied 
and a shift of blood group distribution away from group O 
towards A, B and AB has been demonstrated in patients 
with ehoriocareinoma!?:39, Furthermore, data from the 
Near East!*!* suggest an association of choriocarcinoma 
with consanguinity of reproductive partners. On the basis 
of this preliminary evidence therefore the behaviour of 
these tumours in man implies that abnormal trophoblastie 
invasion is associated with increased genetic compatibility 
of mother and foetus. 

While the evidence on normal and abnormal develop- 
ment in man is eomplementary, it is at variance with the 
experimental evidence presented by Billington! when he 
demonstrated increased placental growth with genetic 
disparity in the mouse. One theory which can be advanced 
to explain these discordant. findings is that trophoblastic 
development is greater when the foetus "recognize: 
foreign antigens in the mother (personal communication 
from D. R. S. Kirby). This explanation, however, is not 
supported by James’s demonstration? that the increase 
in placental size may be an expression of maternal response 
to foreign antigens in the foetus. 

It may be some time before discrepancies between 
animal and human studies can be resolved. In the mean- 
time there is an evident need for the collection and study. 
in man, of genetic data in relation to trophoblastic 
development, both normal and abnormal. 

I thank Professor J. S. Seott for criticism and Professor 
P. M. Sheppard and Mr J. Derrick for statistical advice. 
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Walley Fellowship of the University of Sydney. 
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Mongolism, Delayed Fertilization 
and Human Sexual Behaviour 


GERMAN? has put forward an interesting hypothesis to 
account for the increased incidence of mongolism among 
the offspring of mothers more than 35 yr old. He main- 
tained that the frequency of coitus decreases with age", 
and so therefore does the proportion of time during which 
fresh spermatozoa are present in the uterine tube. Thus 
oocytes, which in younger women might be fertilized 
immediately after release into the uterine tube, may in 
older women be fertilized only after several hours. During 
that time deterioration of the oocyte may occur, one 
possible effect being the production of a mongol child. 
It is worthwhile examining this hypothesis more closely 
using rough estimates of the length of life of the oocyte 
and of the sperm (given as 24 h and 48 h, respectively, by 
German). 

Taking the simplest possible model, in whieh the fre- 
quency of coitus declines with the age of the woman, but 
is constant for all women of a specific age: according to 
German's hypothesis there will be no difference in the 
incidence of mongolism among the offspring of women 
for whom the interval between successive coiti is less 
than the life of the sperm (48 h), because there will always 
be sperm available. Nor will there be any difference in 
the incidence of mongolism among couples for whom 
the interval is greater than the life of the sperm plus the 
life of the oocyte (72 h). Any prolongation of the interval 
between coiti will merely add to the length of time when 
neither sperm nor oocyte is present in the uterine tube. 
Thus the incidence of mongolism will, on this simple 
model, change only between maternal ages corresponding 
to the intervals of 48 h and 72 h. 

These intervals correspond to frequencies of coitus of 
3-5/week and 2-33/week. Kinsey et al.* quote mean rates 
of 3-7/week for the age group 16-20 yr, and 2-3/week for 
the age group 31-35 yr, so the incidence of mongolism 
should ehange only up to the maternal age of 35 vr. 
Using the median rates quoted by German would give a 
corresponding upper limit of about 30 yr. 

Admittedly the model is artificial. The assumption 
most likely to be seriously in error is that the deterioration 
of the oocyte will be spread over the whole of the 24 h life 
span. One would expect natural selection to favour a 
situation in whieh deterioration and death took place 
rapidly, that is, at the end of the 24 h period. If this is 
so, then the hypothesis becomes even less tenable. 

If we suppose that deterioration of the oocyte takes 
place during the last x h, then the change in incidence 
will take place between the ages corresponding to intervals 
between coitus of (72—2) h and 72 h. Thus if x were 7-4 
the change should occur, on the basis of the figures of 
Kinsey et al, between the ages of 26 and 35 yr. The 
smaller the value of x, the smaller the age range over 
which the change in incidence will occur. 


Incidence of mongotism 





Age of mother 


Fig. 1. The shape of the segment AB is determined by the way in 
which the oocyte deteriorates, and the manner of decline of coita! 
frequency with the woman's age. For convenience a straight line is 

shown. ——.4; 


concur 


48} 


—— a 
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Incidence of mongolism 


Age of mother 
Fig. 2. 


In practice one should take into account botl the 
variability between couples, and that within couples. 
Kinsey et al.? report the latter to be small, while the former 
may be appreciable. This will have the effect of extending 
the age range in which the change occurs, The greater 
the variability the greater the spread. and the effeet will 
be to convert an incidence curve such as Fig. la (repre- 
senting the simpler model here) to one such as Fig. 15. 

These diagrams do not agree well with known rates of 
incidence of mongolism for various ages. Incidence figures 
quoted by Roberts? are 1 in 2,000-2,500 for mothers 
under 30 yr old, 1 in 1,200 for 30-34 yr, 1 in 300 for 35-39 
yr with a progressively steeper rise after that (as in Fig. 2). 

This discrepancy seems to suggest that additional factors 
are at work, which have as a whole a greater influenee on 
the incidence of mongolism with age than that hypo- 
thesized by German. A longer period of degeneration of 
the oocyte among older women, or a shortening of the life 
of the spermatozoa from their partner, are possible 
explanations. 

Although these models are, at best, crude approxima- 
tions, they seem to indicate that the hypothesis is not 
sufficient to explain the change in incidence of mongolism 
with maternal age. 
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Exercise Proteinuria and 
Proteinuria induced by Kallikrein 


ZxERCISE proteinuria was first reported! in 1878, and 
since then inereased excretion of protein in the urine 
during and after exereise has been extensively studied. 
The physiological mechanisms involved, however, remain 
unknown. We have found that not only did the activity 
of kallikrein in urine increase after exercise, but that 
intravenous administration of urinary kallikrein could 
induce experimental transient proteinuria in rabbits? E 
therefore seemed to be relevant to the causes of exercise 
proteinuria to examine the mechanisms of protemuria 
induced by urinary kallikrein. 

To examine the effect of heavy muscular exercise on 
kallikrein activity and the excretion of protein into the 
urine, we took urine samples from five healthy subjects 
at rest, just about to run, while running and 30 min 
after running. Urinary kallikrein was prepared as 
follows. Human urine taken before and after exercise 
was mixed with four volumes of cooled ethanol and centri- 
fuged at 1,000g for 10 min after standing for ! day in the 
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Table 1. EFFECT OF EXERCISE ON PROTEINURIA, URINARY KALLIKREIN 
EXCRETION AND PROTEINURIC EFFECT OF URINARY KALLIKREIN 
After 


Urine sample Ai rest ^ exercise 


Urinary protein excreted (mg/h) 43 80 


Urinary kallikrein exersted (U/min) Crude 0-4 OF 
Purified 6-2 04 

Proteinurie activity* of urinary kalli- Crude 14-8 13-3 
krein equivalent to 10 U (mg/h) Purified 13-8 12-7 


__* Estimated asg protein excreted in rabbit urine collected for 1 h after 
intravenous administration of urinary kallikrein prepared from human urine 
samples at rest and after heavy exercise, 


cold (0'-4* Cj. The pellet was suspended in acetone 
for 1 b, and then centrifuged at 1,000g for 10 min. The 
pellet was suspended in a small volume of Tyrode solution 
(pH 7-2) and dialysed through ‘Cellophane’ tubing against 
Tyrode solution for 24 h in a cold room; the dialysate 
was changed three times. After removing the precipitate 
by centrifugation at 1,000g for 10 min, 1 ml. of super- 
natant, crude kallikrein, was passed through a column 
(1 em x 80 em) of ‘Sephadex G-200° equilibrated with 
Tyrode solution and eluted with the same solution at 
a flow rate of 20 ml./h; each 5 ml. of eluate was collected 
separately. Kallikrein activity was determined in each 
tube by comparing the effects on rabbit blood pressure 
with those of standard kallikrein (Bayer). Using rabbits 
anaesthetized with urethane (1 g/kg) blood pressure was 
recorded from a carotid artery connected to a mercury 
manometer and injections were made into an ear vein. 
A further 0-1 ml. of this preparation was added to 1 ml. of 
acid-treated plasma? and incubated at 37° C (pH 7.3) 
for 15 min. Two volumes of boiling ethanol were then 
added to the mixture. After 5 min the precipitate was 
removed by centrifugation at 1,000g for 10 min. The 
supernatant was concentrated in a vacuum and its gut- 
stimulating activity was assayed on an isolated guinea-pig 
ileum. The hypotensive activity of each sample was in 
parallel with its gut-stimulating activity. The fraction 
with the highest activity was used as the final purified 
preparation. Proteinurie activity of urinary kallikrein 
prepared from human urine samples, histamine, brady- 
kinin and sinomenine was measured on rabbits by intra- 
venous administration of these substances dissolved in 
1 ml. of Locke solution. 

Urine was collected from polyethylene cannulae inserted 
in ureters of a rabbit anaesthetized with urethane (0-5 
g/kg), or a catheter introduced into the urinary bladder. 
In this case, evacuation of the bladder by means of 
abdominal pressure was begun 1 min before the end 
of each collection period, after which the bladder was 
rinsed with 1 ml. of distilled water. The protein in the 
urine was precipitated with Tsuchiya’s 
reagent and determined either by the 100 
method of Lowry et al. or by the biuret 
method of Goa* with human albumin as the 
standard.  Histamine was extraeted from 50 
the urine by the method of Dunér and 
Pernow‘, and assayed on the isolated guinea- 
pig ileum in aerated Tyrode solution con- 
taining atropine sulphate (10-7 g/ml.) and 
methysergide (10-7 g/ml.) at 34°-35° C. 
Histamine hydrochloride was used as a | 
reference for histamine activity. 5] 

As Table 1 shows, the activity of kalli- i 
krein and excretion of protein increased 
significantly after exercise and 10 u of 
urinary kallikreins before and after exercise 
produced the same degree of proteinuria in 
the rabbit. Furthermore, when 10 u of the 
crude preparation of kallikrein was used, 
the degree of proteinuria produced was 
about the same as that produced by the 
same amount of the purified preparation. 
This suggests that the proteinurie effect is 
not always related to a foreign protein con- 
taminant/ in the urinary kallikrein, but 
rather to its biologieal activity. 





Protein (y/min) 





Fig. 1. 





Proteinuria and inerease of hista 
of kallikrein to a rabbit. 4 and B, 10 v of k 


NATURE. VOL. 218. MAY 4. 1968 


Fig. 1 shows that 10 v of human urinàry kallikrein 
injected intravenously inereased not only the exeretion 
of protein but also the content of histamine in urine and 
that the time course of these changes was approximately 
the same; both increased sharply for 20-40 min and 
deereased gradually. 

Furthermore, proteinuria caused by kallikrein was com- 
pletely inhibited by intramuscular injection of 10 mg of 
diphenylhydramine within 30 min, which suggests that 
kallikrein, like other proteases", releases histamine, 
which could be responsible for kallikrein-induced protein- 
uria in rabbits and exercise proteinuria in man. 

In order to test whether histamine release alone can 
increase the excretion of protein in urine, the effect of 
sinomenine®, a histamine liberator, was examined. As 
shown in Fig. 2, although the excretion of histamine was 
significantly increased for 20-40 min, usually two to 
three times more than after injection of kallikrein, after 
intravenous or intraperitoneal injeetion of sinomenine 
(30-40 mg/kg) pronounced proteinuria was not induced. 
This shows that histamine alone does not produce marked 
proteinuria, and is eonsistent with the knowledge that 
intravenous injection of 1 mg of histamine hydrochloride 
or 0-1 mg of synthetic bradykinin produces slight protein- 
uria and that intravenous injection of adrenaline (1mg) 
causes both slight proteinuria and a small inerease in 
histamine output!’ in the urine by destroying the white 
blood cells. 

The difference between the effects of kallikrein and 
sinomenine is that sinomenine liberates histamine but 
inereases plasma kinin slightly or only negligibly, whereas 
kallikrein considerably inereases both plasma kinin and 
histamine in plasma. We conclude that the increased 
protein excretion in the urine was induced by a synergistic 
effect of histamine and plasma kinir To test this 
conclusion, kallikrein was injected when the histamine 
content of the plasma had been elevated by sinomenine 
or decreased by the exhaustion of releasable histamine 
(refractoriness to histamine release) by sinomenine. 

As Fig. 3 shows, if 10 v of kallikrein was injected intra- 
venously up to 40 min after treatment with sinomenine 
(30 mg/kg) the excretion of protein in the urine was 
usually two to three times greater than that caused by a 
single injection of the same dose of kallikrein. When 
10 v of kallikrein was administered 2 h after treatment 
with sinomenine, however, proteinuria was significantly 
reduced. This suggested that if there was a high concen- 
tration of free histamine in the plasma, kinin released by 
kallikrein caused an inerease in protein exeretion in the 
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Fig. 2. Proteinuria and increase of histamine excretion in urine after administration of 
sinomenine to a rabbit. C and D, 60 mz of sinomenine hydrochloride was given. Symbols 


as in Fig. 1. 


Fig.3. Effect ofsinomenine on kallikrein-induced proteinuria. E, 60 mg of sinomenine 
hydrochloride was given; F and G, 10 v of kallikrein was given. 


Symbols as in Fig 1. 
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urine but not if free histamine was present in the plasma 
in a low concentration. This idea is supported by the 
fact that 0-1 mg of bradykinin administered intravenously 
immediately after intravenous injection of 1 mg of hist- 
amine hydrochloride produced massive proteinuria 
although administration of either drug alone caused only 
slight proteinuria. 

Tt thus seems that plasma kinins and histamine play à 
physiological part in inducing proteinuria, and that the 
proteinurie effect of kallikrein is dependent on its enzyme 
activity and histamine liberating activity. Plasma 
kinins and histamine seem to act direetly and inerease the 
permeability of a glomerular capillary. It is also possible 
that changes in renal blood flow and effective filtration 
pressure have some effect on protein exeretion in urine. 

Our results suggest that exercise proteinuria is also 
induced by kallikrein which is activated by an unknown 
mechanism, such as a decrease in the pH of the plasma or 
in the muscles during exercise. Other human proteinuria 
may be induced by kallikrein, for we found that protein- 
uria was abolished in some cases of acute and chronic 
nephritis by intravenous injection of 25,000 v of trasylol. 
a kallikrein inhibitor, and frequently suppressed by oral 
administration of 50 mg of trypelenamine hydrochloride. 

Nacao MURAKAMI 
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Sumio MaASUMURA 
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Adrenal-oestrous Relationships in 
Grouped or Isolated Female Mice 


Grovrinc females together often suppresses oestrous 
eyeles in mice if females are maintained in an environ- 
ment free of male odour*?. Such suppression may take 
the form of either an increased incidence of spontaneous 
pseudopregnancy or, more commonly, a general pro- 
longation of the dioestrous phase of the cycle. This kind 
of induced pseudopregnancy is greatly reduced by 
olfactory lobectomy**, but the dioestrous response to 
grouping has not been unequivocally established as an 
olfaetory-mediated effect. A separate body of literature, 
dealing largely with all male or mixed sex groups of mice, 
has emphasized a concept that relates the neurogenic 
stressors associated with high density (social stress) to 
increased release of adrenocorticotrophin and a concurrent 
depression of circulating gonadotrophin’. Specificity of 
sensory mediation has not been of real interest in these 
studies. 

The primary purpose of the work reported here was to 
evaluate social stress as a possible basis for the suppression 
of oestrus frequently found among groups consisting only 
of females. Initial experiments, however, showed heavier 
adrenals in isolated than in grouped females. Concentra- 
tions of corticosterone in the plasma of gonadectomized 
females were unaffected by the type of housing, except that 
there was an initial inerease following isolation, thus con- 
firming that the depression of oestrus accompanying all- 
female grouping could not be explained by a concept 
involving social stress. A secondary objective, then, was 
to evaluate adrenal weight among isolated or grouped 
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Table 1. MEAN INCIDENCE GF OESTRUS PER 12 DAYS IX ISOLATED OE GROUPED 
CATBUOJ MICE 






No. of Mean incidence of oestrüs/12 days (4 S. E.) 
females* Isolated Grouped 3 
48 2744009 1-92 40-12 
49 2-88 + 0-06 2-08 t 0:12 





Two replicas of experiment (1) were earried out. 
* Number in each eategory —isolated or grouped. 


Table 2. MEAN ADRENAL WEIGHT (MG) IN ISOLATED OR GROUPED CST BA. 
FEMALE MICE 










Experi- Condition — No. of Mean adrenal weight (+ S,E2* 
ment of females females* — Isolated Grouped P 
1 Intact 26 515 + 0-08 
2 Sham-OvX 19 E 
OvX is i 





Ov X, ovariectomized, 

* Number in each category-—isolated or grouped. 

* Adrenal weights were obtained without knowledge of treatment by 
utilizing a coding system at autopsy. 


Table 3. MEAN PLASMA CORTICOSTERONE CONCENTRATIONS (46/100 ML. 2 5,5.) 
OF GONADECTOMIZED C57Bl6J FEMALES AS RED EITHER | OR id 
DAYS AFTER BEING ISOLATED OR GROUPED &-10/CAGE, EXPERIMENT (3) 


Time after 
change in housing 








Isolated Grouped 





i dəy 10-6411 (11)* 07 (00) 
14 days 80x07 (03) £ORÍII 


* Number of females assayed in parentheses, 


females that had been gonadectomized to determine 
whether the greater adrenal weight characteristic of isolates 
was simply a reflexion of their greater gonadal aetivity. 

Female C57Bl/6J mice were raised in this laboratory 
and. after weaning at 21-28 days, were kept four to à 
cage until they were 70-80 days old, then they were 
subjected to one of four procedures: (1) isolated or 
grouped for 14 days after whieh vaginal eycles were 
followed for 12 days; (2) isolated or grouped for 14 days. 
killed and adrenal weights obtained; (3) gonadeetomis 
allowed to recover for 2 weeks, after which they were either 
isolated or grouped, killed either 24 h or 14 days after 
the change in housing, and concentrations of cortico erone’ 
in their plasma were measured; (4) gonadectomized or 
sham-ovariectomized, allowed to recover for 2 weeks, 
after which they were isolated or grouped for 2 weeks, 
killed and adrenal weights noted. Grouping was such 
that there were between eight and ten mice in à 6x 6x 
12 in. stainless steel cage in all experiments. Total time 
for collecting plasma samples from each cage of grouped 
females in experiment (3) was less than 40 s. Two people 
working together killed only four females from each cage 
and discarded the rest in an effort to avoid any increase 
in plasma corticosterone resulting from prolonged dis- 
turbance. All four experiments were conducted in one 
room that contained no male mice and had an air exchange 
rate in excess of 30 per hour. 

Two replicates of experiment (1) confirmed that 
C51Blj6J mice show a consistent suppression of oestrous 
cycling when grouped together in a room with no males 
(Table 1). Experiment (2). utilizing intact females not 
subjeeted to smearing procedures, showed significantly 
heavier adrenals in isolated than in grouped females 
(Table 2). Experiment (3) evaluated the relative effects 
of isolation and grouping on plasma corticosterone con- 
centrations in gonadectomized females at two times: 24 h 
or 14 days after the change in housing. The data show 
a small increase in plasma corticosterone among isolated 
females 24 h after isolation began (P « 0-05) but no dif- 
ference between isolated and grouped females after 14 days 
(Table 3). Experiment (4) showed a significant decrease 
in adrenal weight following ovariectomy regardless of the 
type of housing (Table 2). Adrenal weights were sig- 
nificantly heavier in isolated females regardless of whether 
they had been ovariectomized or sham-operated, but this 
difference was less after ovariectomy. The interaction 
between type of operation and type of housing in experi- 
ment (4) was not significant as determined by analysis of 
variance. Differences between mean body weights of 
grouped and isolated females in experiments (2) and (4) 
were 0-2 g or less and therefore adrenal weights are 
given unadjusted. 





















484 


On the basis of these four experiments it can be con- 
eluded that social stressors do not provide a basis for 
explaining the suppression of oestrus found in groups of 
females. There were no differences in concentrations of 
plasma corticosterone as assessed 14 days after isolation 
or grouping, the time when vaginal smearing began in 
experiment (1); adrenal weights were greater in isolates 
at that time. The observed suppression of oestrus seems 
to be entirely unrelated to adrenal activity. The secondary 
objective of these experiments, determining why isolated 
females had heavier adrenals, presents a more difficult 
problem, A reasonable hypothesis seemed to be that the 
mereased adrenal weights accompanying isolation repre- 
sented a secondary effect of greater gonadal activity 
(oestrogen)'. No vaginal smears were made during the 
14 days immediately after isolation or grouping in any 
experiment. Nevertheless, it seems safe to assume that 
differences in the characteristics of oestrus did occur 
during this period, for Marsden and Bronson have pre- 
viously shown a rapid resumption of cycling following 
isolation in females of this strain’. Experiment (4) tested 
the hypothesis that the increased adrenal weight of 
isolates was simply a reflexion of their greater gonadal 
activity. Gonadectomy resulted in & decrease in adrenal 
weight regardless of the type of housing. The difference 
between mean adrenal weight of isolated and grouped 
females, however, did not disappear entirely among 
gonadectomized females even though it was less (approx- 
imately 0-6 mg against 0-3 mg difference; Table 2). ‘The 
hypothesis therefore provides only part of the answer. 
Two possible explanations for the remaining effects of 
isolation on adrenal weight are a residual hypertrophy 
caused by the initially stressful aspeets of isolation, as 
indicated in experiment (3), or a synergism between the 
inereased release of gonadotrophin and ACTH among 
isolates?. 

Crowding is normally considered to be a stressful con- 
dition for laboratory rodents. Studies supporting this 
concept, however, have been based almost exclusively on 
all male or mixed sex groups, where good documentation is 
available. Reports dealing with all female grouping of 
rodents have discussed conclusions varying from those 
which say that isolation may be somewhat stressful to 
those which say the opposite!^-?. Some of this variation 
may be traceable to species or strain differences. Never- 
theless, it should be noted that such studies have utilized 
only indirect measures of adrenal activity such as weight, 
histologieal evidence or eosinophil counts. Experiment 
(3) examining concentrations of corticosterone in the 
plasma of gonadectomized females, showed a small initial 
increase in adrenal activity following isolation and no 
effect of social stimuli or lack of them after that. Another 
potential source of variation in these studies is the degree 
to whieh experimental females were subjected to male 
odours. This latter point could be of real importance 
because it is now known that the simple procedure of 
housing females in the same room with males provides 
stimulation sufficient to enhance their oestrous activity, 
thereby overriding any suppressive effects of all-female 
grouping on the ovary'! and, as shown in the present 
studies, could undoubtedly interact secondarily with the 
adrenal. 

This work was supported in part by a US Publie Health 
Service grant from the National Institute of Child Health 
and Human Development and in part by a US Public 
Health Service training grant from the National Cancer 
Institute. 
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Validity of a Method measuring 
Transmitter Release from the Central 
Nervous System 


Chase and Kopin! have recently shown that there may be 
serious limitations associated with techniques eurrently 
being used to investigate the release of potential neuro- 
transmitter substances in the central nervous system. 
After intracisternal injection of radioactive noradrenaline 
or 5-hydroxytryptamine into rats, they were able to 
collect labelled compounds from the olfactory bulb using 
the push-pull cannula technique of Gaddum?, and to 
show that peripheral stimulation with a variety of odours 
resulted in a marked increase in release of radioactivity. 
Chase and Kopin were unable to interpret these results as 
confirming indirect evidence that these amines may be 
transmitter substances in this area of the brain, because 
inert substances such as inulin or urea, when injected 
simultaneously with the amines, behaved in an identical 
manner, The authors rightly concluded, on the basis of 
these experiments, that measurements of the release of 
substances within the brain should be interpreted with 
caution, and that controls additional to those normally 
performed should be made. 

There is now considerable evidence that acetylcholine 
(ACh) has a neurotransmitter function in the central 
nervous system, and the most direct evidence for this 
comes from measurement of its release into cylinders 
placed on the exposed surface of the brain**, Stimulation 
of a variety of nervous pathways increases the release of 
ACh (for example, refs. 5-9) and it has always been assumed 
that this ACh comes from nerve endings. Controls such 
as those described by Chase and Kopin have not been 
carried out. 

We have allowed radioactive urea to diffuse into the 
brain from its outer surface and determined the subse- 
quent release of label, together with ACh, at rest and 
during stimulation of the mesencephalie reticular forma- 
tion. This type of stimulation increased the release of 
ACh, in agreement with previous reports®°, but did not 
affect the efflux of radioactive urea from the brain. It is 
concluded that the surface cylinder technique can be used 
to study the specific release of endogenous transmitter 
substances during neuronal stimulation. 

Cats’ were anaesthetized with ‘Dial’ compound (Ciba. 
Ltd, 0-8 ml./kg) and a cylinder (1-0 em?) was placed 
lightly on the surface of the brain. In two experiments 
atropine sulphate (1 mg/kg) was given intravenously to 
augment the release of ACh (ref. 4) and thus facilitate its 
assay, in the other experiment no atropine was used but 
the results were qualitatively the same. The cylinder was 
filled with Locke solution containing eserine (10-* g/ml.) 
and !!C-urea (10-? g/ml., 75 Ci/ml.) and samples (50 ul.) 
were removed from the cylinder at intervals to estimate 
the uptake of urea by the brain. Labelled urea diffused 
from the cylinder into the brain and its entry increased 
linearly with time. After 1-2 h, during which 200,000- 
500.000 ec.p.m. entered the brain, the fluid in the 
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A EFFLUX OF LABEL. 


Efflux of radioactivity 
(c.p.m./15 min cm? cortex) 








ACh release 
(ng/15 min em? cortex) 





2 4 6 


15 min collection periods 


Fig. 1. The collection of (A) labelled urea and (B) ACh into a cylinder 
placed on the surface of the brain of an anaesthetized cat at rest and 
during stimulation of the reticular formation (indicated by horizontal 


bars) UC-nrea (75 4Ci/ml.) allowed to diffuse into the brain for 1 h 
before colleetions started. 
cylinder was changed to  eserine-Locke solution 


(1.0 mL) and ACh collections started. The solution in 
the cylinder was removed 15 min later and replaced with 
fresh eserine-Locke. Each sample was assayed for radio- 
activity by scintillation spectrometry and for ACh by 
biological assay using the blood pressure of the eviscerated 
cati, Stimulation of the reticular formation was by a 
stereotactically placed concentric electrode (co-ordinates!*: 
A 3-0, L 3-5, H —1-0) using trains of impulses (75/s. 
0-2 ms, 5-10 V) delivered for 1 s every 10 s. The effec- 
tiveness of stimulation was checked electrophysiologically 
by measuring desynchronization of the electrocorticogram. 

Fig. 1 illustrates a typical experiment in which 600,000 
e.p.m. of labelled urea had entered the brain during an 
hour before colleetions were started. Radioactive material 
(Fig. LA) was collected from the surface of the brain and 
its efflux was approximately exponential; even in the 
last collection, counts in a 0-1 ml. aliquot of the sample 
were sixteen times the background. The release of ACh 
(Fig. 1B) from the surface of the brain was easily meas- 
urable and was constant in the control collections. 
Stimulation of the reticular formation during the whole 
of collection 4 did not affect the efflux of labelled material, 
but temporarily increased the release of ACh to 2-5 times 
sontrol levels. Similar results were obtained in three 
experiments in which stimulation always increased the 
release of ACh (to 1-9-3-0 times the spontaneous release). 
but never altered the washout of radioactive urea. 

These experiments show that the surface collection 
method gives a valid measure of specific ACh release 
during neuronal stimulation and there is no evidence to 
suggest that this ACh does not represent transmitter 
released from nerve endings. 

This work was supported by a grant from the Medical 
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Role of Sulphur in Radioprotective 
Extracts of Micrococcus 
radiodurans 


A HIGHLY efficient, low molecular weight endogenous 
radioprotective agent, capable of protecting relatively 
sensitive strains of bacteria such as Æ. coli Bjr against 
the lethal effects of X-irradiation, can be extracted from 
Micrococcus radiodurans!. There was indirect evidence 
that the protective extract contained a sulphydryl-amine, 
derived from methionine, similar to mercaptoethylamine 
(MEA), cystamine or mereaptopropylamine (MPA) 
The most effective chemical radioprotective agents found 
so far are amino-thiols of the general structural formula, 
R,N—(CH,)n—SH, where R=H* or NH, and n is not 
greater than three. Non-thiol compounds and sulphydry! 
compounds which digress from the scheme are usually 
ineffective in bacterial systems!-5. Recent evidence 
indicates that the radioprotective component in extracts 
from Micrococcus radiodurans may not be sulphydryl in 
nature. 

Cultures of Micrococcus radiodurans were grown in a 
chemically defined synthetic medium? with only two 
sources of sulphur available, inorganie sulphate and 
methionine. If the radioproteetive extract is sulphydryl, 
it must be derived from one or other or both of these 
compounds. Protective extracts were prepared and bio- 
assayed by the methods of Bruce!. Labelled extracts 
were prepared by eulturing cells in medium labelled with 
either ?S-methionine or Na, 8 O, or by dual labelling 
with both sulphur-35 sources. 

Extracts from cells cultured in the defined medium 
were examined for total free sulphydryl groups with 
salyrganie acid? and compared with MEA (Table 1). The 
protective extracts contain less than 3 per cent (0 T- 
0-8 umoles/ml.) of the free sulphydryl present in a 32 mM 
solution of MEA (28-30 umoles/ml.), yet they afford 
better protection than the maximum protection obtained 
with MEA. The minimum concentration of MEA which 


Table 1. COMPARISON OF THE PROTECTIVE ABILITY AND THE SULPHYDRYL 
CONCENTRATION OF EXTRACTS FROM Micrococcus radiodurans WITH MEA 








Per cent 5 Sulphydry! 
Reagent (40 kr) DMF* concentration 
E.coli Bir utnolea/ml. 
Buffer control 0-067 M phosphate r2 1 
Extract of exponential phase culture 21 31 
Extract of stationary phase culture 25 3:2 (6-70 £01 
MEA (32 mM)t 19 3-0 30-5 £20 
MEA (10 mM) 10 2-0 OS +405 


* Extrapolated values derived by dividing the dose of X-irradiation 
required to produce 1 per cent survival in treated cella by the dose required 
to produce 1 per cent survivalin phosphate buffer at 40 kr. 

+ Concentration of MEA at which maximum protection is obtained. 
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Table 2, 





EFFECT OF SOLVENT FRACTIONATION ON THE PROTECTIVE ACTIVITY 
OF EXTRACTS FROM Micrococeus radiodurans 


Per cent 








Treatment Fraction S (40 kr) 
E. coli Bir. activity/ml.* 
None Crude extract 1:36 
Acetone + CHEL Organic 0 
Aqueous 0-78 
Precipitate 18 
x-Butanol (treatment of 
active aqueous fraction) Organic 0-64 
Aqueous 6 
Control 0-067 M. phosphate 
buffer — r2 0 


* Based on 10 mM MEA having one standard unit. of protective activity and 
producing a DMF of +: 





+2in E. coli Bir. 


exhibited protective activity in E. coli Bir was 4 mM. It 
increased survival from 1-2 per cent in the control to 
approximately 2 per cent with 4 mM MEA treatment?. 
On a weight basis, the results suggest that if the radio- 
protective component is a sulphydryl compound it is 
much more efficient than MEA, or that it is non- 
sulphydryl in nature. 

One dimensional and two dimensional radiochromato- 
graphy of extracts labelled with S, MEA and MPA 
and the sulphides of these two reagents indicate that 
neither is present in the sulphur pool of Micrococcus 
radiodurans, unless the quantities are too low to be 
detected and presumably too low to be effective. 

Solvent fractionation of the extracts (Fig. 1) shows 
that the radioprotective agent partitions into n-butanol, 
with some loss of proteetive activity. An inactive aqueous 
fraction is left (Table 2). Fractionation of extracts 
labelled with ?*8 shows that only derivatives of methionine 
partition into n-butanol. Derivatives of inorganic sulphate 
do not seem to contribute to the radioprotective frac- 
tion, that is, the n-butanol fraction of the extract (Fig. 2). 
Tracer studies of methionine distribution have been made 
during the growth cycle of Micrococcus radiodurans. A 
depletion of the portion of the sulphur pool derived from 
methionine oceurs during stationary phase, from approx- 
imately 13 per cent of the total endogenous ?S taken up 
as methionine by the cell during the exponential phase 
of the growth cycle to less than 4 per cent in the stationary 
phase. Utilization of the sulphur pool would be expected 
in stationary phase when the exogenous methionine 
supply is depleted. Radiochromatography of protective 
extracts made during various phases of the growth cycle 
shows that depletion in the stationary phase is accom- 
panied by loss of the main “8 derivatives usually found 
in extracts made during the exponential phase of growth 
(Fig. 3). 

Despite the depletion and loss of compounds containing 
sulphur and derived from methionine, radioprotective 
fractions of the extract made during the stationary phase 





Crude extract 
1 
— i (Acetone, 3 volumes) 
Precipitate | 
i 
poe (ChCl; L volume-3 x ) — 


Aqueous phase Organic phase 
i 


| (discarded) 
(:-Butanol; 2 volumes-3 x ) 
PN 
wa SS 
"A LM 

Aqueous Organic 

phase phase 

Fig. 1. Solvent fractionation of a low molecular weight extract of 


Micrococcus radiodurans, The collected fractions were flash evaporated 
to remove organic solvent and resuspended in 0-067 M phosphate buffer 
for bioassays with E. colt Bir. 
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Fig, 2. Schematic diagram of radiochromatographs of extracts of Micro- 
coccus radiodurans labelled with “8 cultured in a synthetic medium. The 
column on the left shows crude, unfractionated extracts from cuitures 
labelled singly with *55-methionine or N. a, **S O, or doubly labelled with 
both *S-methionine and Na, *S O,. The column on the right shows an 
extract with two labels fractionated as in Fig. 1, with the collected frac- 
tions subjected to radiochromatography. The dotted lines represent 
components present in trace quantities, "The n-butanol fraction contains 
protective activity, the aqueous and chlorcform fractions are inactive. 
Solvent system used was: butanol-acetic acid-water (12:3:5). 
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Fig. 3. Sehematie diagram of radiochromatograph extracts of Micro- 

coccus radiodurans labelled with **S cultured in a synthetic medium, and 

extracted during log phase (4) while on the shoulder of the growth curve 

(B) and during stationary phase (C). The dotted lines representcomponents 

present in trace quantities. Cultures were labelled with **8-methionine. 
protect as well as extracts of exponential phase culture 
on a weight: volume basis (Table 1). The sulphur-35 
activity remaining in stationary phase extracts appears in 
a component which does not partition into n-butanol. 
It can therefore be eliminated as a contributor to the 
radioprotective extract (Fig. 2). 

Radioprotective extracts from Micrococcus radiodurans 
cultured in a chemically defined synthetic medium have 
very little free sulphydryl activity and yet exhibit great 
protective activity. Ne evidence for the presence of MEA 
or MPA has been found. The radioprotective agent is prob- 
ably either a more effeetive sulphydry! compound than 
sulphydryl radioproteetive agents such as MEA, or 
non-sulphydryl in nature. We favour the second possi- 
bility because extracts from stationary phase cultures, 
while highly radioprotective, are apparently devoid of 
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components containing sulphur which could contribute to 
the radioprotective fraction of the extract. 

This work was supported by a US Atomie Energy 
Commission contract. We thank Mrs Marion Spencer for 
technical assistance. 
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Species of Borrelia from a Colombian Bat 
(Natalus tumidirostris) 


ALTHOUGH recurrent and relapsing fevers occur in Colom- 
bia, the aetiological agents are seldom diagnosed. From 
Colombia only two of the six recognized forms of arthropod- 
borne relapsing fevers have been reported: epidemie cos- 
mopolitan relapsing fever caused by Borrelia recurrentis 
(synonyms B. obermeiri, B. novyi) and transmitted by lice 
( Pediculus humanus), and the endemic central and South 
American form of relapsing fever caused by B. venezuel- 
ensis (synonym B. neotropicalis) transmitted in nature to 
man, monkeys and marsupials by the soft ticks (Ornitho- 
doros rudis, O. talaje, O. turcicate, O. rostrata and O. megnini). 
During the past 10 yr no arthropod-borne relapsing 
fevers have been reported from Colombia but there have 
been several suspicious cases in the department of San- 
tander, where O. rudis is not uncommon*. 

Although no Colombian animals have been reported 
to harbour borrelias, we made a survey of the blood para- 
sites of the bats in the department of Santander as part 
of a general survey of zoonotic disease. 

Thick drop blood preparations of 2,986 Colombian bats 
pertaining to fifty-four species were examined, of which 
512 individuals (five species) originated from the Maca- 
regua cave in Santander. The blood preparations obtained 
by cardiac puncture were air-dried for 24 h, dehaemo- 
globinized, fixed with methanol, stained with Giemsa and 
examined at a magnification of approximately x 600 for 
at least 12 min. One of the thirty-four blood prepara- 
tions made from the bat species Natalus tumidirostris 
showed an abundant infection with a species of Borrelia 
(Fig. 1). The bats were caught in the large Macaregua 
cave near San Gil which was inhabited by the following 
species: Mormoops megalophylla, Carrollia perspicillata, 
Leptonycteris nivalis, Natalus tumidirostris and Desmodus 
rotundus. 

Argasid ticks (Antricola mexicanus) which were present 
in large numbers in Macaregua cave were examined by the 
following methods. Extension smears of 100 ticks were 
made and stained with Giemsa. Twenty CFW juvenile 
mice, five hamsters and two guinea-pigs were inoculated 
with material prepared from twelve macerated ticks each. 
Both the smears of the ticks and the blood of the inoculated 
laboratory animals were examined for the presence 
of borrelias. The peripheral blood of the inoculated 
mice was examined every 3 days for 21 days by the 
methods deseribed. None of the 424 soft ticks examined 
by direct (smear) or the indirect (animal inoculation) 
methods revealed the presence of borrelias. The interior of 
the cave and the 512 bats collected there were thoroughly 





Fig. 1. 


Borrelia sp. in blood of Natalus tumidirostris, (x e. 570.) 


examined for the presence of arthropods, but no argasid 
ticks other than the common A. mezicanus and twelve 
Ornithodoros brodyi were found. 

Because only the blood slides of one Natalus bat 
showed the presence of borrelias, no specific identification 
ean be given. Nearly all species of Borrelia are indistin- 
guishable because of their variability in morphology? and 
differenee in virulence for laboratory animals*, but they 
can sometimes be differentiated by their biological 
behaviour'. Serological methods for specific identification 
have been widely used, but their value has still to be 
proved!, 

Only B. recurrentis, B. venezuelensis and B. turicata 
have been reported respeetively from man and other 
mammals in the western hemisphere; while B. duttons, 
B. hispanica and B. persica are only known from men in 
the eastern hemisphere, and B. tillae, B. normandi, B 
cociduras, B. dipodelli (Spirochaeta dipodelli) and S. 
megadermae from mammals of Africa! -*:*:*, 

A heavy blood infection in a single Colombian bat is 
interesting because only one other record of a bat infected 
with a blood spirochaete (S. megadermae) has been 
reported, and that from Africa’, and because heavy blood 
infections only occasionally exist in human infections 
with B. duttoni and in rats infected with B. tillae*'® 
Neither B. duttoni or B. tillae, however, have been reported 
from the Americas. 

The fact that only one bat out of the 512 examined from 
the cave was found to be infected, and none of the ticks 
from the same cave harboured borrelias, and that tick- 
borne relapsing fever quite probably exists in the human, 
population of the area, suggests that the bat became 
accidentally infected with the borrelia. 

This work was supported in part by a grant from the 
US Army. We thank Dr C. O. Handley for identifying 
the bats, Dr G. M. Kohls for identifying the ticks, and Mr 
Leopoldo Rueda for allowing us to obtain the bats from, 
Macaregua cave. 
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Accessory Nuclei and Annulate Lamellae 
in Hymenopteran Oocytes 


Accessory nuclei have been described in the oocytes of 
Hymenoptera'-? and some other insect orders. They are 
present during vitellogenesis, probably originating from 
the oocyte nucleus*. Structurally they resemble nuclei 
and their electron-dense inclusions contain RNA, possibly 
of nuclear origin. They seem to be concerned with the 
control of the synthesis of albuminous yolk and after- 
wards perhaps with the formation of the vitelline mem- 
brane??, In Nasonia vitripennis (Walk). they first appear 
near the nucleus of the oocyte, and spread from there 
through the peripheral eytoplasm (Fig. 1). 





Fig. 1. 


Section of the periphery of an oocyte of Nasonia vitripinnis 
showing accessory nuclei near the vitelline membrane. (Glutaraldehyde 


x72,000.) an, Accessory nucleus; P, protein yolk; vm, vitelline 


membrane; l, lipoid. 


Fig. 2. Section of accessory nucleus of Ophion luteus showing blebbing 
and annulate lamellae, (Glutaraldehyde x 49,500.) al, Annulate 
lamellae; oo, ooplasm, 


Section of envelope of accessory nucleus of N, vitripennis 


. 3. 
Pu (Glutaraldehyde x 36,000.) 


showing separate and united vesicles. 


Fig. 4. Section of envelope of accessory nucleus of O. luteus showing an 
intranuclear bud. (Glutaraldehyde x 49,500.) 
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Swift* described annulate lamellae as pairs of cyto- 
plasmie membranes arranged in parallel stacks and with 
periodically spaced annuli. They have been recorded in 
the cytoplasm of vertebrate and invertebrate cells*-* and 
in some cells they occur within the nucleoplasm*.*, They 
are most abundant in rapidly growing and differentiating 
cells, such as oocytes, embryonic cells, spermatocytes and 
various kinds of tumour cells!-", In the salivary glands 
of Drosophila'?, Necturus oocytes and adrenal cortical 
cells* of the alligator, the annulate lamellae seem to arise 
through the coalescence of vesicles from the nuclear 
membrane. Alternatively, they may be delaminated from 
the nuclear membrane as in the seagull adrenal*. Their 
function is not clear, but they are presumably involved 
in the transfer of information between the nucleus and 
the cytoplasm. 

In the peripheral ooplasm of Nasonia vitripennis the 
accessory nuclei multiply by a process of amitotie division. 
Annulate lamellae then arise by the coalescence of 
vesicles produced by the outer membrane of the accessory 
nucleus envelope. A similar process has been observed 
in the ichneumonid, Ophion luteus Fab. (Figs. 2 and 3). 
Sometimes they are also budded into the nucleoplasm 
(Fig. 4). The annulate lamellae are either in single units 
or in stacks, and after formation they move away from 
the accessory nucleus. Within the stacks the lamellae are 
connected both with each other and with the endoplasmic 
reticulum (Fig. 2). It is possible that after the first lamella 
has been formed, the rest of the stack bud off it and not 
the nuclear membrane (Fig. 2). Near the site of origin of 
the lamellae vesicles oceur between the membranes of the 
nuclear envelope, which suggests that nuclear material is 
being extruded presumably to the lamellae. This would 
support the view that their function is to extend the 
influence of the nucleus, started by the budding off of the 
accessory nuclei. This would be very important in a highly 
active cell, particularly if, as in the oocyte of insects, 
movement within the cell is impeded by numerous yolk 
globules. Their proximity to the accessory nuclear mem- 
brane supports the view that annulate lamellae are of 
nuclear origin and not specialized regions of the endo- 
plasmic reticulum*??, Lipoid yolk first appears in their 
vicinity and perhaps one of their functions is to contribute 
to its formation. 

P. E. Kine 
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Chromosome Abnormalities and 
Psychotropic Drugs 


DumiNG a study of chromosome abnormalities in five 
patients treated with d-lysergic acid diethylamide (LSD) 
we examined thirty patients in a mental hospital and ten 
hospital staff members as controls. The frequency of 
gaps was significantly higher in the thirty patients than 
in the staff members group (y* — 6:859, P < 0-01). When we 
divided the control group of patients into those treated 
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Table 1. GAPS, BREAKS AND HYPERDIPLOID CELLS IN PATIENTS TREATED WITH LSD OR PSYCHOPHARMACOTROPHIC DRUGS, AND IN CONTROLS 
Mean age Cells Gaps Breaks Hyperdiploid ceils 
and S.D. examined Total Per cent Total Per cent Total Per cent 

Five psychiatric patients treated with LSD 36-44 6-47 358 57 15-9 6 17 7 20 
Seventeen psychiatric patients treated with E ] 
psychotropic drugs 86-94 8-89 510 67 13:1 5 1-0 1 Og 
Thirteen psychiatric patients given no drugs 32-8 + 6-28 476 33 69 0 0 0 o 
Ten hospital staff members 2718-504 326 18 51 0 0 0 6 


with drugs and those not treated with drugs, we found 
that the frequency of gaps and breaks in the group treated 
with drugs was significantly higher than in the group of 
patients not treated with drugs (z? = 10:399, P « 0-005, 
P(Fisher) = 0-037, Table 1). 
The difference between the frequency of gaps in the 
group of patients treated with drugs and the staff members 
group was significant (4? = 12-629, P <0-0005), but the 
difference between the frequency of breaks in the two 
groups was not significant (P(Fisher) — 0-084). 
This indicates that some of the psychotropic drugs may 
induce gaps and breaks to the extent found in patients 
treated with LSD. We found, however, a significantly 
higher frequeney of hyperdiploid cells in the patients 
treated with LSD than in the control patients treated with 
psychotropic drugs (P(Fisher) = 0-010). There was no 
significant correlation between any specifie drug and the 
frequency of gaps, breaks and hyperdiploid cells in our 
comparatively small amount of material. 
Further work is needed on the toxicity of different 
psychotropic drugs and other drugs. Any new drug 
should be tested for toxic effect on chromosomes, in 
animals and in vitro, before they are released for general 
use. 
JOHANNES NIELSEN 
URSULA FRIEDRICH 
TAKAYUKI TsUBOI 

The Cytogenetic Laboratory, 
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Risskov, Denmark. 
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Results of Consecutive Matings of Female 
Anopheles gambiae Species B with 
Fertile and Sterile Males 


Tue Anopheles gambiae complex consists of five closely 
related species; two salt water ones, A. melas and A. 
merus, and three fresh water ones, provisionally designated 
A, Band C. When males from species A or B are crossed 
with females of A. melas or A. merus the F, generation 
consists almost entirely of sterile males. It has been 
proposed that the release of such sterile males be used 
to control members of this species complex'. It has 
already been established that these males compete 
successfully against normal males when both are caged 
together with virgin females!. I have carried out experi- 
ments to investigate whether a female, once mated with 
& sterile male, eould lay fertile eggs if she subsequently 
mated with a fertile male, or if a female, once mated with 
a fertile male, could be sterilized by mating with a sterile 
male. Previous authors, seeking evidence of multiple 
insemination in Anopheles spp. with the aid of marker 
genes, found very little indication of it?:. 

Mosquitoes used were females and fertile males from a 
species B colony from Kano, Nigeria, and sterile males 
produced by crossing the Kano males with Anopheles 
melas females from a strain from Liberia. Fifty-six 
females, which had been caged with fertile males and had 
laid fertile eggs, were re-fed, hand-mated* each to a 
separate sterile male, and allowed to lay again. In fifty- 
four cases, the succeeding batches of eggs were again 
fertile. In only two cases did the eggs fail to hatch. 
Seventy-five females caged with sterile males laid eggs 
which failed to hatch. Virgin females of species B seldom 


oviposit! and it ean be assumed that most of these females 
had mated with the sterile males. On re-feeding, and 
after being hand-mated to fertile males, all seventy-five 
females again laid eggs which failed to hatch. Thirty 
of these females oviposited again, twelve of these laid a 
fourth batch of eggs and two laid a fifth batch. All were 
sterile. 

These results are in agreement with those of George?, 
who found in Aedes aegypti that the first mating is the 
most important. 

This work was supported by the World Health Organ- 
ization. 
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Dark Reactivation of Damage induced 
by Ultraviolet Light in Mammalian 
Cells in vitro 


IxpverioN of pyrimidine dimers in cellular DNA by 
irradiation with ultraviolet light and the molecular pro- 
cesses involved in the repair of this damage (photo- 
reactivation! and dark reactivation?-?) are established in 
bacteria, bacteriophage and transforming DNA. — Investi- 
gations of the reactivation of ultraviolet-induced damage 
have been extended from micro-organisms to cover cul- 
tured mammalian cell lines*-*. 

We wished to determine the differenee in sensitivities 
of eultured mammalian cell lines to X-rays and ultraviolet 
light to find out whether the reactivation processes after 
damage by X-rays and ultraviolet light are identical, and 
to see whether mechanisms can be demonstrated which 
split or excise ultraviolet-induced thymine dimers. Mouse 
fibroblastic L cells, porcine kidney stable (PS) cells, and 
mouse Ehrlich ascites tumour cells maintained tn vitro 
were used. 

For determinations of colony forming ability, cells of 
each line were plated in 60 mm glass Petri dishes eon- 
taining 70 per cent TC.199 medium plus 10 per eent 
‘Bacto’ tryptose phosphate broth (Difeo) supplemented 
with 20 per cent bovine serum. The dishes were ineubated 
at 37° C for 10 to 14 days in a humidified CO, incubator 
whieh was flushed with a mixture of 5 per cent. CO, and 
95 per cent air. For X-irradiation, 5 ml. samples of cells 
were suspended in short ‘Pyrex’ test tubes (inner diameter 
10 mm, length 100 mm), and irradiated with various doses 
at a rate in air of 64 r./min as measured with a Victoreen 
condenser chamber. After each 1 ml. of the unirradiated 
or irradiated cell suspensions had been distributed into 
60 mm glass Petri dishes and supplemented with 4 ml. of 
eulture medium, the dishes were placed in a CO, incubator, 
For ultraviolet irradiation, 1 ml. samples of cell suspen- 
sions were distributed into 60 mm glass Petri dishes, and 
irradiated with various doses at the predominant wave- 
length of 260 my from a 15 W germicidal lamp, at a dose 
rate of about 20 ergs/mm/?/s at the surface of the dishes, 
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Fig. 1. The differences in sensitivity to X and ultraviolet irradiation among mouse 
cells, porcine kidney cells and Ehrlich ascites tumour cells, determined by the colony- 
a, X-ray dose-survival curves of the three cell lines, 
polation number and 37 per centsurvival dose obtained from the dose-survival 
6, Ultraviolet dose-survival curves of 
the three cell lines. The 50 per cent inhibition dose (LD,,) obtained from the dose- 


forming method. 
curve of each cell line are shown in parentheses. 


survival eurve of each cell line is shown in parentheses, 
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Fig. 2. The proportion of thymine dimers to thymines in TCA-insoluble 

fractions from three cell lines immediately after irradiation with ultra- 

violet, €, Mouse L cella; ©, porcine kidney cells; A, Ehrlich ascites 
tumour cells. 


Then the contents of each dish were supplemented with 
a further 4 ml. of culture medium and placed in a 
CO, incubator. To analyse thymine dimers, ultraviolet- 
irradiated cells were inoculated into 100 mm glass Petri 
dishes (about 5 x 10* cells/dish) and grown in à monolayer 
for 24 h in medium containing 1 Ci of *H-thymidine/ml. 
They were then rinsed, grown for a further 10 h in medium 
free of *H-thymidine and irradiated in saline buffered 
with phosphate with the same ultraviolet source. Either 
immediately, or at various times after irradiation, cells 
from four dishes were collected. Thymine dimers were 
analysed chemically in à manner similar to that described 
by Trosko et al.5. 


Dose (ergs/mm*) 
400 . 800 1,200 1,600 2,000 


Ehrlich cells 


(700- 800 
ergs/mm?) 
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There are no striking differences in sensi- 
tivity to X-irradiation among the three 
cell lines (Fig. 1a), but they have different 
sensitivities to irradiation with ultraviolet 
light (Fig. 15)  Ehrlieh cells were more 
resistant to ultraviolet than the other two 
cell lines; PS cells were the most sensitive. 

The proportion of thymine dimers to 
thymines, calculated from their radioactivi- 
ties in trichloroacetic acid (TCA) insoluble 
fractions from the three cell lines immedi- 
ately after ultraviolet irradiation, is shown 
in Fig. 2. Thymine dimers were induced at 
almost the same rate in the three cell lines, 
but as a linear function of dose. This 
parallels results obtained with Chinese’ 
hamster cells’. 

Fig. 3 shows the proportion of thymine 
dimers to thymines calculated from their 
radioactivities in TCA-insoluble fractions 
from the three cell lines at various times after 
irradiation with ultraviolet light (400 ergs/ 
mmn?) After 120 h about 35 per cent of 
Ehrlich ascites tumour cells died, and some 
of these became detached from the surface 
of the dish. Other experiments have shown 
that these dead cells do not degenerate to 
release their nuclear component into the 
medium for at least 120 h after irradiation. 
There is no decrease in the proportion of thy- 
mine dimers to thymines in TCA.insoluble 
fractions from L cells and PS cells after irradiation. 
About 30 per cent of thymine dimers disappear from the 
TCA-insoluble fraction of Ehrlich cells, however, during 
the first 24 h after 400 ergs/mrn? of irradiation. After 
24 h there is no further decrease in the proportion of 
thymine dimers to thymines. There is a concurrent 
appearance of thymine dimers in the TCA-soluble fraction 
24 h after irradiation (Table 1). These results may 
indieate that thymine dimers induced by ultraviolet 
irradiation are cut out from the DNA molecules in the 
irradiated Ehrlich cell chromosomes and then appear in 
the 'TCA-soluble fraction 24 h after irradiation. 

Regan and "Trosko* have found that three human cell 
lines (RA, RAX10 and HeLa) can remove about 40-50 per 
cent of thymine dimers induced by ultraviolet irradiation 
from their TCA.insoluble fractions during the first 48 h 
after irradiation. It seems that only some of the many 
established mammalian cells lines have the ability to 
remove thymine dimers preferentially from DNA. 
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Fig. 83, The proportion of thymine dimers to thymines in TCA-insoluble 

fractions from the three celi lines at various times after irradiation with 

400 ergs/mm* of ultraviolet. @ - -- @, Mouse L cella; O — O, porcine 
kidney celis: A — : — A. Ehrlich ascites tumour cells. 
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Table 1. DISTRIBUTION OF RADIOACTIVITY OF THYMINES AND THYMINE 
DIMERS IN TCA-SOLUBLE FRACTIONS FROM EHRLICH ASCITES TUMOUR CELLS 
AT VARIOUS TIMES AFTER RECEIVING 400 ERGS/MM* ULTRAVIOLET IRRADIATION 


C.p.m. above background* 


Time (h) Thymine Thymine dimer 
0 243 3 
24 157 57 
48 96 69 
120 40 51 


* Ten minute counts: background was about 25 c.p.m. 


In other experiments we found that caffeine can block 
the dark reactivation process in Ehrlich ascites tumour 
cells irradiated with ultraviolet light, but it does not 
reduce the ability of cells irradiated with ionizing radia- 
tion to form colonies. The differences in the sensitivity 
of the three cell lines to X-rays and ultraviolet light and 
the difference in the effects of caffeine on X- and ultra- 
violet-irradiated Ehrlich cells probably indicate that the 
dark reactivation processes which act on damage induced 
by ultraviolet radiation do nct act on damage induced 
by ionizing radiation. 

We thank Professor Allen S. Fox for advice and sug- 
gestions. 
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Cannibalism and Predation by Aphids 


APHIDS are usually regarded as feeding exclusively on 
plant sap which they ingest through stylet-like mouth 
parts, but they have occasionally been seen to feed on 
animal food. During feeding on a turgid plant, they do 
nob have to suck but depend chiefly on the pressure of 
the sap for ingestion. They can, however, suck through 
artificial membranes on food that is under negligible 
pressure. This communication collates records of can- 
nibalism and predation among aphids. 

Girault!, in Ohio, observed a winged female and six 
larvae of an unspecified plum aphid feeding on eggs of the 
predaceous coccinellid, Megilla maculata De Geer, in 
captivity. Each aphid inserted its stylets and completely 
absorbed the contents of a single egg which gradually 
collapsed. Kurisaki? recorded several species of citrus 
aphid in Japan feeding in the field on eggs of the aphid 
predator, Chrysopa cognata Okamoto. About 30 per cent 
were sucked out by aphids during August. Two unspecified 
species of aphid also destroyed about 3 per cent of eggs 
of C. boninensis Okamoto*. Vogelweid* observed that the 
plant-feeding mites, Tetranychus telarius L. and T. 
althaeae Hanst., did not oceur on hop plants, Humulus 
lupulus, in the lower Rhineland when aphids (unspecified) 
were present; aphids were seen to attack the mites and 
absorb their body fluids. Takahashi> reported that 
wingless adults and larvae of the aphid, Astegopteryx 
styracicola Takah., feed on the tree, Styraz suberifolium, 
in some parts of Formosa, emerge from their galls and 
crawl along branches from which they fall if they are 
shaken or disturbed. The aphids cause intense irritation 
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of human skin because Takahashi says the aphids’ stylete 
penetrate the skin. The aphids, however, may produce 
some irritant on their body surfaces. 

Pintera® recorded starving Myzus persicae Sulz. attack- 
ing other dying aphids in dishes and noticed sucking 
movements by the cannibals. While experimenting 
with cultures of Megoura viciae Buckt., one of us (J. H.) 
often saw cannibalism. The aphids were reared on caged 
isolated broad bean plants (Vicia faba) growing in tap 
water until the seeds rotted; the temperature was always 
25°+1° C and the relative humidity in the cages was 
usually about 50 per cent. 

Cannibalism occurred regularly when the endosperm 
of the seeds had been consumed, the plants were not 
growing and the leaves at the tops dying. The aphids 
then left even lightly infested plants, so overcrowding was 
apparently not a cause of cannibalism. Aphids that had 
left the plants often tried again to feed on them and it 
was then that they often attacked aphids still feeding 
on the plants. 

Attacks were most often made by first and second instar 
larvae on the fourth instar larvae and adults; two or three 
young larvae commonly attacked one adult apterous 
female. The site of attack seemed to be haphazard. 
Larvae that had attacked other aphids sometimes pro- 
duced small drops of honeydew when put in small cages 
without plants, which suggests that they had fed on their 
hosts. 

When transferred to fresh plants, attacked aphids 
usually fed and reproduced normally, but some could not. 
co-ordinate their legs. Larvae that had attacked other 
aphids usually failed to feed on fresh plants and died. 

Cannibalism was not seen among colonies of Aphis 
fabae Scop. and A. craccivora Koch kept on V. faba in 
the same conditions. 

Two of us (C. J. B. and E. D. M. M.) have alsoseen canr- 
balism in a small group of M. viciae in a plastic box eage 
enclosing a leaf of V. faba. The air was dry, the leaf was 
dying and most of the aphids were crawling about in the 
box. Only one aphid was feeding on the green remains of 
the leaf and it was being attacked by another aphid. 
We also once saw cannibalism among Acyrthosiphon pisum 
Kalt. confined in dishes without plant tissue. 

Cannibalism therefore seems to occur among these 
aphids when the plants deteriorate and the aphids are 
starving. The method of feeding on the prey is uncertain 
but presumably the attacker feeds on the fluids in the 
host’s gut or in its body cavity which are under some 
pressure and possibly acquired without the need to suck. 
Chrysopid and coccinellid eggs are presumably under 
much less internal pressure and predatory aphids probably 
have to suck at the contents. It is interesting that all 
three species in which cannibalism has been recorded are 
green; A. fabae and A. craccivora are black. 

We thank Dr V. Eastop for his help with references, 
Dr K. Nakasono for translating from Japanese and Dr 
A. Pintera for details of his observations. 
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Different Concepts of Relevance in a 
Numerical Taxonomic Study 


Tue term relevance was introduced by Cain and Harrison! 
and it was modified by Sokal and Sneath’. During a 
taximetrie study of the genus Salix, willows, I? found it 
necessary to recognize three concepts of relevance, which 
I defined as follows: “OTU by OTU relevance" is the 
ratio of the number of characters used in the comparison 
of a given pair of OTUs (operational taxonomic units?) 
to the total number of characters used in the study. 
Characters for which information is missing in at least 
one of the OTUs are not used in the comparison. This is 
relevant in the sense of Sokal and Sneath’. “OTU 
relevance" is the ratio of the number of characters 
actually recorded in a particular OTU to the total number 
of characters used in the study. It is a measure of the 
amount of missing data in an OTU, whatever the cause. 
“Character relevance" is the ratio of the number of OTUs 
in which a real value for the character in question has 
been recorded to the total number of OTUs in the study. 

Given the initial character bv OTU data matrix at the 
start of a taximetric study, OTU relevance for a particular 
OTU, say OTU I, is simply the sum of the number of 
cells in column I that do not have missing data, divided 
by the total number of rows. Similarly, the character 
relevance for character J is the total number of cells in 
row J that do not have missing data, divided by the 
number of columns. 

Information about a certain character in a particular 
OTU may be unavailable for two reasons: (l) the speci- 
mens may be incomplete because of inadequate sampling, 
or (2) the specimen may not possess the character in 
question for genetie reasons. I termed the former case 
facultative character relevance and the latter obligate 
character relevance. By definition, the value of facultative 
relevance can never be greater than the value of obligate 
re'evance. As sampling becomes more intense, facultative 
relevance will approach the value of obligate relevance as 
a limit. But the latter cannot increase, given a certain set 
of eharaeters. For example, when individual plants of 
Salix are the OTUs, it will never be possible to score a 
female, dioecious willow for anther length. 

In such situations this forces the numerical taxonomist 
to realize that his estimates of similarity between different 
OTUs will rest on different character hyperspaces, here 
depending on the sex of the OTUs being compared. Low 
obligate character relevance was the principal reason 
why, in an analysis using both reproductive and vegetative 
characters, individual male plants of several closely 
related species of Salix clustered with each other and the 
female plants of these species formed a separate cluster?. 
When only vegetative characters were used (that is, 
when obligate character relevance was increased), males 
and females of each species clustered together. 

Each of the three types of relevance defined here pro- 
vides a different kind of essential information in a taxi- 
metric study. OTU relevance is important as an objective 
guide for the deletion of certain OTUs from the initial 
data matrix before an OTU by OTU similarity matrix 
is computed, OTUs with OTU relevance below a specified 
value could be deleted automatically in a preliminary 
computer programme. After clustering is completed, a 
knowledge of the OTU relevance of each OTU can provide 
a guide to the reliability of the position of an OTU in a 
phenogram, or in a principal component space. Thus 
if OTU A has a relatively low relevance value, then its 
position in a phenogram, for example, should be con- 
sidered to be less reliable than the position of OTUs with 
higher OTU relevance values. 

In an analogous way character relevance can be used 
to determine quickly which characters are not represented 
well in the set of OTUs under study, either because the 
characters cannot appear in certain OTUs for genetic 
reasons (obligate character relevance), or because of 
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incomplete sampling (facultative character relevance). 
Such characters would be deleted at the start of a study 
to avoid the estimation of the similarity between different 
pairs of OTUs based on different hyperspaces. 

Finally, OTU by OTU relevance is an estimate of the 
reliability of the similarity value computed between a 
particular pair of OTUs. Its chief use should be with 
reference to the OTU by OTU similarity matrix. It can 
serve as an accurate guide to the relative reliability of 
the value of each cell in the matrix. When it is used in 
combination with the set of OTU relevance values, the 
value of each type of relevance is enhanced when examin- 
ing both the similarity matrix and the resulting pheno- 
gram, or other cluster space. 
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Correlation between Seed Weight and 
Breeding System in Closely Related 
Amphimictic Taxa 


THE adaptive mechanism operative in different taxa is 
known to involve a flexible eompensatory system of 
adaptations"? Such adaptive mechanisms involve many 
compromises, and in the past 15 years investigations of 
reproduetive biology have revealed several striking 
correlations between characters established in nature to 
effect these compromises. For example, there is a strong 
correlation between elaborate flowers and self-incompati- 
bility?-*, and between the perennial habit and the capacity 
for vegetative propagation"? in flowering plants. This 
communication reports another strong correlation, be- 
tween seed weight and breeding system in the Senecio 
lautus complex of Australia and New Zealand. 

This complex has many ecological races well adapted to 
situations ranging from high altitude to desert conditions. 
I studied the breeding system of six genoecodemes—five 
from Australia and one from New Zealand—and found 
that only the latter was self-compatible. Furthermore, 
the self-compatible genoecodeme of New Zealand, as well 
as the desert genoecodemes, had heavier fruits (these are 
functionally equivalent to seeds in general) This sug- 
gested that the correlation seen in the Senecio lautus 
complex between self-compatibility and higher seed weight 
is a widespread phenomenon and may be found in other 
taxa unrelated to the Senecio lautus complex. 

A survey of the literature on breeding system and seed 
weight in closely related amphimictie taxa substantiated 
my belief that such a correlation exists in widely divergent 
families. For example, Clausen et al.* reported heavier 
seeds in self-compatible ssp. typica (=glandulosa) and 
reflexa of Potentilla glandulosa compared with lighter 
seeds in its self-incompatible ssp. nevadensis. Harper! 
and Grant" also reported heavier seeds in self-compat- 
ible species of Papaver and Lotus respectively (compare 
Table 1). 

The heavier seeds in self-compatible species may have 
developed so that these species can compete favourably 
with the self-incompatible species which, on account of 
their strong heterozygosity, are better suited for growth 
in adverse, new or modified conditions. The presence 
of heavier seeds perhaps enables the young seedlings of 
a self-compatible species to become established in adverse 
conditions in the same way as heavy seeds may help a 
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Table 1. 
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BREEDING SYSTEM AND SEED WEIGHT 


Seed weight (mg) 


Name of taxon Outbreeding self-incompatible populations Self-compatible populations References 
Moist gully Mallee Coastal Montane Desert New Zealand 
Senecio lautus complex 0:234 0-273 0-295 _ 0395 0-085 . 0-639 8 
Potentilla glandulosa asp. nevadensis ssp. typica ssp. reflexa 
0-09 (small) 0:31 Large 9 
Species 
Papaver rhoeas (2n 14) dubium (2n — 42) hybridum (2n — 14) argemone (2n = 42) 
118-9 140-4 126-9 158-5 10 
Lotus pedunculatus tenuis denti- micran- pursh- sub- kyl- 
culatus thus ianus pinnatus ovii 
550 940 6,230 2,910 4,340 2,100 1,650 11 


desert species to withstand unfavourable weather condi- 
tions. 

I thank Professor A. S. Islam for his help. 
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Budding Capacity of Undetached 
Begonia rex Leaves 


Leaves of several species of plants (Begonia rex, Nautilo- 
calyx lynchei, Endymion non-scriptus, Streptocarpus wel- 
landii and others) have the capacity to form buds de novo 
but, in general, only when detached from the plant. The 
buds are formed at the proximal pole and often on the 
main leaf veins. 

A few authors have observed budding on undetached 
leaves at the point of convergence of the leaf veins and the 
petiole of some varieties of Begonia rex, but the incidence 
is sporadic and the neoformation is subsequent to either 
an ablation of the terminal apex? or to treatment with 
“eolumbine’’—pigeon excrements in aqueous solution— 
absorbed by the roots?. 

Aqueous solutions of 6-(y,y-dimethylallylamino)purine 
(10-4 M), a natural cytokinin existing in Corynebacterium 
fascians, were sprayed once a week on undetached leaves 
of Begonia rex variety ‘President’ which were maintained 





Fig. 1. Numerous small neoformed meristems on a leaf still attached to 
the plant. 


in an atmosphere of high humidity. After 5-7 weeks, tiny 
shoot meristems were observed over the entire leaf 
surface but especially on the veins (Fig. 1). This pheno- 
menon was also seen on leaves treated in the same 
manner but with two euts 1 em wide made through the 
main vein. In this case, the neoformed buds were more 
numerous and more developed around the cut. 

The supply of cytokinins to the whole leaf surface could 
cause an aceumulation and retention of nutrient sub- 
stances? and/or stimulate the synthesis of nucleie acids in 
epidermal cells which would bring about their dedifferen- 
tiation followed by an intense neoformation of buds. 
Our experiments seem to implicate a disturbance in the 
normal equilibrium between nutrient substances and endo- 
genous concentrations of auxins and cytokinins leading 
to an enhanced capacity to bud. Heide*:* has observed a 
high endogenous ratio of cytokinin to auxin in leaves of 
Begonia x cheimantha in conditions favourable for neo- 
formation. 
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Rapid Germinability Test with 
Exudates from Seed 


DETERIORATION of seed during storage is à problem for 
plant breeders, seedsmen and farmers. Various methods 
have been proposed for testing the viability of crop 
seeds; these include testing enzyme activities', the 
tetrazolium method? and the X-ray contrast method’, 
These are comparatively expensive, time consuming and 
elaborate techniques. 

It is known that high temperature and humidity 
adversely affect the longevity of seed. We carried out 
experiments with seed of rape, Brassica napus L., to 
find out the relationship between metabolie changes in 
the seed in various conditions of storage and viability. 
The most notable biochemical trait to distinguish dead 
from viable ones was found to be the exudation of sugars 
when soaked aseptically in distilled water. A simple 
method of examining the glucose in seed exudate by the 
use of urine sugar analysis paper will provide plant breeders 
and seed producers with a feasible method of testing 
viability. This method, based on the fact that more 
sugar is exuded from seed as it deteriorates, is supported 
by evidence from paper chromatography and the anthrone 
reaction. 

Saccharides were extracted from seeds before and after 
imbibition, using 80 per cent ethanol, and were determined 
by paper chromatography. For imbibition, the seeds were 
first sterilized with 0-1 per cent ‘Uspulun’ and then soaked 
in sterile water at 30° C for 24 h. The exudates in the 
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water in which the seeds were soaked were analysed for 
sugars. 

As Fig. 1 shows, there was an increase in monosacchar- 
ides, fructose and glucose in imbibed seed with no germina- 
bility, but for good seed the reverse was true. On the 
other hand, there were no obvious changes in the contents 
of di and oligosaccharides in seeds with and without 
germinability. Mono, di and oligosaccharides were 
abundant in the exudate of seed which had lost its viabil- 
ity, but monosaccharides were observed only in trace 
amounts in viable seed. The inereased exudation of 
sugars in deteriorating seed might be a consequence of 
climacteric changes or senescencet. To determine the 
total quantity of sugars in the exudate, the density of 
colour produced when the sugars react with anthrone was 
measured with a spectrophotometer. 

A sample of 1 g of seeds stored in various conditions as 
shown in Table 1 was sterilized with 0-1 per cent ‘Uspulun’ 
solution for 30 min. Each seed sample was soaked in 
2 ml. of sterile water, for 24 h incubation at 30° C, and 
then washed with distilled water three times and the 
washings were collected and made up to 40 ml. Then 
0-5 ml. of this solution was slowly poured onto 5 ml. of 
ice eold 0-2 per cent anthrone solution* in a test tube, 
mixed rapidly and immediately heated in a boiling bath 
for 10 min, and then cooled with running water. Optical 
density was measured at 625 my with a spectrophotometer 
against a glucose standard. 


Table 1. SUGAR CONTENTS EXUDED FROM THE SEED STORED IN VARIOUS 
CONDITIONS 
Exuded sugars 
Treat- Storage condition Germin- from the seed* 
ment ability (%) (ug/g seeds) 
1 4° ©, humid. (for 4 yr in a refrigerator) 98 360 
2 m temp., arid on silica gel (for 4 yr) 98 440 
3 30°C, R.H. 74% (for 148 days) 90 1,040 
4 Room temp. and humid. (for 4 yr) 0 22,400 
$5 30° C, R.H. 74% (for 300 days or more) 0 18,080 
R.H., relative humidity. 


* Sugar contents are equivalent with those of glucose, 


The results are shown in Table 1. The quantities of 
sugars exuded were about forty to sixty times greater 
from the seeds with no germinability than from those 
with good germinability. With treatment No. 3, when 
the seed germinability started to decrease, the quantities 
of sugars tended to increase. Further experiments showed 
that the quantity of exuded sugars could be determined 
by the anthrone reaction even from a single seed, and 
there seemed to be a difference in the sugar content of 
the exudate between seeds with and without germina- 
bility. In the former the quantities were only 0:3—5:0 ug 


Seed with Seed without 
germinability germinability 
FGE MR St FG 8 MRSt 


sal - 


Soaked 
seed 


| | 


Fig. 1. Diagrams of paper chromatography of saccharides in rape seed 
in relation to seed germinability. Ascending chromatography with 
triple development, Solvent was n-butanol : acetic acid : water (4:1 : 2). 
Filter paper was Toyo No. 50, Detecting reagents were ammoniacal 
silver nitrate“ for glucose and maltose, and resolcinol (1 per cent ethanolic 
solution) for ketoses, (1) Sterilized seed surface soaked in water at 
30° C for 24 h. F, Fructose; G, glucose; S, sucrose; M, maltose; R. 
raffinose; St, stachyose. 
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Fig. 2. Reaction of sugar in "Tes-Tape', After 20 h soaking of 1 g seeds 


in 2 ml. of water, one end of a strip of the "Tes-Tape' is dipped in the 

water and removed, then the colour of the ‘Tes- ape' changes from 

yellow (no glucose) to dark green. a, Glucose-free; b, 0-5 per cent 

glucose; c, exudates from the seeds with good germinability; d, exudates 

from the seeds with poor germinability; e, exudates from the seeds with 
no germinability, 


while in the latter they were 70-200 ug. These results 
indieate that the seeds with no germinability exude 
more sugars into water than do good seeds. Based on 
this phenomenon, we have developed a rapid germinability 
test, effected by detecting the presence of sugars. 

Urine sugar analysis paper, "Tes-Tape', is most con- 
venient for this detection. Glucose, one of the sugars 
exuded into 2 ml. of water from 1 g seeds, could be 
detected as rapidly by ‘Tes-Tape’ as after 5 h of soaking 
at 30° C, that is the yellow paper turned green in reaction 
to glucose from seeds which had lost their germinability. 
On the other hand, the colour of "Tes-Tape' did not 
change, with seeds with sufficient germinability, oven 
after 20 h of soaking (Fig. 2). 

This method employing “Tes-Tape’ has so far been 
useful for rape seed alone, but it could be applicable to 
other erops. 
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Effect of Dimethylsulphoxide on the 
Germination of Spores of Lycogala 
epidendrum 


RECENT researches on dimethylsulphoxide (DMSO) have 
emphasized the capacity of this solvent to penetrate 
cellular membranes easily and rapidly. Jacob, Bischel 
and Herschler! reported an effect of increased membrane 
permeability in tissue of dogs and in plants. Sciuchetti 
and Born? found that DMSO apparently enhances the 
response of Datura tatula to & growth retardant when the 
DMSO is combined with the retardant. Activation of 
spores of Bacillus pantothenticus spores after exposure 
to DMSO has been reported by Widdowson?. DMSO is a 
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reaction solvent‘ and has been shown to increase the rates 
of many chemical reaetions. Considering the possibility 
that DMSO activates or accelerates the initiation of 
metabolic processes in spores slow to germinate, the 
effect of this solvent on spore germination was investigated. 

Spores of the myxomycete, Lycogala epidendrum (L.) 
Fries, which had been stored for 10 months at 25° C were 
treated in 6 ml. of DMSO at the following concentrations: 
2-5, b, 10 and 20 per cent (v/v). The solutions were 
prepared 20 min before treatment of spores. Glass distilled 
water was used to prepare the solutions and to wash the 
spores after treatment. Exposure times of 7.5, 15, 30, 
60 and 120 min were employed for each concentration. 
After exposure to DMSO, the spores were centrifuged 
for 4 min, washed with 6 ml. of water, centrifuged again, 
resuspended in 6 ml. of water and incubated in water 
in 60x 15 mm Petri dishes. After 24-26 h, counts of 
ungerminated spores and empty spore cases were com- 
pared to determine the percentage germination. Five 
hundred spores were counted for each treatment at each 
concentration of DMSO and experiments were repeated 
three times. 

Although the percentage of germination of the controls 
at 24-26 h varied, a two, three or four-fold inerease in 
germination of the treated spores over the specific control 
within each experiment was always noted. This increase 
was not necessarily in direct proportion to the concentra- 
tion of DMSO; it sometimes occurred at 5 per cent, 
other times at 10 or 20 per cent. Counts made after 48 h, 
however, showed about 90 per cent germination in all 
plates, including controls. This same pattern of increase 
in germination, within the range of 5-20 per cent DMSO, 
was observed at all treatment times and there seemed to be 
no notable difference in exposures of 7-5, 15, 30 or 60 min. 
With the 120 min treatment, spores exposed to 10 and 20 
per cent DMSO reached only 50-60 per cent germination 
after 72 h, indicating toxicity of DMSO at higher con- 
centrations and longer exposures. In one case spores 
treated with 2-5 per cent DMSO showed the highest 
percentage of germination, suggesting that an increase 
in germination might be effected with lower concentrations 
of DMSO with longer exposures. Representative germina- 
tion responses of spores treated for 30, 60 and 120 min 
with several concentrations of DMSO are shown in Fig. 1. 

These results indicate that exposure of spores of Lycogala 
epidendrum to 5-20 per cent DMSO for periods of 7:5-60 
min either activates or accelerates processes of spore 
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Fig. 1. Effect of 2-5, 5, 10 and 20 per cent DMSO on the germination of 

Lyeogala epidendrum spores treated for 30, 60 and 120 min. O—O, 

80 min treatment: A-—-A. e5 min treatment; @---@. 120 mir 
reatment. 
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germination, The mechanism of action can only be 
speculated upon, but because spores exposed only to 
sterile water usually reach a similar level of germination 
after a sufficient period of incubation, it can be presumed 
that DMSO affects cell permeability and possibly ion 
or nutrient transport. 
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Transoceanic Dispersal in Sophora 
and other Genera 


Tur existence of the same species in countries widely 
separated by oceans, an apparent exception to the hypo- 
thesis of single centres of creation, was explained by 
nineteenth century naturalists in two ways: by trans- 
oceanie dispersal or by continental extension. Darwin 
supported the first explanation, and argued against major 
continental extensions so recent as to be “within the 
period of existing species". Explanations by continental 
drift can be criticized on the same grounds*. But in most 
widely dispersed species we still lack detailed knowledge 
of the seed and its means of dispersal. Thus the possibility 
of long-distance dispersal by ocean currents of seed of 
certain species of Sophora (Papilionaceae) has long been 
discussed. Studies of S. tomentosa, a pan-tropie littoral 
species with buoyant seeds, show that this species must 
certainly be distributed in this way?-^; and since Darwin’s 
time there has been speculation as to whether the close 
relation between the sophoras of New Zealand, southern 
Chile and Gough Island can be explained in the same way. 
We made the following observations on the problem on 
the Kermadec Islands (W. R. 8.) and in New Zealand and 
southern Chile (E. J. G.). 

Sophoras from southern Chile, Gough Island and New 
Zealand are being compared in our experimental gardens. 
The south Chilean and Gough Island plants are not S. 
tetraptera as occasionally listed, or the distinct S. prostrata; 
they are clearly only races of S. microphylla and should 
not be separated as S. macnabiana. The south Chilean 
and Gough Island plants lack a juvenile form, as do some 
New Zealand races of S. microphylla, and differ from these 
no more than the New Zealand races do from one another. 
Chromosome numbers from Gough Island, southern 
Chile, New Zealand and Chatham Islands are 2n= 18 
(ref. 6). 

The hard sub-globose seeds of S. microphylla are 6-8 nun 
long, germinate quickly only after chipping, and are long- 
lived. Seed stored for 8 yr has given 27 per cent germina- 
tion. Both buoyant and non-buoyant seeds are produced 
(Table 1), both kinds are viable, and buoyant seed has 
now floated for 18 months on sea water. Dr N. M. Wace 
kindly gave us three seeds from Gough Island that he had 
floated for 3 yr on sea water’, and two germinated after 
chipping, with one plant surviving to maturity. Guppy’ 
floated Chilean seed (which he called S. tetraptera) for 
several months and some retained viability. Thus 
throughout its range, S. microphylla produces buoyant 
seed. In contrast, S. prostrata, confined to eastern South 
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Table 1. PERCENTAGE BUOYANCY OF 1 YR OLD SEEDS OF Sophora microphylla 
FROM THREE WIDELY SEPARATED LOCALITIES AND THREE TREES IN ONE 


POPULATION 

Fresh or Sea water Non- No. of 

sea water only buoyant seeds 
Levin 1 (Wellington) 4-0 36 92-4 223 
Levin 2 (Wellington) 11-4 28-3 60-3 254 
Levin 3 (Wellington) $3 16-9 79-8 213 
Halkett (Canterbury) 37 8-0 88-3 1,200 
Niagara (Southland) 27:1 25-4 47-5 232 


Island, New Zealand, has seeds which do not float in either 
fresh or sea water (506 seeds, 12 plants, 8 localities) and 
in this respect agrees with records for S. chrysophylla, ən 
upland Hawaiian species‘. Buoyancy in S. microphylla 
and S. prostrata is controlled by the density of the kernel 
as shown for other species*4. S. tetraptera of eastern 
North Island, New Zealand, has not yet been tested. 

Skottsberg, when mentioning buoyancy of Sophora 
seeds, remarks “how they get down to the water I cannot 
tell"*, and states that it is “not a seaside genus’; but 
he has overlooked the littoral habitat of S. tomentosa, and 
that in both New Zealand and southern Chile S. micro- 
phylla grows on the margins of estuaries, overhangs tidal 
creeks and is common on river cliffs and lake edges far 
inland. The easily recognized yellow seeds are often 
found on New Zealand beaches and in Chile were reported 
in beach drift at Bahia San Vineente* and are common 
on the ocean beach at Chepu, Chiloé. 

S. microphylla does not grow on the Kermadec Islands, 
some 500 nautical miles north-east of New Zealand, so & 
search was made there for seed in 1966. Three seeds were 
found in beach drift on Macauley Island, just above high 
tide mark, and twenty-nine seeds were gathered from 
north and south beaches of Raoul Island, about 60 nautical 
miles N.N.E. of Macauley. Thirteen of these seeds were 
chipped and twelve germinated, all within a week. The 
young plants correspond with our photographs of young 
plants from northern New Zealand, 

An ocean current that could disperse Sophora seeds 
flows north-eastward from the north of New Zealand to 
the Kermadecs from June to August at about 9-15 
nautical miles per day’. This must have often taken seed 
to these islands, but it would be difficult for these to gain a 
foothold because the coastline lacks any deep indentations 
and not even streams are present. Similarly, establish- 
ment on steeply cliffed Gough Island (the only island in 
the Tristan da Cunha group where Sophora grows) would 
also be difficult and probably only oeeurred once, because 
the small population is confined to one valley running to 
the sea", By a rare chance, birds could take the seed 
inland (seed of S. chrysophylla is said to be eaten by 
Hawaiian land birds‘). In southern Chile, after arrival 
in the west wind drift, establishment could be easier 
because here the sea penetrates inland in harbours, fiords, 
estuaries and tidal rivers. 

Sophora seed is not the only plant material transported 
to the Kermadecs. Wood samples taken from large uncut 
trunks on the shores of Macauley Island were identified 
by the New Zealand Forest Research Institute as Podo- 
carpus totara or P. hallii (New Zealand natives) and a 
species each of Salir and Populus. In no case could the 
species have originated from any part of the Kermadees. 
Large uncut trunks of the New Zealand kauri, Agathis 
australis, were seen on Raoul beaches in 1966, and have 
been recorded there previously!?t. Three seeds of the 
temperate strand species Calystegia soldanella were 
found in beach drift on Macauley Island and proved 
viable. In the Kermadees this species only grows on 
Raoul, where an intensive search of the coastline revealed 
only one small colony. It is therefore possible that this 
population was also derived from New Zealand seed. 

Seeds of four tropical species were found: Barringtonia 
asiatica, Entada scandens, Ipomoea pes-caprae and Cana- 
"alia maritima. The first three have also been recorded 
from beach drift in northern New Zealand", and recently 
a small colony of Ipomoea pes-caprae has been found in 
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the latter area!!. Barringtonia and Entada are not estab- 
lished in the Kermadecs but seeds were recovered from 
Raoul and Macauley. Presumably they arrived in these 
islands during the summer when the ocean currents are 
predominantly from the north.east!*. Seeds of the 
Ipomoea and Canavalia could have had a local origin 
because these strand plants grow sporadically on Raoul 
and neighbouring islets, although their restricted occur- 
rence possibly indicates a relatively recent arrival by 
ocean currents. 
W. R. SYKES 
E. J. GODLEY 
Botany Division, 
Department of Scientific and Industrial Research, 
Christchurch, New Zealand. 
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Life History of Bangia fuscopurpurea 
(Dillw.) Lyngb. in Culture 


Two types of spore germination occur in the genus Bangia. 
The bipolar type is the most frequent, the resultant 
germlings developing into filaments which resemble the 
parent thallus. In addition, unipolar germination of 
certain spores to form filamentous growths with elongate 
cells has been reported'-*. Drew? was able to identify 
similar filamentous growths obtained from spore germina- 
tion in Porphyra as the alga previously described as 
Conchocelis rosea Batters. Later, Drew referred to Con- 
chocelis, the product of germination of certain spores 
in Bangia, although she was not able to obtain the com- 
plete life history in eulture*:*, Kurogi* reported completion 
of the life history in culture for Bangia gloiopeltidicola, 
giving no details, while Ogata? reported numerous 
uniseriate plants, presumably of Bangia fuscopurpurea, 
growing on calcite in which the Conchocelis-phase of that 
species had been grown, without being able to indicate 
their origin. 

Bangia fuscopurpurea was collected as uniseriate 
filaments and free-living Conchocelis-phase from Mukkaw 
Bay, Washington, in March 1966, and as multiseriate 
filaments from wood pilings at Friday Harbor Labora- 
tories, Washington, in June 1966. Unialgal cultures with 
bacteria were established initially in sea water Erd- 
Schreiber? and subsequently transferred into 'Provasoli 
Enriched Sea Water' (Provasoli, L., personal! communica- 
tion, 1962) or an artificial sea water, ASP6 (ref. 10). 
Maintenance culture was in 250 ml. ‘Corning’ deep culture 
dishes. Material was grown in ‘Percival Controlled 
Environment Chambers’ (Percival Corporation, Des 
Moines, Towa) at 5, 10, 15 and 20° C under 100 ft.-candle 
illumination from cool white fluorescent tubes on a 24 h 
cycle with light periods of 9, 10, 11, 12, 13, 14, 15 or 16 h. 

We ean now report the complete life history in culture 
for Bangia fuscopurpurea, from Bangia to Conchocelis- 
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phase and back to Bangia again, analogous to that of 
Porphyra perforata described first by Hollenberg’. In 
Bangia, two induction responses are involved: (1) the 
conversion of Bangia to Conchocelis-phase, and (2) the 
formation by the Conchocelis-phase of plantlets and fertile 
cell rows as defined by Drew!?. The Conchocelis-phase 
axises from Bangia under all photoregimes with more than 
12 h continuous light per 24 h. With photoperiods of less 
than 12 h light per 24 h, the Conchocelis-phase forms 
plantlets and fertile cell rows which produce the Bangia- 
phase indicating a response similar to that described by 
Rentschler!! and Dring! for Porphyra tenera. Optimal 
photoperiods for material on a 24 h cycle are summarized 
in Table 1. 


Table 1 
Maintenance Conversion 
Bangia 9 h light-15 h dark 16 h light- 8 h dark 
Conchocelis-phase 16 h light- 8 h dark 9 hlight-15 h dark 
Plantlets — 9hlight-15 h dark 


Maintenance of the Conchocelis-phase at a photoperiod 
of 16 h light per 24 h results only in the production of 
monospores, defined as Type II spores by Drew’, over a 
period of 22 months without any formation of plantlets 
or fertile cell rows. The Conchocelis-phase on photoperiods 
of less than 12 h light per 24 h initially produced plantlets 
and fertile cell rows after 26 days. Subsequently this 
period was reduced from twenty-six to five days suggesting 
some acclimatization to culture conditions. Temperatures 
from 5 to 15? C had no effect on the induction of either 
plantlets or fertile cell rows, but the formation of the 
fertile cell rows was completely inhibited at 20? C. Thus 
the life history cannot be completed at this temperature. 

'The photoperiodie nature of the induction response from 
Conchocelis-phase to Bangia was investigated by placing 
material under a photoregime of 9 h light/7 h dark/1 h 
light/7 h dark. These conditions are identical to those 
used by Dring’ to establish photoperiodic induction in 
Porphyra tenera. In this investigation, photoinduction 
of Bangia from the Conchocelis-phase was completely 
inhibited by this sequence of light and dark. In a second 
experiment, material in which plantlets and fertile cell 
rows were capable of being formed in five days on a 
photoregime of less than 12 h light per 24 h was with- 
drawn on each day of a five day period and placed in 
total darkness for 24 h. After 24 h in darkness the culture 
was returned to the previous photoregime. The five day 
period required for induction was sequentially delayed 
as each culture required five additional days, counted from 
the eompletion of the 24 h dark period, for the formation of 
fertile cell rows. Such data suggest the absence of a 
"photosynthetie effect" upon the induction response. 

'The filaments of Bangia which arise from the Concho- 
celis-phase rapidly become multiseriate in the material 
investigated. Cells of these filaments measuring 10 by 10u 
ean undergo & number of cell divisions, resulting in up to 
sixty-four products. Where more than sixteen products 
are formed there is no enlargement after division. In 
the literature these have been termed "spermatia". No 
evidence has been obtained during this investigation to 
show that these cells function as male gametes. In 
addition, no evidence of germination could be obtained, 
and they eventually disintegrate. These observations 
agree with the results of Conway! on her f-spores in 
Porphyra. The term "earpospore" has been applied to 
the products of division numbering sixteen or fewer per 
parent cell, which enlarge before germination so that they 
reach the size of the latter. These products undergo 
unipolar germination giving rise to the Conchocelis-phase 
under photoperiods of more than 12 h light per 24 h, 
while under photoperiods of less than 12 h light per 24 h, 
germination is bipolar, giving rise directly to the Bangia 
phase. When subjected to exactly 12 h light per 24 h, 
both types of germination ean oceur in the same material. 
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The literature also contains references to the liberation 
of undivided cells, termed '*monospores", from the apices 
of uniseriate Bangia filaments and their bipolar polar 
germination. No evidence of their formation has been 
obtained, although this eould be the consequence ot 
rapid conversion to the multiseriate condition. — 

A noteworthy observation on the photoperiodic res- 
ponse is the apparent lack of overt differentiation shown 
by the plantlet cells. Morphologically, the plantlet cells 
are well defined with their stellate chloroplasts and cell- 
size of approximately 15 by 15u. The cells of the Concho- 
celis-phase are of distinct appearance with parietal 
chloroplasts and cell dimensions of 54 width by. 20 
length. If plantlets induced under a photoperiod of less 
than 12 h light per 24 h, however, are transferred to a 
photoperiod with more than 12 h light per 24 h, reversion 
occurs so that the plantlet cells, through elongation, 
become  indistinguishable from cells of uninduced 
Conchocelis-phase. Once fertile cell rows are formed, 
reversion is impossible and change in photoperiod is 
ineffective. It would appear that the morphogenetic 
point of overt differentiation is the formation of a fertile 
cell row. 

These studies emphasize the plasticity of the life 
history of Bangia fuscopurpurea and its dependence on 
photoperiod. Although periodic observations were made 
during both the light and dark periods, neither cell fusions 
nor meiosis could be detected. Cytological studies dis- 
closed counts of ten chromosomes for cells of both the 
Bangia filament and the Conchocelis-phase, which do not 
agree with the previous report of n=3 by Dangeard’’. 

This work was supported by State of Washington 
Initiative 171 Funds for Research in Biology and Medicine 
and by the US National Science Foundation. 
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GENERAL 


Electron Spin Resonance of 
Ferromagnetic Particles in Airborne 


Dust 


Durme a search for stable free radicals in airborne dust 
by means of electron spin resonance, strong broad signals 
were consistently observed. The absorption lines (Fig. 1) 
had an approximately Lorentzian form with a width of 
about 400 gauss (measured between the peaks of the 
derivative curves) and remained fairly constant with 
time. The mean observed g-value of forty samples was 
2.097 c 0-017 (S.D.). The most likely origin of these 
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signals seemed to be iron, naturally occurring in air- 
borne dust, and the relationship between the intensity 
of the resonance signal and the iron content was investi- 
gated further. 

For periods of 6 to 18 h air was sucked through a small 
20 x 10 mm? cellulose filter (Schneider bleu) by means of 
& positive displacement pump. The sampling point at the 
roof of the laboratory was about 10 m above the ground. 
The volumes of air were measured by an industrial gas- 
meter and were of the order of 100 më per sampling period. 
Filter retention is not known but is believed to be high 
because of the high air velocity (~ 10 ms-!). After deter- 
mining the weight of the collected airborne dust the iron 
content was measured by X-ray fluorescence. In the 
period of investigation (July-September 1967) the mean 
dust concentration was 65 ug m-? while the mean iron 
concentration was 0-77 ug m, varying from 0-23 to 1-59 
ug m-?. These values are in agreement with those observed 
elsewhere in the Netherlands (private communication from 
Ir. Y. Buurma) and can be considered as typical for rural 
environments. No signifieant deviations were found 
between samples filtered during the night and during 
daytime, indicating that there was no interference from 
construction works near the laboratory. The amount of 
paramagnetie ions in the collected dust, notably Mn and 
Cu, was at least an order of magnitude lower than the 
amount of iron. 

Electron spin resonance (ESR) signals were obtained 
by placing the double folded filter glued on a ‘Lucite’ 
strip in the nodal plane of a rectangular T'E,,, cavity of 
an X-band spectrometer. The output of the 140 kHz 
phase sensitive detector was sampled by a 400 channel 
pulse height analyser (Intertechnique SA 40 B). To 
determine the number of spins, derivative spectra were 
double-integrated with the aid of a magnetie tape cal- 
culator (Intertechnique RG 23). A correction was applied 
for base line shifts. The instrument was calibrated with 
CuSO,.5H,O measured in identical conditions. 

The ferromagnetie nature of the absorption was con- 
firmed by comparing the measured number of spins with 
the amount of iron on the filter. The ratio between the 
number of spins giving equal signal strength in the para- 
magnetic and the ferromagnetic state is given by 

AT OS’ 
gH, S(S+1) 

in which 8’ is the spin number in the ferromagnetic state 
and S in the paramagnetic state, the other symbols having 
their usual meanings. For S’=2 and S=% at room tem- 
perature (H, = 3,200 Oe), Npara/Nferro & 5.500. Even 


Npara/. N ferro = 


Absorption (arbitrary units) 


H >» 
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Ferromagnetic resonance absorption of iron particles in airborne 
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Fig. 1. 
dust, /mierowave; 8020 MHz. 
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for small amounts of iron the ESR signal strength was 
found to be two orders of magnitude higher than could be 
expected from paramagnetie ions. 

In Fig. 2 the double integrated ESR signal is plotted 
against the weight of iron on the filters, on double 
logarithmie scales, showing an apparent deviation of the 
expected linear relation. ‘The reason for the non-linear 
relationship is not elear but is possibly connected with 
the aggregation of iron particles decreasing partial mag- 
netization at the surface because of strong local aniso- 
tropy. It eould not be decided whether this aggregation 
occurs on the filter paper during the sampling period or 
in the atmosphere; replotting the results as signal strength 
per unit volume versus the iron concentration in air on 
a double logarithmic scale did not decrease the spread of 
the results. 

The chemical form of iron in the atmosphere is usually 
assumed to be a ferric oxide or a ferric oxide hydrate 
complex. Mackenzie and Meldau! list the following forms 
as naturally occurring: «, B, y and 8-FeOOH, «., Y- 
and 83-Fe,O, and Fe,O, The pure oxide form seems 
unlikely, however, beeause heating of the filter even to 
moderately low temperatures altered the shape of the 
spectrum appreciably. 

Except for the appearance of a strong small peak at a 
g-value of 2-00 caused by carbonizing of the filter paper 
and other organic material present, the iron absorption 
peak showed a progressive and irreversible broadening 
starting at a temperature of about 150° C. There are no 
phase transitions of pure iron oxides in the temperature 
interval below 150° C. 

Moreover, ferric oxide in the «-form (haematite) is 
anti-ferromagnetie or only weakly ferromagnetic?). Y 
and 8-Fe,O; undergo an irreversible change into «-Fe,O, 
above 520? C (ref. 3). This transition was not observed. 
'The alternative, that iron is in the form of a ferrie oxide 
hydrate complex, is consistent with the shape alteration 
and seems therefore the most likely. 

The X-ray fluorescence measurements performed by 
Dr K. L. van Lier and the technical assistance of Mr J. 
van Hellemond are gratefully acknowledged. 
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BOOK REVIEWS 


AFTER TORREY CANYON 


Torrey Canyon Pollution and Marine Life 

Edited by J. E. Smith. (A Report by the Plymouth 
Laboratory of the Marine Biological Association of the 
United Kingdom.) Pp. xiv+196+ 29 plates. (London: 
Cambridge University Press, 1968. Published for the 
Marine Biological Association of the United Kingdom.) 
55s. net; $9.50. 


On March 18, 1967, the Torrey Canyon with a cargo of 
erude oil ran aground on the Seven Stones reef less than 
90 miles from one of the world’s foremost marine bio- 
logical laboratories. Ten days later, when the magnitude 
of the disaster had become apparent, the entire resources 
of the Plymouth laboratory were diverted to its study for 
a period of six weeks. This book is the story of those 
weeks and of subsequent investigations, many of which 
will be continued for some time to come, The book, 
written by members of the staff of the Plymouth labor- 
atory, and edited by its director, describes surveys of the 
open sea, estuaries, rocky shores and sandy beaches. 
There are accounts of experiments in the laboratory on 
the physical properties and toxicity of the oil and the 
detergents used to disperse it. The movements of the 
oil at sea are described and analysed. In addition to 
descriptions of pollution on and near the Cornish coast, 
there is a chapter on the oil that reached the beaches of 
France and Guernsey. The book concludes with “some 
lessons learnt". 

It was an outstanding achievement of research, writing, 
editing and publishing to produce, in effect, ten major 
scientific papers of nearly 200 pages in one year. The 
signs of haste are there—a poorly turned phrase. a wrong 
eross-reference, no mention of the latitude and longitude 
of the stranding, the omission of the position of the wreck 
in a chart showing the distribution of fish larvae—but 
these are small faults and, unintentionally, they help to 
convey the sense of urgency which seized the staff at 
Plymouth during those weeks. Sixty photographs, in 
blaek and white and colour, provide impressive support 
for the text; they include some striking comparisons of 
conditions before and after pollution by oil and detergents. 
The line drawings, and especially the numerous charts, 
deserve special mention; they contribute style as well as 
information. This is, however, no picture-book but a 
scientific analysis with a wealth of supporting detail 
which portrays, more convincingly than the journalism 
of the time, the consequences of the pollution which 
followed the grounding of the tanker. 

The local and national authorities used detergents to 
convert the water-in-oil emulsion into an oil-in-water 
emulsion which could be washed off the shores and dis- 
persed at sea. Without the wisdom of hindsight, it is 
difficult to see what other course could have been adopted; 
it was essential to preserve the amenity of the beaches 
and to clean them before the start of the summer holiday 
season. Nevertheless, in consequence of this policy, 
the Cornish beaches suffered a deliberate pollution by 
10,000 tons of detergents in addition to the accidental 
pollution by 14,000 tons of the crude oil which was 
washed ashore. 

There was very little advance information about the 
physical and chemical properties of both pollutants, and 
inadequate knowledge about their prokable biological 
effects. The staff of the Plymouth laboratory set out to 
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repair these deficiencies. In this they were helped by 
British Petroleum, Ltd., and detergent manufacturers, 
but much of their work was based on simple and empirical 
tests devised hastily in the laboratory. One of the most 
commonly used detergents was found to be ineffective in 
sea water; it was designed, presumably, for use in fresh 
water. None of the detergents produced a stable emulsion 
so that, at best, they would be effective only in trans- 
porting the oil a short distance before it separated out 
again to re-pollute the shore. All the detergents which 
were tested in the laboratory proved to be toxic, at very 
great dilutions, to the plants and animals of the plankton 
as well as intertidal and sublittoral organisms. The more 
efficient detergents tended to be the most toxic. It was 
found that the most poisonous constituent—the organic 
solvent—evaporates fairly rapidly. But for this "pre- 
viously unknown and unsuspected fact, the biological 
consequences in the English Channel would have been 
vastly worse than they were". 

As it was, the consequences of the use of detergents were 
serious enough. The scarcity of planktonic fish larvae in 
the vieinity of the wreek and the mortality of pilehard 
eggs off the Cornish eoast were attributed to the effects 
of the detergent at sea. Fortunately, most planktonic 
organisms escaped the worst effects, but a heavy toll was 
exacted among the organisms of the shores. The molluscs, 
including limpets, mussels, winkles and top shells, suffered 
especially badly, as did polychaetes, crustacea (including 
barnacles, lobsters and crabs), echinoderms and the shore 
fishes. In many places where detergents had been used 
“it was difficult to find a single living animal” and 
there was extensive damage among the seaweeds. 

The oil, on the other hand, killed thousands of sea 
birds but, otherwise, caused surprisingly little harm to 
marine organisms. Indeed, limpets which had not been 
treated with detergents were found to be browsing on the 
oil and assisting the natural physical processes of cleansing 
the rocks of the pollutant. This discovery is doubly 
ironic because one of the consequences of the widespread 
mortality among the browsing animals was a heavy 
growth of Enteromorpha and other algae which have 
completely enveloped large tracts of rocky shore. 

One of the most forceful conclusions of the book is 
contained in the remark that “the second, man-applied, 
pollutant was far more damaging than the accidental one". 

There is an especially valuable analysis of the move- 
ments of the oil at sea, emphasizing the importance of 
physical oceanography as the essential basis for predicting 
the course and dispersion of pollutants. The need to 
judge the timing of treatment in relation to the tides, 
current system and wind is demonstrated very clearly. 
For example, soon after the stranding, some of the more 
militant members of the publie demanded the destruction 
of the ship by explosive eharges or bombing. If this had 
been done a week after the shipwreck, the winds were 
such that "several times more oil would have polluted 
the English coastline". 

It is impossible to review this book without reflecting 
on the lessons to be learned from this episode. These 
extend far beyond the confines of marine pollution. As 
Dr Smith says in his concluding remarks, "We are pro- 
gressively making a slum of nature and may eventually 
find that we are enjoying the benefit of science and 
industry under conditions which no civilized society 
should tolerate". However, “civilized” and “tolerate” 
are words with many shades of meaning. The progress 
of the industrialization and sophistication of society (which 
will not be halted), no less than the nutrition of the world’s 
exploding population, depend on the facility to manipulate 
the natural environment. The air, land and water are not 
only sources of energy; they are essential as garbage bins 
for many industrial and social activities. The problem is 
to anticipate and predict the by-products of civilization 
and then to find means of confining them before they 
generate crises. 
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Anticipation may be achieved, partly, by extending 
and enforcing existing legislation designed to compel 
manufacturers to reveal the composition and properties 
of new substances which they propose to release directly 
or as by-products. Governments must share an inter- 
national responsibility to monitor the environment with 
special regard to potential pollution. As the work of the 
Plymouth laboratory shows in this book, scientists from 
non-governmental! laboratories and universities can make 
an important contribution. Indeed, ecologists may have 
perhaps the most vital part to play. Man is now a major 
component of many ecosystems, placed at the top of the 
food-chain in the most vulnerable position of all, and 
particularly susceptible to the steady concentration of 
pollutants through the chain. The assessment of the 
impact of man on nature demands long time-series of 
observations and analyses of the sources of variation in 
natural communities. Without this knowledge, it will be 
difficult to distinguish between natural and artificially 
induced phenomena, and it will be impossible to devise 
precautions. The present level of activity in ecology is 
wholly inadequate to tackle such tasks. It has to be 
admitted that, even in the well-known seas and shores so 
near the Plymouth laboratory, the quantitative ecological 
bases of knowledge were lacking in some respects and it 
is salutary to read that the study of the Torrey Canyon 
was "limited in scope because only a single suitable 
research vessel was available". 

The wreck of the Torrey Canyon was a moment of high 
drama, It was a small and localized crisis compared 
with the undramatie but potentially more dangerous and 
widespread risks which society is taking deliberately—by 
producing and releasing large quantities of new sub- 
stances without an adequate foundation of knowledge of 
the consequences. These risks extend not only to oil 
and detergents but also to insecticides and fertilizers, 
foods and drugs, domestic and industrial sewage. 

Perhaps the most important lesson of the Torrey 
Canyon episode is that it should serve to remind us of 
the urgent need to give the highest priority to the study 
of the ecology of man in his Earth-bound environment. 

R. S. GLOVER 


WHOLE PLANTS 


On Integration in Plants 

By Rudolf Dostál. Translated by Jana M. Kiely. Edited 
by Kenneth V. Thimann. Pp. xxi+218. (Cambridge, 
Mass.: Harvard University Press; London: Oxford 
University Press, 1967.) 57s. net. 


To the botanist interested in the morphogenesis and 
growth of whole plants, the name of Rudolf Dostál is 
well known. For nearly sixty years, in Brno, Czecho- 
slovakia, he has been carrying out experiments on the 
mutual interaetions of plant organs during growth and 
development, and this book, written at the beginning of 
the present decade, represents the distillation of these 
sixty years of experimentation and philosophizing. For 
the promotion of its translation and publication in the 
English language, we have to thank Professor K. V. 
Thimann, who became aware of the existence of this 
book when visiting Professor Dostál in 1961. 

As the title indieates, the unifying theme of the book 
is the integrated functioning of the plant in respect of its 
growth and development. There are eight chapters, each 
dealing with a different facet of his work, such as seedling 
development from the embryo, polarity, regeneration, 
periodicity and correlation, the last topie naturally 
occupying more than a third of the book, for it contains 
the most signifieant of his contributions to growth 
physiology. The most valuable aspect of this book is 
that it brings together, for the first time and in the 
English language, the most important of Dostál's experi- 


NATURE, VOL. 218. MAY 4, 1968 


mental observations. Some are already well known, but 
there is much that has not yet been available to workers 
in the West. In this era of molecular biology it is refreshing 
to be reminded that many exciting experiments can still 
be done by simple manipulation of plants; it is stimu- 
lating to discover that there are still many problems of 
plant regulation to be tackled, where the applieation of 
modern techniques may open up new fields of study and 
produce new ideas on the mechanisms of the control of 
plant development. For this reason the book is well 
worth the effort necessary to grapple with its rambling 
ramifications of theme and the difficult ambiguous style 
which the translation seems to have produced. 

There is another reason why this translation may 
have been worth while. 'To quote Professor Thimann 
from his foreword, the book “provides an invaluable 
outlook on to an area of biological history . . . an area of 
administrational control over scientific views", for it is 
perfused throughout with the dialectico-materialistic philo- 
sophies of Lysenko and Miehurin, to which the author 
must have been constantly subjected for most of the 
latter part of his working life, and from which he has 
been unable to break away. Even with Lysenko long 
since discredited, ideas of the unity of the organism with 
its environment underlie the pattern of all his arguments. 
It is in many ways a sad autobiography of scientific 
atavism, an atavism induced, no doubt, by the author’s 
virtual isolation from the rapidly evolving ideas of 
western biologists. Although the book refers widely to 
plant growth regulators, yet one feels that in the mind 
of the author they are still as mystical as the calines of 
F. W. Went or even the organ-forming substances of 
Sachs; indeed, the reader will find in this little book no 
biologieal principles of control that were not already fully 
formulated in the writings of the early pioneers. 

L. J. Aupus 


ENEMIES OF PLANTS 


Plant Nematology 

By W. R. Jenkins and D. P. Taylor. (Reinhold Books 
in the Biological Sciences.) Pp. xvi+270. (New York 
and London: Reinhold Publishing Corporation, 1967.) 
116s. 6d. 


Tue authors state that their specific objective in writing 
this book was to provide “a beginning text for general 
courses in plant nematology". During the past decade 
or so the study of plant and soil nematodes has pro- 
gressed, and extended geographically, in a way that can 
only be described as explosive. Allen and Sher have 
pointed out that 1,079 new species in the phytoparasitie 
groups were described between 1950 and 1966 as against 
250 species up to 1950. In the light of such facts, Jenkins 
and Taylor’s statement (page 13) that only 2 per cent of 
the estimated number of nematode species have yet been 
described is frightening. Clearly sound basic training for 
future nematologists is of prime importance and one is 
bound, therefore, to look critically at this book. 

The first four chapters deal with the structure, biology 
and host-parasite relationships of plant nematodes, the 
last three with the principles of control and the remaining 
seventeen describe ail the important genera of nematodes 
associated with plants. Techniques are excluded. Each 
chapter is followed by a list of selected references. The 
book concludes with a useful glossary of some 330 terms 
and a comprehensive index. I consider that the first 
two chapters are the best in the book; they provide an 
authoritative and scholarly introduction to more advanced 
texts such as Chitwood, Goodey and Thorne which, 
although standard works, are nevertheless highly subjec- 
tive in their treatment. The first chapter, for example, 
discusses the vexed question of the place of the Nematoda 
in the animal kingdom and their relationships with other 


NATURE. VOL. 218. MAY 4. 1968 


invertebrates, and sets the alternatives before the student 
without taking sides. Classification within the Nematoda 
on which there is also disagreement among taxonomists 
is unfortunately omitted. An outline of the two principal 
systems down to, say, the level of the superfamily would 
have helped the student to understand the relationships 
of the groups referred to in later chapters. Some mis- 
statements in the text should be mentioned. On page 19: 
"Lateral fields are the result of incisures [lines] that 
run the length of the body on the lateral surface" and. 
three lines down, "Some nematodes lack lines in the 
lateral field". On page 88, the structures of the vulval 
cone of Heterodera cysts are misinterpreted and it is a 
pity that Cooper's 1955 paper which first described and 
proposed names for these structures is omitted from the 
references. The root-knot nematodes have never been 
included in the genus Anguillulina or Ditylenchus (page 
100). The nineteenth chapter (on Xiphinema and 
Longidorus) appears inadequate in the light of recent work 
on these genera and there is barely a mention of their 
important role as virus vectors, though this is discussed 
briefly in the fourth chapter. 

The line drawings are the work of one artist; they 
illustrate a hypothetical representative of each genus and 
occasionally include typical morphological variations. 
It is difficult to see any advantage of this method over the 
more conventional one of illustrating à representative 
species—either way interspecific variability must be 
reckoned with. Several inaccuracies in the figures were 
noted, for example, Ditylenchus is shown with a rounded 
spermatheea though none has been deseribed, Xiphinema 
is poorly figured with ovaries reflexed in the wrong place. 
and Plectus (Fig. 21 : 2) lacks its characteristie gubernacu- 
lum and cephalic setae. The drawings, however, are 
mostly elear and uncluttered by needless detail, and the 
use of uniform conventions for representing different 
organs facilitates comparison between genera. Some half- 
tone figures suffer from not being on art paper and Fig. 
10:2 gives poor illustrations of the damage caused by 
Ditylenchus dipsaci. 

The book’s prime concern is with principles, in the con- 
trol chapters as well as elsewhere. The authors believe 
that it will be useful to plant pathologists and extension 
specialists as well as students, but Thorne’s textbook, the 
Ministry of Agriculture's two technical bulletins on 
nematology or the recent FAO handbook by A. L. Taylor, 
depending on location, are probably of more value to 
them. “Jenkins and Taylor" should become a valuable 
first text for budding nematologists, and essential reading 
for students of agricultural zoology and parasitology. 
especially with the improvements that one may expect 
from future revisions. In spite of shortcomings in matters 
of detail, the book is basically sound, objective in its 
approaeh and reasonably free from geographical bias. 
It is well but not sumptuously produced (considering its 
cost) and typographical errors are rare. It would be a 
pity if its high price put it beyond the reach of many 
for whom it is intended. I would therefore make a strong 
plea for a cheaper edition as soon as possible. 

J. F. Sovrney 


PALM DISORDERS 


Diseases and Disorders of the Oil Palm in Malaysia 

By P. D. Turner and R. A. Bull. Pp. iv - 247. (Kuala 
Lumpur: The Incorporated Society of Planters, 1967.) 
n.p. 

THE result of experimentation on diseases of tropical 
crops is so dispersed in the literature that it is extremely 
diffieult for field or plantation workers to obtain relevant 
information on their problems. The authors have 
reviewed in this book the up to date information on 
diseases of oil palms and have drawn on their personal 
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knowledge of such West 
Africa. 

We are told in the preface that this book is intended as 
a descriptive text and one can only commend the detailed 
treatment. of the sixty-two major and minor diseases and 
disorders to which the oil palm is prone in Malaysia. At 
such it will be invaluable not only to the members of the 
planting community but also to research workers interested 
in oil. palms. 

Much information is also given on the role of cultural 
practices in the plantation and the authors have rightly 
pointed out that many diseases are of à secondary nature 
and that the real cause lies in poor husbandry. In this 
era of liberal fungicide and insecticide treatments it is 
perhaps salutary to be reminded of the rewards of being 
a good farmer. 

The text conveniently deals with diseases and disorders 
of the nursery first and follows on with those occurring 
on young and mature palms in the field. The cause of 
many of these disorders is apparently unknown and this 
serves to emphasize the need for more research in this 
field. 

The authors have had the foresight to include deserip- 
tions of diseases which are of economic importance else- 
where but which have not vet been recorded in Malaysia. 

All the major and most of the minor diseases and dis- 
orders are illustrated in colour and the quality of the 
reproduction of disease symptoms is generally good. 
A few, however, do not represent auite so true a picture 
and therefore might be musleading. 

Tt is unfortunate that the excellent presentation” of 
this book should be marred by such a long list of errata. 


J. 8. ROBERTSON 
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CONTINUOUS FERMENTATION 


Microbial Physiology and Continuous Culture 

Edited by E. O. Powell, C. G. T. Evans, R. E. Strange and 
D. W. Tempest. (Third Symposium held at the Miero- 
biological Research Establishment (Ministry of Defence), 
Porton Down, Salisbury, Wiltshire.) Pp. vuie2681, 
(London: HMSO, 1967.) 60s. 

MopERN studies on the growth of miero-organisms have 
followed the work of Monod??, which he developed into 
a study of continuous growth?. This eventually led to a 
series of international symposia, the first in Prague* and 
the second in London*. The preseut volume, the record 
of the third symposium, held in 1966 at an apposite 
location, places the emphasis on the interdependenee of 
microbial physiology on practical continuity and the use 
of continuous eulture in studying microbial physiology. 

The volume has eight sections. In the first section 
Academician I. Malek surveys the present state and 
development of continuous eulture since 1958. In the 
second section A. C. R Dean compares bacterial growth 
(cell size and composition—-RNA, DNA and protein) 
in batch and turbidostat; N. D. Ierusalimsky deals with 
metabolic bottle-necks, for example reactant concentra- 
tions, as growth rate controllers: E. O. Powell examines 
growth and substrate concentration mathematically. 
and the section concludes with editorial comment on 
endogenous metabolism (rate of consumption of their 
own mass) and maintenance coefficient. 

The third section examines individuals more closely; KE. 
Beran et al. discuss the distribution of the relative age 
of yeast cells in populations (using "simple" fluorescence 
microscopy for determining bud scars), and J. F. Collins 
discusses variation within bacterial populations (in rela- 
tion to the distribution of penicillinase in induced and 
uninduced Bacillus licheniformis}. 

A further section considers the detailed role of mag 
nesium: D. Kennell considers nucleic acids and protein 
metabolism (with precautions in magnesium-starved 
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Enterobacter aerogenes); R. E. Strange and J. R. Hunter 
consider diverse effects of magnesium on the survival of 
similar organisms in aqueous suspensions; J. Sykes deals 
with the ribosomes and RNA of Ps. putida grown in 
magnesium and carbon-limiting conditions and different 
ratios of sodium to magnesium, and D. W. Tempest and 
J. W. Dicks diseuss the inter-relationships of potassium, 
magnesium, phosphorus and RNA (each being a function 
of growth rate but stoichiometrically related) in Entero- 
bacter aerogenes. 

The fifth section of this book looks at produets, and 
W. D. Maxon and J. W. Chen examine the kineties of 
formation (neomycin); S. J. Pirt considers the conditions 
for producing some of six types of “exocellular products” 
and J. F. Wilkinson and A. L. S. Munro discuss growth 
limiting conditions in the synthesis of glycogen and 
poly-@-hydroxy butyrate in B. megaterium. 

The sixth section takes up the ideas of multi-state 
processes with tho changes in filamentous organisms (4. 
niger) in relation to dilution rate (Z. Fencl e£ al.) and the 
properties of cells grown with excess substrate of different 
dilutions in "multi-stream culture" (J. Rigica et al.). 
This section concludes with an editorial analogy between 
batch and continuous culture. 

The seventh section is concerned with mixed substrates, 
and B. T. Hamlin e£ al. examine the effect of citrate on 
8-9 glucose enzymes of Ps. aeruginosa and R. I. Matcheles 
et al. study mixed substrate (glucose, fructose, lactose) 
continuous cultures (of E. coli, Ps. fluorescens or S. 
cerevisiae). 

The last section reports studies by D. W. Tempest 
et al. on the growth of E. aerogenes in a chemostat at 
low dilution rates (minimum rate concept). There is also 
in this section a closing “summary” by S. R. Elsden 
(emphasizing, for example, apparatus, “balanced growth" 
and long generation times) and editorial comment on 
balanced and restricted growth. 

If further microbial studies are to lead to solutions to 
some of man's problems, then this volume has something 
of interest for many applied investigators. The volume is 
well printed, bound and presented under an HMSO 
imprimatur. At 60s. for 260 pages it represents very 
reasonable value at less than 3d. per page of very specialist 
matter in comparison with, for example, a companion 
volume, edited by Malek and Fencl®. 

M. WOoODBINE 


b atonoa, 7 », La Croissance des Cultures Bacteriennes (Herman et Cie, Paris, 
1942). 


* Monod, J., Rev. Microbiol., 8, 371 (1949). 

? Monod, J., Ann. Inst. Pasteur, 79. 390 (1950). 

* Continuous Cultivation of Micro-organisms (Czechoslovak Academy of 
Sciences Publishing House, Prague, 1958). 

* Continuous Culture of Micro-organisms (Monograph 12, Society of Chemical 
Industry, London, 1961), 


* Malek, IL., and Fencl, Z., Theoretical and Methodological Basis of Continuous 
Culture of Micro-organisms (Czechoslovak Academy of Sciences Publishing 
House, Prague, 1966). 


MAMMALS OF THE PAST 


Pleistocene Mammals of Europe 

By Björn Kurtén. (The World Naturalist.) Pp. viii + 
317. (London: Weidenfeld and Nicolson, 1968.) 84s. 
net. 


Tuts is a much needed book. It surveys some three hun- 
dred species of land mammals from the Pleistocene of 
Europe, discussing the status of each species, its evolu- 
tionary history, its distribution and probable habits. 
Pleistocene mammals provide a considerable body of 
data for the evolutionist, not only because many of them 
are the immediate ancestors of the living species, but also 
because the stratigraphy, palaeoclimatology and dating 
of the Pleistocene are known in more detail than those of 


NATURE. VOL. 218. MAY 4. 1968 


earlier geological periods. Ecological information about 
living species must, however, be applied with caution to 
the interpretation of fossil forms; for instance, the leopard 
was common in Europe even in the coldest phases of the 
Wirm glaciation. For each of the species treated, the 
known extra-European fossil distribution is given, with 
possible phyletie relations to other species. Faunal inter- 
changes with North America, presumably through 
Bering's Strait, are of much interest. The European 
bison is believed to be a late immigrant, having divided 
from the American bison only within the past 10,000 
years, and not derived from the Middle Pleistocene species 
of Europe. The American sabre-tooth Smilodon, which 
reached South America, is derived from the Lower 
Pleistocene Old World genus Megantereon. The larger 
mammals are, of course, much the best known palaeonto- 
logically, and Dr. Kurtéu's treatment of the bears, hyenas 
and cats is particularly to be recommended, reflecting his 
extensive work on the Pleistocene Carnivora. 'The rodents 
are treated more briefly, despite their preponderance in 
species; this reflects the relative backwardness of micro- 
mammalian palaeontology, a field which promises to 
become of inereasing importance to stratigraphy and 
palaeoecology in future years. 

There is a useful introductory section on the chronology 
of the European Pleistocene, and in the final chapters 
some of the general problems of Pleistocene palaeontology 
are briefly but pertinently discussed. Attention is drawn 
to problems of taxonomy at the specifie level, and to 
rates of evolution as measured by faunal turnover. It is 
interesting to note that seven out of fifteen species adapted 
to arctic or boreal conditions had already made their 
appearance by the late phase of the Gunz glaciation, 
and that the half-life of species is shorter in the later part 
of the Pleistocene than in the earlier part. In a final 
chapter it is suggested that man has been a dominant 
factor in the extermination of European mammals 
since the late Pleistocene: thirty-eight species are 
listed as having disappeared from Europe, though 
fourteen of these are still living outside the European 
continent. 

The book is written in a readable, non-technical style, 
much to be applauded in a field where technical erudition 
only too often acts as a deterrent. A well chosen biblio- 
graphy (319 titles) is provided for the student who wishes 
to follow the subject more deeply. The text is liberally 
illustrated with drawings of specimens and reconstructions, 
and also with representations by palacolithic man. It is 
hoped that this book will stimulate further interest in 
mammalian palaeontology, somewhat neglected in this 
country at present. P. M. BUTLER 


PLATINUM AND CATALYSTS 


Catalytic Hydrogenation over Platinum Metals 

By Paul N. Rylander. Pp. xii+550. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1967.) $22.50 ; 180s. 


Tuis is an experimental chemist’s book. It is not con- 
cerned with the physical chemistry underlying the hydro- 
genations which are described, but aims to provide the 
empirical information necessary to carry out the hydro- 
genation of a particular compound most efficiently. Dr 
Rylander takes the view that the easiest way to solve a 
problem in catalysis is through experiment, coupled with 
an extensive acquaintance with the development of the 
subjeet. 

Within these limits, the book is extremely well written 
and organized. It is immensely detailed and full informa- 
tion on the suitability of each of the metals is given for a 
particular reaction, together with the scope of present 
knowledge of the effect of conditions (pressure, tempera- 
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ture, solvent). All the information available on platinum 
metal catalysts modified by partial poisoning is assembled 
here. 

The book is divided into six sections; on catalysis, 
equipment and conditions (54 pages); hydrogenation of 
unsaturated carbon-carbon bonds (57 pages); hydrogena- 
tion of nitrogen compounds (102 pages); carbonyl 
compounds (76 pages); aromatics (including nitrogen 
and oxygen heterocyclics) (83 pages), and a final section 
on hydrogenolysis (98 pages) including the Rosenmund 
reaction, dehalogenation and topics such as debenzylation. 
In the sections on the reactions of particular compounds, 
sufficient guidance is given to indicate the favoured 
methods of attacking new problems in the field. There are 
many empirical comparisons of catalysts in a given situa- 
tion, but the book will not interest those who are con- 
cerned with the physical chemistry of catalysis, except 
as a source of fruitful systems for further work. 

The catalytic reactions considered are all heterogeneous. 
The title is perhaps a little misleading, for the book deals 
not only with all the heterogeneous reactions, catalysed by 
platinum metals of hydrogen with substrates (mostly 
organic, though some inorganic molecules such as nitric 
oxide are described), but also with those reactions 
eatalysed heterogeneously by solid derivatives of the 
platinum metals (for example, platinum oxide). There 
is no mention of the recent developments in homogeneous 
catalysis, which is perhaps & pity, for the relationship 
between the two areas of catalysis is likely to prove a 
very rich source of new organie reaction methods. 

This book is beautifully printed, with very few errors 
indeed. It is copiously indexed. The price seems rather 
high. Dr Rylander, however, has produced a masterly 
account, obviously based on very deep experience, of the 
ways in which organie molecules may be caused to react 
with hydrogen, and this scholarly treatise should prove 
extremely useful to any chemist trying to solve a problem 
in hydrogenation. R. D. GILLARD 


AMBER TO ELECTRICITY 


Electricity and Matter 
By Norman Feather. 
burgh University Press, 1968.) 


Pp. vii +532. (Edinburgh: Edin- 
45s. net. 


THERE is a lot written these days about the lack of 
students in the sciences, and almost as much speculation 
as to the causes. Bad teaching, the absolute difficulty of 
the subject, its inhumanity, all these have been and are 
being blamed. How nice then it is to find in one reason- 
ably priced volume a positive inducement for the uncom- 
mitted to consider some of the beauty and fascination of 
a fundamental part of the physical sciences. Norman 
Feather, in his book on Electricity and Matter, takes a 
historical approach—but does not dodge the difficulties. 
He starts at the beginning: of course everybody knows 
about amber and how it may be induced to pick up bits 
of things, but here the telling of the tale seems to have 
a special authority. Classicists may like the link with 
amber’s Greek name; nor will they—or the historians— 
be disappointed if they read on—the mood so soon 
established is well maintained. Neither will those inter- 
ested in human behaviour be unrewarded; the dilemmas, 
temptations, triumphs and false hopes all are there in the 
text, and in such a way as to interest without obscuring 
the essential story. A colleague who judges books on 
quantum mechanies by the ratio of words to formulae 
would find this book to his taste—there are formulae, but 
only those which are essential, and then they are used in 
such & way that they seem to sum up the explanatory 
_ writing in a succinct phrase. Indeed, someone innocent 
< of mathematics reading the book could yet gain a great 


503 


deal from it and might well be persuaded to learn more 
of such an obviously powerful technique. 

The book is well produced and printed in clear easy-to- 
read type. The illustrations, of which there are perhaps 
less than one might have hoped for, are all line drawings; 
there are no photographs. The outer binding irritates in 
that it combines a '^with-it" front and back cover (micro- 
photographs ? particle tracks ? Rorschach test ?) with a 
traditional black and gold spine. 

Although the book is probably intended for under- 
graduates, it seems to me that it should also be in the 
sixth form library—and not necessarily only in the science 
section—true it becomes a bit advanced for most sixth 
formers, but at all times it encourages the student to 
read on and find out what happens next. On finishing it 
the main impulse is to rush out and buy, or at least 
borrow, the other two in the series. L. MOLYNEUX 


SURVEY OF MATHEMATICS 


Progress in Mathematics 

Vol. 1: Mathematical Analysis. 
krelidze. Translated from the Russian. 
(New York: Plenum Press, 1968.) $15. 


Tuis is the first volume of a series which apparently is 
going to give survey papers of recent work. This volume 
contains three surveys, similar in general design, although 
varying somewhat in style and in the period covered. 
These surveys are written for mathematicians moderately 
familiar with the general field but not necessarily experts 
in the particular area surveyed. Concepts and notations 
are carefully defined and a detailed account of recent 
work is given. As far as possible, important results are 
given in full, in the form of theorems. Where this is not 
possible, because the results are too numerous or too 
involved, a brief indication of the result or the problem 
is given. Each survey article contains extensive references. 
Neither the text nor the bibliography claims encyelopae- 
die completeness but both are sufficiently detailed and 
systematic to serve as reliable guides. The three surveys 
are as follows. 

"Operational Caleulus" by Ditkin and Prudnikov 
(seventy-four pages, 486 references) deals with Miknsinski's 
operational caleulus and related work, including opera- 
tional calculus on a finite interval, semi-infinite and infinite 
interval, in several variables, and also of “Bessel opera- 
tors". Fantappié’s analytic functionals, numerical 
methods, and some (but not many) applications are also 
mentioned. 

“Spaces of Analytic Functions’ by Khavin (ninety- 
three pages, 330 references) deals with applications of 
topological (in particular normed) vector space theory to 
problems concerning functions of one and several complex 
variables. The relation between generalized functions 
(distributions) and boundary values of analytic functions 
is included as are interpolation problems and “abstract” 
(= axiomatic) theories of functions, and vector-valued 
analytic functions. 

“Operational Differential Equations" by Nemytskn, 
Vainberg, and Gusarova (seventy-eight pages, 330 refer- 
ences) concerns differential equations in Banach (or 
sometimes locally convex vector) spaces. In the first 
part the operators involved are bounded, in which case 
the results are more complete, while in the second part 
the abstract Cauchy problem for linear equations involving 
an unbounded operator is considered. 

The translation is moderately good, although the 
phrasing is sometimes awkward. Crude mistakes (such 
as "bounded" in place of “unbounded” on page 192) 
and misleading nomenclature (“group theoretic” on page 
192 refers to the analytieal theory of semi-groups, not 
to algebraic group theory) are rare. A. ERDÉLYI 


Edited by R. V. Gam- 
Pp. ix+ 246. 
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INTRODUCTION TO ALGOL 


Introduction to Algol Programming 

By Torgill Ekman and Carl-Erik Fréberg. Second edition. 
Pp. 172. (Lund: Studentlitteratur; London: Oxford 
University Press, 1967.) 35s. net. 


Tuis is an extremely good book and remains one of the 
best published even four years after its original publication 
in Sweden. Perhaps the most remarkable feature is the 
way in which the authors have packed such a compre- 
hensive aecount into a mere 172 pages. This includes a 
historical introduction, a recapitulation of some of the 
jargon of compilation of higher level languages, a good 
set of exercises, and even some suggestions for the future 
of the language. However, in the last context, the recent 
publication of the ALGOL 68 report shows that devel- 
opment has gone much further towards implementa- 
tion of block structures than was anticipated by the 
authors. 

It is always possible, with the introduction of a subject 
like ALGOL, to criticize the order of presentation. It is 
desirable to bring ideas forward to give a feel for the 
language as, for example, has been done on page 8. But 
occasionally this goes too far and would confuse the 
beginner, as in the example at the bottom of page 16, 
where a real procedure is brought forward nine chapters. 
It seems odd to delay the description of the goto state- 
ment until the seventh chapter, long after the introduction 
of the if statement. Similarly, the very powerful for 
statement first appears in chapter 10, although it is so 
valuable in illustrating the manipulation of arrays. It 
would be of practical value to indicate more often where 
common interpretations or limitations have occurred in 
hardware representations as is done, for example, at the 
bottom of page 42. There is some careful description of 
the mechanism of own dynamie arrays in chapter 9, but 
there must be very few implementations of ALGOL 60 
which provide any such facility. This is probably a result 
of the book being four years old. 

In spite of these detailed criticisms, however, the 
deseription of the language is very good. Such facilities 
as Jensen's Device and Sneaky procedures rarely appear 
in books which are of this size. It is interesting to note 
that an earlier edition in 123 pages and priced at 30s. did 
not contain the ALGOL 60 report as an appendix. In 
this form it received praise by another reviewer for the 
omission. My own view is that, for the sake of com- 
pleteness, the extra pages and 5s. are worth while. 

R. J. ÖRD-SMITH 


WHAT LOVE MEANS 


The Idea of Love 

By Robert G. Hazo. (Concepts in Western Thought 
Series.) Pp. xvii+488. (New York and London: Freder- 
ick A. Praeger, 1967.) 668. 


The Idea of Love is the most recent publication resulting 
from the continuing research efforts conducted by the 
Institute for Philosophical Research which surveys and 
interprets basic Western approaches to such concepts as 
freedom, happiness, law, progress and so on, covering a 
time span stretching from ancient Greece to the present 
day. The current effort is indeed laudable and offers the 
serious sophisticated reader a highly selective, structured 
and summarized account of the contributions of some of 
the most prominent secular philosophers, leaders in the 
field of religious thought, psychology and psychiatry. 
The contributions cited, of course, are limited to their 
written productions related to concepts of love. 

Mr Hazo, early in the volume, offers a set of terms and 
definitions crucial to the organization of the vast amount 
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of available material, and essential to an understanding 
of his thrust. Foremost among these terms are: (1) 
"tendency", defined as a bridge between awareness oi 
something to be done and the doing of it; (2) “acquisitive 
desire" with an emphasis on getting or acquiring as a 
final aim (self-interest); (3) "benevolent desire" aimed 
at the good or satisfaction of the beloved, rather than the 
Self, at times modified to include mutuality or sharing, 
with its emphasis on giving rather than getting as a final 
aim; (4) "sexual desire" as expressed in physical pleasures 
and satisfactions derived from direct genital contact; and 
(5) “desire for union” with its two tributaries of comple- 
mentarity and similarity. Equipped with such guide- 
posts for illumination and insights, we explore the writings 
of a host of scholars as they relate to agape (basically 
supernatural, or God's love for man and man’s love for 
God and his fellow men) and eros (natural love on the 
human sexual level). Among some of the issues explored 
is the question of applicability of physical expression 
between persons of the same sex, to the Western concept 
of love. In this area, Plato’s famous ladder of love is 
introduced, to illustrate his and other like minded ancient 
Greeks’ convictions about the role of the older lover in 
introducing the younger beloved, also male, into the 
arts of love as a prelude to achieving a higher plateau of 
friendship and meaningful intellectual communication 
and communion between the partners. Except for the 
Greek school of philosophers and their more or less 
explicit followers, human or secular love is conceived as 
desire between man and woman. Direct contact between 
members of the same sex is treated as a deviation, abnor- 
mality, or at best an arrested personality development 
by the other quoted experts ranging from Aquinas, 
Augustine and Luther, to Freud, Fromm, Reik and 
Lewis. 

The author allots considerable space to the contributions 
of several theologians, foremost among whom are: (1) 
St Thomas Aquinas with his core belief that God’s love 
comes first, and from His love goodness, charity and 
brotherhood are created; (2) Bernard of Clairvaux with 
his concern that the highest level of love is achieved when 
man loves God for His own sake and also himself for 
God’s sake; (3) Nygen with his clarification of man’s love 
for God as faith; and (4) St Augustine with his view that 
eternal salvation stems only from human love for God. 
Paul Tillich is included to demonstrate that not all 
theologians see the existence of a dichotomy between 
eros and agape—natural and divine love. 

Reik, Fromm and Freud receive the bulk of space 
devoted to modern psychiatrists. Reik makes the point 
that sex is a biological need; love is not. Fromm suggests 
that love is a desire to escape loneliness, and the need for 





a mature benevolent union is highlighted. As to be 
expected, Freud's schema to explain psycho-sexual 
development, by dividing the personality into the 


libido, id and ego, is included, as well as numerous refer- 
ences to his conceptualization of life and death instincts. 

In a brief review, it is not possible to mention all the 
authors whom Hazo quotes and interprets in this text. 
Also one needs to read the volume carefully in order to 
delve into some of the numerous definitions of friendship, 
charity, fellowship, and love of neighbour seattered 
throughout. 

In researching Western ideas of love, Hazo does noi 
here inelude the contributions made by playwrights, 
novelists and poets. He limits material to those philoso- 
phers, theologians and psychologists who, in his opinion, 
have made major and substantive theoretical contributions 
to the literature on love. Briefly, The Idea of Love is not 
a book to attempt to read or digest in a week-end. Rather 
it should be dipped into selectively, a little at a time. 
If read in one or two sittings, one would run the risk of 
blurring the major terms as defined and illustrated in 
the text. Thus, it is to be recommended as a reference 
book. WiLLiAM J. FREEMAN 
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OBITUARIES 


Professor V. Vand 
ArTER a long illness, Professor Vladimir Vand died in 
Centre County Hospital on April 4, aged 57. 

Vand was born of Czech parents in Sumy, Russia, 
where he also spent his boyhood. The family later settled 
in Czechoslovakia where he attended the Charles Univer- 
sity of Prague, gaining the degree of doctor rerum natural- 
ium in experimental, applied and astrophysics. After 
serving as a research physicist in the Skoda works, he 
moved to England in 1940 where, in the research depart- 
ment of Lever Brothers and Unilever Ltd, he began his 
work on crystallography, rheology and the physical 
properties of long-chain compounds. In 1950, he was 
awarded an Imperial Chemical Industries research fellow- 
ship by the University of Glasgow, and there, during the 
next three years, his interests extended to the crystallo- 
graphy of organic compounds, phase identification by 
X-ray analysis, molecular orbital calculations, the theory 
of erystal growth and electron microscopy. He was also 
one of the pioneers of computer techniques. In recogni- 
tion of his work, he was later (in 1954) awarded a DSc in 
chemistry by the University of Glasgow. In 1953, he 
joined the department of physics of the Pennsylvania 
State University as a research associate and was made an 
associate professor of physics in the following year. He 
became professor of crystallography in 1961 and a member 
of the materials research laboratory in 1962. His recent 
activities included research on light scattering, polytypism, 
planetary materials, tektites, information retrieval and 
the structure of water. 

As this list shows, Vand was schooled in many fields, 
self-trained in some and a brilliant practitioner in them 
all. Never willing to recognize inhibiting boundaries 
between subjects, he regarded the entire world of science 
as his oyster. He had the pleasure of seeing many of his 
discoveries and theories applied in practice and he had a 
keen sense of professional comradeship with scientists 
all over the world. He was a fellow of the Royal Astrono- 
mical Society, of the (London) Institute of Physics and 
of the American Crystallographic Association, and he 
served as a consultant to numerous government depart- 
ments and industries. 

His distinguished researches in crystallography con- 
tributed to the discovery of the structure of DNA and 
the results of his work on water are now being applied in 
biology and medicine. For every scientific achievement 
directly associated with his name, there must be a dozen 
which he helped to inspire. He was a man of great 
modesty, and was unstinting in his support for those in 
need of encouragement and assistance. His love of nature 
found outlet in his hobby of photography, which he prac- 
tised with skill and good taste. He was at one time 
president of the Color Slide Club and, with his wife, 
Molly, who died last August, one of the founders of the 
Junior Museum of central Pennsylvania. Viadimir Vand 
will be sadly missed and mourned by all who knew him, 
as a friend and family man. 


Dr Helge Volsøe 


Waira the sudden death of Dr Helge Volsee, the zoological 
museum of the University of Copenhagen has lost a most 
efficient director. 

Svend Helge Volsoe was born in 1908 in Copenhagen 
and studied natural history at the university there from 
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1927 to 1936, taking a degree for college teaching, and then 
another as a specialist in comparative anatomy. He was 
awarded his DSe in 1944 for a paper dealing with the 
structure and seasonal variation in male reproductive 
organs of the common viper. During 1947 he spent several 
months in the Canary Islands, and the material which he 
collected formed the basis of his well known papers on 
the birds of those islands. For several months during 
1950 he took part in the Galathea expedition, and in 1959 
he went on an expedition to Nigeria--unfortunately his 
many other duties prevented him from publishing 
reports of his collections. He had a great talent for ad- 
ministration and the duties with which he was entrusted 
forced him to set aside his scientific work on snakes and 
birds—his two favourite subjects. 

In 1937 he became a lecturer at the zoological laboratory 
of the University of Copenhagen under Professor Spürek, 
who at that time held the chair of zoology and was 
director of the zoological museum. Sparck had always 
worked hard to provide better facilities for the ov 
crowded museum, for a long time without any success. 
In the early 1950s, however, the government appropriated 
funds for a completely new complex of buildings for the 
zoological laboratory and museum, to include related 
institutes. The buildings were to be erected on the new 
campus in Universitetsparken. While still officially 
serving under Spürck, Volsee presented detailed plans 
for the laboratory and museum. In 1960 he was ap- 
pointed director of the museum, and as such was respons- 
ible for organizing the transfer of the scientific collections 
to the new site. In a very short time the scientific part 
of the museurn was working well in the new buildings. 
His colleagues soon realized that Volsoe had created a 
museum of a very high standard-—perhaps a prototype 
institute in which the laboratories, libraries and collections 
of each department are situated very close together. 

The exhibits, however, remained in the old museum. 
They contained little that was suitable for the illustration 
of eontemporary ideas, and so Volsoe set out to modernize 
this part of the museum. He found the right people and 
saw the work well started, but did not live long enough 
to see even the first part of it finished. 

Volsoe also served in many different organizations 
where his administrative skill was always useful. He will 
be remembered as a talented scientist and an excellent 
teacher. The zoological museum in Copenhagen bears 
witness to his skilful planning. 









University News 


Dr B. L. Moiseiwitsch has been appointed to a personal 
chair of applied mathematics in the University of Belfast. 


Dr J. Landon, St Mary's Hospital, London, has been 
appointed to the chair of chemical pathology tenable at 
St Bartholomew's Hospital Medical College, and 
Dr E. J. Burge, King's College, London, has been appoin- 
ted to the chair of physies tenable at the Chelsea College 
of Science and Technology. 


Dr A. M. Smith, director and chief scientist of Rolls- 
Royce and Associates Ltd, has been appointed Gold- 
smiths’ professor of metallurgy in the University of 
Nottingham for a period of three years. 


Appointments 


Professor D. H. Wilkinson, head of the Department of 
Nuclear Physics in the University of Oxford, has been 
appointed chairman of the Science Research Council's 
Nuclear Physics Board following the retirement of 
Professor C. F. Powell. 
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Announcements 


The following have been elected foreign members of the 
Royal Society: Professor E. Amaldi, director of the 
Istituto di Fisica, Rome; Professor A. Butenandt, 
director of the Max-Planck-Institut für Biochimie, Munich; 
Professor K. Gödel, professor of mathematics at the 
Institute for Advanced Study, Princeton; Professor J. 
Monod, head of the Department of Metabolic Chemistry, 
Institut Pasteur, Paris. 


The following have been elected foreign associates of the 
US National Academy of Sciences: Professor E. 
Bunning, professor of botany, University of Tubingen; 
J. Y. Cousteau, director of the Oceanographic Museum 
in Monaco; Professor E. Faure-Fremiet, honorary 
professor, Collége de France, Paris; Professor R. Granit, 
professor emeritus, Karolinska Institute, Stockholm; 
Dr G. Herzberg, director of the Division of Pure Physics, 
National Research Council of Canada; Professor H. C. 
Longuet-Higgins, professor of theoretical chemistry, 
University of Cambridge; Professor A. R. Luria, 
professor of psychology, Moscow State University; 
Professor J. Monod, head of the Department of Bio- 
chemistry, Pasteur Institute, Paris; Professor C. L. 
Seigel, professor emeritus, University of Gottingen; 
Professor J. Tuzo Wilson, professor of geophysics, 
University of Toronto. 


The prizewinners of the Feldberg Foundation awards 
for 1968 are Professor A. Gierer of the Max Planck 
Institute for Virus Research, Tubingen, and Professor 
D. C. Phillips of the Molecular Biophysics Laboratory, 
Department of Zoology, University of Oxford. The 
Feldberg Foundation for German-English Scientific 
Exchange was established in 1961 with the object of 
promoting Anglo-German friendship in medical and 
biological sciences. 


The Meldola Medal for 1967 has been awarded to T. J. 
Kemp, University of Warwick, for his work on the 
properties of free radicals and excited states, with parti- 
cular reference to radiolysis. 


Meetings 


May 24, Biopolymers, University of Essex (Professor M. 
Gordon, Department of Chemistry, University of Essex, 
Wivenhoe Park, Colchester, Essex). 


Erratum. In the article "Analysis of the Mineral En- 
trapped Fatty Acids isolated from the Green River 
Formation” by A. L. Burlingame and B. R. Simoneit 
(Nature, 218, 252; 1968) the eleventh line in the left 
hand column on page 254 should read: 428 (C,,H,,0,). 


442 (CyoH 5602), 456 (C,H4,0,, 470 (CysH,,0,), 484 
(CygH 5600), 498 (C, H,,0,, 512 (C,,H4,0,) and 458 
(Ca H,O). 


Errarum. In the fifth paragraph of the communication 
"Measurement of Relative Thyroid Activity in Free- 
ranging Rodents along an, Altitudinal Transect" by C. A. 
Tryon, W. R. Kedrich and H. N. Cunningham (Nature, 
218, 278; 1968) the doses of sodium iodide-131 should be 
expressed in micro and not millicuries. 


Erratum. In the communication “Photoreceptor Orient- 
ation in the Primate Eye” by Alan M. Laties, Paul A. 
Liebman and Charles E. M. Campbell (Nature, 218, 172: 
1968) the second sentence of the fourth paragraph should 
read: “The lines D, P, pass through each receptor axis 
at each point Pa. The magnitude of the deviation angle 
9, included at the intersection of the axis line D, Pa and 


$ 


the radius line O, Pa is computed from the sine law .. .”’. 
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Erratum. In the communication '"Thiourea and Potas 
sium Permeability of Phospholipid Bilayer Membranes a 
affected by Enniatin B" by Claudio Lippe (Nature, 21 
196; 1968) on the eighth line of the third paragraph, pag 
196, “a 0-1 solution" should read “a 0:1 M. solution! 
The second sentence of the seventh paragraph shoul 
read: "According to Vreeman', however, lipid membrane 
have a sodium ion permeability coefficient (Pxy,+) whic 
is at least two or three orders of magnitude lower... 


Erratum. In the communication “Spectral Conformity-- 
a Widespread Effect of Light" by Herbert F. Laune 
(Nature, 218, 161; 1968) the sentences beginning on th 
eleventh line of the second paragraph of page 163 shoul 
read: “Absorber formation poses a problem, however 
because photons of green and blue light ordinarily lacl 
the energy to break bonds. Heating cannot be responsibh 
because temperature control was reliable! and the hea 
generated by red light, which formed no absorbers, wa: 
two to three times that by 546 my, as may be caleulatec 
from the data given". 


CORRESPONDENCE 


Pollution 


Sig,—For several hundred years men have beer 
aware of the consequences of unrestrained pollution ot 
land, water and air. In recent times the acceleration o! 
industrial production, the emergence of new industrial 
societies, the projected vast increase in power consumption 
and the growing world population have brought this 
situation into sharper focus. 

Consequently, increasing numbers of engineers and 
scientists are giving attention to the study and control of 
pollution. As yet, no single name for this field has been 
put forward. 

I would like to suggest the word ‘‘“Miasmology”’, derived 
from the Greek word for pollution, to denote the study of 
the effect of civilization upon the physical environment. 
By giving this field the dignity of a name, we may en- 
courage a greater unity among workers who seek to under- 
stand and control the many forms of environmental 
pollution. 

Yours truly, 


Davip L. Swirr 
The Johns Hopkins University, 
Department of Environmental Medicine, 
615 North Wolfe Street, 
Baltimore, 
Maryland. 


Decimal Currency 


Brg,— The first few days of the new decimal coins has con- 
vinced me that the really confusing thing in the new 
currency is the retention of the name "penny" even 
qualified by "new", and that if this unit had been called 
a “cent” or some other name not associated with current 
British coinage, the transition would have been greatly 
eased. 

I believe that the real trouble with the SI system is the 
retention of the name “kilogramme” so that, unless we are 
to perpetuate such barbarities as a millikilogramme", we 
have, most confusingly, lost the proper use of the valuable 
system of prefixes. Is it too late, for the UK anyway— 
and others might follow-—to give the unit of mass another 
name ? 

Yours truly, 


Ewen McEwen 
1 Howard Court, 


Portland Road, 
Birmingham, 16. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publie) 


Monday, May 6 


University OF LONDON (at the Wright-Fleming Institute, St. Mary's 
Hospital Medical School, Paddington, London, W2), at 5 p.m.— Professor 
J. Pepys: "Clinical Immunology of Pulmonary Hypersensitivity Reactions" 
(first of four Almroth Wright Lectures).* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, SW), 
at 5,80 p.m.—Mr O, N. Arup and Mr R., S, Jenkins: "The Evolution and 
Design of the Concourse at the Sydney Opera House". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Diseussion Meeting on “Airfield Lighting" opened by Mr 


M. Latin and Mr E. J. Anthony. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW!), at 6 p.m.—Annual General Meeting. Dr R. E. Bowman: 
Chairman's Address. 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piceadilly, London, W1), at 6 p.m.—-Mr H. Townsend: "Economies of 
North Sea Gas", 









Tuesday, May 7 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, SW1), at 10.30 a.m,—Annual General Meeting, followed by 
Scientific Papers. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
a 5.80 p.m.—Professor J. Z. Young, FRS: “Memory in the Nervous 
ystem”. 


University OF LONDON (in the Mechanical Engineering Lecture Theatre, 
Imperia! College of Science and Technology, London, SW7), at 5.30 p.m.— 
Professor A. R. von Hippel (Massachusetts): "Some Aspects of Materials 
Design. 1, From Atoms to Condensed Arrays".* 


SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (at the Donnan 
Laboratories, The University, Liverpool), at 6.15 p.m.—-Seventeenth Annual 
General Meeting, followed by Mr A. Routledge: “A New Approach to Oil 
Refining—the Marchon Halvapon O.R. Process”. 


UNIVERSITY OP ASTON IN BIRMINGHAM, DEPARTMENT OF PHARMACY (in 
the Great Hall), at 7.30 p.m.— Professor Francis E. Camps: ‘Drugs of 
Dependence: a Social and Pharmacological Problem” (Second John Priest- 
man Memorial Lecture). 


Tuesday, May 7—Wednesday, May 8 


Crry University (in the Department of Ophthalmic Optics, The Cran- 
wood Annexe, Cranwood Street, London, EC1), at 9.30 a.m. daily— Research 
Symposium on “Visual Psychophysics and Neurology". 


Wednesday, May 8 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 2 p.m.—Dr L. J. Bruce-Chwatt: “The World 
in a Drop of Blood".* 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, London, WC1), at 5 p.m.—Dr A. W. 
Marshall and Professor I. Olkin: “A General Approach to some Screening 
and Classification Problems", 


UNIVERSITY OF LONDON (at the Institute of Urology, St. Philip's Hospital, 
Sheffield Street, London, WC2), at 5 p.m,—Dr D. W. Hill and Mr A. R. 
Constable: “Nuclear Instrumentation”. (Second of eight lectures on “The 
Use of Isotopes in Urology") 


INSTITUTION OF CIVIL ENGINEERS, AIRPORT DIVISIONAL BOARD/TRANS- 
PORTATION ENGINEERING GROUP (at Great George Street, Westminster, 
London, SW1), at 5.30 p.m.—Informal Discussion on “Techniques of Carry- 
ing Out Traffic Surveys at an Airport". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion Meeting on "Computers in Management” opened 
by Mr A. N. Todd, 


SOCIETY FOR ANALYTICAL CHEMISTRY, PARTICLE SIZE ANALYSIS GROUP 
(at “The Horseshoe", Tottenham Court Road, London, W1), at 5.30 p.m.— 
Discussion Meeting on “The Coulter Counter". 


SOCIETY OF APOTHECARIES OF LONDON, FACULTY OF THE HISTORY OF 
MEDICINE AND PHARMACY (at Apothecaries' Hall, Black Friars Lane, London 
EC4) at 5.30 p.m.— Professor Douglas Hubble, CBE: "Lord Moran and 
perd oo Two Diarists Compared and Contrasted" (Osler 

ciure). 


UNIVERSITY OF LONDON (in the Mechanical Engineering Lecture Theatre, 
Imperial College of Science and Technology, London, SW7), at 5.80 p.m.— 
Professor A. R. von Hippel (Massachusetts): "Some Aspects of Materials 
Design. II. Insulators and Conductors”.* 


UNIVERSITY OF LONDON (in the Physics Theatre, University College 
London, Gower Street, WC1), at 5.30 p.m.— Professor E. A. Power: "The 
deren of Quantum Electrodynamics to Molecular Forces" (Inaugural 

cture). 


Thursday, May 9 


PBarnsu BIOPHYSICAL SOCIETY, PHYSICAL BIOCHEMISTRY GROUP (at the 
MRC Biophysics Research Unit, King’s College, 26 Drury Lane, London, 
WC2) from 10 a.m. to 5.15 p.m.—Meeting on "Chemical Modification and 
Reversible Denaturation as Ways of Studying Protein Conformation”. 


CHEMICAL SociETY (in the Large Chemistry Lecture Theatre, Imperial 
College, London, SW7), at 2.30 p.m.—Symposium on “Photochemistry”. 


Roya Socrery (at 6 Carlton House Terrace, London, SW1), at 4.30 p.m. 
Professor C. G. Phillips, FRS: "Studies of a Primate's Brain and Hand” 
(Ferrier Lecture). 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORT ENGINEERING GROUP (at 
Great George Street, Westminster, London, SW1). at 5.30 p.m.—Informa! 
Discussion on “Environmental Quality—-Its Measurement and Control", 
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INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion Meeting on "Research inte the 200 v D.C. Elec- 
trical System for Aircraft” opened by Dr C. S. Hudson. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion Meeting on “The Problems of Technological Up- 
dating" opened by Mr H. Henderson. 


_ UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WC1), at 5.30 p.m.— Dr Peter Warren: “Excavations ab 
Myrtos: an Early Bronze Age Settlement in Crete”.* 


UNIVERSITY OF LONDON (in the Mechanical Engineering Lecture Theatre, 
Imperial College of Science and Technology, London, SW7), at 5.30 p.m.— 
Professor A. R. von Hippel (Massachusetts): "Some Aspects of Materials 
Design. IH. A Path Towards Living Systems".* 


Thursday, May 9—Friday, May 10 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, 
Park, London, NWI), at 10 a.m. daily 
Living Wild Animals”. 





Legent's 
symposium on "Diseases in Free- 





Friday, May 10 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.— Dr G. J. Leary: “Photochemical 
Degradation of Wood". * 


ROYAL INSTITUTION (at 21 Albemarle Street, London, Wi), at 9 p.m. 
Professor A. R, Clapham, FRS: “The International Biological Programme", 


Monday, May 13 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medica! School, Du 
Cane Road, London, W12), at 4 p.m.—Dr W. A. Lishman: "Use of Drugs in 
Psychiatry"'.* 

University OF LONDON (at St Mary's Hospital Medical School, Padding- 
ton, London, W2), at 5 p.m.-—Professor R, T. Williams: "Drug Metabolism, 
Biliary Excretion and Gut Bacteria" (Second of four Almroth Wright 
Lectures).* 


UNIVERSITY OF LONDON (in the Physiology Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5 p.m.—-Professor P. 
Reichard (Stockholm): “Biosynthesis of Deoxyribonucleotides. I. Enzyme 
Systems from Different Organisms; Mechanism of Hydrogen Transport; 
Function of Thioredoxin, Cobamide Coenzyme and Non-haem lron".* 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Room of 
the Science Museum, Exhibition Road, London, SW7), at 5.30 p.m.—Mr 
Harold Fruchtbaum: "Charles Darwin and Edward Blyth—a Problem in 
Scientific Creativity". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr J. 8. Ekbery and Mr D. K. Fairburn: "Statistical Methods 
Applied to the Control of the Loadings of HV/MD Transformers on a Distri- 
bution Network". 


INSTITUTION OP ELECTRICAL ENGINEERS (joint meeting with the TERE 
Computer Group, at Savoy Place, London, WC2), at 5.30 p.m.--Meeting on 
“Special Purpose Digital Machines”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m. 
—Sir Lawrence Bragg, CH, FRS: “Famous Experimenters in the Royal 
Institutions” (Lecture for Fourth Form Pupils from Schools in London and 
the Home Counties. To be repeated on May 14, 15 and 16.) 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RESEARCH ASSISTANT (preferably with qualifications in geography or in 
geology and botany) for work on tbe vegetation, soils and geomorphology of 
the Southern Pennines under the direction of Professor M. M. Cole— The 
Secretary, Bedford College (University of London), Regent's Park, London, 
NW1 (May 10). 

LECTURER (with postdoctoral research experience in the physics of stellar 
atmospheres, in solar system astrophysics, or in the field of stellar and 
galactic strueture and evolution) in the DEPARTMENT OF ASTRONOMY-—The 
Secretary, University of Edinburgh, Old College, South Bridge, Edinburgh 








(Kuala Lumpur and London, May 15). 

LECTURER or ASSISTANT LECTURER (with a special interest in some 
aspects of genetics) in BoTANY within the School of Biological and Environ- 
mental Studies—The Registrar, The New University of Ulster, Coleraine, 
Northern Ireland (May 15). 

LECTURERS (2) in the DEPARTMENT OF PATHOLOGY-—The Secretary, 
University of Edinburgh. Old College, Edinburgh (May 17). 

TEMPORARY LECTURER IN GEOGRAPHY (Economic, Social or Regional)— 
Rus xi strar and Secretary, University of Durham, Old Shire Hall, Durham 

ay 19). 

LECTURER and an ASSISTANT LECTURER IN PsYCHOLOGY-—The Secretary 
of the University Court, The University, Glasgow (May 20). 

LECTURER or ASSISTANT LECTURER (with research interests in the field of 
solids or fluids) IN Puysics—The Registrar, The University, Sheffield (May 
20). 

READER IN Rock MECHANICS in the DEPARTMENT OF MINING ENGINEER- 
ING—The Registrar, University of Newcastle upon Tyne, 6 Kensington 
Terrace, Newcastle upon Tyne, 2, NE1 7RU (May 20). 

RESEARCH ASSISTANT (with an honours degree in biochemistry or an appro- 
priate biological subject) in the DEPARTMENT OF CELL BroLoGyY-— The 
Secretary of the University Court, The University, Glasgow (May 20). 

TUTOR IN APPLIED MaTHEMATICS— The Registrar, University College of 
Wales, Aberystwyth (May 22). 

SENIOR LECTURER IN GEOGRAPHY—The 
Dundee, Scotland (May 24). 

TEMPORARY ASSISTANT LECTURER in the DEPARTMENT OF VETERINARY 
Moen Secretary of the University Court, The University, Glasgow 
(May 24). 





Secretary, The University, 
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ASSISTANT LECTURER IN PLANT EcoLowy in the DEPARTMENT OF BOTANY 

The Registrar, T iniversity of Nottingham. NG7 2RD (May 25). ‘ 

LECTURER or A ANT LECTURER IN STATISTICS—The Secretary, Uni- 
versity of St Andrews, College Gate, St Andrews, Fife, Scotland (May 25). 

LECTURER or ASSISTANT LECTURER (with interests in teaching and 
research on scientific and technological activities from the point of view of 
their development, organization or management) in LIBERAL STUDIES IN 
SOIENCE— The Registrar, The University of Manchester, Manchester, 13, 
quoting Ref. 59/68 (May 25). : 

LECTURER (preferably with experience or interest in marine biology) in 
ZOOLOGY at the University College, Dar es Salaam, University of East 
Africa— The Inter-University Council, 33 Bedford Place, London, WC! 
(May 26). 

RESEARCH ASSISTANT (with a university honours degree in biology or 

equivalent qualification) IN BoTANY to work on a project concerned with 
physiological mechanisms differentiating annual from perennial plants. 
under the supervision of Dr H. W. Woodhouse— The. Registrar, The Uni- 
versity, Sheffield (May 30). 
SSOCIATE Pro R in the SCHOOL OF EARTH S¢ 
CLIMATOLOGY, Macquarie University, Sydney 
General, Association of Commonwealth iversities (Bre 
borough House, Pall Mall, London, SWi; or The Registrar, Macquarie 
University, Eastwood, New South Wales 2122, Australia (Australia and 
London, May 31). 

LECTURER IN ANIMAL NUTRITION IN THE DEPARTMENT OF ANIMAL HEALTH, 
Royal (Diek) Sehool of Veterinary Studies—-The Secretary, University of 
Edinburgh, Old College, South Bridge, Edinburgh, 3 (May 31). 

LECTURER or ASSISTANT LECTURER (preferably with experience in genetics, 
















E in the field of 
—The Seeretary- 



















embryology, cell physiology or related flelds) in the DEPARTMENT OF ZOOLOGY, 
University of Singapore— The Inter-University Council. 33 Bedford Place, 


London, WC1 (May 31). 

LECTURER (with qualifications in a physical science or engineering and 
postgraduate experienve on one or more of the classes of materials which 
are of importance in the electronics industry) in ELECTRICAL MATERIALS— 
The Deputy Secret ‘The University, Southampton, S09 5NH (May 31). 

LECTURERS 0 IOR LECTURERS (2) IN PHILOSOPHY at the University of. 
Otago, Dunedin, New Zealand—The Secretary-General, Association of 
Commonwealth Univ ties (Branch Office), Marlborough House, Pall Mall. 
Loudon, SW1 (New Zealand and London, May 31). 
















RESEARCH STANT (with the degree of Ph.D. or about to qualify) in the 
DEPARTMEN’ F CHEMISTRY and BOTANY to be a member of a group investi- 


gating naturally occurring plant growth regulators which control plant 
morphogenesis---The secretary of the University Court. The University, 
Glasgow (May 31). 

SENIOR EXPERIMENTAL OFFICER (with a university degree or the equivalent 
in technical background and experience) in the DEPARTMENT OF APPLIED 
PHYSICS, to assist in the setting up and operation of a new group working in 
ue field of laser and plasma physies— The Registrar, The University, Hull 
(June 1). 

SENIOR LECTURER and a LECTURER in the DEPARTMENT OF APPLIED 
Puvsics— The Registrar, The University, Hull (June 1). 

LECTURER or ASSISTANT LECTURER (with a research interest in climatology 
and its application to other fields of geography and a more general interest 
in the application of standard statistical techniques) in the DEPARTMENT OF 
GEOGRAPHY-—- The Deputy Secretary, The University, Southampton, S09 
5NH (June 15). 

POSTDOCTORAL FELLOW (physicist or physical chemist. preferably with 
experience in any branch of spectroscopy) in the DEPARTMENT OF CHEMISTRY. 
to study the detection and measurement of infrared radiation from gaseous 
reactions—The Deputy Secretary, The University, Highfield, Southampton. 

PROFESSOR OF CHEMICAL PaTHOLOGY in the DEPART T OF CHEMICAL 
PATHOLOGY, University of Ibadan, Nigeria—'The Inter-Universities Council. 
33 Bedford Place, London, WC. 

SENIOR RESEARCH FELLOW in the DEPARTMENT OF CHEMISTRY to under- 
take an independent programme of research within the broad framework of 
high-temperature eleetro-chemistry, perhaps to include a study of molten 
salt chemistry, electrode processes, ete.--Professor Graham Hills, Depart- 
ment of Chemistry, The University. Southampton, 809 4NH, 
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100mV m High effective printed out in sections 
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Kent Instruments Limited peaks per second with- 
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exacting analytical tasks printing a Programmed 
in gas chromatography and variable sensitivity. 
similar fields. This advanced, 
automatically ranged integrator combines analogue 
and digital techniques to bring you the performance KENT Ji = | 
KENT o. 


of the best digital system — but at substantially lower INSTRUMENTS 
Luton Bedfordshire England 














cost. The instrument can be simply connected to a 
Kent digital computer data-processing (or equivalent) LIMITED 
system. Write now for further information. Instrument Division of George Kent Limited 


See a demonstration on Stand G47 at the 1968 IEA Exhibition, London, 13th-18th May 
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iso a a ee 
APPOINTMENTS VACANT 
LU emu m Nm SAAN! | 


UNIVERSITY OF WESTERN 
AUSTRALIA 
VACANCIES IN MATHEMATICS 


Applications for appointment to the staff of 
the. Department of Mathematics at the level of 
READER, SENIOR LECTURER, LECTURER, 
SENIOR T OR or TUTOR are invited from 
persons who expect to be available to take up 
duly any time during 1968 or 1969. The salary 
for a Reader is $A9,900 per annum and the 
ranges for Senior Lecturer, Lecturer, Senior Tutor 
and Tutor are $47,500 to $48,750, $45,400 to 
$47,300, $^4,330 to $A5.080 and $43,480 to 
$A3.980 per annum, respectively. Superannuation 
will be similar to F.S.S.U, in all cases. 

Applications will be considered from persons 
interested in any area of pure mathematics, 
applied mathematics, or mathematical statistics, 
It is hoped to make senior appointments (Reader 
or Senior Lecturer) in at least three of the follow- 
ing areas : modern algebra, mathematical analysis, 
mathematical statistizs, and applied mathematics; 
and to appoint a numerica! analyst at the level 
of Lecturer or Senior Lecturer. 

The Department is responsible for courses in 
pure mathematics, applied mathematics and 
mathematical statistics, and honours degrees and 
postgraduate work may be undertaken in any of 
these areas. The Department is also responsible 
for a postgraduate Diploma in Numerical 
Analysis and Automatic Computing. The present 
academic establishment of the Department is 38, 
consisting of 4 professors, 4 readers, 17 senior 
lecturers and lecturers, and 13 senior tutors and 
tutors. The University possesses two computers ; 
a PDP6 and an IBM 1620. Library holdings are 
good, with current subscriptions to approximately 
135 journals of mathematical interest. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for a post and a copy of the appropriate 
conditions of appointment before submitting their 
applications, This information is available from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S,W.1. Applications close in Australia 
and London on May 25, 1968. (1652) 








UNITED OXFORD HOSPITALS 

PHYSICS RESEARCH ASSISTANT required 
to join a group studying the application of high 
energy lasers in medical research. Appointment 
under Medical Research Council grant on Hos- 
pital Physics scales for two years in the first 
instance. H.N.C, or Degree required, preferably 
with some electronics or instrumentation experi- 
ence, day refease for further study would be en- 
couraged, 

Apply, giving full details of training and ex- 
perience, to Mr. R. Gliver, Department of Radia- 
tion Physics, Churchill Hospital, Oxford. 





CAL SCHOOL, Deparument of Medical Physics. 
PHYSICIST required for this department which 
has wide responsibilities and interests in both 
hospital and medical school, including radioiso- 
topes in treatment, diagnosis and research, radio- 
therapy physics, radiation protection, medical 
electronics, teaching. etc. Applicants, who 
should be able to design and develop electronic 
instruments for both medical research and clini- 
cal work, should have a degree in either Physics 
or Electrical Engineering. An appointment is to 
be made in the Basic Grade (Salary on scale 
between £930 to £1,733 according to age, quali- 
fications and experience) and the successful can- 
didate may be able to work for a higher degree 
of the University of London.—Further details 
may be obtained from the Director of the De- 
partment. Applications including names and ad- 
dresses of two referees, must be sent to the Hos- 
pital Secretary, King's College Hospital, Den- 
mark Hill, S.E.5 by May 18, 1968. (1648) 











PLANT PATHOLOGY LABORATORY 
Ministry of Agriculture, Fisheries and Food, 
Harpenden, Herts. 


BIOLOGIST (graded $.S.0./S.0.) with background knowledge of agri- 
culture and/or horticulture and an interest in the chemical control of pests 
and diseases. Duties will include acting as Secretary to the Agricultural 
Chemicals Approved Organization and its Scientific Advisory Committee ; 
assisting in the assessment of technical data provided by firms in support 
of applications for approval of products and the inspection of firms’ field 
trials on insecticides and fungicides ; assisting in the compilation of the 
annual List of Approved Products for Farmers and Growers. 
Non-contributory pension. Promotion spects, 

APPLICATION FORMS from Civil Service Commission, Savile Row, 
London W1, quoting $/52-53/68/MAF/2. Closing date May 24, 1968. 


R.A.F. INSTITUTE OF AVIATION MEDICINE 
Ministry of Defence (Air), 

Farnborough, Hants. 

BIOLOGICAL STATISTICIAN (graded $,5.0./8.0.) to take part in 
research on biological products including investigations into the human 
factors concerned with aircraft weapons and navigational systems and 
psychological and physiological problems of flight both real and simulated. 
Knowledge of computer technique an advantage. 

Prospect of permanent pensionable appointment. 

APPLICATION FORM and additional information from Director of 
Projects, R.A.F. Institute of Aviation Medicine, Farnborough, Hants. 
Closing date May 20, 1968. 









Salaries, Qualifications and Age Limits 

SCIENTIFIC OFFICER/SENIOR SCIENTIFIC OFFICER 

Salaries (starting salary may be above minimum): S.O.: £926 to £1,574. 
(Increments and special £120 award for approved postgraduate experience.) 
S.5.0.: £1,744 to £2,155, Most Scientific Officer Class appointments 
carry promotion prospects to Principal Scientific Officers : £2,250 to £3,107. 


Salaries are supplemented in the London area, £125 Inner London, 
£75 Outer London. 


Qualifications : S.O. : First- or second-class honours degree or equivalent 
or higher qualification in appropriate subject. Age under 29, $.S.0.: 
As above plus at least three years’ postgraduate research. Age normally 
26 to 3l. 

(1637) 


THE UNIVERSITY OF LEEDS 


Applications are invited for the following posts: 


LECTURER or ASSISTANT LECTURER 
in The Department of Electrical and Electronic Engineering, with a special interest in 
Control Engineering. The successful candida:e will become a member of a Control 
Engineering Group, comprising several members of staff from each of the Departments 
of Electrical and Electronic, Mechanical and Chemical Engineering. Reference No. 
68/33/2. Closing date: May 31, 1968. 
Salary scales : Lecturer, £1,470 to £2,630 (efficiency bar £2,270); 

Assistant Lecturer, £1,105 to £1,340. 


LABORATORY INSTRUCTOR 

(one or more required) for The Department of Inorganic and Structural Chemistry. 
The Laboratory Instructor. who should possess a degree in chemistry (or equivalent 
qualification), will be expected to be familiar with analytical and preparative chemistry 
and the applicaüon of physical methods to the study of inorganic systems, He will 
assist in the teaching of undergraduates at all levels up to final Honouts degree standard, 
Reference No. 68/23/1. Closing date : June 29, 1968. 

Salary scale: £915 to £1,260; or £1,260 to £1,575; or £1,575 to £2,050. 


RESEARCH DEMONSTRATOR 

in Agricultural Chemistry (Animal Nutrition) in The School of Agricultural Sciences, 
Reference No, 68/41/2. Closing date: May 24, 1968. 

Salary range: £825 to £925 a year. 


EXPERIMENTAL OFFICER 

in The Department of Physics. To assist in the work of 4 cosmic ray research group. 
The work includes data processing on a KDF 9 Computer and maintenance of electronic 
equipment. Training in computing techniques will be given. The successful candidate 
will be required to have a degree or Dip. Tech. H.N.C. or equivalent. Reference No. 
68/22/1. Closing date: May 31, 1968. Salary range: £915 to £1,340. 
Applications (three copies), stating age, qualifications and experience, and naming three 
referees, should be sent to the Registrar and Secretary not later than the closing dates, 
Please quote reference numbers. (1685) 
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NATURE 
New Hearts for Old 


Tue rash of heart transplantations in the past few 
weeks has brought vividly to the surface a number of 
issues which call for prompt attention by the publie 
and by the medical profession. So much is obvious. 
It is, of course, almost inevitable that the first surgical 
operations of this kind should have stirred up some 
of the fuss associated with other striking innovations 
in medicine. In its way, the first open heart surgery 
à decade ago was an equally potent stimulant of 
publieity and patriotism, and it does unhappily seem 
as if surgeons are now destined to rank with soldiers 
as custodians of the pride of nations. "Aren't our 
surgeons wonderful !” is what people want to ery, and 
there does unhappily seem to be a tendency for surgeons 
to expand so as to fill the roles for which they have 
been cast. It should not be long, however, before the 
publie excitement about the heart operations is re- 
placed by a more sober appreciation of the problems 
of turning the technique of heart transplantation—or 
of any óther kind of transplantation—into a form of 
medical treatment. It may then even seem that public 
excitement will have helped towards a more ready 
appreciation of the novelty of some of the problems 
whieh are now to be faced. "That will be the lucky 
course of events. There is also, unfortunately, the 
danger that over-excitement about transplants will 
turn out to have exaggerated publie expectations 
about the promise of this technique. Surgeons now 
riding high, and talking of the need for more invest- 
ment in transplantation suites in hospitals, should be 
careful to see that too much confidence does not invite 
a kind of retributive parsimony some years from now. 
The growing willingness of the medical profession to 
give information to the publie is almost entirely to be 
welcomed, but practitioners of public relations are 
painfully aware of the conflict often to be found 
between immediate and future credit with the public. 

The question of how to distinguish between life and 
death has much more substance. Quite properly, this 
has become one of the chief causes of concern in recent 
weeks. The question is usually put of how to develop 
criteria for telling whether the donor of a transplanted 
organ can properly be regarded as dead. The first 
thing to be said is that even here there are opposing 
tendencies to make too much and too little of the 
problem. For one thing, the problem is not as new as 
it sometimes seems to be. In one sense, indeed, it is 
as old as the haunting conundrum of whether doctors 
“should strive officiously to keep alive”. The import- 
ance of a re-appraisal of the distinction between life 
and death has been plain, however, since the develop- 
ment within the past decade of mechanical techniques 
for the maintenance of heart-beat and circulation in 
bodies which would not be able to survive unaided, 


and which are not capable of consciousness in 
case. None of this has much to do with transplantation. 
at least in principle. It is also clear that very often 
the difference between life and death can be decided 
by switching off a mechanical respirator. Survival 
may often depend on the availability of expensive 
machinery. 

In circumstances like these, it is plainly harder 
than it used to be for doctors to diagnose death, and 
it is also unreasonable to hope that a simple rule of 
thumb will ever be available. The rule promulgated 
a few weeks ago in France that death should be signified 
by the prolonged absence of electrical activity in the 
brain is undoubtedly a useful aid to diagnosis, but as 
things are it would be best to think of it as a necessary 
and not a sufficient condition for a diagnosis of death. 
By this test, the British Government is probably right 
in having decided, for the time being at least, to fight 
shy of definitions. It is, however, hard to escape the 
conclusion that death will eventually have to be held 
compatible with heart-beat and circulation, artificially 
maintained. Quite apart from the issue of transplanta- 
tion, such a development is necessary if doctors are 
to be relieved of the obligation to believe that switching 
off a respirator is some kind of professional malpractice. 
The ideal is that criteria should be dev eloped for making 
a diagnosis of death while the respirator is still running. 
The principle of consultation among doctors is plainly 
a necessary part of any solution along these lines, and 
it is obviously important that the doctors concerned 
should be able, if they wish, to obtain the guidance of 
a judicial authority—a coroner in Britain— before 
finally deciding to disconnect the respirator. To work 
towards such a change of the law and of professional 
as well as public attitudes will be hard, but success is 
by no means out of the question. In moving towards a 
position like this, however, it is essential that. profes- 
sional opinion should by patience succeed in carrying 
publie opinion along with it. Failure there could be 
disastrous. 

The problems occasioned by transplantations are 
more difficult if only because of the sense of urgency 
which is imparted to them. It goes without saying, 
however, that a regular and acceptable procedure for 
certifying death w hen heart-beat is maintained arti- 
ficially would enormously simplify everybody's prob- 
lem without offending the rightful susceptibilities of 
civilized societies. To be sure, the question would 
then arise of whether relatives would eat that the 
circulation should be maintained in bodies which are 
clinically dead simply for the sake of the organs to be 
transplanted—and whether, if it comes to that, the 
law can be amended in a suitable way. The only answer 
must be that the wishes of the relatives and even of 
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the person"who becomes a potential organ donor should 
be paramount, at least until there is not merely a 
greater public awareness of the nature of transplanta- 
tion operations but also a better all-round appreciation 
of the social value of transplantation. Those who go 
round bewailing the potential shortage of donors 
should not hope to over-ride this guiding principle. 

As yet, it is too soon to know what the benefits 
will be. The great excitement about heart trans- 
plantation is based in part on the knowledge of the 
large proportions of people who die of heart diseases, 
at least in industrialized societies. In Britain, for 
example, it is entirely possible that several tens of 
thousands of patients may eventually be considered 
for heart transplantation each year, and even though 
many of these will be ineligible for all kinds of reasons 
—age or complications of heart disease, for example— 
it is likely that the demand for heart transplants will 
be an order of magnitude greater than for kidney 
transplants. The use made of heart transplantation 
will depend, of course, on the survival rate, but it is 
worth remembering that in some series of kidney 
grafts the three-year survival rate is already more 
than fifty per cent. Better tissue typing and the more 
systematic application of it should bring rapid benefits 
{and it is encouraging to know that much of what has 
been accomplished in the past few months depends on 
the way in which specialists from several countries 
have been systematically sharing information). Evi- 
dently it is not unreasonable to expect that heart 
transplantation will, within a decade or so, be an 
acceptable risk for a great many patients suffering 
from heart disease. It follows that attention should 
now be paid to the teasing problems of how to allocate 
scarce organs and scarce medical resources among 
potential recipients. These are much more difficult 
problems than the distinction between life and death, 
and it is only fair to say that nobody knows much about 
solving them. 

The most immediate question to be dealt with is how 
the problems associated with transplantation are to be 
resolved. At this stage it may well be too soon to 
know just what changes will be necessary, although 
it is quite plain already that many of the issues which 
must be tackled range well outside surgery and 
medicine. Moreover, it is plain that publie opinion and 
publie attitudes must in the last resort determine how 
transplantation is regulated, which is why it is essential 
that publie diseussion should play an essential part in 
the making of decisions. This is why there is a particu- 
larly pantomimic quality about the way in which the 
Ministry of Health in Britain has set about the forma- 
tion of poliey. So far, the Minister of Health seems to 
have been relying for advice on an ad hoc committee 
of advisers which follows British traditions by meeting 
in private and by reporting only to the minister but 
whieh has further refined the techniques of publie 
reticence by being entirely anonymous as well. To 
be sure, it would be wrong and even impracticable to 
expect that ministers should always make publie the 
sources of their advice, but the Minister of Health 
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has on this occasion chosen to make public his own 
summary of the proceedings of the first meeting which 
is sensible enough as far as it goes, but which is much 
less valuable than it might be as a stimulant of sensible 
publie discussion by the anonymity of its source or 
sources—and by the knowledge that the Ministry of 
Health is, in the last resort, the only route by means of 
which the committee's conclusions can see the light 
of day. The result, of course, is quite absurd. Instead 
of helping to set in train a process by means of which 
society may be helped towards a coherent and convince- 
ing view of how to deal with novel and exceedingly 
diffieult problems, the ministry seems thoroughly 
embarked on a process of seeming to make publie 
policy out of thin air. If the ministry and its advisers 
cannot find a way of being more honest, there is a 
serious risk of real misunderstanding. Elsewhere, 
particularly in France and in the United States, the 
authorities responsible have sensibly recognized that 
the test of successful policies is not whether they are 
wise but whether they are also recognized as such. 


More Transplants 


BnrrAIN's first heart transplant operation, performed 
last week at the National Heart Hospital, has been 
received with the usual gush of publicity which 
accompanies such events. But less acclaim has been 
given to the liver transplantation operation carried 
out at Addenbrooke’s Hospital, Cambridge, on May 2, 
although this is technically by far the trickier of the two 
operations. Not only are there numerous fine con- 
nexions to be made in rather inaccessible places, but 
there is also the serious difficulty that the liver begins 
to lose some of its functions as soon as its blood supply 
is cut off. Preservation of this organ has therefore 
been a major issue since the first attempts at homo- 
transplantation of the human liver were made in the 
United States in 1963. 

Biochemically, the metabolic activities of the liver 
are more complex than those of the heart, and its 
roles are more diverse. One consolation, though, is 
that prevention of rejection is, if anything, easier with 
the liver than with renal or other kinds of homografts. 
Several attempts at liver transplants have been made 
in the United States, but met with little success until 
June of last year. Since then advances in immuno- 
suppression and organ storage have enabled the livers 
of deceased persons to be maintained in a form accept- 
able to the recipient’s body for several hours, Hetero- 
logous antilymphocytic serum (ALS) or its globulin 
derivative (ALG), together with the advent of improved 
tissue typing techniques, are now important factors in 
reducing rejection of all kinds of transplants. 

Transplantation of liver in pigs has been extensively 
studied at Bristol University. According to Dr J. H. 
Peacock, a member of the transplant team there, the 
method which has been used since last April to store 
liver outside the bedy consists of flushing the liver 
with iso-osmotie perfusing fluid at 4°-6° C. The cooled 
liver is then connected by cannulae to a circuit con- 
taining an oxygenator and a heat exchanger which 
maintains the organ at a low temperature, preventing 
deterioration of its functions. A small amount of plasma 
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is then passed through the liver, and in this way the 
organ can be preserved for up to 6 or 7 hours before 
being transplanted. At St Mary's Hospital in London a 
liver-shaped plastic box has been designed to keep the 
organ cool between removal and transplantation, and 
it seems that this will play a useful part in prolonging 
the useful life of the liver. 

The simultaneous transplantation of heart and lungs 
would have several advantages, not the least of which 
is the reduction in time required for this operation 
compared with transplantation of the heart alone. 
The heart surgery team at the National Heart Hospital 
says that the heart transplant operation is the first 
of a series of operations leading to a combined heart— 
lung transplant before the end of the year. Whether 
the recent achievement—and the resultant publieity— 
will in any way affect the recommendation in the 
Royal Commission report for the combination of the 
hospital with the so-called “Chelsea” group remains 
to be seen. 

Meanwhile, in the United States the hunt for another 
transplantable organ is on, and attention is being 
focused on the spleen. In the current issue of World 
Medicine, Dr J. Norman of Harvard University reports 
success in arresting canine haemophilia in three animals 
by transplanting healthy spleens from animals of the 
same species. His suggestion that it may be possible 
for a non-haemophilie mother to donate her spleen 
to her haemophiliac son should, however, be treated 
with reserve, according to Dr E. E. Peacock, professor 
of surgery at the University of North Carolina. 


Arrow on the Ground 


Now that the demise of ELDO seems to be in sight, 
probably marking the end of European co-operation on 
ambitious space projects for some time at least, it is 
worth asking what the prospects are for a purely 
national British space programme. This, of course, 
depends on the availability of a launching rocket, the 
linehpin of space activities. As a basis for any pro- 
gramme Britain may undertake in the future, three 
satellite launch vehicles are on order from the Saunders- 
Roe division of Westland Aircraft. They are Black 
Arrow launchers, based on the Black Knight ballistic 
test rocket, and roughly equivalent in capability to the 
American Scout rocket which last year launched Ariel 3. 

Briefly, Black Arrow is a three stage rocket designed 
to launch satellites of about 240 Ib into a 300 mile 
polar orbit. The first and second stage engines are 
similar to the Black Knight design and use hydrogen 
peroxide and kerosene propellants; the third stage 
has a solid fuel. The first firing is expected to take 
place from Woomera in March next year, and will be 
to test the first and second stages, and the separation 
of the third stage motor together with its payload. 
The second and third firings, in the autumn next year 
and early in 1970, will be attempts at satellite launches. 

Because the firings are primarily to test the rocket 
itself, the main function of the satellites carried 
during the two orbital attempts is to monitor the 
performance of the third stage. Radio beacons will 
be carried so that the orbit achieved can be precisely 
determined. Once the performance of the rocket 
itself has been proved, the emphasis will be on testing 
various components of satellite design. A satellite 
is planned which will test in orbit new telemetry, power 
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supplies and various surface materials to control the 
temperature of satellites. No Black Arrows have so 
far been ordered for this stage of the project. 

One of the roles envisaged for ELDO rockets in the 
future was the launching of communication satellites 
into geo-stationary orbits. Conjecture about Back 
Arrow fulfilling this objective has been based on the 
notion that a satellite in a near-Earth orbit could be 
gradually propelled out to more distant orbits by a 
so far unproved electric propulsion system. ‘This 
contrasts with the technique hitherto used to achieve 
geo-stationary orbits, which is to convert a near- Earth 
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orbit into an elliptical orbit, with apogee at the 37,000 
km altitude of geo-stationary orbits. The elliptical 
orbit is changed into a circular geo-stationary orbit by 
firing a motor at apogee. 

An electric propulsion system involves the accelera- 
tion of ions by an electric field, using energy collected 
from solar radiation by arrays of solar cells. The 
advantage is that no fuel need be carried to change 
from a near-Earth orbit into a geo-stationary orbit: 
on the other hand, an array of solar cells large enough 
to gather sufficient energy from the Sun have to be 
incorporated into the satellite, although once a geo- 
stationary orbit has been achieved these are still avail- 
able to power electronie systems on board the satellite. 
Bearing in mind the size of satellite which can be 
launched into a near-Earth orbit, however, it seems 
that the launching of a geo-stationary communication 
satellite large enough to be practicable is beyond the 
capabilities of the Black Arrow project in its present 
form. 


ESRO-2 Launch 


A SECOND attempt to launch the satellite ESRO-2 
is expected to be made on May 15 from the Western 
Test Range in California. The seven experiments on 
board the satellite are from universities and labora- 
tories in Great Britain, France and the Netherlands, 
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and are primarily concerned with solar astronomy and 
the study of cosmic rays. It is the first ESRO satellite 
to be launched; the launching of ESRO-1, which is 
devoted to an investigation of the polar ionosphere 
and aurorae. will probably be later this year. An 
earlier attempt at launching ESRO-2 took place almost 
à year ago—it was unsuccessful because exhaust gases 
burnt through the casing of the third stage engine of 
the Scout launcher. It must nevertheless be comforting 


to the designers of ESRO-2 that the satellite itself 


seemed to be working correctly during the abortive 
launch. 

The orbit of ESRO-2, chosen to facilitate study of 
the Sun, will pass over the poles. The satellite will be 
launched into an orbital plane almost at right angles 
to the Earth-Sun line, and the plane of the orbit will 
rotate at the same rate as the apparent motion of the 
Sun around the Earth, so that the satellite will be in 
sunlight for most of the time. The perigee and apogee 
are 350 km and 1,100 km, respectively, taking the 
satellite into the inner Van Allen belt. 


Testing, Testing 


Fon reasons of war and peace, the United States Atomic 
Energy Commission is stepping up the number of its 
tests of nuclear bombs. There will probably be twice 
as many tests in 1968 as there were last vear, when 
25 were announced and perhaps as many as 10 others 
took place. The one-megaton explosion that upset 
Mr Howard Hughes and Dr Barry Commoner among 
others last week is presumed to have been a step on the 
road to the thermonuclear warhead planned for the 
Sentinel anti-ballistic missile system. 

The test, although it shook chandeliers in Las Vegas 
100 miles away, did none of the dire things predicted; it 
did not start movement along the San Andreas fault in 
California, nor did it release radiation nor cause any 
serious damage to buildings. Nonetheless the explosion 
did seem in bad taste, coinciding with the opening of 
the General Assembly's debate on the non-proliferation 
treaty. But the AEC is making no bones about its 
plans to have more tests, and bigger ones. According 
to Dr Glen Seaborg, two new test sites are being 
developed, at a cost of about $40 million. The inten- 
tion clearly is to satisfy some of the AEC's critics who 
were more vociferous about the recent test than thev 
have been for a long time. Yet the new sites—one at 
Hot Creek Valley in central Nevada, the other on 
Amohitka Island in the Aleutians—may not be beyond 
reproach. A calibration test conducted at Hot Springs 
broke some windows in northern California and 
Amchitka Island has been a government preserve for 
sea otters and seals. 

Most of the new weapons tests are going to be in 
what the AEC describes coyly as "well above the inter- 
mediate range". Last month's explosion at the bottom 
of a 3,800 foot sealed shaft was the biggest ever held 
in the United States, above or below ground. Some 
of those who objected to it, in addition to Dr Com- 
moner's Committee for Environmental Information 
in St Louis, were the Federation of American Seientists 
(with 2,200 members), the Women's Strike for Peace 
and a division of the United Auto and Aerospace 
Workers’ Union. 

But in the AEC's view the tests are safe. The geo- 
logical structure of Nevada is such that most of the 
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shock waves travel to the cast and the likelihood of 
radiation escaping is thought to be small. The AEC 
maintains thet on the few occasions when there has 
been what it calls “venting”, the radiation has not 
crossed the American frontiers. It has, on the other 
hand, inquired of the Soviet Union about three acciden- 
tal discharges of radioactive debris which, after 
Russian tests, was carried beyond the borders of the 
Soviet Union. The Russians in turn have inquired 
about three of the American tests, but no formal 
protests have been made on either side. 

The AEC meanwhile is looking to its own future by 
practising techniques for mining metals and minerals 
by explosion: some day it might depend on commercial 
contracts for nuclear detonations to keep itself alive. 
The first such test to be done in partnership with 
private industry looks to have been a success. Project 
Gasbuggy. set off last December in the sandstone 
formations near Farmington, New Mexico, created an 
artificial chimney in the crushed rock. The hope of 
the El Paso Natural Gas Company, which shared the cost 
with the AEC, is that gas will have aceumulated in the 
chimney to sueh an extent that its recovery will be 
relatively casy and cheap. 

So far, samples of the gas which have been sent for 
analysis to the Lawrence Radiation Laboratory in 
Livermore, California. have shown little or no tritium 
or radioactive iodine. Any appreciable contamination 
of the gas could kill the outlook for its commercial 
production by such explosions. The final report on 
Gasbuggy will not be released for a year or more and 
actual measurements of the gas flow will not begin until 
the summer. But if things have gone as well as they 
seem to have done, Gasbuggy could be followed soon 
by five other commercial tests on the AEC's waiting 
list. 

The culmination of the AEC's commercial ambitions 
would be the blasting of a new canal across the Isthmus 
of Panama. An Atlantic-Pacific Interoceanie Canal 
Study Commission is mulling over the diplomatie and 
technical obstacles to detonating thousands of nuclear 
explosions near a populated area. 'To provide some test 
information for this committee, an explosion con- 
fusingly labelled Project Buggy was performed in 
Nevada in January. Five nuclear explosives were 
buried in a row 135 feet deep and about 150 feet apart. 
The result was a trench 80 feet deep, 300 feet wide and 
900 feet long—not quite enough for a new Panama Canal, 
but a beginning. About five per cent of the radioactiv- 
ity produced escaped from the crater: AEC officials 
found this acceptable. Whether Panamanians or the 
signatories to the test-ban treaty would agree is another 
matter, but it is not entirely out of the question that 
such a procedure would be agreed on. 


Ad Astra by Bus 


Tue British aircraft industry is having its most cheerful 
year for a very long time. For once. it seems, there 
have been more orders than cancellations, and for the 
time being the merger (Government inspired) between 
Hawker-Siddelev and the British Aircraft Corporation 
is off. The two most important successes have been the 
selling of the Rolls-Royce RB 211 engine for the 
Lockheed airbus, and the order announced last week by 
BAC for guided missile systems for Libya. In the 
first two months of the year. the Society of British 
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Aerospace companies reports export orders worth 
more than £50 million (for comparison, the British 
motor industry exported goods worth just over £58 
million in the same period). Orders were even healthier, 
and are probably worth £500 million so far this year. 
The director of the SBAC says that the past few months 
have marked a “vital turning point" in the industry's 
fortunes. 

Even the European airbus seems to have had new 
life breathed into it, after months in which only vigor- 
ous artificial respiration by Mr John Stonehouse of 
the British Ministry of Technology kept hopes alive. 
The situation has changed because of a new determina- 
tion on behalf of the German Government (prodded by 
the recommendations of a special parliamentary com- 
mittee) that Lufthansa, the West German airline, 
should buy the A 300. Lufthansa has been playing a 
waiting game, and has hinted at times that the A 300 
is not the sort of aircraft it wants. But airbus enthusi- 
asts now say that this merely represented a certain 
independence of thought which Lufthansa enjoys 
because it is in part privately owned. Now that the 
German Government is becoming involved, it is likely 
that Lufthansa will be persuaded to take as many as 
20 airbuses. 1f British European Airways agrees to 
take 25, and Air France and Air Inter, the French 
airlines, can manage to order 30 between them, the 
airbus will be home and dry. An initial order for 75, 
as Mr Stonehouse emphasized at the Hanover Fair 
last week, is an absolute prerequisite for a decision 
to proceed. 

If this hurdle is cleared, the international consortium 
could be given the go-ahead by July this year. Accord- 
ing to Hawker-Siddeley, one of the British companies 
involved, metal could be cut by the end of the year. 
The design now agreed differs slightly from the original: 
market research by the airlines showed that passengers 
would prefer full dining service, and providing this 
inevitably leads to an increase in weight. In order to 
keep within the cost targets originally set, the fuselage 
of the aireraft has been reduced in diameter by 18 
inches, which gives aerodynamic and cost advantages. 
The result, however, is that instead of nine to ten seats 
abreast, airbus passengers will be sitting eight to nine 
abreast, and in order to fit the same number in, the 
"piteh" between the rows of seats has been reduced 
from 34 to 32 inches. Though better fed, passengers 
will therefore be more cramped. A 32 inch pitch is 
distinctly tight—most modern airliners, including 
Boeing 707 and 727, Trident, BAC 111 and the like, 
provide 34 inches between rows. As tall passengers 
know, even this is not a very generous allowance. 
Fortunately the routes the airbus is designed to fly 
are short enough not to make the discomfort matter 
so much. 


On the Track of Voiceprints 


THERE are ominous signs that the appearance of 
voiceprints as a legal method of identification may 
precede any scientifically acceptable evidence of their 
validity for this purpose. Several makes of voiceprint 
machine are already being marketed on both sides of 
the Atlantic with the claim that voiceprints are as good 
as fingerprints, or nearly so, for identifying individuals. 
At least three police forces in Britain, and doubtless 
more in the United States. have been persuaded to 
invest in the instruments. 
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Sound spectrographs are machines which analyse 
sounds in terms of their frequencies and amplitudes 
and produce graphical displays to show the variation 
of these quantities with time. Conventional machines, 
of the type first developed in 1940 by the Bell Tele- 
phone Laboratories, produce plots of frequency 
against time, the amplitude being shown by the thick- 
ness of the line. Such displays are known as sound 
spectrograms. A different form of display in which 
amplitude intervals are represented by contour lines 
has been developed by Mr L. G. Kersta, who coined 
for it the term “voiceprint” by deliberate analogy with 
fingerprint. 

To the unpractised eye, voiceprints present a more 
meaningful picture than do conventional sound 
spectrograms, but they probably contain less rather 
than more information. In 1962, Mr Kersta announced 
that voiceprints could be used to identify individuals 
(Nature, 196, 1253). In support of this contention he 
described experiments in which eight girl students 
given a week's training were asked to match voice- 
prints of single sounds produced by the same speaker. 
The girls performed better with voiceprints than sound 
speetrograms and, in 2,000 decisions with voiceprints, 
made only one per cent of errors. 

Mr Kersta pointed out in the same article that there 
were several problems to be settled before voiceprints 
could be assumed to identify individuals reliably. 
Not enough voiceprints have been sampled to know 
whether a human voice can be counted unique, nor 
is it certain that any uniqueness there may in fact 
be will survive the changing of the voice with age or 
attempts to disguise it. “All these questions," Mr 
Kersta said, “must be answered by substantiating 
experimental evidence. It is my opinion, however, that 
identifiable uniqueness does exist in each voice and 
that masking, disguising or distorting the voice will 
not defeat identification if the speech is intelligible.” 

In the six years since these words were written, the 
“substantiating experimental evidence” for which Mr 
Kersta judiciously called has not been readily apparent. 
Indeed, there seems to be no body of academically 
acceptable evidence to refute the objections originally 
raised by Mr Kersta or to support his opinion that 
voiceprints would provide a unique and foolproof 
method of identification. But this has not, as it ought 
to have, prevented manufacturers from marketing 
machines designed for police use and claiming that 
voiceprints are unique.  ^"Voiceprint identification," 
says one manufacturer's catalogue, "is based on the 
combination of physical characteristics unique to each 
individual's vocal cavities." It is also implied that 
voiceprints can be satisfactorily interpreted by anyone 
with a brief training in their use. 

The point has now been reached where voiceprints 
have been admitted as evidence by several courts in 
the United States and as corroborative evidence by a 
court in Britain. In all these cases, the voiceprints 
have been interpreted by experts, not by the police. 
and in the latter case at least the expert consulted was 
at pains to emphasize that the voiceprints provided 
merely an impression, not a proof, of identity. 

In Britain at least it is not known what use the police 
forces intend to make of the voiceprint spectrograplis 
they have purchased—one possible application is to 
test the identity and credibility of hoaxing telephone 
calls—nor on what evidence they intend to justify the 
validity of voiceprints. There seems to be no published 
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evidence which would command academic approval, 
and as far as is known no government agency has been 
asked by the police to assess the spectrographs. On the 
telephone, the manufacturer declined to say which 
police forces had bought the spectrographs. 

Phoneticians both in Britain and the United States 
are considerably alarmed by the attempts to introduce 
voiceprints as legal evidence. It is well known that 
the voice changes with age and with emotion, and can 
be disguised and mimicked. Each such source of 
variability produces corresponding changes in spectro- 
grams and voiceprint changes which are more than 
likely to conceal the posited but still unproved unique- 
ness of the individual voice. The circumstances in 
which recordings for legal use are likely to be made, 
for example by telephone tapping, are notorious for 
distorting sound; comparison of a voiceprint made 
from such a recording with one taken directly from 
the suspect presents yet further difficulties of interpreta- 
tion. 

Mr Kersta's Nature article of 1962 remains, as far 
as is known, the most serious attempt to evaluate 
voleeprints. Since then he has apparently been less 
cautious in his elaims. Perhaps because of the lack of 
published material, there seems to have been a dis- 
inclination in academie circles to take these claims 
seriously. A thorough assessment is likely to be a 
lengthy and somewhat unrewarding task, which may 
be one reason why the several experiments which 
militate against the elaims have been conducted on an 
informal basis and remain unpublished. 


How Much Electricity ? 


Tue electricity generating industry in Britain has just 
made an odd decision—that £16 million can be saved 
from the investment programmes because of revisions 
in the trend of demand for electricity. This reduction 
is very small when seen against the total investment 
programme of the electricity generating boards, and 
in the ordinary course of events would hardly be worthy 
of comment. But the £16 million cut has come on top 
of euts of £17 million made in the publie expenditure 
crisis of December 1967, and at à time when the Central 
Electricity Generating Board is talking cheerfully of a 
return to traditional growth rates for electricity con- 
sumption, after several years of relative stagnation. 
Those suspicious of the Ministry of Power’s estimates 
have thus been given further ground for doubt; it 
looks as if the ministry's estimates are simply adjusted 
to fit short term capital shortages. 

The industry's record in estimating demand over the 
past ten years has been woeful. First, in the early 
fifties, the estimates were pitched far too low, a mistake 
which led directly to the power cuts of 1962-63. The 
estimate made in 1953 for demand in 1959-60 was no 
less than 10 per cent too low. From this, the industry 
went to the other extreme, urged on by the "expan- 
sionist” phase in economie management between 1964 
and 1966—the time of the National Plan. The estimates 
made in the early 603 were as bad as those of the 50s, 
though in the other direction; the only thing that 
saved the CEGB from a vast over-capacity was its 
inability to get power stations finished on time. Thus 
in 1968-69, the plant actually in eommission (46,400 
MW) would have fallen 7 per cent short of demand 
if the original estimates had been right. In fact, it 
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represents an over-capacity of about 25 per cent. The 
past two years, since the abandonment of the plan, 
have seen reductions in the estimates. Last year, for 
example, the Electricity Council said that demand in 
1972-73 would be 54,000 MW; this year it says that 
this demand will not be reached until 1973-74, and 
that demand in 1972-73 will be only 50,600 MW. 
The average rate of growth of consumption between 
now and then will be 7-2 per cent a year; last year the 
council thought it would be 7:3 per cent. 

There seems to be no particular reason for believing 
that this latest estimate will be any more reliable 
than its predecessors. But it does seem to reflect a 
lack of optimism in the effects of devaluation which 
might not be endorsed by the Government. In any 
case, it is a pity to postpone investments now which 
in the long term are the only way of reducing electricity 
charges to the consumer. If the industry has too 
many power stations in 1974, it can at least serap 
some of the old and inefficient ones; but if it has too 
few, it will look very silly indeed. 

Meanwhile, the Electrieity Couneil is looking for a 
new chairman. Sir Ronald Edwards, chairman of the 
council since 1962, announced last week that he would 
resign at the end of October, to become chairman and 
chief executive of the Beecham Group. The job at 
present pays £12,500 a year, but may have to be 
increased to attract the right applicant. It is also 
possible that any new appointment would be tied in 
with a plan to reorganize the electricity generating 
industry. 


New Ways to Make Steel 


Tue British Iron and Steel Research Association 
seems to have managed the transition from private 
to public status without disruption. Since the British 
steel industry was nationalized on July 28, 1967, 
BISRA has had two roles to fill—as the inter-group 
laboratories of the British Steel Corporation and as a 
research association continuing to serve the com- 
panies still in private hands. So far, the change is 
not apparent, at least in the work which is discussed 
in the annual report of BISRA, most of which is along 
familiar lines. 

During the year trials began on a new steelmaking 
process, designed to make steel from cold charges. 
This uses an atomized spray of oil burning in oxygen 
as the only source of heat for steelmaking. Most. of 
the development work is being carried on at Dorman 
Long (Steel) Ltd. where an 80 tonne vessel has been 
commissioned. The lessons learned with a small half 
tonne vessel are being applied to the larger scale 
development, and the intention is to devise the best 
possible working conditions and then to compare the 
process with the electric arc process. The charge 
is a mixture of scrap and pig-iron, and the burners 
use oil and oxygen in different proportions to produce 
different final steel compositions. Two kinds of burner 
have been used; a Dorman Long burner in which the 
oil is atomized with steam, and a BISRA design in 
which the atomization is carried out by what are called 
“swirl inserts". So far BISRA is not saying how well 
the process works. 

Another major development in steelmaking, the 
spray process, has now passed out of BISRA’s hands 
and is the responsibility of a wholly owned subsidiary, 
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Spray Steelmaking, Ltd. Two full scale experimental 
units have been set up, at the Lancashire Steel works 
at Irlam, and at Shelton Iron and Steel Co. At the 
experimental unit operated by BISRA at Sheffield, 
the control of the process has been improved. Seventy 
per cent of the steels in the range 0-6 to 1-4 per cent 
carbon are produced to within +0-04 per cent of 
specification. Irons with up to 1-0 per cent phosphorus 
and 0-12 per cent sulphur have been converted to low 
carbon steel with acceptable contents of these elements. 

In the mechanical working division, successful work 
has been carried out on a novel method of heating 
strip or wire. The heating is done by an electrical 
discharge between the wire and an electrolyte. The 
difficulty is to maintain a sufficiently stable discharge 
to produce uniform heating, but the report says that 
this has been overcome. A direct current source of 
about 100 volts supplies the energy to a flowing 
electrolyte, and wire can be heated at a rate of 30 ft/ 
minute, with a claimed heating rate of 4,000 °C per 
Second. Efficieney of the process is about 30-35 per 
cent, but could probably be improved; even at this stage, 
however, BISRA believes the process is attractive for 
production of stainless steel wire, and discussions for 
exploitation are under way. 


No Helium Here 


Tur hope that natural gas from the North Sea might 
provide the bonus of a European supply of helium 
seems to be dwindling. The average amount of helium 
in the strikes that have been made so far at the Leman 
and West Sole banks is only about 0-02 per cent. This 
means that unless the Gas Council decides to increase 
greatly the volume of its liquid gas storage tanks and 
liquefaetion plant, instead of piping the gas ashore 
and directly into the grid, it will not be economie to 
try to recover the helium. It seems likely, therefore, 
that all the helium used in Britain will continue to be 
imported from North America. At present the two chief 
suppliers ship helium in cylinders, although there have 
been experiments with shipping liquid helium from 
wells in Saskatehewan and Texas, where the natural 
gas contains up to 2 per cent helium. Although 
transport eosts account for about three-quarters of 
the price of helium in Britain, for the present at least 
it appears to be uneconomic to recover helium from 
natural gas unless it constitutes more than about 0-5 
per cent of the total or unless the operation is on a 
very large scale. 

The situation, of course, may change if the world 
demand for the gas increases greatly—recent develop- 
ments in eryogenies make some increase in demand 
inevitable—and shows signs of outstripping supply. 
This might happen, because apart from the North 
American sources the only other supplies are a well in 
South Africa and one in Russia which meets East 
European demands. Moreover, there have been pes- 
simistie suggestions that the US wells might run dry 
in the 1980s. But until there are clear signs of a short- 
age it is unlikely that North Sea gas will become a 
source of helium. 


Nucleation of a Society 


Stree crystals have long been necessary both for 
academic research and for device applications. The 
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demand for good quality crystals has grown very 
rapidly with the increasing use of solid state devices 
such as transistors, integrated circuits and lasers. In 
spite of this demand, the growth of single crystals has 
been regarded as a Cinderella subject for many years, 
particularly as it does not lie within any of the estab- 
lished scientific disciplines. Recently crystal growth 
has become recognized as a subject worthy of study as 
a science, and the first international conference on 
erystal growth was held at Boston, USA, in 1966. 
Regular national meetings on crystal growth are now 
held in the USA and the Soviet Union. 

The first meeting of British erystal growers was held 
at Imperial College on April 19 under the chairmanship 
of Dr E. A. D. White, of the Electrical Engineering 
Department. The meeting was attended by about 
sixty crystal growers, from as far afield as Edinburgh 
and Dublin, who heard five speakers on recent develop- 
ments in crystal growth techniques. After a broad 
review by Dr White which included recent theoreti- 
cal advances, Dr B. A. Smith (University of Sheffield} 
surveyed the field of growth from the melt with 
particular emphasis on the are transfer process. 
There were two papers on growth from aqueous 
solutions; F. W. Webster (I.R.D., Newcastle) spoke 
on improvements in hydrothermal equipment, and Dr 
D. Bloor (Q.M.C., London) on the use of gels to control 
the rate of diffusion of two interacting solutes. Dr 
J. M. Robertson (Portsmouth College of Technology) 
described recent experiments on flux growth in con- 
trolled atmosphere, in particular the effect of oxygen 
pressure on the ferromagnetic resonance linewidth of 
ferrite crystals. The success of the meeting was evident 
from the liveliness of the ensuing discussion. 

It is intended to hold informal meetings of this 
nature three times a year, and ultimately to create a 
formally constituted Crystal Growth Society. How- 
ever, the next national meeting will not take place 
until December of this year, because the second 
International Conference on Crystal Growth will be 
held in July at the University of Birmingham. 


Marriage Bureau for Animals 


A NEW committee, known as the Conservation and 
Breeding Committee, has been set up by the Federation 
of Zoological Gardens of Great Britain and Ireland. 
One of its aims will be to act as a marriage bureau for 
all zoo animals. It will keep a register of unmated 
animals (whether rare or not), and it will encourage 
member zoos to find unpaired specimens. At present 
twenty-seven zoos are members of the federation, out 
of a total of about seventy-four zoos in the country. 
On application for membership of the federation, all 
zoos are inspected by an independent panel including 
a veterinary surgeon. They are only accepted if they 
reach the standards laid down by the federation. 
So far thirty have applied since 1966, when the federa- 
tion was established, and all but three have been 
accepted. 

Already there have been some exchanges of animals 
between zoos for breeding purposes. The London Zoo, 
for example, has loaned a male bobcat to Twycross 
Zoo where there are two females, and a male pygmy 
hippo from Chester Zoo has gone to Whipsnade where 
there are four females. Although the bureau is in- 
tended primarily to help member zoos in breeding 
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programmes, non-members are not precluded from 
taking part in exchanges. International exchanges 
will no doubt be arranged, too, and the London Zoo 
has made progress in this direction. 

The committee will also support efforts of member 
zoos towards conservation of species in a wider sense. 
It will keep a register of all rare mammals and birds 
kept by member zoos with special emphasis on those 
species considered to be in danger of extinction in the 
wild. Zoos will be encouraged to make every effort to 
breed the rare ones in captivity so that in the future 
there should be less demands on the depleted wild 
populations. In some cases zoo-bred animals may be 
used to reinforce those wild populations which are in 
danger of complete extinction. This means where 
practicable the controlled release of captive bred 
specimens in suitable reserves in their native land. 
Eagle owls have been sent to Sweden from the Norfolk 
Wildlife Park for release to augment the native popula- 
tion. This type of co-operation can have beneficial 
side-effects. For example, thirty Swinhoe's pheasant 
were sent from Britain to Taiwan where they were 
released. The Taiwan Government became interested 
in the project, and as a result it has given twenty-seven 
species legal protection in the country. Member zoos 
have in their collections ninety-three species of mam- 
mals and thirty-two species of birds totalling 1,194 
specimens which are either on the TUCN/ICPB Red 
Data Book list of endangered species or which are con- 
sidered likely to become rare in the wild in the future. 
Among rare species being bred in member zoos are the 
chimpanzee, the Formosan Sika deer. the Arabian 
gazelle and several species of pheasant. 


Cholera and WHO 


from our Microbiology Correspondent 


Tue unexpected spread from the Celebes in the early 
1960s of the El Tor cholera vibrio in epidemic propor- 
tions reawakened concern and interest in cholera, a 
disease which, in the previous fifteen years, had shown 
signs of declining. A collaborative programme on 
cholera research was established by a joint Philippines- 
Japan-WHO Cholera Committee, the chief aims of 
which were to evaluate the effectiveness of various 
cholera vaccines and to gain information on cholera 
carriers, the survival of the causal vibrio in natural 
environments and the value of various types of therapy. 
'The results of this large scale study, published in the 
current issue of the Bulletin of the World Health Organ- 
ization (87, 697; 1967), represent a major contribution 
to the understanding of this particular communicable 
disease. 

The first two reports discuss the results of cholera 
vaccine preparation and field trial. Azurin and his 
colleagues conducted controlled field trials in the 
Philippines and found that a single vaccination with 
routine fluid vaccines (either classical Vibrio cholerae or 
El Tor) produced only short termed immunity of about 
two months. This contrasted with a reasonably high 
protection conferred by a V. cholerae oil-adjuvant vac- 
cine for a duration of six months. The disadvantage 
of the oil-adjuvant vaccine, however, was its propen- 
sity to cause severe vaccination reactions in a signifi- 
cant proportion of the population and consequently 
its use was not recommended. 1f cholera is to be con- 
trolled primarily through vaccination programmes, 
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further assessment of existing and new preparations is 
imperative. A group at the Serum Institute in Chiba 
(Ogonuki, Hashizume and Takashashi) discuss the 
results of their work on oil-adjuvant vaccines. Labora- 
tory tests of this type of vaccine indicated high potency, 
while volunteer trials confirmed the enhanced protec- 
tive effect. Unfortunately, the vaecine reaction also 
was confirmed and found to be caused by local hyper- 
sensitivity and foreign-body reactions. Until quite 
recently it was widely held that antibiotic therapy 
could not affect cholera prognosis. Subsequently, the 
validity of chemotherapy as a supplementary treat- 
ment for cholera was recognized and has been used to 
arrest diarrhoea and reduce the incidence of vibrios 
excreted in the faeces. Kobari ef al. investigated the 
effect of tetracycline, chloramphenicol, erythromycin 
and kanamycin, administered orally or intravenously, 
on the course of El Tor cholera. Antibiotic therapy 
produced a dramatie reduction in the vibrio count in 
stools within one hour, and after ten hours a complete 
disappearance of vibrios had occurred. Antibiotics such 
as kanamycin which are not absorbed were the least 
effective in treating the disease, even when doses were 
frequent; this results reflects the short residence time 
of the drug in the intestines of cholera patients. The 
intravenous injection of adsorbable antibiotics may 
prove to be the most efficient since, in the cholera 
condition, large volumes of body fluids are passed into 
the intestines and the drug may be present at its site 
of action in concentrations higher than those resulting 
from oral administration. The results of case histories 
appear to substantiate this latter suggestion. 

The joint Cholera Committee also investigated 
cholera carriers in the Philippines. A carrier rate of 
nearly 22 per cent was found among household contacts 
of cholera patients, 8 per cent in immediate neighbours 
but only one-third per cent in the general population. 
The carrier state appeared to last from five to nineteen 
days and vibrio strains found in such carriers were 
identical with strains isolated from chronic sufferers. 
Perhaps the most significant finding in this study was 
that of a long-term cholera carrier ("Cholera Dolores"), 
the first ever to be described. The carrier contracted 
El Tor cholera in 1962 and continued intermittent 
excretion of the vibrio up to the time that Azurin and 
his co-workers reported in the WHO Bulletin. Strain 
characteristics of the vibrio and immunological 
evidence confirmed that this was a case of a chronic 
carrier and not of reinfection. In this instance the 
causal bacterium produced a reservoir in the gall 
bladder and/or biliary tract. The authors point out 
that although “Cholera Dolores" has not been incrim- 
inated epidemiologically—almost certainly reflecting 
the immunity of her family and contacts—the impact 
of her presence in a non-endemic area could be vastly 
different. Not unreasonably the analogy is drawn with 
the classic chronic carrier “Typhoid Mary". Also 
important in this context are the findings from basic 
and applied studies on El Tor viability and the occur- 
rence of drug-resistant strains. Prompt and thorough 
disinfection of contaminated materials is clearly neces- 
sary in view of the long period of survival of El Tor 
vibrios under suitable conditions. Similarly, the 
discovery of a natural multiple-antibiotic-resistant 
strain that could transmit its resistance via conjuga- 
tion to sensitive enteric bacteria such as Salmonella 
and Shigella must be held up as a further caution to 
indiseriminate chemotherapy. 
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Botany and Poison 


TuE rabbit has digestive juices which can neutralize 
the poison of the death cap mushroom—Amanita 
phalloides—in amounts sufficient to kill a whole human 
family. Such is the difference in the susceptibility of 
different species to the effects of plant poisons. Humans 
are, however, rarely poisoned by plants, whereas 
poisoning of domestic animals is quite commonplace. 
Horses and cattle can even develop cravings for such 
dangerous delicacies as laurel, rhododendron, oak leaves 
and rushes. To help the stock owner the Ministry of 
Agriculture’s guide, British Poisonous Plants, has been 
published in a second edition after 14 years (HMSO, 
115.). 

Most plant poisons are irritants causing inflammation 
of the tissues with which they come in contact. They 
affect first the skin and the lining of the mouth, stomach 
and bowels. Poisons which enter the blood stream 
may affect any part of the body, but many of them, 
such as the alkaloids, are selective poisons and affect 
specialized areas of the body more than others. Their 
action differs considerably among different animal 
species. Morphine—from the opium poppy, Papaver 
somniferum—tor example, induces sleep in man and 
dog, but if given to horse or cat it may produce un- 
controllable excitement to the extent that the animal 
damages itself irreparably. 

Sudden death is most likely to be caused by the 
yew tree and plants which contain cyanogenic poisons 
which break down to yield hydrocyanic—or prussic— 
acid. Cyanogens are found in apricot, cherry, peach 
and plum kernels, in apple and pear pips and many 
other plants. The commonest result of poisoning of 
cattle, sheep and goats is cessation or suspension of 
rumination or cud chewing after the breakdown of 
the micro-organisms which usually effect the break- 
down of foodstuffs. 

Many plant poisons remain active after drying and 
storage, which is why so much animal poisoning 
occurs in the winter when stored foods are used. 
Poisoning by ragwort, horsetail and monkshood can 
often be traced back to hay or other stored fodder. 
These and other such plants, which commonly contain 
alkaloids, glycosides and saponins, are listed in the 
handbook together with their likely sources. There is 
also a list of plants which can affect milk if eaten by 
lactating cows. In some cases the poisonous principles 
are secreted by the udders in sufficient quantities to 
make the milk poisonous for children and calves. 
Usually, however, the odour or taste is so unpleasant 
that they would not voluntarily drink such milk. 


Canadian National Museums 


Tug Canadian Government took the bold step on 
April 1 of establishing a single independent corporation, 
to be known as the National Museums of Canada, to 
administer and integrate the work of the five national 
museums in Ottawa. The museums which have lost 
their separate existence are the National Gallery of 
Canada, the National Museums of Man, of Natural 
Sciences and of Science and Technology and the 
Canadian War Museum. The hope is that this reorgan- 
ization will increase efficiency and improve the services 
they can offer to the public. There is every chance 
that it will succeed. With small museums—the total 
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staff is only 374, or less than that of the British Museum 
alone—there can be little justification for separate 
administrations. The new scheme should be a distinct 
improvement. 

The thirteen trustees of the corporation will have at 
their disposal in 1968-69 a total budget of $7,344,500, 
which includes a $1,050,000 non-lapsing purchase 
account. Compared with the estimated budget of nearly 
£7-07 million for 1968-69 for the fifteen national 
museums and galleries in Britain, that is perhaps small 
beer. But the comparison is misleading, for Canada 
spends about as much per head of its population as 
does Britain; of the £7-07 million spent in Britain, all 
but just under £1 million goes on salaries and administra- 
tive costs. When the £1 million available for purchases 
is parcelled out among fifteen institutions, the amount 
each gets is derisory. 

The National Gallery in London, for example, re- 
ceives £200,000 a year and the Science Museum has 
not received money for purchases since the £8,000 it 
got in the financial year 1966-67. This is not entirely 
the fault of the Department of Education and Science. 
The Science Museum, which relies heavily on gifts of 
objects and apparently spends most of its money on 
transporting them to the museum, has incredibly 
enough failed to find anything in the past three years 
on which to spend its pittance. It is no wonder that it 
often seems a kind of cheap showroom for the national- 
ized industries. 





New Schools at Oxford 
from our Oxford Correspondent 


Last week's Oxford Gazette announced a set of measures 
of particular interest to the university science faculties. 
There are, for example, to be departmental committees 
in most, if not all, of the science departments. All the 
faculty staff working in the department will be mem- 
bers, and they will meet at least once a term to advise 
the head of the department on such matters as the 
annual estimates, the allocation of resources, and junior 
appointments to the staff. Previously, members of a 
department have only been able to discuss depart- 
mental affairs publicly in congregation, where, even if 
there was time for discussion, few of the members were 
likely to have been able to follow arguments about 
specialized topics. 

The other changes promised concern the rearrange- 
ment of one honours school and the creation of two 
others. The present four year course in forestry is 
to be replaced by a three year course of which the first 
two years wil be common to agriculturists and 
botanists as well as foresters. The forestry officers’ 
course will be replaced by a diploma course for gradu- 
ates. The faculty of agriculture and forestry is to be 
subsumed, as a sub-faculty, under the faculty of 
biological sciences, but the departments of agriculture. 
forestry and botany will remain separate. This 
eontinues the reorganization of the teaching of biologi- 
cal sciences which began four years ago with the incep- 
tion of a one year common course for agriculturists. 
botanists and. zoologists. 

The two new honours schools to be created are those 
of mathematics and philosophy and of physics and 
philosophy. While the joint honours schools on the 
arts side, philosophy, politics and economics. and 
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greats, contain a considerable number of all arts 
students, the joint schools involving science subjects, 
philosophy, psychology and physiology, and econo- 
mies and engineering, have been small and hard to get 
into. This will also be true of the two new schools. 
In them, as in PPP, the component subjects will be 
taught separately under the supervision of the faculties 
concerned. Mathematical logic is seen as a natural 
bridge between the disciplines in the school of mathe- 
maties and philosophy. The first public examinations 
(honour moderations) will consist of five papers, of 
which three will be identical with those of mathematical 
moderations, one will be on logie, and the last on the 
theory of knowledge. The final examination will 
consist of eight papers, four in mathematics, and one, 
on the history of knowledge, will be identical with one 
in the PPE school. 

Those reading for the school of physics and philoso- 
phy will spend two-thirds of the first vear on physies 
to prepare themselves for the advanced work of the last 
two years. The syllabus will concern itself largely with 
those branches of physies with most philosophical 
implieations; atomie physics, rather than the solid 
state or statistical mechanies. There is no doubt that 
this kind of school in which related subjects are taught 
coneurrently is of great value both to the student and 
to the community. The pity is that when the courses 
are held concurrently (rather than consecutively) it is 
difficult, for administrative reasons, to provide more 
than a few of the joint schools that might justifiably 
be started-—mathematies or physics with music, 
psyehology with sociology, or biologv with mathe- 
matics. 





Nuffield in Africa 


Revision of school curricula in East Africa seems to 
have begun well. At a conference organized in March 
by Credo (Centre for Curriculum Renewal and Educa. 
tional Development Overseas), representatives of the 
ministries of education in Kenya, Uganda and Tan- 
zania agreed to collaborate with teachers in a pro- 
gramme of integration and revision of school science 
in East Africa. Credo, an independent organization 
financed jointly by the Ministry of Overseas Develop- 
ment and the Nuffield Foundation, believes that the 
Nuffield science courses, suitably adapted, will provide 
the much needed modern approach for African school- 
children. The idea is that teachers in the three East 
African countries who experiment with these courses 
can feed their modifications back to a central body 
which will then incorporate them into the syllabuses. 
At present, examinations are set by the Cambridge 
Syndicate, but an East African Examinations Council 
was set up in February this year. The first examina- 
tions from this new body will be set for 1969, in local 
subjects such as languages and agriculture, with the 
Cambridge Syndicate moderating the papers to ensure 
that standards are maintained. Although the syndi- 
cate has indicated that it is prepared to consider 
examinations set on the Nuffield syllabuses, these 
will have to be set and marked by the East African 
Council. There is also some scepticism at the syndicate 
over the question of standards, because it is thought 
that the Nuffield courses will be more time consuming 
than the existing ones—evidently African children 
work more slowly than their English equivalents. 
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Parliament in Britain 


by our Parliamentary Correspondent 
Construction Industry 
Mr Rosert MzLusz, Minister of Public Building and 
Works, gave details of the progress of the Construction 
Industry Research and Information Association. Tt 
now had 610 member organizations, he said, but this 
was only a fraction of what could be achieved. He 
was trying to arrange a link between the association 
and the construction industry training board. The 
association was in the process of appointing staff for 
a regional advisory service, and he wanted the ministry 
to be represented on this regional service. (Oral 
answer, April 29.) 
British Standard Time 
Mr Witrr1am Ross, Secretary of State for Scotland, 
confirmed that there had been a number of Scottish 
objections to the decision for Britain to come into line 
with European time. Seventy-two organizations 
(county councils, town councils, church and other 
bodies) had sent him objections, as had twenty-seven 
private firms and individuals. Two members of par- 
liament had sent petitions signed by their constituents. 
(Written answer, April 29.) - 
Technology 
Mr Wepewoop Bery, Minister of Technology, refused 
to accept a suggestion from Mrs Winifred Ewing that 
he should set up an advanced institute of technology 
in the Northern Highlands of Scotland. He doubted 
whether it would be feasible. Research within industry 
might well bring greater and speedier benefits, in any 
case. (Written answer, April 30.) 
Combat Aircraft 
Mr Denis HEALEY, Minister of Defence, expressed 
unexpected optimism about the prospects of building 
an advanced combat aircraft to fill the gap left by the 
cancellation of TSR 2, F 111 and the Anglo-French 
variable geometry aircraft. A great deal was going on 
in the aircraft industry, helped by the money the 
Government was giving to the BAC design team at. 
Wharton (which is working on a design study for a 
variable geometry aircraft). Consultations within the 
department and with European allies were well ad- 
vanced. “The outcome looks favourable," he added. 
Nuclear Power 
Tue Prime Minister, Mr Harold Wilson, revealed that 
the House of Commons is likely to be given the chance 
to debate the report of the Select Committee on 
Science and Technology on the British nuclear reactor 
programme. But he did not aecept the suggestion 
(from Mr Woodrow Wyatt) that the money spent on 
nuclear power stations would have been better spent 
on coal-fired stations. Dr Ernest Davies said that 
arguments about power costs would be irrelevant until. 
the various conflieting parties could agree on a basis 


for these calculations. Otherwise, he said, one 
was just providing further figures for various 


lobbyists to quote back and forth to one another. 
The Prime Minister appeared to agree. Earlier in the 
week, Mr Wedgwood Benn had confirmed that the 
chairman of the Industrial Reorganization Corpora- 
tion was beginning discussions with industry intended 
to devise a new structure for the nuclear power indus- 
try. He would make a statement as soon as a practical 
solution to this very complex problem became apparent. 
(Oral answer, May 2, and written answer, April 29.) 
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NEWS AND VIEWS 


Research with Animals 


Two private members’ Bills, the Body and Pounder 
Bills, are shortly coming up for their second readings 
in the British House of Commons—on May 24 and 10. 
The first aims to abolish any experiment on animals 
not conducted under full anaesthetic; the second 
has the object of prohibiting the export from 
Britain of all experimental animals. If both Bills 
became law, biological research would be hit 
disastrously. 

The Body Bill, introduced on January 30 by its 
sponsor, Mr Richard Body, MP for Holland-with- 
Boston, was described this week by the Director of the 
Medical Research Council’s Laboratory Animals Centre, 
Mr John Bleby, as having "no merit whatsoever". 
Indeed, the Bill would completely obstruct the adequate 
testing of drugs, food additives, experiments with con- 
trol animals (an essential part of most biological 
research), and many other important medical and 
biological researches including the vital immunological 
testing without which transplantation of organs and 
tissues would be impossible. Many drugs require 
long-term testing for up to two years or more—and it 
is obviously impossible to keep an animal under 
anaesthetic for this length of time. It is paradoxical 
that the Medicines Bill, now in the process of passing 
through Parliament, calls for even more stringent 
testing of new drugs before they are prescribed for 
humans. 

Operations on vertebrate animals are already covered 
by the Cruelty to Animals Act 1876, and the regulations 
covering surgery are enforced by the Home Office 
inspectors. The nature of experiments on any verte- 
brate is restricted by the terms of the licence. This 
Act does need updating to meet modern conditions, but 
there does not seem much cause for worry that in 
Britain, at least, humane methods are used in animal 
experiments—the inspectors seem to make sure of that. 
The Government is at the moment considering the 
recommendations of the Littlewood committee which 
reported in 1965 on experiments on animals, and no 
doubt there will eventually be Government legislation 
to improve the 1876 Act. But it is certain that the 
welfare of animals kept under intensive livestock 
husbandry systems (studied by the Brambell Commit- 
tee) and the misuse of antibiotics given to animals 
reared under these conditions are more urgent problems. 

While Mr Body (who lists his hobby as field sports) 
is alarmed about animal experiments in Britain, Mr 
Rafton Pounder, MP for Belfast South, is worried 
about the export of animals from this country “for 
vivisectional research abroad". His Bill was first 
introduced in the last parliamentary session, but it 
failed to get a second reading. The threat of the Bill 
provoked letters to The Times from Mr Bleby and 
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Professor Sir Alexander Haddow early last year, in 
which they pointed out the effects of the Bill on bio- 
logical and medical research. The Bill also prompted 
the Biological Council to print and circulate a memoran- 
dum in November 1967 on how the Bill would affeet 
research, especially in the cancer field, in immunology 
and in biological assay. The new Pounder Bill, intro. 
duced on March 20, seems little different from the 
earlier one. Indeed, it repeats the inaccuracies and 
exaggerations pointed out by Mr Bleby in his letter to 
The Times on January 28, 1967. Both in his earlier 
Bill and in the present one, Mr Pounder claims that in 
no other country than Britain is there legislation com- 
parable to the Cruelty to Animals Act. While there 
may be no strictly comparable laws, Sweden, Denmark 
and France do have legislation covering experiments 
with animals, and it will not be long before there will 
be legislation for experiments inside laboratories in the 
United States. Mr Bleby has said that his comments 
last year in The Times still stand today— "the Bill will 
seriously impede biological research because it will stop 
the export of breeding nuclei of specialized strains of 
animals vital to research in cancer, genetics, toxicology, 
and, equally important, the diseases of animals them- 
selves. Furthermore the Bill would not prevent the 
export of laboratory animals under the guise of pets. 
If Mr Pounder persists with his Bill it should embody 
amendments permitting the free exchange of breeding 
nuclei of specialized strains and the export of animals 
to reputable institutions". Without such amendments 
the Bill would, of course, prohibit exports to the 
Pasteur Institute and to other research institutes of 
similar standing. 

In all the. cireumstances, it is perhaps just as well 
that there is no immediate prospect of the two Bills 
becoming law—private members' Bills do not usually 
get far in the House of Commons (which is nothing to 
be pleased about). At the same time, however, the 
interests which have given the two Bills their present 
head of steam are by no means negligible. The best 
defence against them is to demonstrate that research 
with animals is usually carried out responsibly, and 
that pointless cruelty to animals is as much scorned 
in the laboratories as in the kindergartens. 


Birds come to Town 


Tue recolonization, by animals or plants, of habitats 
from which they have been driven by pollution of one 
sort or another is a sure sign that levels of pollution are 
falling. This is why the latest report to the Ministry of 
Publie Building and Works of the Committee on Bird 
Sanctuaries in the Royal Parks for the years 1956-66, 
whieh was published last week (HMSO, 6s.), makes en- 


520 


couraging reading. Birds which had long since van- 
ished from London’s parks have begun to return and 
establish themselves. The reduction of air pollution 
since the Clean Air Act (1956) is clearly a major factor 
in all this. In 1965-66 one hundred and thirty-eight 
species of birds were spotted in the London parks and 
thirty-six species bred in the inner London area com- 
pared with thirty-two breeding species in 1950. By 
far the most encouraging development was the return 
of the house martin. These birds had not bred in 
London for nearly eighty years, but several were 
sighted in Primrose Hill in April 1966 and a search 
revealed a colony of at least six nests containing at least 
eight fledglings under the eaves of a house two hundred 
yards from the park, Apart from house martins, 
stock doves continued their recolonization of central 
London and blackcaps nested in Regent’s and Green- 
wich Parks. In general. species which suffered badly 
during the severe weather of early 1963 showed signs 
of satisfactory recovery. And the increasing occurrence 





House martin and young. (Photograph by Dr M. S. Wood.) 


of insectivorous birds, which are particularly sensitive 
to air pollution because it reduces the numbers and 
varieties of insects, testifies to the cleaner air in 
London. 

Another encouraging development is the planting of 
more seed and berry-bearing trees as recommended by 
the committee in its 1963-64 report. The committee 
urges the ministry to continue this policy. But among 
all the optimism the report contains a warning. The 
road development scheme at Park Lane resulted in the 
loss of part of Hyde Park and, more important as far 
as birds are concerned, many mature trees. The 
committee has been assured by the ministry that, in 
future, it will be consulted before any road works 
that might encroach on the parks are started. 


Research behind the Flower Beds 

DzsPrTE its popular image as a publie park, the Royal 
Botanic Gardens, Kew, is primarily a scientific institu- 
tion, and during the annual open day on May 4 it was 
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clear that it is not only the taxonomists in the 
herbariu — who are engaged in serious research. 

The Jodrell Laboratory, opened in May 1965, houses 
facilities for plant anatomy, eytology and physiology. 
which is carried out by twenty-one members of staff 
together with several visiting botanists. The physio- 
logists are concerned with ways in which plant growth 
and development can be modified by the environment. 
The relationship between geographical distribution and 
germination of individual species from selected families 
is being investigated, with the aim of working out the 
germination requirements of seeds according to the 
climatie conditions in which they usually grow and the 
taxonomic groups to which they belong. Germination 
patterns of several species of Caryophyllaceae have 
been worked out from the responses of seeds to chilling 
treatment at different times during their development. 
It has been found, for example, that species endemic 
to the Mediterranean region are adapted to germinate 
in the autumn, grow through the winter and flower and 
fruit in the spring. They do not germinate in the 
spring when there is danger of drought. Species 
endemic to north and north-west Europe, however, 
flower and fruit during spring and summer and spend 
the winter as seeds or dormant buds. Such information 
should have useful applications for gardeners who have 
difficulty in germinating seeds because they do not 
know the most suitable temperatures to employ. 

Work on the nutrition of young epiphytic tropical 
orchids, which is concerned with the relative effective- 
ness of different forms of nitrogen in nutrient media 
and the effects of light intensity on germination and 
growth, also has practical horticultural value. Experi- 
ments designed to show the effects of various combina- 
tions of growth promoting and inhibiting substances 
on the development and flowering of various tropical 
plants are intended to show ways in which growth and 
time of flowering can be controlled. The concentrations 
and activities of naturally occurring growth promoters 
and inhibitors at different stages of development, and 
in plants of different habit or growth rates, are to be 
investigated in a project which is now being set up. 





Cross-sections of oak, Quercus robur type. a, Compressed; 
b, cells and vessels expanded after treatment with sodium 
hypochlorite solution. (Crown copyright.) 
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The plant anatomists at Kew, like the taxonomists, 
have to devote much of their time to dealing with 
enquiries, By examining the internal structure of the 
plant material which is sent to them they may have to 
identify foreign bodies in food or examine the purity 
of tobacco and suspected drugs, such as some "hemp" 
which recently turned out to be the poisonous Ruta 
halepensis. Archaeologists sometimes send specimens 
of compressed wood or roots to Kew for identification, 
and a technique has been developed for "reviving" 
the wood, as shown in the photograph. The wood can 
then be identified by the pattern of cells and vessels 
as seen in cross-section. Research in the anatomy 
department is at present concerned with the systematic 
anatomy of the Monocotyledons, and a reference book 
on the subject is being prepared. 

Cytological investigations now in progress include 
surveys of the number, morphology and behaviour of 
chromosomes in many exotic plants. For example, the 
wide variety of chromosome size which is found 
throughout the geographical range of the genus Senecio 
is being investigated. Other genera which are being 
closely examined include Pelargonium, Spartina and 
Impatiens. 


Surface Chemistry of Oxides 
from a Correspondent 


AN informal discussion of the Faraday Society on the 
surface chemistry of oxides was held in the Chemistry 
Department of the University of Nottingham during 
March 28 and 29. 

Dr J. Hockey (Manchester Institute of Science and 
Technology) reviewed the use of infrared spectroscopy 
in the characterization of the oxide surface. The 
interpretation of spectra usually involves the assump- 
tion that the structure of the bulk crystalline lattice 
persists in the surface layers. This may not always be 
so, and at least one oxide (TiO,) shows marked defects 
from stoichiometry in the surface layers. For the 
insulator oxides MgO and SiO,, interpretation of the 
surface structure based on this assumption seems to be 
more successful. For alumina, the surface hydroxyla- 
tion is revealed as far more complex than in any other 
system. Mr S. A. Mitchell (Unilever Chemicals 
Development Centre) pointed out that silica surfaces 
are composed of two types of chemically bound 
hydroxyl groups differing in chemical reactivity, an 
important factor in surface modification. The hydrogen 
bonded or interacting hydroxyls are important in 
water vapour adsorption, but are not reactive towards 
such hydrophobing agents as trimethylehlorsilane. 
Mr Mitchell’s spectroscopic studies show that only the 
single or unperturbed hydroxyl groups are normally 
silanized. 

A study of the physical adsorption of methanol 
vapour on silica and glass surfaces was described by 
Dr P. A. Sewell (Pilkington Research Centre) Iso- 
therms were measured by gas/solid chromatography for 
vitreous silica and soda-lime-silica glass grains after 
degassing at successively higher temperatures in a dry 
atmosphere. An isosteric heat of adsorption of 10-6 
kilocalories per mole was observed for silica initially, 
decreasing to 4-2 kilocalories per mole at 300° C degas- 
sing temperature. For soda-lime-silica glass, the 
initial heat of adsorption of 9-4 kilocalories per mole 
decreased to 3-7 kilocalories per mole after degassing 
at 400? C. The low heats of adsorption are consistent 
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with the formation of a single hydrogen bond, and the 
high heats suggest the formation of two hydrogen 
bonds per adsorbed methanol molecule—a model which 
is consistent with known data on hydroxyl concentra- 
tions on silica surfaces. 

Professor K. S. W. Sing (Brunel University) discussed 
the characterization of the surface of chromium oxide 
gels by nitrogen adsorption. Heat treatment of chrom- 
ium (III) oxide gels in an oxidizing atmosphere within 
the temperature range 300°-400° C results in surface 
oxidation followed by crystal growth of aCr,O,. In 
an inert atmosphere the latter process is delayed 
and the surface area stabilized to a higher temperature. 
Ageing occurs by a different mechanism below 300° C. 
and involves the interaction between Cr(111) and free 
water. Nitrogen adsorption isotherms were inter. 
preted using a modification of the de Boer f-plot, and 
both the micropore volume and the external surface 
area were estimated. Investigations of the micro- 
structure and chemisorption properties of MgO powders 
prepared by decomposition of the hydroxide, the 
carbonate trihydrate and the oxalate dihydrate, were 
described by Dr P. J. Anderson (AERE, Harwell). 
All show a significant number of micropores within the 
oxide aggregates, and the microstructural changes 
oceurring on calcination at high temperatures are 
related to the size and mode of packing z of the individual 
MgO crystallites. Removal of micropores requires 
treatment at temperatures as high as 1,000° C. In 
spite of marked difference in microstructures, the three 
oxide samples exhibit remarkably similar chemisorp- 
tion behaviour as judged by studies of H,O and CO, 
adsorption. 

In the second session, Dr G. D. Parfitt (University of 
Nottingham) described a study of the adsorption on 
characterized surfaces of pure rutile of three aliphatic 
alcohols (ethanol, n-octanol and n-dodecanol) from 
solutions in p-xylene and n-heptane. Dependence of 
the adsorption on the alcohol chain length, chemical 
nature of the solvent and the presence of molecular 
water on the surface was demonstrated. This paper was 
followed by a critical account by Dr S. J. Gregg 
(Brunel University) of the use of heat of immersion 
measurements in the study of surface character. Most 
of the recorded values of heat of immersion refer to 
oxides of metals and are very sensitive to the mode of 
preparation and subsequent treatment of the specimen; 
Quantitative conclusions would be difficult to draw 
until there are additional reliable data obtained with 
well defined solids. A more promising application is 
in the calculation of the heat of adsorption from heats 
of immersion as a function of surface coverage of 
adsorbate. 

Professor D. W. Fuerstenau (Berkeley) reviewed 
work carried out in his laboratory on the adsorption 
of ionic surfactants at oxide-water interfaces. The 
isotherms are characterized by three distinct regions 
in which (1) the detergent ions are adsorbed as indivi- 
dual counter ions, (2) the adsorbed ions associate at 
the interface and (3) the adsorption exhibits a deereased 
dependence on concentration because of the reversal 
of the eleetrokinetie potential. Current work has been 
concerned with the effect of pH on the adsorption of 
alkyl sulphonates on alumina. The complex nature of 
the adsorption isotherms was interpreted in terms 
of the results obtained from adsorption, electrokinetie 
and titration experiments, and from immersional 
ealorimetry. 
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Dr A. M. Posner (University of Western Australia) 
discussed a study of the surface reactivity and crystal 
morphology of goethite. A number of preparations 
of synthetie goethite, varying in the relative propor- 
tions of twinned and acicular crystals and BET nitrogen 
areas, were examined by electron microscopy, potentio- 
metric titration, and adsorption of orthophosphate 
from solution. The zero point of charge and reactivity 
towards phosphate are not related to crystal morpho- 
logy. The heterogeneity and anionic complexes on 
haematite surfaces were considered in a paper by Dr 
A. P. Prosser (Imperial College). There are consider- 
able differences in the rate of dissolution of haematite 
by various concentrated acids which are attributed to 
surface anion complexes on the basal (001) surface only, 
and there is evidence of appreciable heterogeneity of 
this surface. Dodecylamine acts as a flotation collector 
for haematite at pH 1-5. It was necessary to activate 
the flotation by Fe*** and Cl or F- or SO,7--: other 
combinations of cations and anions were tested and 
found ineffective. These phenomena are related to 
the attachment of two ligands to each exposed Fe atom 
on the active surface. 


Initiation of Lactation 


Dr J. V. WHEELOCK writes: 

Folley! states that lactation in the ordinarily under- 
stood sense of a copious flow of normal milk is not 
initiated until parturition or shortly after. This view 
is also taken by your medical biochemistry correspon- 
dent? who considers that the synthetic activities of the 
mammary gland are “switched on” at birth. These 
statements imply that parturition, as such, is the 
stimulus for the initiation of lactation or, alternatively, 
that the stimulus is timed to as to coincide with parturi- 
tion. There is evidence so suggest, however, that milk 
secretion can occur before parturition and that the 
initiation of lactation normally observed at parturition 
is directly caused by the commencement of milk 
removal, which invariably takes place at that time. 

The fact that milk is present in the mammary gland 
at parturition shows that some secretion must have 
occurred before parturition. Confirmation is provided 
by the work of Wheelock and Rook?, who observed that 
lactose was present in the urine of pregnant cows for 
several days before parturition. The concentration 
of lactose increased to a maximum at parturition and 
then decreased rapidly. It was concluded that the 
lactose was being resorbed from the mammary gland 
because of the accumulation of milk within the gland. 

Milk secretion before parturition has been demon- 
strated unequivocally by Rowland, Roy, Sears and 
Thompson. They milked cows twice daily for 14 days 
before the expected date of parturition. When milking 
first commenced, the amount of secretion obtained at 
each milking was usually very small. For most of the 
animals, a day on which the milk yield began to increase 
and then continued to do so until after parturition 
eould clearly be distinguished. They found that the 
time of the initial increase in milk vield varied from 
0-16 days before parturition. Rather similar results 
were obtained by Wheelock, Rook and Dodd^ when 
milking four cows throughout the whole of pregnancy. 
Milk yield decreased to a distinct minimum some days 
before parturition. In the four cows yield was at a mini- 
mum 20, 10 and 9 days and 1 day. respectively, before 


NATURE. VOL. 218, MAY 11, 1968 
parturition. It seems probable that the beginning of 
the increase in milk yield observed by both groups of 
workers is in response to a hormonal stimulus. 

Wheelock, Rook and Dodd* established that sus- 
pension of milking in cows in mid-lactation caused a 
marked reduction in milk secretion. It was further 
shown that when milking at the usual twice daily 
intervals was resumed the rate of secretion recovered 
progressively. The results demonstrate that milk 
secretion is inhibited by accumulation of milk within 
the mammary gland. 

Since the stimulus for the initiation of lactation 
almost certainly occurs before parturition, milk 
secretion before parturition would be inhibited by the 
accumulation of milk within the mammary gland. 
Consequently, the initiation of lactation at parturition 
would occur in response to the removal of milk. 
Recognition of this concept could facilitate investiga- 
tions on the mechanism of the initiation of lactation. 


'Folley, S. J., The Physiology and Biochemistry of Lactation (Oliver and 
Boyd, Edinburgh and London, 1956). 

* Medical Biochemistry Correspondent, Mature, 217, 1099 (1968). 

? Wheelock, J. V.. and Rook, J. A. F., J. Dairy Res., 83, 37 (1900). 

* Rowland, S. J., Roy, J. H. B.. Sears, H. J., and Thompson, S. Y., J. Dairy 
Res., 20, 16 (1953). 

" Wheelock, J. V., Rook, J. A. 
(1965). 

* Wheelock, J. V., Rook, J. A. F., and Dodd, F. H.. J. Dairy Res.. 82, 237 
(1965). 


F., and Dodd, F. H.. J. Dairy Res., 82. 249 


Protein Evolution 


Proressor EMIL Suita of the University of California, 
Los Angeles, delivered the twentieth annual Ciba 
Foundation lecture at the Ciba Foundation on May 1. 
Professor Smith described the work of his own group 
and others on the evolutionary changes of protein 
sequences. The most complete data are on cytochrome 
c sequences which are now known for a large 
number of species of great evolutionary diversity, 
ranging from wheat germ to man. Cytochrome c is an 
especially good choice for such a study since it is, 
speaking in evolutionary terms, one of the "oldest" 
of proteins. (Haemoglobin, for example, is by com- 
parison a "new" protein.) As more and more sequences 
have been brought to light, the number of residues 
whieh are invariant and therefore functionally and 
structurally vital, so that their replacement would 
constitute a lethal mutation, has diminished to less 
than one-third of the total. Nearly all substitutions 
represent single base changes in the code. Professor 
Smith ranged eruditely and entertainingly over the 
subject of biochemieal evolution and exposed for his 
large audience an entire area of molecular biology 
which has emerged only in the past few years. 

Perhaps the most remarkable result—as yet unpub- 
lished—concerns the work in progress in his laboratory 
on the amino-acid sequences of histones. Histone 
fraction IV has been selected and studies are being 
carried out on this protein from two species at opposite 
ends of the evolutionary scale—calf thymus and pea 
seedlings. While work on cytochrome c and other 
enzymes would lead one to expect a large number of 
differences in up to perhaps 75 per cent of the residues, 
there seem to be enly two substitutions in histone 
fraction IV. 

The sequences of the first nineteen residues of the 
chain have been fully determined and they are com- 
pletely identical. The inference is that virtually all 
mutations are lethal and that therefore the structure 
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of histone IV has the highest degree of specificity. 
This must be seen as the first really powerful evidence 
against the argument that histones are merely “glue” 
and have no function but to package the DNA. 
Whether the high specificity is demanded by a specific 
repressor function or by very precise steric require- 
ments which enable the histone to impose a super- 
structure on the DNA is uncertain. Details of this 
exciting work will be eagerly awaited. Meanwhile, 
we will cherish Professor Smith’s comment that “‘we 
are all brothers under our histones”. 


Pharmacogenetics 


from our Medical Biochemistry Correspondent 


SEVERAL inherited differences in human enzymes have 
been recognized only because the abnormal enzyme 
alters the metabolism of certain drugs. A dramatic 
example of this type of reaction can occur with the 
drug suxamethonium (succinyl choline), used by 
anaesthetists as a muscle relaxant. Patients who have 
some abnormal variants of choline esterase cannot 
hydrolyse succinyl choline as rapidly as usual, and 
can be paralysed and stop breathing spontaneously 
for periods up to an hour (Liddell, Proc. Roy. Soc. 
Med., 61, 168; 1968). 

A deficiency of glucose 6-phosphate dehydrogenase 
in the red blood cells is commonly found in some 
populations, and those suffering from this deficiency 
develop haemolytic anaemias after eating broad beans 
or after treatment with antimalarial drugs. Deficiency 
of another enzyme in the red blood cells, glutathione 
reductase, can also give rise to haemolytic anaemias. 
Symptoms often arise only when the patient has been 
exposed to certain drugs such as chloroquine, salicylazo- 
sulphapyridine, nitrofurantoin, sulphonamides, phenyl- 
butazone, phenacetin, dicoumarin and chloramphenicol. 
Blume, Rudiger and Lóhr (Biochim. Biophys. Acta, 
151, 686; 1968) have now shown that in these patients 
there is a complete absence of one of the two isozymes 
of glutathione reductase found in normal red blood 
cells. On electrophoresis of haemolysates of normal 
human red blood cells, glutathione reductase activity 
was found in two distinct bands which have been called 
GR I and GR II. GR I contained 65 per cent of the 
total activity and GR II 35 per cent. The haemolysates 
of patients with glutathione reductase deficiency had 
only half the enzyme activity found in normals, a pH 
optimum of 6-4 as opposed to 6-8 in controls and a 
different affinity for glutathione. On electrophoresis, 
only one band of enzyme activity was found, corre- 
sponding to the GR I band in normal red cells. 

Of more general interest is the recent demonstration 
by Vesell and Page that the rate of loss of phenyl. 
butazone from the blood in man is genetically deter- 
mined (Science, 159, 1479: 1968). After a single dose 
of any drug, the concentration of the drug in the blood 
usually declines exponentially as the drug is metabolized 
and excreted. Vesell and Page gave a single oral dose 
of about 6 mg/kg phenylbutazone to 7 pairs of identical 
and 7 pairs of non-identical twins, and estimated the 
blood concentrations to determine the half.life of the 
drug in each individual. The pairs of identical twins 
had very similar half.lives for phenylbutazone, but 
the fraternal twins showed much more variation in 
half-life between individuals. ^ Statistical analysis 
showed that the difference between the two types of 
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twins was significant, and the intra-pair correlation 
coefficients (exeluding one pair of fraternal twins where 
one individual had a very abnormal half-life) were 
those to be expected when the factor under examination 
is genetically determined. The investigation was 
repeated on two sets of identical twins 9 davs after the 
first dose, and the same values were found as in the 
first investigation. This suggests that the half-life 
is not influenced to any great extent by environmental 
factors such as prior administration of the drug. 

Before exeretion, phenylbutazone is hydroxylated 
by a liver microsomal system which is believed to 
metabolize a number of other drugs. If the genetic 
variation is in this enzyme system, the rate of meta- 
bolism of the other drugs will also vary considerably. 
In Vesell and Page's study the half-life of phenyl. 
butazone varied between 1-2 days and 7-3 days although 
the mean was 3-:0+0-3 days. This means that the 
toxicity and effectiveness of these drugs can vary greatly 
in different individuals. 


Prebiotic Synthesis of Nucleic Acids 


by our Biochemical Genetics Correspondent 


THE question of how life may have evolved is certainly 
fraught with problems. Some small biological molecules, 
such as several of the common amino-acids and some 
nucleic acid components, can be made relatively 
easily under mild neutral conditions given the required 
reactive reagents. Such reagents, plausibly enough. 
may have been generated by radiation or thermal 
processes. But in order to create a complex which 
can evolve by the forces of natural selection requires 
the construction of molecules in which information 
can be carried and expressed. In life today these 
functions are carried out by nucleic acids—DNA and 
RNA-——and by proteins. DNA is usually the repository 
of genetic information. It is most likely that, when 
natural selection began to operate, either DNA or 
RNA molecules were present: it is also likely that these 
molecules arose in the first place by spontaneous 
chemical synthesis. How closely the nucleic acids, as 
we see them today, resemble those which were around 
one or two thousand million years ago is an open. ques- 
tion. 

To investigate the conditions which might be re- 
quired for spontaneous nucleie acid synthesis, Sulston, 
Lohrmann, Orgel and Miles (Proc. US Nat. Acad. Bei., 
59, 726; 1968) have attempted to build a polyadenylic 
acid molecule using a template of poly-uridylie acid: 
the complex of poly-A and poly-U is, in fact, a triple 
helix of two poly-U chains and one poly-A chain. 
Sulston et al. used conditions under which two poly-U 
chains and 5' adenylie acid could form a triple helix 
in which the adenylic acid monomers are simply held 
in place by the two poly-U chains. Under similar 
conditions a double poly-U : adenosine helix can also 
be formed. They then tried to see whether coupling 
reagents, such as carbodiimide, could link up the mono- 
mer adenylie acid or adenosine units to form oligo- 
nucleotides. Their control experiments lacked polv-U. 
They found that the poly-U does indeed "eatalyse" the 
formation of oligoadenylie acids; the presence of poly- 
U accelerated the rate of formation of oligomers by 
a factor of about ten. Furthermore, the presence of 
poly-U is specifie for adenosine and does not affect 
either uridine or evtidine nucleosides. 
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The surprising result, however, is that the expected 
chemical linkage between the polymerized units is not 
3'—5' (as it is in RNA and DNA), but turned out to be 
principally a mixture of 2'-5' and 5’-5’. Whether the 
linkage formed is determined by the use of carbodiimide 
is uncertain, but the results certainly suggest that pre- 
biotic nucleic acids may not have been pure 3'-5' 
linked polynucleotides. 
history that the first enzyme which copied nucleic acids 
made 3'-5' linkages. Or did DNA, in which only 3’-3’ 
(and not 2’-5’) linkages are possible, precede RNA ? 


Light on Sweetness 


from our Molecular Biology Correspondent 


Taste is a subject which, despite its obvious interest, is 
still so obscure that it even comes as a surprise 
to find it represented in the biochemical literature. 
Although a certain amount is known about the physical 
response of the taste receptors—in particular that the 
primary process can be described in terms of a simple 
adsorption isotherm defined by a single equilibrium 
constant—little systematie effort seems hitherto to 
have been invested in attempts to isolate active 
receptor molecules. 

Rather more than a year ago, the isolation of a 
sweet-sensitive moleeule—a protein—from bovine 
taste buds was reported by Dastoli and Price, and its 
further characterization is now described (Dastoli et al., 
Biochemistry, 7, 1160; 1968). The assay for receptor 
activity consists in measurement of the binding 
constants for sugars by determining refractive index 
increments. (The observed increments are surprisingly 
large, and the stated reproducibility is high; a spectro- 
photometrie method is also mentioned in the earlier 
paper, but details are not given.) Over a wide pH 
range, the binding remains essentially constant, but 
falls off below pH 6. The most striking result is that 
the binding constants follow the order of sweetness 
of the sugars, as measured in vivo (behavioural assay). 
Saccharine also gives a high binding constant. The pH 
dependence of the binding follows the in vivo sweetness 
response. 

The new results include characterization of the 
protein in a number of respects; it has been obtained 
as an essentially homogeneous component, with a 
molecular weight of 150,000.  Amino-acid analysis 
shows it to be rather basic. The article is succinct to the 
point of being telegraphic, and more details would be 
of interest. Measurements of binding constants as a 
funetion of temperature will be important in order 
to tell whether earlier predictions about the entropic 
character of the binding are borne out. 


RNA Phages 


from our Cell Biology Correspondent 
THE properties of a new RNA bacteriophage #23, 
discovered recently in August’s laboratory at the 
Albert Einstein College of Medicine, New York, have 
now been described by Watanabe, Watanabe and 
August (J. Mol. Biol., 38, 1; 1968). R23 is chemically, 
physically and immunologically similar to f2, but it 
has the remarkable property of dominating RNA 
synthesis in the E. coli host cells. Following infection 


Perhaps it is an accident of 
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with R23, E. coli RNA synthesis is markedly inhibited 
and newly synthesized RNA is both qualitatively and 
quantitatively phage specific. In this respect A93 is 
more like the 7' even phages than f2 which, according 
to Zinder, has little effect on host RNA metabolism. 

After infection with R23, 60 per cent of the RNA 
made is encapsulated into phage particles whereas 
with f2 and Qf only 25-30 per cent of the RNA is 
encapsulated. Moreover, the other 30-40 per cent of the 
RNA made during R23 infection is RNase resistant 
and therefore phage specific. R23 is thus unique 
among the RNA phages because it completely inhibits 
host RNA synthesis. How the inhibition is achieved 
is unknown. Synthesis of bacterial protein is 
also inhibited by R23. Initially R23 specifies an 
RNA polymerase, but later in infection coat protein 
synthesis predominates and late in infection almost 
all newly made protein is phage coat. Coat protein 
synthesis, as expected, was not detectable in the absence 
of phage RNA synthesis. It is now clear that ability 
of RNA phages to switch off host RNA synthesis 
varies from f2, MS2 and Qf at one extreme, which 
have little effect, through R17 and B which have a limi- 
ted inhibitory effect to R23 which inhibits completely. 

In a subsequent paper (ibid., 21) Watanabe and 
August report that the antibiotic and anti-tumour 
agent phleomycin inhibits the replication of R23 just 
as it inhibits bacterial RNA metabolism and DNA 
phage replication. Addition of phleomycin to E. coli 
infected with #23 simultaneously blocks synthesis 
of double and single stranded phage RNA molecules. 
In vitro phleomyein inhibits both DNA and RNA 
dependent RNA synthesis and, as judged from thermal 
melting curves, the antibiotic binds to both RNA and 
DNA. It does not, however, block translation of 
mRNA. 

The nucleotide sequence at the 5’ terminus of another 
RNA phage, this time M2, has recently been reported 
by Glitz (Biochemistry, 7, 927; 1968). Using MS2 
RNA uniformly labelled with 3P, alkaline hydrolysis 
and DEAE-cellulose column chromatography-—virtu- 
ally identical procedures to those used by Roblin 
during his work on the 5’ terminus of R17 (see Nature, 
917, 606; 1968)—Glitz has shown that the 5’ terminus 
of M2 is pppGpGpU. It appears that R17 and MS2 
have identical 5' termini. 

Another partieularly interesting experiment with 
the RNA from the phage R17 has recently been des- 
eribed by Spahr and Gesteland (Proc. US Nat. Acad. 
Sci., 59, 876: 1968). They have cleaved the R17 RNA 
moleeule into two pieces, one sedimenting at about 
158 and the other at 21S, with a new endonuclease, 
RNase IV isolated from E. coli MRE-600. The 
158 piece has the 5 terminus of the intact molecule 
because on hydrolysis it liberates the tetraphosphate 
pppGp. In preliminary experiments, with a cell-free 
system and polyacrylamide gel electrophoresis of the 
products, they find that the 158 piece specifies coat 
protein, albeit at low efficiency, whereas the larger 
fragment specifies R17 RNA synthetase. This result 
confirms that the coat protein cistron is the first. Tt 
also suggests that the most likely order of the cistron is 
coat, A protein, and last RNA synthetase. Further. 
more, it proves each cistron can be translated indepen- 
dently of the others. In some basically similar experi- 
ments,’Lodish (J. Mol. Biol., 32, 681.1968) has reached 
the same conclusion. 
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Towards a Theoretical Biology 


by Two symposia on theoretical biology were held in 1966 and 1967 


C. H. WADDINGTON 


Institute of Animal Genetics, 
Edinburgh 


at the instigation of the International Union of Biological Sciences. 
The meetings were organized by Professor Waddington, and in this 
article he outlines some of the points discussed at the meetings. 


The essays arising from the first symposium have recently been pub- 
lished under the title Towards a Theoretical Biology. 


THEORETICAL physics is a well reeognized discipline, and 
there are departments and professorships devoted to the 
subject in many universities. Moreover, it is widely 
accepted that theories of the nature of the physical 
universe have profound consequences for problems of 
general philosophy. In contrast to this situation, theoreti- 
cal biology can hardly be said to exist as an academic 
discipline. There is even little agreement as to what 
topics it should deal with, or in what manner it should 
proceed. 

The International Union of Biological Sciences has felt 
that it is its duty, as the central focus of international 
organizations of all the branches of biology, to explore the 
possibility of formulating some skeleton of concepts and 
methods around which theoretical biology can grow. It 
was clear that the task would not be easy; and it was 
therefore arranged that a series of three symposia should 
be held at yearly intervals. The intention was that the 
discussions would be concerned, not with the theory of 
particular biological processes, such as membrane permea- 
bility, genetics, neural activity, and so on, but rather with 
an attempt to discover and formulate general concepts 
and logical relations characteristic of living as contrasted 
with inorganic systems; and further, with a consideration 
of any implications these might have for general philo- 
sophy. I was asked to invite suitable speakers and to 
organize the meetings. 

Two symposia have so far been held, in 1966 and 1967, 
both at the Villa Serbelloni, Bellagio, Lake Como, at the 
kind invitation of the Rockefeller Foundation. Essays 
arising from the first meeting have been published under 
the title Towards a Theoretical Biology—I. Prologomena 
(Edinburgh University Press and the Aldine Press, 
Chicago). The volume arising from the second meeting 
will appear during the summer. 

In an introduetory precireulated paper I pointed out 
that at the beginning of this century it was usually con- 
sidered that the most characteristic feature of life is its 
metabolism. “The constant synthesis, then, of specific 
material from simple compounds of a non-specific charac- 
ter is the chief feature by which living matter differs from 
non-living matter", was the way it was expressed by 
Jacques Loeb in 1916. At that time, there was a good deal 
of diseussion about whether living systems presented us 
with real or only apparent and local exceptions to the 
Second Law of Thermodynamics. 

About 40 years ago, however, it began to be realized 
that such views gave insufficient attention to the over- 
whelmingly important phenomenon of evolution and the 
increase in complexity of living things. The view gradu- 
ally gained ground, particularly under the urging of H. J. 
Muller, that the essential feature of life resides in its 
possession of a hereditary system capable of mutation, and 
thus of being affected by the process of natural selection. 
The orthodox view became, and in many quarters perhaps 
still remains, that the basic elements of life are the genes 
as units of information. I argued that the older view 
should not be completely abandoned. One can find 
examples of mutable hereditary information in extremely 
simple systems that no one would consider alive. Two 
examples were fairly thoroughly discussed; irregularities 
in the erystal lattices of complex materials such as clays 








by Cairns Smith, and tactie copolymers by Pattee. The 
reason why one is not tempted to apply the word living 
to the product of such processes is, I claimed, that they 
are not even potentially interesting enough; they do not, 
that is to say, suffice to provide any way in which one can 
hope to comprehend the complexity and elaboration 
which living systems are so obviously capable of produe- 
ing. The reduction of the biological system to mutable 
hereditary information therefore leaves out a feature which 
is essential for any theory which is to be applicable to 
biology as a whole. We need a hereditary system which 
does not merely contain information, but which acts as 
algorithms or programmes and thus leads to the produe- 
tion of a phenotype which takes its place between the 
genotype and the environment. It is the phenotype whieh 
acts on the environment (for example, in metabolism) and 
it is on phenotypes that the environment exerts its natural 
selective forces. 

The faet that phenotypes are essential features of 
biological systems, which cannot be omitted from any 
general theory, and the consequential implication that 
information theory is inadequate for biology and needs 
to be replaced by a theory of algorithms or programmes, 
was emphasized by several other speakers approaching 
the matter from different, and in many cases more formally 
mathematical or physical, points of view. Thus Michie 
and Longuet-Higgins, discussing biological replication 
in terms of computer programming, emphasized the 
practical necessity of segregating the programme and the 
operating machinery of the computer, which corresponds 
in biological terms to the separation of genome and 
phenotype. As Pattee remarked, the logic of this neces- 
sity has been discussed by von Neumann in Theory of 
Self Reproducing Automata (University of Illinois Press, 
1966). Pattee put the same point in another way when he 
emphasized that an effective hereditary system requires 
both a memory store, which must be constructed of rather 
inactive materials if it is to be stable enough and a 
mechanism not only for being replicated but also for 
affecting its surroundings. Whether it is theoretically 
possible to conceive of a substance which is sufficiently 
unreactive to be an efficient store and also sufficiently 
reactive to affect the environment is perhaps debatable. 
In practice, however, it is clear that living things on this 
Earth have not discovered such a material. They have 
in general settled on the rather unreactive DNA as the 
memory store and on RNA and proteins to decode this 
into enzymes which participate both in the replication 
of the store and in interactions with the environment. 

Following this line of thought, Pattee raised a question 
from the point of view of quantum mechanics, which 
seemed perhaps rather recondite to many of the biologists 
present. The stability of the algorithms stored in DNA i 
ensured by quentum mechanical processes which define 
the configuration of single DNA molecules. ‘Their replica- 
tion and decoding depend on the actions of enzymes, 
such as the polymerases, which ensure that the bases in à 
single strand of DNA are paired up correctly with the 
complementary bases to form the second strand or the 
corresponding RNA. The existence of sueh enzymes 
cannot, he claims, be deduced from the fundamental 
laws of physics. They are acting as “non-holonomic” 

















526 


constraints to limit the degrees of freedom of the whole 
system. Their origin at some very early stage of evolution 
is one of the major problems. Moreover, the stability of 
the algorithms stored in DNA is ensured by quantum 
mechanical processes, but the polymerases decode this 
into quantities of proteins and other cell constituents 
sufficiently large to operate according to the laws of 
classical physics. We are confronted therefore with an 
example of a “quantum measurement”, a matter which 
seems to cause theoretical physicists many headaches. 

The essential dependence of a hereditary system on the 
existence of non-holonomic constraints on the degrees of 
freedom is one example of a class of problems which 
appeared in several different guises during the discussions. 
A non-holonomic constraint may be regarded as a part 
of a physical system which has a very long relaxation 
time in comparison with the remainder of the System (as 
the polymerase molecules persist for a much longer time 
than it takes them to perform one base pairing). Bastin, 
considering the nature of the concept of a hierarchy of 
levels of organization, which plays such an important 
part in biology, argued that the only logical way in which 
it is possible to discriminate a number of activities into a 
hierarchy is by considering their reaction times, a higher 
level in the hierarchy always having a much longer reac- 
tion time than a level classified as lower. Again, Bohm 
discussed the concept of order as basie both to quantum 
mechanics and to fundamental biology. and argued that a 
hierarchical order or orders must eventually imply the 
existence of a “timeless order", thus emphasizing the 
importance of gross differences in reaction time. 

On a more down to earth biological level I have often 
emphasized that no conceptualization of a living system is 
adequate unless it includes at least four importantly 
different time seales, those of metabolism, development, 
heredity and evolution. In those parts of the discussion 
more concerned with biology than the deeper philosophical 
questions of quantum theory and the like, all these four 
levels came in for some consideration. The processes of 
metabolism were considered mainly in their more funda- 
mental aspects, that is to say, in connexion with the 
synthesis of new compounds, particularly proteins, The 
discussions started from the two basic points; that even 
the simplest living systems are exceedingly complex, so 
that many synthetic processes are proceeding simultane- 
ously; and that each of these processes is subject to 
control mechanisms, often of the type loosely referrred to 
as negative feedback. One of the major methods used in 
the physical sciences for the handling of complex systems 
is statistical mechanics. At the second symposium in 
particular, there was an extended discussion of the 
applications of statistical mechanics to a variety of bio- 
logical problems, not all at the level of metabolism. 
Kerner was one of the first to discover a way of handling 
the non-linear Volterra equations, which were originally 
formulated in connexion with competition between species 
in ecology, in such a way as to make them amenable to 
statistical mechanical techniques. Goodwin showed that 
the same equations can be applied to metabolic synthetic 
systems involving feed-back, and discussed at length the 
oscillatory behaviour to be expected in cells on this basis 
(see his book, Temporal Organisation in Cells, Academic 
Press, 1964). This is one of the fields in which mathemati- 
cal theory has led to a considerable amount of experimenta- 
tion, which has on the whole confirmed the theoretical 
predictions. Cowan has applied a similar mathematical 
treatment to complex neural networks, while Ibberal 
has studied a whole spectrum of oscillatory physiological 
phenomena, with periods varying from a few seconds to 
several days, presumably arising from control systems with 
a similar mathematical structure. 

In the field of development or epigenesis the last two 
decades have again seen great changes in the general 
tenor of biological theory. Up till about the mid-thirties 
the emphasis was on the differentiation of the cells of 
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higher organistus. There was little realization among 
embryologists of the enormous complexities of such 
objects, as revealed by genetics. The focus of attention 
was on the cell as a unified entity, and its differentiation 
was considered in terms of such vaguely formulated 
concepts as “potentiality”, "organizers", and the like. 
In recent times attention has shifted to the other end of 
the spectrum of possible types of theory. Any writer of 
today about the general principles of differentiation will 
almost inevitably begin (and very often end) with the 
Jacob-Monod repressor-operon story of the control of the 
action of a single gene (or small group of genes) in 
prokaryotic organisms in the chromosomes of which the 
DNA is not usually complexed with protein. This is, of 
course, to trace the alphabet of possible control mechan- 
isms in cell differentiation no further than from 4 to 
perhaps C; but it does certainly provide a line of approach 
to the much more sophistieated mechanisms which we 
must expect to find in more highly evolved organisms 
in whieh the DNA is normally combined with protein. 
and in which, the evidence suggests, at least at a crude 
level, the control is exerted on quite large batteries of 
genes rather than on single ones. 

On the other hand, there is a real intellectual task to be 
carried out by theoretical biologists in formulating à 
scheme of thought adequate for discussion of the global 
epigenetic properties of entities as complex as higher 
organism cells. The distinctions between a nerve cell, a 
muscle cell and a liver cell must involve differences in the 
activities of a large number of genes (at least several 
hundred, possibly an order of magnitude more). The 
facts that in normal development only a limited number 
of different cell types put in an appearance, and that each 
of them shows some power of “regulation” or resistance 
to disturbing effects of the environment, indicate that we 
are dealing with a number of domains of phase space, 
each containing a vector field dominated by a particular 
attractor. In the context of development we have to 
think of these attractors as extended in the time dimen- 
sion. The fact that the vector fields converge on to the 
attractors gives rise to a process of *homeorhesis", which 
can be contrasted with the more conventional idea of 
homeostasis in which the vector fields converge on to a 
static point which is not time-extended. I have proposed 
the name "chreod" for such a multidimensional domain 
which contains a vector field converging on to a time- 
extended attractor. 

This notion was developed in a way which was both 
more generalized and more precisely formulated by the 
French topologist, Rene Thom. He pointed out that the 
concept can be used over a much wider field than that of 
embryonie development; for example, the field of the 
shades of meaning of a word can be regarded as a chreod 
dominated by the attractor which is its “concise diction- 
ary" meaning. Again, at the second meeting Richard 
Gregory diseussed a theory of perception under the pro- 
vocative title “How so little information controls so 
much behaviour". His answer was, roughly, that a small 
amount of information arriving through the sense organs 
activates “pre-existing” models in the brain—which can 
be otherwise expressed by saying that the incoming, 
information falls within the domain of a certain chreod 
and thus converges on to its attractor. 

The main feature of the discussions in this area, however, 
was an analysis by Thom of the "catastrophes" at which 
the organization controlling one domain breaks down and 
the system becomes switehed into one or more alterna- 
tives. Physical examples are a shock wave, a liquid jet 
breaking up into drops, a wave breaking. He claims to 
have shown that in real four dimensional space there are 
only seven possible types of elementary catastrophe. 

Evolution was perhaps the most central theme through- 
out the whole discussions. Many physicists seem ready 
to concede that the principle of natural selection imparts 
to the biological world a type of logical structure, which 
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they scarcely meet in their own field of interest. Biologists, 
however, while gratified to be told that physicists admit 
that biology offers problems which aetually need thinking 
about, still remain doubtful whether physicists have 
realized just how challenging these problems really are. 
The most precisely formulated statements of evolutionary 
theory are enshrined in the mathematical theories of 
Haldane, Fisher and Wright. The equations which these 
authors put down in the years around 1930 have, of course, 
been greatly expanded and developed since then. The 
basic abstractions or simplifications of reality, however, 
which they used to enable them to cast the problem into a 
particular set of differential equations still underlie and 
limit all the more recent developments. Very few physi- 
cists and not many more biologists realize just how limiting 
these simplifications are. For reasons which it would be 
invidious to go into in any historical detail, Neo-Darwinism 
has become an established orthodoxy, any criticism of 
which is regarded as little less than lése-majesté. 

I made the point, however, that mathematical Neo- 
Darwinism attaches coefficients of selection to genotypes, 
whereas actually natural selection impinges in the first 
place on phenotypes. For theoretical Neo-Darwinism, 
evolutionary effectiveness is reduced to a one dimensional 
array of fitnesses, fitness being defined as the probability 
of leaving offspring in the next generation. I argued that 
in order to get back from this array of fitnesses to geno- 
types you have to take the following logical steps: (1) 
accept that there is some validity in averaging, or other- 
wise compounding, the fitnesses of various phenotypes 
over the whole range of environments which the popula- 
tion may encounter; (2) from each fitness value you have 
to make à one-to-many mapping into a space of pheno- 
types; (3) from each phenotype you have to map back 
to a genotype, passing through a space of “epigenetic 
operators” which is not wholly constituted by the active 
genes, but in which environmental influences may act 
as programme modifiers (thus again the mapping is not 
essentially one-to-one). One has, then, the converse of 
Gregory's situation "How does so little information 
control so much behaviour ?", namely, “What effect does 
so much behaviour have on so little information ?" 

The Neo-Darwinist mathematical formulations were 
acceptable a third of a century ago when the chief point 
at issue was whether Mendelism could rescue Darwinian 
natural selection from the doldrums into which it had 
fallen. They are patently inadequate, however, in 
connexion with the much deeper ecological and population 
genetical knowledge which we possess today. 

To define fitness as the ability to leave offspring in the 
next generation, in an environment treated as static if 
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not uniform, is both unrealistic and so limiting as to be 
intellectually boring. What if year n+1 or even n4 X 
brings a new predator, a new parasite, a new virus Or & 
new ice age ? Evolution is really about the ability to 
cope with futures which cannot be entirely known but 
may not be wholly unforecastable. Evolutionary theory 
has to be bold enough to face up to the intellectually 
challenging problems of "the strategy of the genes" 
(I wrote a book of the same name, Allen and Unwin, 
1957). In what circumstances does it pay off in long 
term survival of the species to operate like the mouse, 
whieh concedes to the difference between living in a tropi- 
cal environment or in a cold storege depot no more than a 
fractional increase in the length of its tail in the former 
and in thickness of its coat in the latter ? And, any 
how does a species fix it that natural selection brings this 
situation to reality ? Or, alternatively, when is it & good 
thing" to be as developmentally flexible as Artemia and 
other Crustacea, which allow their development to be 
modified by the immediate environment to the extent 
that the population of almost every ephemeral pond can 
be recognized as distinct ? When, and how, does an 
evolving species develop a blunderbuss defence mechanism 
against a whole category of threats that cannot be 
specified in advance—-as the higher vertebrates have done 
in evolving an antibody producing mechanism ? When, 
again, is it the best line to evolve a mechanism which 
allows you to avoid a nasty selective threat by either 
moving elsewhere (as some fish must have done when 
they colonized the extremely uninviting environment of 
the oceanic abysses) or by changing your behaviour and 
food habits (as London sparrows must have done when 
the streets were taken over by pollution-producing auto- 
mobiles, instead of horses with all those delicious seeds in 
their dung). 

The discussion of questions like these brings one face 
to face with problems which offer as much intellectual 
challenge as quantum indeterminaey or Bohr's comple- 
mentarity. Theorists in general science have staked out 
claims for a variety of fields in this area—games theory, 
decision theory, systems theory, and the like. It is not 
clear to the biologists wrestling with actual situations 
that meny of these "disciplines" amount to anything 
more than the formulation of a lot of problems for which 
no solutions can be provided; there seems to be a singular 
dearth of actually proved theorems which the biologists 
can take over and employ. Possibly the people who are 
trying to discover how to set up a computer to learn to 
play good chess, or bridge, are among those most likely 
to make a major contribution to the fundamental theory 
of evolution. 








Upper Miocene Primates from Kenya 


by Specimens of Kenyapithecus wickeri representing the family Hominidae 


L. S. B. LEAKEY 


National Museum Centre for Prehistory 
and Palaeontology, 
Nairobi 


have already been described from the Upper Miocene site at Fort 
Ternan, Kenya. The site has also yielded fossil remains of a member 
of the Hylobatidae resembling Limnopithecus; teeth of a primate 
closely resembling Oreopithecus; teeth of a species of Proconsul; 


part of a jaw which suggests the genus Dryopithecus and some teeth 
of the family Cercopithecoidea. 


THE importance of the discovery of Kenyapithecus wickeri 
at Fort Ternant? attracted much attention, but so far, 
only passing reference has been made to the fact that the 
same site has yielded evidence of a number of other con- 
temporary primates**. I wish to rectify this position and 


record information about the presence of other primate 
material from this site. 


Hylobatidae c.f. Limnopithecus 
Parts of two mandibles, as well as a number of isolated 
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teeth, that clearly belong to the Hylobatidae have been 
found. They exhibit certain differences from the speci- 
mens that have been described as Limnopithecus legetet 
and L. macInnesi from Lower Miocene sites in East 
Africa. Tt is not yet certain whether this new Upper 
Miocene hylobatid should in fact be referred to the genus 
Limnopithecus or whether it may not be nearer to the 
European genus Pliopithecus. Elwyn Simons‘, in any 
ease, regards these two genera as synonymous, but this 
view has not yet been generally accepted. It is, however, 
clear that the Fort Ternan specimens do not represent 
either of the two Limnopithecus species described so far, 
that is, L. legetet and L. macInnest. 

A revision of all the East African Miocene Hylobatidae 
specimens (more than 300) which are now in the Centre 
for Prehistory and Palaeontology in Nairobi, is in prepara- 
tion. Tt will include descriptions and notes on the taxono- 
mie status of the Fort Ternan specimens. 


Pongidae c.f. Dryopithecus 

The European and Asian pongid genus Dryopithecus 
(sensu stricto) has not so far been recorded from East 
Africa, but there is at least one specimen from Fort 
Ternan—a mandible fragment——which exhibits some of 
the essential morphological characteristies of this genus. 
In all known species of the genus Proconsul, there is no 
"simian shelf", while in the few specimens of European 
and Asian Dryopithecus material, in which the symphyseal 
region can be ascertained, this essentially pongid character 
is present. Furthermore, in Dryopithecus the lower third 
premolar usually bears two cusps (the lingual one being 
very small) while in Proconsul there is only one cusp. 
The new specimen from Fort Ternan corresponds closely 
with what can be seen in Dryopithecus (sensu stricto). 
It is therefore provisionally referred to that genus. It is 
certainly neither a Proconsul nor a Kenyapithecus. 

It should be noted that Elwyn Simons has suggested 
that Proconsul is no more than a sub-genus of Dryopithe- 
cus?, but this view has been contested*. Le Gros Clark 
and I placed Proconsul within the family Pongidae’ but 
accepted the full generic rank accorded by Hopwood’, 
Isuggested later than the known Proconsul species differed 
from all other Pongidae in so many characters that the 
genus should be regarded as representing a full family 
within the Hominoidea to be known as Proconsulidae!. 
This view has not attracted much support. For the 
moment, it seems best to leave Proconsul within the 
Pongidae (sensu lato), but to separate it from Dryopithecus. 
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Pongidae genus Proconsul 


A few specimens representing the genus Proconsul 
are certainly present in the fauna of Fort Ternan. In 
particular there are two very typical canine teeth. 


Oreopithecidae c.f. Oreopithecus 


Examples of the family Oreopithecidae had, until 
recently, only been recorded from Europe. Furthermore, 
it was not until Hurtzler's very important studies of the 
specimens from North Italy were published that the true 
status of Oreopithecus as representing a family wholly 
distinet from both Pongidae and Hominidae was appre- 
ciated. Elwyn Simons? later pointed out that Adapis 
from the Oligocene of the Fayoum might be regarded as an 
early representative cf this family. 

Several teeth which seem to be typical of the Oreopithe- 
cidae have now been found at Fort Ternan. The best 
specimens are a lower third molar, an upper (probably 
first) molar and an upper premolar. 


Cercopithecoidea 


At least two different types of “monkey” are representep 
by isolated teeth in the Fort Ternan material. These 
will be reported on by R. von Koenigswald with his study 
of similar teeth from our Moboko Island site. 

Excavations at Fort Ternan are still in progress and 
more material is coming to light. The present brief 
preliminary note is published without specific identifica- 
tions because of numerous demands from colleagues, who 
require at least a minimum of information to which they 
can refer. 

In view of the very limited area of the Fort Ternan site 
exposed in the exeavations so far, the wide range of 
primate material recorded above is very interesting. 

The work at Fort Ternan is financed by the Research 
and Exploration Committee of the National Geographie 
Society, Washington, to whom we are very grateful for 
sustained assistance. 
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Bone Smashing by Late Miocene Hominidae 


by 
L. S. B. LEAKEY 


National Museum Centre for Prehistory 
and Palaeontology, Nairobi 


Tue Upper Miocene fossil beds of Fort Ternan have 
yielded many hundreds of fossil bones of an extensive 
extinct mammalian fauna'. Most of these bones are not 
badly broken up and frequently bones are uncovered 
during excavation lying in natural articulation (Fig. 1). 
In this photograph can be seen (a) a complete skull of a 
hornless bovid with the mandible artieulated on the 
extreme right; (b) a large femur and tibia in articulation, 
bottom right; (c) the bones of the hind leg of an antelope 
comprising femur, tibia, astragalus and calcaneum, in 
artieulation; (d) part of an articulated vertebral column. 


Bones found in the Upper Miocene Fossil Beds of Fort Ternan, 
Kenya, show evidence of having been broken up by some kind of 
blunt instrument. 


There are also a variety of bovid mandibles which 
have come apart at the symphysis and other unbroken 
bones, 

In striking contrast to this situation, there are in the 
same deposit, and at the same level, small areas of fossils 
where the bones have been broken up, and where the 
damage includes excellent examples of depressed fractures 
of the types usually associated with "a blunt instrument" 
(Fig. 2). In this photograph can be seen: (1) a tibia 
broken aeross the shaft and with a depressed fracture at 
the proximal end (Fig. 3); (2) part of a bovid skull with 
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Fiz. 1. Part of the excavation showing skull and mandible of a bovid, on the right; large femur and tibia in 
articulation, bottom right; the bones of a leg of an antelope in articulation, centre; and part of an 


articulated vertebral column, left. 





a tibia broken across 


the shaft with a depressed fracture; beneath it a bovid skull with the back of skull and premaxillae broken away 
bottom right, part of large broken tibia; above right, “antlers” of deer-like creature with part of skull 


Fig.2. View of another part of excavation where all the bones are broken. On the left 


the maxillae intact, but the premaxillae and also the Ternan site, of the Upper Miocene hominid Kenyapithecus 
brain case have been broken away; (3) an “antler” of wickeri. During the 1967 season, additional finds included 
a deer-like creature attached to a fragment of brain case, a small broken bovid skull with a beautiful example of a 
but the rest of the skull is missing; and (4) a large broken depressed fracture (Fig. 4) which resulted in the removal 


tibia. of the oceipital region of the brain case and exposed thi 


Before the 1967 season, I had begun to suspect that brain cavity. We also recovered a peeuliar lump of lava 


these areas of broken-up bones had some special signifi- exhibiting several battered edges. and with every appeat 


cance in relation to the known presence, at the Fort ance of having been used to smash bones (Fig. 5) 
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Fig. 9. Details of the broken tibia with depressed fracture from Fig, 2 






CMS. 


-J "" illus 


INS. 


Fig. 4. Two views of the small bovid skull showing depressed fracture 
with a semicircular outline that has removed back of skull. 


Fig. 5. A view of one angular edge of lava lump with extensive damage 
as à result of battering, 





The available evidence presented here therefore strongly 
suggests that the Upper Miocene hominid Kenyapithecus 
wickeri® was already making use of stones to break open 
animal skulls in order to get at the brain and bones to 
get at the marrow. The new finds (which will be dealt 
with in detail in a fuller report), when taken in conjunction 
with the fact that at the base of bed I at Olduvai Homo 
habilis already had an extensive kit of different types of 
stone tool’, most strongly suggest that we can expect to 
find evidence of the making of stone tools during the 
Pliocene. 

The work at Fort Ternan has been carried out with the 
aid of grants from the Research and Exploration Com- 
mittee of the National Geographie Society, Washington. 
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Time Resolved Photometry in Two Pulsed Radio Source Fields 


by 

J. BORGMAN 

J. KOORNNEEF 
Kapteyn Observatory, 


Roden, 
The Netherlands 


Four pulsed radio sources have so far been diseovered!. 
All of them have short duration pulses and periods between 
0:285 and 1-34 s. 

Soon after the announcement of the discovery of the 
first source (CP 1919), Ryle and Bailey? suggested that 
this source could be identified with an 18m blue star. In 
an attempt to confirm the identification, Duthie et al? 
tried to observe optieal pulsations of the source. "Their 
detection technique is potentially capable of detecting 
light pulsations of 0-1" in a mode similar to the radio 
observations. The result was negative. A similar con- 
elusion was reached by Bingham‘. 

Bailey and Maekay* have searched the Palomar Sky 
Survey at the position of the source CP 0950; they 
could only find a very faint red object within the position 
error rectangle. CP 1919 has tentatively been identified 
with a faint blue object, so it seems likely that at least 
one of these identifications is incorrect. 

The positions of the other two sources, CP 0834 and 
CP 1133, are considerably less certain’. Although the 
attempts to find optical pulsations of the source CP 1919 
had negative results, we have tried to find within the 
position error rectangle objects with light variations in 
a mode similar to the observed radio pulsations. 

Our detection technique is based on photographs of 
the fields taken with the 24 in. telescope of the Kapteyn 
Observatory. This telescope has been equipped at the 
Jassegrain focus with a camera attachment consisting of 
a large field lens and a 35 mm camera. The system 
becomes effectively a 24 in. F/3-3 telescope, capable of 
photographing 18" stars on Kodak ‘Tri-X’ film in 5 min. 
The unvignetted field is approximately 15’ of are dia- 
meter. In order to obtain time resolved photometry over 
the entire field the camera was rocked at the published 
radio pulse frequency by a rotating eccentrie wheel driven 
by a synchronous motor. Asa result, “normal” star images 
are trailed; the objects which we searched for should have 





A search for optical pulsations from two of the pulsating radio 
sources has been made, with negative results. 


shown up as circular images. Several exposures were made 
to cover the entire position error rectangles. 

No optical pulsations were detected. If there were 
stars within the position error reetangle brighter than 
seventeenth photographie magnitude and showing pulea- 
tions of the off-on type (with the on-portion shorter than 
30 per cent of the period), they would have been found. 

This means that either the optical counterparts of the 
radio sources must be fainter than seventeenth photo- 
graphie magnitude, or that they do not show light pulsa- 
tions of the same frequency as the radio objects, in which 
ease they may have any brightness. The search for optical 
identifications in the cases of CP 1919 and CP 0950, 
however, indieates that the optical counterparts cannot 
be brighter than eighteenth and twentieth photographie 
magnitude, respectively. 

Combined with the information that CP 0834 and CP 
1133 are within a distance of 100 pe, we must conelude that 
their brightness does not exceed twelfth absolute photo- 
graphie magnitude; probably they are considerably 
fainter. 

The possible optical counterparts of CP 1919 and CP 
0950 must be fainter than thirteenth and fifteenth abso- 
lute photographie magnitude, respectively. If the tenta- 
tive identifications? with a blue and red star turn out 
to be correct, the optical counterparts fall in the class 
of the faintest known white dwarfs. 

We thank our colleagues Bosma and Wesselius for their 
interest in this investigation. 
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Radial Oscillation Periods for Hamada—Salpeter Models 


of White Dwarfs 


by 
J. SKILLING 


Mullard Radio Astronomy Observatory. 
Cavendish Laboratory, 
University of Cambridge 


RapiaL pulsations of white dwarfs may be responsible 
for the radio pulses discovered by Hewish et al.!, and so 
quantitative computations of the oscillation periods 
have become important to observational astronomers. 
The calculations of Meltzer and Thorne? are based on the 
Harrison-Wheeler-Wakano equation of state, which 
describes cold matter continuously catalysed to the com- 
position of lowest free energy. As these authors point 


Calculations of the oscillation periods for white dwarf models show 
that, until instability is reached, the period depends very little on the 
composition or the equation of state 


out, nuclear thermodynamie equilibrium is unlikely to be 
reached in real white dwarfs; real white dwarfs are prob- 
ably better described by the Hamada-Salpeter? models, 
whieh may be made of various elements such as helium, 
carbon and iron. The Hamada-Salpeter models also use 
an equation of state due to Salpeter', which takes into 
account various forces between the particles of the 
degenerate matter. 
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Various models and the periods of their fundamental 
radial modes have been computed using the variational 
formula of Ledoux and Walraven*. Trial eigenfunctions 
of the form 

E- ar? + Bri yr? 8r? 4 kr? 


satisfying the boundary condition at the surface, were 
used. Newtonian mechanies was used. 

To check the eomputer program, models obeying the 
Harrison-Wheeler-W'akano equation of state were com- 
puted and compared with Meltzer and Thorne’s results 
(Figs. 1 and 3). There is fair agreement in both mass 
andradius. Periods were caleulated for central densities oc 
up to 107? kg m-?, and again there is fair agreement. The 
differences are such as may be attributed to the neglect 
of general relativity in the present work. 

Similar computations were made for models composed 
of iron, of helium and of carbon, and obeying Salpeter's 
equation of state (Figs. 2 and 4). The masses and radii 
of the models (Fig. 2) agree precisely with Hamada and 
Salpeter's eomputations (whieh also omitted general 
relativistic effects). Helium becomes unstable against 
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Fig. J. The mass-radius curve for the Harrison- Wheeler-Wakano equa- 

tion of state, —————, Newtonian results obtained by the author; ---, 

general relativistic results, The parameters on the curves are central 
density in kg m-*, 
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nuclear reactions when  o,»8x10!, carbon when 


£e» 6 x 101, and iron when p> 10'? kg m-*; in each case, 
white dwarfs with higher central densities must contain 
eores of heavier or more neutron-rich elements?, 

A striking feature of Figs. 3 and 4 is that the oscillation 
period depends very little on composition, or on the equa- 
tion of state used, until the sequence of models approaches 
instability. The rising curves of Figs. 3 and 4 may all 
be very nearly superposed. The point at which instability 
oceurs is much more sensitive to such changes, and 
therefore the small periods for iron and carbon models of 
high density (Fig. 4) must not be taken very seriously 
until the calculations have been repeated with corrections 
for general relativity. 

I thank Dr P. A, G. Scheuer and others in the Radio 
Astronomy Department, University of Cambridge, for 
invaluable help and advice; I am indebted to the Science 
Research Council for à maintenance grant. 
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Bacteriophage Coat Protein as Repressor 


by 

HUGH ROBERTSON 
ROBERT E. WEBSTER 
NORTON D. ZINDER 


Rockefeller University, 
New York 


SEVERAL recent publications have dealt with possible 
mechanisms for the control of protein synthesis in 
Escherichia coli infected by the RNA bacteriophages!-!". 
For some time it has been evident that a specific mechan- 
ism is needed to explain the large excess of virus coat 
protein synthesized late in infection as compared with 
the synthesis of the other two known virus-specific pro- 
teins. Lodish and Zinder! suggested that the viral coat 
protein itself might somehow act directly or indirectly as 
a “repressor” of the synthesis of viral non-coat proteins 
in vivo—particularly the viral replicase the synthesis of 
which ceases midway through infection. In using the 
term “repressor”, these authors were thinking of an 
effect on the reading of messenger RNA at the level 
of translation. In this paper we should like to extend 
this concept to repression at the level of RNA transcrip- 
tion. 

The model of coat protein “repression” of translation 
has been pursued by several investigators who have 
studied an intriguing in vitro interaction between the coat 
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It seems that viral coat protein acts as a repressor of protein synthesis 
at the level of transcription rather than translation. 


protein of various RNA phages and the isolated viral 
RNA. Several workers?-* found that small amounts of 
coat protein bind to phage RNA and prevent the in vitre 
translation of the non-coat genes. This interaction. 
appeared to be specific, for other proteins such as tobacco 
mosaic virus coat protein did not interact to modulate 
translation in favour of coat protein. We have compared 
the interactions of viral coat protein and viral RNA from 
two similar but serologically unrelated RNA phages, 
f2 and q-beta. 

The effect of the two coat proteins on in vitro translation 
of the respective viral RNAs was first tested by comparing 
the relative incorporation of histidine and lysine into 
protein. The incorporation of histidine has been shown 
to be a specific measure of the translation of non-coat 
genes". Lysine is incorporated into al three phage- 
specifie proteins with the coat protein accounting for 
70 per cent of the hot TCA-precipitable radioactivity!’ 

A varying amount of f2 coat protein was reacted with 
f2 RNA and the resulting mixture used as template in an 

in vitro synthesizing system (Fig. 14). The 
amount of histidine relative to lysine incor- 
porated into protein is preferentially in- 

B hibited at low ratios of coat protein to RNA. 
This suggests that a few molecules of f2 

coat protein are able to bind to an f2 RNA 
molecule and prevent the translation of the 
histidine containing non-coat genes. The 
presence of coat protein from another similar 

RNA phage (g-beta) appears to have little 
effect on the ability of the /2 RNA to direct 
incorporation of the normal amounts of 
lysine and histidine into protein. Eggen and 
Nathans? have reported identical resulta 
using MS2 RNA. This same sort of 
specificity is observed when both coat 
proteins are reacted with q-beta RNA as 
shown in Fig. 1B. Specifically, /2 coat 
protein has little effect on q-beta RNA 

, translation, as has also been shown by 





10 20 10 


pumoles coat protein/uumoles 


f2RNA g8 RNA 


Fig. 1. Translation of /2 and q-beta RNA in the presence of /2 and q-beta coat protein. 
f2 and g-beta phage were grown and purified according to the procedure of Webster et al., 
‘| was performed at low phage con- 
X ‘lat warmer temperatures. Phage 
RNA was isolated and used as template in the in vitro protein synthesizing syste 
described earlier. An additional purification by sucrose density gradient centrifugat 
in O-1 M tris-HCI, pH 7-0, with 0-001 M EDTA was needed to obtain preparations of eom- 
pletely 278 q-beta RNA. Phage protein was isolated and its concentration was determined 
by the method of Sugiyama ef al.* and stored at 4° C in acetic acid, pH 3-2. Coat protein 
and RNA were incubated for 20 min at 25° C in the presence of 0-1 M tris- HCl, pH 7-0, 
1 , tion mixture was added to 
give a final volume of 100 xl. containing all the ingredients of in vitro protein synthesizing 
The reactions were incubated for 25 min at 37° C 
and the amount of *C-Lysine (specife activity 241 Ci/mole) and '*C-histidine (specific 
activity = 248 Ci/mole) incorporated into 5 per cent TCA-precipitable material was 


with one modification: the banding of the q-beta in CsCl 
centrations at 4° C, for g-beta tends to precipitate in € 








The total volume was 30 el. Then 70 al. of a preincubated re. 


system as described by Webster ef alU. 


uumoles coat protein/gjmioles 


Ward’. Only q-beta coat protein is able to 
depress the ineorporation of histidine into 
protein directed by q-beta RNA (Fig. 18). 
The kinds of interactions between coat 
proteins and RNAs were further analysed 
by use of sucrose density-gradient centrifuga- 
tion. Fig. 24 shows the pattern obtained 
when f2 RNA was incubated with “C-/2 coat 
protein. Approximately 70-80 per cent of 
the radioactivity recovered from the gradient 
migrated with the 305 f2 RNA peak (com- 
plex I as defined by Sugiyama ef alh 
Fig. 2B shows that no “C-f2 coat protein is 
able to bind to the 30S q-beta RNA in the 








measured. Maximum incorporation is defined as that observed in the absence of any coat zm 

protein. e f2 ENA (zo pumoles) directed Mey (@—@) and histidine (O --- ©) same conditions. 

ineorporation into protein in the presence of f2 coat protein. The f2 RNA (20 uamoles) Tm sf in ritr "analatic F 
directed lysine ( x — x ) and histidine (x --- x ) incorporation into protein in the presence The modulation of in vitro translation of 


of g-beta coat protein. 


in the presence of q-beta protein. 


f gt n. B. The q-beta RNA (23 uumoles) directed lysine (6$ — 6) and 
histidine (© - - - ©) incorporation in the presence of /2 coat protein. The g-beta RNA 
(23 uumoles) directed lysine ( x — x) and histidine (x --- x) incorporation into protein 


non-eoat genes by the specifie binding of & 
few homologous coat molecules has led to 
the hypothesis that such a complex could be 
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responsible for the large amounts of coat protein syn- 
thesized in the later stages of intracellular phage growth’. 
Such a hypothesis predicts that the complex should be a 
relatively stable structure and not easily chased into 
phage particles by an excess of coat protein. To partially 
test this prediction, a few molecules of 4C-f2 coat protein 
were allowed to bind to f2 RNA. To half of this mixture 
was added a ten times greater concentration of unlabelled 
f2 coat protein, which was incubated, and the products 
of both reactions were examined by sucrose density 
gradient centrifugation. Fig. 34 shows that the radio- 
activity and RNA migrate faster in the reaction con- 
taining the large amount of unlabelled f2 coat protein. 
This phage-like species corresponds to complex II as 
defined by Sugiyama et aL?. That part of the reaction 
mixture which received no extra coat protein gave 
essentially the same pattern observed in Fig. 2. It is 
diffieult to ascertain whether the labelled coat remained 
on the RNA and was chased into these particles or whether 
the labelled coat re-equilibrated with the excess unlabelled 
coat and then formed particles, for either alternative 
would lead to a similar ratio of C-coat protein to RNA 
in these conditions. Tt is obvious, however, that complex 
I is rather unstable in the presence of large amounts of 
coat protein. 

Fig. 3B shows the results of the sume experiment using 
q-beta RNA. Although low concentrations of *C-f2 coat 
protein gave no binding (Fig. 2B), the later addition of 
large amounts of unabelled f2 coat protein appeared 
to be able to bind and form some type of heavy par- 
ticle. 

These data suggest that the binding of the coat protein 
to the RNA occurs in two types of events: the binding 
of relatively few coat protein molecules and the arrange- 
ment of a larger number of coat protein molecules to form 
a complete phage-like particle. In the case of f2 coat 
protein interacting with g-beta RNA, these two events 
appear to be independent, for small numbers of f2 coat 
protein molecules do not bind or affect translation of the 
q-beta RNA, whereas a large concentration of f2 coat 
protein appears able to form a phage-like particle with 
q-beta RNA. 

Recently Engelhardt, Robertson and Zinder have pub- 
lished observations on the in vitro translation of multi- 
stranded RNA intermediates isolated from E. coli infected 
with the phage f2 (ref. 10). These structures are thought 
to contain nascent viral RNA strands bound to their 
double-stranded templates!*, When tested, these mole- 
cules served as messenger RNA almost exclusively for 
coat protein. 

One other observation of these authors should be noted, 
however. The preliminary fractionation of the replicative 
intermediates was based solely on their content of double 
stranded RNA. When these structures were further 
fractionated between those with fairly extensive single 
stranded tails (1 M NaCl precipitable) and those with 
short or no tails, there was little difference in their specific 
messenger activity. Both fractions made coat protein. 
Thus almost all of the double stranded RNA which can 
be isolated from infected cells contains the coat protein 
gene in a translatable position. Engelhardt et al. there- 
fore postulated that most of the protein synthesis late in 
infection was directed by these intermediates. This 
hypothesis is supported by several recent reports that 
double-stranded RNA from infected cells is associated 
with polyribosomes'4-18, Free single stranded RNA was 
visualized as being rapidly incorporated into phage 
particles and removed from circulation, as is now sug- 
gested by the in vitro chase experiments described here 
(Fig. 3). Thus coat protein might be considered a modu- 
lator of translation only in so far as it removes potentially 
translatable single-stranded RNA from the messenger 
RNA pool. 

A rather complex and somewhat paradoxical situation 
therefore arises when the preferential synthesis of coat 
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protein late in infection is considered. First, the trans- 
lation of free single stranded RNA is known to be intrin- 
sically biased to favour coat protein synthesis!?, ‘Then 
it is evident that there is a highly specific interaction of 
single stranded RNA with its principal product to further 
modulate the translation of the RNA in favour of coat 
protein. Finally, there is this multi-stranded RNA 
isolated from infected cells that has the intrinsic property 
of making coat protein almost exclusively. In an attempt 
to interrelate these findings, several experiments have 
been carried out with coat protein and various {2 RNAs 
containing double strands. A preliminary finding was 
that f2 coat protein had no effect on the translation of 
multi-stranded RNA from cells infected with f2. Both 
lysine and histidine incorporation were unaffected by the 
addition of six to ten coat monomers per multi-stranded 
RNA molecule. 
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Fig. 2. The sucrose density sedimentation pattern of f2 or q-beta RNA 
after incubation with /2 coat protein. Radioactive phage were grown in 
minimal salts medium! supplemented with “C-leucine, "U.valine and 
HC-tyrosine and other unlabelled amino-acids. The RNA and "C-coat 
protein (specific activity =6-7 uCi/mole) were incubated in 0-15 ml. of 
0-1 M tris-HCl, pH 7-0, for 20 min at 25" C, The reaction was lavered on 
à 9 ml. sucrose gradient (5-20 per cent) in 0-1 M tris-HCl, pH 7-0, and 
0-01 M EDTA and centrifuged at 38,000 r.p.m. for 4 h at 4° C in the 
SW-39 rotor. Fractions (fifteen drops) were collected, diluted to 1 ml. 
with 0:1 M tris-HCl. pH 7-0, and the optical density was measured at 260 
ma. TCA-precipitable radioactivity was determined by the method of 
Engelhardt etal". Approximately 50 per cent of the radioactive protein 
applied to the gradient is recovered. The arrow marka the position of 
*H-f2 marker phage (765). A, f2 RNA (42 uumoles) incubated with 
450 xumoles of !C-f2 coat protein. B, q-beta RNA (26 uumoles) incuba- 
ted with 450 wumoles of !C-/2 coat protein. 











It was of interest to explore other possible interactions 
of coat protein with the double stranded portion of the 
multi-stranded molecules. ^ Multi-stranded RNA was 
isolated from infected cells, further treated to remove 
most of the single stranded tails'*, and mixed with six to 
ten “C-labelled f2 coat monomers per molecule of double 
stranded RNA. Fig. 4 shows that approximately 70 per 
cent of the coat protein recovered from the gradient is 


NATURE, VOL. 218, MAY 11, 1968 


associated with the RNA. Again this binding appears 
quite specifie, for only a small amount of g-beta *C-coat 
protein is bound to the double stranded f2 RNA in these 
conditions. Addition of twice as much f2 coat protein 
did not result in further binding. 

It is apparent that low levels of coat protein can be 
specifically bound to the double stranded RNA to a 
similar degree as occurs in complex I formation with 
single stranded RNA. As a measure of the relative 
efficiency of binding of coat protein to these two types of 
molecules, limiting amounts of coat were added to an 
equimolar mixture of the two RNAs. Fig. 5A shows that 
most of the bound coat protein is associated with the 
double stranded RNA. 

During the time when the in vivo control of protein 
synthesis is operative, both double stranded and single 
stranded phage RNAs are present in infected cells}, 
Studies by Weissmann et al. have shown that the ratio 
of positive to negative strands is about 9: 1, suggesting 
that the ratio of positive to double strands is about 8 : 1 
late in infection. There is convincing evidence that 
many of these double stranded structures exist as such in 
infected cells and are not artefacts of isolation (ref. 18 
and unpublished work of H. D. Robertson and R. E. 
Webster). As has already been pointed out, many of 
the positive strands will have been encapsulated into 
virus particles at any given time. It was decided none- 
theless to mix single stranded and double stranded RN As 
in a ratio of eight molecules to one, and to expose them 
to a limiting amount of f2 coat protein. Fig. 5B shows 
that in these conditions half of the bound coat protein 
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Fig. 3. The sucrose density sedimentation pattern of f2 or g-beta RNA 


after incubation with high concentrations of f2 coat protein. Experi- 
mental conditions were the same as those described in Fig. 2. The arrow 
marks the position of ?H-/2 marker phage. 4, /2 RN A (40 uumoles) was 
incubated with 450 pumoles of “C-f2 coat protein and after 20 min 
5,000 «umoles of unlabelled /2 coat protein was added and the mixture 
was incubated further. The dashed line is the radioactive pattern 
obtained from the same experiment without any added RNA. B, g-beta 
RNA (27 uumoles) was incubated with 338 uumoles of !3C-f2 coat protein 
and after 20 min 5,000 zemoles of unlabelled /2 coat protein was added 
and the mixture was incubated furtber. 
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Fig.4. Sucrose density sedimentation pattern of f2 double stranded RNA 
after incubation with f2 or q-beta coat protein. The double stranded. 
RNA with little or no single stranded RNA attached was prepared and 
characterized as described by Engelhardt ef a£, It did not serve as 
messenger for in vitro amino-acid incorporation, and chromatographed 
entirely as double stranded RNA on a cellulose CF-11 column, The 
RNA and coat protein were incubated and centrifugation was carried 
out as described in Fig. 2 (except duration of the run was 61) (e — 47. 
Optical density profile at 260 mg of f2 double strands (37-5 piidnoles). 
(o ---QX TCA-precipitable radioactivity obtained after preinct 

tion with “C-f2 coat protein (338 upmoles; specific activity = 6-7 gt 
umole), (x . x), TCA-precipitable radioactivity obtained after 
preincubation with q-beta coat protein (345 uamoles: specific activity 

= 7-3 uCifumole). 





migrates with the large single stranded peak, while the 
other half migrates with the small peak of double 
stranded RNA. 

Thus f2 coat protein binds preferentially to f2 double 
stranded RNA. But if a structure involving double 
stranded RNA and coat protein were to have significance 
in vivo, it would have to remain comparatively stable in 
the presence of single stranded RNA and additional large 
amounts of coat protein. Equal amounts of single and 
double stranded RNA were therefore mixed and incn- 
bated with a limiting amount of labelled coat protein--- 
conditions previously shown to result in binding of nearly 
all of the coat protein to the double stranded RNA. Then 
a fifteen-fold excess of unlabelled f2 coat protein was 
added. Sucrose density gradient centrifugation revealed 
that all of the single stranded RNA had been incorporated 
into complex IT, but that this structure contained less 
than 2 per cent of the labelled coat protein, On the other 
hand, the peak of double stranded RNA retained its 
position and still contained about 50 per cent of the 
labelled coat protein. The remaining radioaetivity was 
located in the peak of free coat protein at the top of the 
gradient, with which it apparently is capable of slow ex- 
change. 

The experiments described here reveal a specifie inter- 
action between f2 coat protein and f2 double stranded 
RNA. The coat protein binds preferentially to the double 
stranded RNA as compared with the single stranded 
RNA. Also, the complex of f2 coat protein and double 
stranded RNA is comparatively stable in the presence of 
f2 single stranded RNA and an excess of coat protein. 
'This contrasts with the observations that in the presence 
of a similar excess of coat protein much of complex I 
disappears and is replaced by the phage-like complex IT. 
Late in infection there is a large excess of coat protein, 
and so it is questionable that complex I can aecount for 
the large excess of coat protein synthesis which oceurs at 
this stage. 

We suggest an alternative hypothesis regarding the 
mode of action of these phage-specifie components in the 
control phage protein synthesis late in infection. The 
most striking finding of Engelhardt et al. was that the 
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Fig. 5. Sucrose density sedimentation patterns of f2 single stranded 


and double stranded RNAs mixed in several proportions and incubated 
with limiting amounts of /2 coat protein. The reactions were incubated 
as described in Fig. 2, except that the reaction volume was 0-10 ml. 
Sucrose density gradient centrifugation was carried out as described in 
Fig. 4. The arrow marks the position of free f2 coat protein. A, 42 
npmoles of f2 single stranded RNA and 37-5 uumoles of f2 double 
stranded RNA were mixed and then 240 uumoles of “C-f2 coat protein 
(specific activity = 6-7 »Ci/amole) was added. B, 111 wumoles of f2 
single stranded RNA and 12-5 uumoles of f2 double stranded RNA were 
mixed, and 180 iemoles of 4C-f2 coat protein was added, 
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multi-stranded intermediates of replication already con- 
tained many copies of the coat gene in a translatable 
position as compared with the other genes. We now 
suggest that this biased RNA synthesis could be a con- 
sequence of binding of coat monomers to replicative 
intermediates in such a way as to create a differential 
rate of RNA synthesis between the end of the nascent 
single strand containing the coat gene and the remaining 
portions of this strand containing the other genes. This 
could be the result of a temporary interruption in RNA 
synthesis which would take time to overcome, or the 
result of a decrease in the average rate of RNA synthesis 
beyond the coat protein binding site. In other words. 
coat protein might act as a repressor in the true sense. 
that is, at the level of transcription, as opposed to a 
modulating factor acting at the level of translation. 

It is apparent that there are a number of different 
ways in which eontrol of protein synthesis during phage 
infection might be accomplished. Each of these ways has 
intrinsic interest and also serves to enlarge our view of 
potential control mechanisms. In the partieular instance 
studied, only further analysis can determine which of 
these mechanisms plays the principal part in infected 
cells. 

We thank Miss Vilma Bautista for technical assistance. 
This investigation was supported in part by a grant from 
the US National Science Foundation. 
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80 MHz Photography of the Eruption of a Solar Prominence 


by 

J.P. WILD 

K. V. SHERIDAN 

K. KAI* 

CSIRO Division of Radiophysics, 
Sydney, 

Australia 


On February 25, 1968, at 4h ur we photographed at 

intervals of 1 s a solar eruption in the radiation emitted 

within a 1 MHz band centred on 80 MHz. The event 

seems to be of special interest not only because it is the 

first significant event to be photographed in the radio 
* On leave of absence from Tokyo Astronomical Observatory. 


Photographs of the eruption of a solar prominence made in its 
radiation at 80 MHz by the Culgoora radioheliograph reveal relation- 
ships between the prominence, a flare and solar radio emissions. 


spectrum but also because of the intriguing relationships 
it reveals between a flare, an eruptive prominence more 
than 10° km away and their radio emission from the 
overlying corona. The observation was made using the 
radioheliograph! which was completed recently at the 
CSIRO Solar Observatory, Culgoora. The instrument 
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has an annular aperture of 3 km diameter and provides 
solar images in the form of a 60x48 raster of picture 
points with a picture-point resolution of about 2'.3 at the 
relevant solar zenith angle. 


The Flare 

'The sequence of activity (summarized in Figs. 1 and 2) 
seemed to be initiated by a flare, F. at S. 30°, W. 20°, 
seen to begin in Ha at 03h 46m. The 80 MHz emission 
began 11m.3 later with the onset of a type II burst. This 
burst appeared on the radioheliograph sereen as an 
elongated (~ 9’ x 18’) brightening of highly variable inten- 
sity but essentially fixed position (source a in Fig. 1 and 
Fig. 2). Samples of the 80 MHz photographs are shown in 
Fig. 3 (i) and (ii); the latter also includes an apparently 
diseonnected brightening of short duration and compact 
shape caused by (and typical of) type III bursts. 

In keeping with current ideas?? the type II source is 
interpreted as radiation from Cerenkov plasma waves 
(“plasma radiation) which are generated when a magneto- 
hydrodynamic shock wave from the centre of the flare 
passes through the 80 MHz plasma layer of the corona 
(the slight magnetic splitting of this level being ignored). 
If we make the commonly adopted assumption? that the 
appropriate eoronal electron densities are twice as great 
as those given by Newkirk's model for an active region', 
the 80 MHz layer is found to lie 4:25 x 10° km (0-6 Ro) 
above the photosphere. If we further assume that the 
shock wave originates near the photosphere, we deduce 
that it travels radially outwards at a speed of 625 km s-! 
within a quasi-elliptical cone the total vertical angle of 
which is about 90° in the east-west direction and 45° 
in the north-south. The source radiated intensely for 5m 
and subsequently reappeared twice for shorter periods 
(see Fig. 1). presumably as a result of the arrival of later 
shock waves. 


The Prominence 


At 04h 00m, some 14" after the onset of the flare, an 
existing prominence on the eastern limb of the Sun (P in 
Fig. 2) was seen by optical observers at Culgoora Observa- 
tory to erupt, ascending to a height of 0-25 Ro before 
fading at 04h 15m, We presume that this eruption was 
activated by a shock wave from the flare F travelling 
1-1x 106 km round the surface of the Sun at a mean 
velocity of 1,300 km s-'. Shock-like disturbances of 
similar velocity have been directly observed by Moreton? 
using off-line Ha photography and have been seen to 
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Fig. 1. 





1. 80 MHz flux record of the outburst, showing the times of appearance of the different source regions (a-e) indicated in Fig. 2 
the time when the Ha flare started, and P the start of the Ha prominence eruption. 
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activate dark filaments on the disk, though the present 
event appears to be the first record of a major prominence 
eruption being triggered by a distant flare. 

The eruptive prominence was accompanied by the 
appearance of a remarkable radio souree which could be 
resolved into two distinctive components. The first 
component, a moving type IV burst*, initially appeared 
above the limb prominence about 5™-5 after the latter 
was seen to erupt in Ha. It persisted for 30m, during 
which time it moved outwards from a mean height of 
0-65 Ro to 1:0 Ro; most of the movement occurred late 
in its life, between 04h 18m and 14h 30m, when its apparent 
velocity was about 400 km s~. The source, shown in 
Fig. 3 (ii)-(viii) and labelled b in Fig. 1 and Fig. 2, was 
elongated in the tangential direction with typical angular 
dimensions of 20'x 10’, Apart from small fluctuations, 
the temporal variation of its flux level was gradual. 

The second component, which corresponded to the 
sudden increase of flux in Fig. 1 (source c) between 04h 13m 
and 04b 15m, appeared as a huge arc (Fig. 3, iv) extending 
from the type IV source to a point above the south pole; 
along most of its length it lay just above the assumed 
plasma level but extended upwards to a maximum height 
of 1-5 Ro. The sudden and almost instantaneous appear- 
ance and disappearance of this source suggest an origin 
in a shock wave passing through the plasma level—-that 
is, the burst was of spectral type II, a type known to be 
sometimes associated with ascending prominences?'*. 
Assuming the shock wave to have originated from near 
the photosphere when the Ha prominence erupted, we 
infer a shock velocity the radial component of which is 
550 km s~, which is typical for such phenomena’. 

Coneurrent decimetrie wavelength emission was ob- 
served by Mullaly and Watkinson (following article) from 
the flare and the prominence in a double event character- 
istic of a triggered sequence*. The prominence emission 
was first seen at about 04h 20m from a source ~ 602 Ro 
beyond the limb. The appearance of this burst and the 
absence of a characteristic microwave flare event in the 
region of the prominence give strong support to our 
view that the prominence eruption occurred as the direct 
result of a triggering disturbance from the flare F. 

If our 80 MHz identifications of burst b as type IV and 
burst c as type II are correct, then according to the 
generally aecepted view the burst b was caused by syn- 
ehrotron radiation from a relatively low population 
(^10? em) of MeV electrons? while e was eaused by 
plasma radiation from a much larger population of 
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F denotes 


g. S. 


The dashed and thick lines above the flux record mark 


periods when extra attenvations of 7 and 14 dB, respectively, were inserted between aerial and detector. With no attenuation inserted the fuli- 


scale deflexion corresponds to a flux density in one polarized component of about 10 W m Hz. 


The event showed no circular polarization. 
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al disk (full circle) and 80 MHz plasma level 

(dashed circle). The shaded radio sources a and e are identified as type LI 

bursts and the moving source b (b,—5,—,) as type IV. Sources d.» and 
f are short-duration type HI events not discussed in the text 


a-e) in relation to the opti 





electrons of lower energy (tens of keV)*?, Both hypo 
difficulties—though not unsurmountable 
when confronted with the present evidence. 

The first problem arises because the type IV souree 


theses meet 


ones 


seems to spend more than half its life in a r« 'ughls constant 
position (~b, in Fig. 2) near or slightly above the plasma 
level (here we discard as unlikely the possibility that the 
true height is much higher than the apparent height 
owing to non-radial geometry or refraction). Emission 
of synchrotron radiation at a given frequency, f, can be 
strongly influenced by the medium surrounding the 
source even when the plasma frequeney fp of the medium 
is considerably lower than f. In this condition. and in 
the further condition of weak magnetic fields (that is, the 
gyrofrequency, fy. is small compared with fy). the radia- 
tion from electrons of energy E becomes severely reduced 


E. f 


when!* 


> 
me? ™ fp 
or 
E(MeV) 2 1/2(f/fp) 
Thus radiation from electrons with energy ~3 MeV 


(such as are required* for efficient radiation in the metre 


v 


Fig. 3. 80 MHz photographs taken at different st 
optical disk with the same orientation as in Fig 








tes of the solar outburst, n 
the raster of points is slanted to maintain the correct geometry. The brightness gain 
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waveband in magnetie fields ~ 1G) is steeply reduced in 
regions where the plasma frequency exceeds about f/6 

that is, at heights below about 2-3 R 
at f=80 MHz. (A corresponding effect on the spectrum 
of a type IV burst, far out from the Sun, has recently 
been noted'.) To obtain appreciable synchrotron radia 
tion near the plasma level (again with fg fp) a very much 
larger population of electrons of barely relativistic energies 
(E<0-5 MeV) and so the 


plasma radiation becomes the dominating mechanism is 


for solar sources 


is required, domain where 
both mechanisms 
plasma radia 


radiation at 


entered. This argument suggests that 
may play a part in moving type IV bursts; 
tion at lower heights and synchrotron 
greater heights. 

The second problem eoncerns the source c, 


of type IT. Plasma radiation at a given fre queney origin- 


supposedly 


ates from a thin shell near the plasma level (second 
harmonic emission from the 40 MHz level can be exeluded 
in the present case because this could only occur much 
later in the event). Yet the observations show that in 


parts the emission originates from much greater heights, 
the peak being some 1:5 R above the photosphere. Our 
interpretation can thus only be maintained if we presume 
that at the time of the burst localized regions of the 80 
MHz plasma level were raised from the normal value 
(^ 0:65 Ro) to heights as great as L5 Ro, implying that 
the corona at the greater heights contained concentrations 
of plasma the density of which exceeded the normal valu 
by a factor of up to 10. An adequate supply of electrons 
for this process is available from the prominence itself 
Finally, that the identification of 
of type TV as well as type IT with a prominence eruption 
triggered by a presumably weak shock wave from a distant 


we point out burst« 


flare suggests release of energy stored in the vicinity of 
EE g ` 


the prominence and its conversion into shock waves and 
charged 
characteristically situated at the base of coronal streamers 
which are believed to be formed around a neutral mag 


particles. Because quiescent prominences art 


netic plane'*, one may speculate that the stored energy 
in the magnetic configuration is released by an instability 
triggered by the arrival of the shock wave. The ensuing 
physical processes may be similar to those suggested by 
Sturrock'* for solar flares, but modified by the lower 
temperatures and weaker fields of quiescent prominences. 
We suggest that the downward flow of charged particles 
accelerated as a result of such an instability could be 


responsible for heating the cold prominenee matter, 
causing it to expand and erupt. 
We thank Dr S. F. Smerd, Dr D. J. McLean and Mr 
ili iv 
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Euch picture was taken in 1s. The circles indicate the Sun's 


of the cathode-ray tube display is adjusted between frames to accommodate the intensity range within the dynamic range of the recording 


The sequence numbered from left to right is as follows 


system, 
Jottom row: (v) 04^187»20* 


ind. b, (iv) 04^13742* —e dominant 


Top row 
ba, (vi) 04°19"23*—4,, 
(viii) 04^20m30s 


a and d, (iii) 04^06295— q 
vii) 04^2597408— b,- 


source a, (ii) 02^50942* 
a (recurrence) and other 


(i) 03* 50m] 4* 


h, (fading) 


NATURE. VOL. 218, MAY 11, 1968 


G. E. Moreton for valuable discussions; Mr P. Caldwell 

for providing optical data; Dr R. F. Mullaly for providing 

decimetre data; Mr W. J. Payten and Mr H. Black for 

help in making the radio observations; and many col- 

leagues responsible for the successful operation of the 

equipment. 

Received April 16, 1965. 

1 Wild, J. P., Proc. IREE Austral, 28 (1967). 

!Ginzburg, V. L., and Zheleznyakov, V. V.. Astron. Zh.. 85. 694 (1958); 
Soviet Astron. AJ, 2, 653 (195 


3 Wild, J. P., Smerd. S. F.. and Weiss. A, A., Ann. Her, Astron. Astrophys., 
1, 291 (1963). 








538 


? Newkirk, G., Astrophys. J.. 198, 983 (1961). 

5 Moreton, G. E., Astron, J., 68. 145 (1964). Proc. Plasma Space Seience 
Sump. (edit. by Chang, C. C., and Huang, & 8, (D. Reidel Pub. Co, 
Dordrecht, 1965). 

* Boischot, A., and Denisse. J. F., Comptes Rendus, 245, 2194 (1957). 

? Giovanelli, R. G., and Roberts, J. A., Austral, J. Phys., 11, 353 (1958). 

* Warwick, J. W., Solar System Radio Astronomy (edit. by Aarons. J.) 
(Plenum Press, New York, 1965). 

* Mullaly, R. F.. Austral, J. Phys. 14. 540 (1961). 

u Ginzburg, V. L., and Syrovatskii, S. L, Ana. Bev. Astron. Astrophys.. 8, 
297 (1965). 

1 Boischot, A.. and Clavelier, B.. Astrophys. Lett 1.7 (19671. 

‘= Kuperus, M., and Tandberg-Hanssen, E.. Solar Phys 8. 39 (1067. 

? Sturrock. P. A.. Nature, 211, 695 (1966). 








Solar Event at Two Decimetre Wavelengths 


by 
R. F. MULLALY 
A. WATKINSON 


School of Electrical Engineering, 
University of Sydney 


Wild, Sheridan and Kai (preceding article and a private 
communication from J. P. Wild) report a series of metre 
wavelength solar burst events observed at 80 MHz shortly 
before and after 0400 ur on February 25, 1968. What 
seem to be closely associated decimetre wavelength events 
were recorded at the Fleurs Field Station of the Electrical 
Engineering School, University of Sydney. 

The east-west array of the Christiansen interferometer 
has been described elsewhere!-?. It gives fan-beam scans 
of the Sun with a half-power resolution of 2’ of arc at 
21 cm (1,424 MHz) and 4’ at 43 em (696-5 MHz). The 
Sun is scanned at approximately 5 min time intervals 
on the higher, and at 10 min intervals on the lower, 
frequency. There is also a total-power radiometer, 
operating at 720 MHz and 1,420 MHz. 


Flare at S, 30°, W. 20° 


The solar event described in the preceding article was observed 
with high angular resolution at two decimetre wavelengths. 


The sequence of events is shown in Fig. l. The flash 
phase of a flare (importance 1 or l+: situated near 
S. 30°, W. 20°) occurred at 0346 ur. A few minutes 
before this on 21 em and about 2 min after it on 43 cm 
the Sun's radio emission rose perceptibly. Between about 
0353 and 0400 the increase was marked, its height being 
20 or 30 per cent above the level of the undisturbed Sun. 
Three distinet maxima can be seen on the radiometer 
records; there are minor differences between the two 
frequencies. After about 0400 there is no strong activity, 
but the level at both frequencies remains a few per cent 
above the undisturbed Sun level for at least half an hour, 
and fluctuates somewhat. 

From east-west scans with the fan-beam (Fig. 2) it is 
possible to associate all, or almost all, of this activity 


Fiash phase 






Éruptive prominence on east i ne 
—— 











| 
i 
b 
A A r 160 
PAL A 
2: fU M x [ 140 
liem A SA. 
Sd mM T 
t 1260 
t t ? t t $ 1 t ! 
, ! 
Limb burst ^ f\ i 
present f 
|y 
o" | 00 
433 cm-A P á . i 
ddl en = ACA d 
e nt 4 
2 t + t t 3 xit 
————— —L-—— — : Mp4 
0420 04260 0410 9400 0350 0340 
UT 


Fig L 


d Fleurs solar radiometer records at 21 and 43 em for February 25, 1968. The emissio 
from the undisturbed Sun is provisionally taken as 125 and 85 solar flux units, respectiv 





Increased emission is almost entirely from burst source A. Arrows below the radiometer traces 


mark mean times of east-west fan-beam scans. 


Also shown is concurrent optical and metre 


wavelength activity. 
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b 


yest fan-beam scans of the Sun before and during the decimetre burst 
e Sed: a, 43 cm (showing burst at 0354 UT; 
UT. Note effect of sidelobes (dashed line) elose to burst source. 







b. 21 em with burst at 6 
Also absence of ; 


appreciable sidelobe effect from A on east limb. 


FLA. 





a 


Vig. 3. Superimposed east-w 
em source at 0421; b 








with a source (source A) just west of the Sun's centre. 
There was a small radio plage* on the Sun's surface seen 
when a 21 em brightness map ("radioheliogram") was 
obtained with the pencil beam (3' x 5' angular resolu- 
tion). Tts position, about S. 30^, W. 20°, was close to 
that of the flare, and was consistent with the souree A 
burst on the fan-beam scans, making allowance for the 
appropriate scanning angle of about 27° (Fig. 4). 

At 0357 a metre wavelength type II burst is reported 
(preceding article and private communication from J. P. 
Wild) to have commenced at this position. It continued 
strongly until 0413, well after the decimetre activity had 
fallen to a low level. A reerudescence of this metre wave- 
length source A from 0419 to 04224 may, however, be 
scen on the 43 em radiometer. 

Meanwhile, on the east limb of the Sun, a quiescent 
prominence at S. 33° erupted at 0400. Shortly after- 
wards two metre wavelength events eommenced beyond 
the limb in the same vicinity (precediug article and a 
private communication from J. P. Wild): a tvpe IT burst 
(source e; intense phase 0413-04153), extending above 
the limb almost to the south pole; and a moving type IV 
source (source b), from 04051 to 0434. This was also of 
very large angular extent; towards the end of its life it 
removed rapidly to about 1-0 Ro from the limb. 


* This was a stable structure, as are most radio plage regions, persisting 
with only gradual changes for several days, Its angular dimensions were 
3° or F east-west and slightly more north-south. This region was by no 
means the most conspicuous radio plage on the Sun on February 25 (ref. 4). 





b 


fan-beem scans showing the decinietre limb source; a. 43 
ein source at 0413 (source somewhat exaggerated). 


The Fleurs 43 em fan-beam passed over the east limb 
of the Sun at approximately 10 min intervals (0344, 0353, 
0402, 04111, ete.). These seans were all effectively 
identical until 0421, when a small source was present 
(Fig. 3) centred about 0-1 Ra beyond the limb. It had 
an intensity equivalent to from 1 to 2 per cent of the 
total 43 cm solar emission (so that it would be only mar- 
ginally detectable on the Sun radiometer record). Its 
east-west angular extent was about 7’ or 8’, so that some 
activity was being seen out to at least 0-25 Ro beyond 
the limb. On the next scan (0431) the source was absent, 
and did not reappear. 

When the 21 em fan-beam scans were examined, a very 
weak limb source was identified, present at 0413 but absent 
45 min earlier. The flux from this source was of the 
order of 0-1 per cent of the Sun's total 21 cm emission. 
The central position seemed to be about 0-3 Ro east of 
the limb, and the east-west extent 4' or 5’ of are, but the 
source was very weak and all these values are uncertain. 
There are indications of the source in the same position 
on à few further scans (at 0418, 0423 and perhaps beyond), 
but it is so weak that we regard it as marginally detectable. 

The A source seems to be quite typical of a small deci- 
metre burst, The limb source, on the other hand, is 
remarkable. Only a very few positional observations of 
deeimetre bursts have shown sources so far beyond the 
limb’. Further, this appears to be a triggered burst; 
not only does the time interval between the A source 
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Fig.4. Sun's disk with north-south lines corresponding to fan-beam positions of decimetre limb source. 
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If this source was radially 


above the eruptive prominence. as marked here, it was well below the 80 MHz plasma level. This suggests a columnar structure 
for the moving type IV, source b. 


and the limb source lead to a plausible velocity (preceding 
article, refs. $-10, and a private communication from 
J. P. Wild) for the propagation of a triggering disturbance 
but the pattern of a very weak increase located over a 
pre-existing radio plage* several minutes after a distant 
burst, itself neither very intense nor of long duration, 
conforms exaetly to what little is known of triggered 
decimetre bursts (refs. 3, 10, 11 and unpublished work of 
R. F. Mullaly). These occur rarely, and are perhaps 
analogous to sympathetic flares’. 

Comparing the 43 and 21 em emission from the limb, 
we find the times coincide sufficiently (commencement 
between 04114 and 0421 for the 43 em and between 
0408} and 0413 for 21 em). It is surprising that the 
position of the 21 em source seems somewhat further 
from the limb, but its location is poorly defined. The 
source is of the order of 10 times brighter at 43 than at 
21 em. If it is provisionally assumed that the radiation 
at the two decimetre wavelengths comes from the same 
region over the Sun's limb, this gives a spectral slope 
significant for any discussion of the emission mechanism. 

We may provisionally assume that the decimetre source 
is radially above the prominence at S. 33° (Fig. 4). This 
and the fan-beam measurements place it well below the 
80 MHz plasma level at 0-6 Ro. The times of high 
activity seem against an association with the metre 
wavelength source c, which was virtually over by 0421, 
when the 43 em souree was seen. On the other hand, the 
metre wavelength source b was strongly present at this 
time, and its outward motion was still rather slow. This 


* On thisday the Fleurs 21 em radioheliogram showed a great deal of quite 
bright radio plage alone and beyond the east limb. 


might suggest a columnar structure for the moving type 
IV source, extending well below the plasma level, and 
down to level of the prominence. 

Finally, confirming previous studies*, there is no indi- 
cation on the decimetre records of any activity very far 
out (at heights of 0-65 Ro to LO Ro) corresponding to 
the observed position of the metre wavelength moving 
type IV, source b. 
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details of his metre wavelength observations, Professe 
W. N. Christiansen for his interest and advice, Mr 
Barbara Mead for assistance in reducing the records, Dr 
R. Wielebinski, who supervised the installation of the 
Fleurs solar radiometer, and Mr F. Cook of the fono- 
spheric Prediction Service. The Fleurs programme is 
supported by funds from the University of Sydney and 
from the US National Bureau of Standards. 
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IN 1962 Kleinschmidt and Probst! reported the isolation 
from culture filtrates of Penicillium stoloniferum of a 
substance named statolon which prophylactically in- 
hibited virus infection in animals and tissue cultures. 
They produced evidence which suggested that statolon 
was a polyanionic polysaccharide. Methods for the pro- 
duction of statolon in submerged culture fermentation 
were patented in the United States? Kleinschmidt. ef 
a> subsequently showed that statolon exerted its anti- 
viral effect by indueing the formation of interferon. 
Kleinschmidt and Ellis®* have recently reported the 
presence of virus-like particles in statolon preparations 
and in the mycelium of P. stoloniferum. 

We have now isolated a polyhedral virus in quantity 
from cultures of P. stoloniferum strain ATCC 14586, and 
deseribe here some properties of the virus isolates, and 
eite evidence which is consistent with the view that the 
ability of P. stoloniferum to stimulate interferon produe- 
tion is attributable to RNA of viral origin and not to a 
polyanionic polysaccharide as previously thought. 

The presence of a polyhedral virus in cultures of a strain 
of Penicillium funiculosum is also reported, together with 
the interferon stimulating properties of the virus. 

As a result of a suggestion by the late Dr A. Isaacs to 
one of us (E. B. C.), work on the purification and chemical 
structure of statolon was initiated at Imperial College and 
a special grant was received for this purpose from the 
Medical Research Council. 


Purification of Polysaccharide 


P. stoloniferum strain ATCC 14586 (the strain used by 
Kleinschmidt and colleagues) was grown in submerged 
culture in shaken flasks or in 400 1. stirred fermenters at 
27° C, using media and cultural conditions similar to 
those deseribed in ref. 2. Polysaccharide preparations 
were obtained from 5 day old culture filtrates of 400 |. 
scale fermentations, while virus and RNA preparations 
were obtained from either 2 day old mycelium or 5 day 
old eulture filtrates of shaken flask fermentations. Inter- 
feron induction throughout was studied by in jeeting pre- 
parations into groups of miee. Pooled lots of sera were 
assayed for interferon activity on monolayers of mouse 
embryo cells by the plaque reduction method?. Treated 
and untreated cells were challenged with bovine vesieular 
stomatitis virus; 50 per cent endpoints were determined 
by interpolating between the probits of the percentage 
reduction values obtained from serial dilutions of the 
sera’. An internal standard serum was included in each 

Crude statolon preparations were obtained from 5 day 
old culture filtrates by isoelectric precipitation of the 
active material onto 'Hyflo Supercell’ by means of 
acetone, elution into sodium bicarbonate buffer. pH 8-5, 
and deproteinization with butanol-phenol; such prepara- 
tions contained 10-15 per cent protein as determined by 
the method of Lowry et al and approximately 1-0 per 
cent total phosphorus. Crude preparations of the poly- 
saccharide were further purified by deproteinization using 
the method described by Kleinschmidt and Probst!, 
fractionation at (0^ C with ethyl alcohol and high voltage 


The active component of statolon—an anti - 
viral agent — is RNA of viral origin and 
not a polyanionic polysaccharide as pre- 
viously thought. This article describes the 
isolation and some properties of the P. 
stoloniferum virus which is active in stimu- 
lating interferon production. An inter- 
feron inducing virus has also been found 
in a strain of Penicillium funiculosum. 


electrophoresis in. veronal buffer, pH 56. This purified 
polysaccharide contained less than 1-2 per cent protein? 
and less than 0-04 per cent total phosphorus. Acid 
hydrolysis of this purified polysaccharide and subsequent 
examination by paper chromatography indicated the 
presence of galacturonic acid, galactose, xylose, arabinose, 
thamnose and trace amounts of glucose. These findings 
concerning the composition of the polysaccharide are 
similar to those reported by Kleinschmidt and Probst’. 
except that galactosamine and ribose, although present in 
the erude polysaccharide preparations, were not detected 
in the purified preparations. It was found that a polysae- 
charide preparation purified in this way had considerably 
less interferon stimulating activity than the onginal erude 
preparation. Examination of the fermentation medium 
and eulture filtrates throughout the fermentation has 
indicated that this polysaceharide, previously designated 
statolon, may have arisen from soybean meal, a com- 
ponent of the original medium. A polysaccharide with 
similar composition and the same eleetrophoretie mobility 
has, in faet, been isolated from soy bean meal. 

Beeause interferon stimulating activity did not seem 
to be associated with the purified polysaccharide and 
because decreasing activity of the polysaccharide prepara- 
tions coincided with decreasing phosphorus content, we 
turned our attention to RNA derived from the mould. 
An active substance with the properties of a nucleic acid 
and which was free from the aforementioned polysacchar- 
ide was extracted from the mycelium of a 2 day old culture 
of P. stoloniferum. This nucleic acid preparation was ob- 
tained by grinding the mycelium with glass powder, 
extracting it with physiological saline containing 0-1 per 
cent EDTA (sodium salt), pH 8-0, deproteinization with 
phenol/eresol/8-hydroxyquinoline reagent according to 
the method of Kirby!*, precipitation with ethanol/meta- 
eresol and dialysis. This purified preparation of nucleic 
acid stimulated interferon production in mice. 

After these chemical studies had indicated that RNA 
was the active principle of statolon, and folowing the 
reports of Kleinschmidt and Ellis*** of virus-like particles 
in statolon preparations, collaboration was established 
between Imperial College and the Glasshouse Crops Re- 
search Institute (Agricultural Research Council) in view 
of the latter’s experience with the mushroom viruses. 
The purpose of this collaboration was to examine P. 
stoloniferum for possible viral content and to investigate 
the relationship between virus and interferon stimulation. 


Virus Particles in the Mycelium 

When fragments of mycelium of P. stoloniferum strain 
ATCC 14586 were crushed in a small quantity of 0-2 per 
cent potassium phosphotungstate solution, pH 7-0, and 
examined with an electron microscope (AEI model 
EM/6B), polyhedral virus particles 25-30 mg in dia- 
meter were seen in low concentrations (less than ten 
particles/microscope field at magnification x 50,000). Con- 
centrated virus preparations were routinely obtained from 
the mycelium of 2 day old cultures or alternatively from 
5 day old culture filtrates by a modification of the method 
used in the purification of mushroom viruses!) !2, 
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The 2 day old mycelium (2-5 g wet weight) was 
thoroughly ground with carborundum powder and the 
virus extracted with twenty times this weight of 0-03 M 
phosphate buffer, pH 7-6, containing 0-1 per cent thio- 
glycollie acid; 8:5 per cent. v/v n-butanol was added, the 
mixture shaken for 45 min and then clarified by low-speed 
centrifugation and filtration. "The virus particles were 
sedimented by ultracentrifugation at 78,000g for 90 min. 
The resulting pellets containing the virus were dispersed 
in 1-2 ml. of 0-03 M phosphate buffer, pH 7-6 (without 
thioglycollie acid). and insoluble material was removed 
by low-speed centrifugation. Five day old culture filtrates 
wore simply processed by adding directly 8:5 per cent v/v 
n-butanol; subsequent treatment was as outlined before. 
These partially purified preparations were bluish-opal- 
escent and contained most of the original virus particles 
(see Fig. la) For further purification aliquots of the 
partially purified virus preparations were layered onto 
sucrose gradient columns as used for rate-zonal centrifuga- 
tion? and ultracentrifuged for 1 or 2 h at 53.0009. 








b 


a, Electron micrograph of virus preparation from P, stoloniferum 


Fig. 1. 

ATCC 14586, stained with potassium phosphotungstate, 6, Electron 

micrograph of virus preparation from P. funiculosum, stained with 
potassium phosphotungstate. 
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Fig. 2. Serological gel-diffusion test with P. stoloniferum virus. Virus 
preparation in left-hand well, control preparation from uninfected P 
stoloniferum sub-strain 53/1 in right-hand well, Antiserum to virus in 


top and bottom wells. 





Characteristic bluish light-scattering zones, 
the virus, were obtained. easily 
withdrawn by means of a hypodermic needle. Partially 
purified virus preparations and further purified prepara- 
tions obtained by density gradient 
described here were all found to be active in stimulating 
interferon production. Only preparations 
virus, as shown by electron microscopy and serology, 
induced interferon production. A linear relationship was 
established within certain limits between the virus content 
of such preparations and the degree of interferon-stimulat 
ing activity. 

Antisera to the virus were prepared in rabbits using 
virus preparations derived from 2 day old mycelium 
The immunizing injections were | ml. of virus preparation 
introduced intravenously, | ml. of virus preparation 
emulsified with Freund's complete adjuvant intramuseu- 
larly 7 days later, and a similar intramuscular 
after a further 14 days. Sera were obtained 14 days after 
the final injection and an equal volume of glycerol added 
Antisera to the 


containing 
These zones could be 


centrifugation as 


containing 





injection 


as a preservative before storage at 2" C. 
virus from P. stoloniferum had specific titres up to 1/4096 
in routine precipitin tube tests! incubated for 5 h at 
37° C; virus preparations had specific titres up to 1 1024 
Gel diffusion tests were performed on microscope slides 
by the method of Mansi'*; 
lines and a very faint non-specific host protem reaction 
line were obtained with all preparations having a moderate 
or high virus content (see Fig. 2). When pieces of agar 
containing each of the virus specific lines 
cut out of the gel diffusion slides, crushed in a few drops 
of potassium phosphotungstate solution and examined 
by electron microscopy, abundant virus particles were 
observed joined by structures similar to those deseribed 
for antibody. Gel diffusion tests were also made with 
virus preparations and antisera to thirty known isometric 
plant viruses and to the three previously d 
room viruses", 


two virus-specific reaction 





reaetior were 


ibed mush 





None of these antisera reacted with the 
P. stoloniferum virus. although each antiserum reacted 
strongly with its own antigen. 

Mycelia and culture filtrates of P. stoloniferum ATCC 
14586 were examined for virus content by electron micro 
scopy, serological testing and density gradient centrifuga 
tion at different stages during a shaken flask fermentation 
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The virus was contained wholly within the mycelium after 


2 days of incubation (at which time maximum growth of 


the fungus was recorded). The virus was gradually released 
into the culture medium during the later stages of the 
fermentation by progressive lysis of the mycelium. 

Six other strains of P. stoloniferum, obtained from 
national culture collections, were examined for virus and 
interferon-stimulating activity; the six strains tested 
were ATCC 10111, CMI 39824 (ii), CMI 92219, CMI 
31200, CMI 68216 and CMJ 91966. No virus was detect- 
able by electron microscopy, serological testing or by 
examination. for characteristic during density 
gradient centrifugation in any of the six strains, Also 


zones 


5 day old culture filtrates of the six strains did not exhibit 


1 2 
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interferon-stimulating activity. The virus-infected P. 
stoloniferum ATCC 14586 grew more slowly on malt aga: 
than did the six uninfected strains (see Fig. 3a). More- 
over, colonies of the infected strain had a noticeably 
irregular margin and were a different green colour from 
the uninfected strains. 

Heat treatment has been successful in freeing many 
plants and the mushroom?! from virus. A culture of P. 
stoloniferum ATCC 14586, which had been grown on agar 
medium for 21 days at 32° C (just below the maximum 
temperature permitting growth) was therefore used to 
prepare a spore suspension which was then incubated at 
70° C for 2 h. Cultures derived from the spores surviving 
this initial heat treatment contained very much less virus. 


4 5 





ATCC 





CMI 31200 





ATCC 10111 





ATCC 


14586 


CMI 68216 





14586 





CMI 39824 ii 






Fig. 3. a, Colony characteristics 
M different strains of P. stoloni 
ferum grown at 24° € on malt 
Azar, b, Colony characteristics 
of P. stoloniferum ATCC 14586, 
grown at 24° € on malt r 
Virus infected culture on t 
healthy culture (sub-strain 23/1) 
on right 


b 3/1/II 
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A spore suspension derived from one such survivor was 
then subjected to a further heat treatment at 70° C for 
4h. Two cultures derived from spores which survived this 
second heat treatment seemed to be free from virus as 
shown by electron microscopy, serology and density 
gradient centrifugation. One of these cultures (designated 
sub-strain 83/1) remained free from virus after seven 
serial sub-eultures on agar medium; 5 day old culture 
filtrates of this isolate failed to stimulate interferon pro- 
duction. Inactivation of the virus by this heat treatment 
had therefore also removed the interferon stimulating 
properties of the fungal culture. Colonies of the original 
virus infected strain and sub-strain B3/1 showed markedly 
different morphological characteristics when grown on 
malt agar (Fig. 3b). 





RNA as Active Component of Statolon 

RNA preparations were made from partially purified 
virus preparations derived from 2 day old mycelium and 
5 day old culture filtrates of P. stoloniferum A TCC 14586 
by the phenol deproteinization procedures of Franklin”. 
The nucleic acid was identified as RNA by detection of 
the following products of acid and alkaline hydrolysis: 
(a) guanine, adenine, cytidylic acid and uridylie acid (N 
hydrochloric acid, 100°C for 30 min); (b) ribose (N 
sulphuric acid, 100° C for 4 h); (c) adenylic acid, guanylic 
acid, eytidylie acid and uridylie acid (0-3 N sodium 
hydroxide, 25? € for 24 h). 

The preparations had ultraviolet spectra typical of 
nucleic acids with characteristic maxima and minima at 
257 and 230 my, respectively. Such preparations were 
active in stimulating interferon production in approxi- 
mately 5 ug amounts; the activity of these preparations 
was destroyed by treatment with Boehringer pancreatic 
ribonuclease (0-2 ug/ml.) in 0-03 M phosphate buffer, 
pH 7-0, at 25? C for 30 min, thus confirming that RNA 
is the active material. There was no measurable effect on 
activity, however, when ribonuclease treatment was 
carried out in the presence of 0-2 M sodium chloride in 
otherwise identical conditions; moreover, most of the 
RNA was acid insoluble after this treatment. This result 
suggests that the RNA in these preparations may be 
double stranded because it has previously been shown!* 
that high ionie strength stabilizes the structure of double 
stranded RNA and its resistance to enzyme attack. 
Hilleman and eo-workers!*-? have reported that only 
double stranded RNA preparations from different sources 
were active in stimulating interferon production. 


Penicillium Funiculosum Virus 


Shope?®2 has reported the isolation of an anti-viral 
substance named helenine from cultures of Penicillium 
funiculosum. Lewis et al.” purified helenine and showed 
it to possess the properties of a ribonucleoprotein. More 
recently Rytel et al.2* produced evidence which indicated 
that helenine exerted its anti-viral effect by stimulating 
interferon production. while Lampson et al.!* showed that 
helenine RNA was double stranded in nature; the latter 
authors diseussed the possible viral origin of the RNA 
isolated by them. We have therefore examined a strain 
of P. funiculosum. obtained from Beecham Research 
Laboratories, Brockham Park. Betchworth, Surrey. and 
isolated locally by them, for possible viral content. 

Virus particles 25-30 my diameter and of similar mor- 
phology to the virus of P. stoloniferum were found in 
mycelial extracts of this fungus (Fig. 15). The P. funicu- 
losum was grown in submerged culture in shaken flasks 
at 27° C for 5 days, using a simple medium based on corn 
steep liquor. Purified virus preparations were obtained 
from the mycelium in a manner similar to that already 
described for the virus of P. stoloniferum; such 
preparations were active in stimulating interferon 
production but failed to react with antiserum to the P. 
stoloniferum virus. An antiserum to the P. funiculosum 
virus was also prepared in the manner previously in- 
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dicated; this antiserum had specific titres up to 1 /4096 
in routine precipitin tube tests! and failed to react with 
virus preparations from P. stoloniferum. These results 
indicate that this strain of P. funiculosum contains a 
virus, serologically unrelated to the virus of P. stoloni- 
ferum. and provide a basis for the supposition of Lampson 
et al? that the RNA extracted from their culture of P. 
funiculosum was derived from a virus. 

In conclusion, our evidence is consistent with the view 
that RNA of viral origin is the active material in P. 
stoloniferum cultures stimulating production of interferon 
rather than the polyanionic polysaccharide previously 
referred to as statolon. The evidence is as follows. 
(i) Purified polysaccharide preparations had considerably 
less activity than the original crude preparations. while 
RNA preparations free of the aforementioned polysacchar- 
ide and derived from mycelium were active in inducing 
interferon production. (ii) All virus preparations, and RNA 
derived therefrom, stimulated interferon production. (ui) 
The activity of such RNA preparations was destroyed by 
the action of ribonuclease. (iv) Elimination of the virus 
infection of P. stoloniferum by heat treatment also removed 
the interferon stimulating properties of the mould. 
(v) Only one of the seven strains of P. stoloniferum 
examined (namely ATCC 14586) contained virus; only 
this strain induced interferon formation. 

Throughout this article we have used the term "virus" 
in relation to the polyhedral particles found in P. stoloni- 
ferum ATCC 14586. These particles satisfy all the criteria, 
except infectivity, normally required for a virus: for 
example. characteristic morphology and staining in 
electron micrographs, sedimentation patterns typical of 
small isometric viruses during density gradient and 
analytical centrifugation (S. 20. w= 114), specific sero- 
logical reactions and ultraviolet absorption spectra typical 
of viral nueleoproteins. We therefore feel that the term 
"virus" is warranted. The elimination of these particles 
from the host organism by differential heat treatment is 
further evidence of their viral nature. We have so far 
failed to infect healthy cultures of P. stoloniferum using 
several inoculation methods; mushrooms have previously 
proved diffieult to infeet with virus although such infection 
was eventually achieved!!. Similar considerations apply 
to the particles found in our strain of P. fumieulosum; 
we again feel that the term "virus" is justified. 
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RECENTLY. the validity of the classical nitrogen balance 
technique! as a means of determining protein metabolism 
has been criticized on two grounds: first, loss of nitrogen 
as a result of sweating can account for up to 3 g of nitro- 
gen/day in conditions of high temperature (857-100^ F) 
and humidity*; second. in prolonged studies, persistently 
positive nitrogen balances have been observed in mice. 
rats, dogs, pigs and men whose body weight failed to 
inerease in proportion to the nitrogen retained?-*, "This 
is shown in Fig. 1. which was constructed from the data 
of an experiment, the details of which have been published 
elsewhere!!, 


Kody weight 


Average nitrogen intake 
(g/day) 





1 2 3 4 5 6 
Months 


Fig. 1. Relationship between nitrogen intake, nitrogen balance and 
body weight changes in a dog", Stippled area, nitrogen output: black 
area, nitrogen balance: , nitrogen intake 


Our experiments convinced us that the explanations 
usually given for the discrepancy between nitrogen “re- 
tained" and gain in body weight (such as artefacts, reten- 
tion of protein at the expense of other body constituents, 
retention of nitrogen in a non-protein form) were unten- 
able. We therefore suggested that “some of the nitrogen 
... fed is eliminated through an unmeasured and hitherto 
unrecognized pathway". At that time we suggested 
nitrogen gas as the unrecognized metabolite because an 
amount of nitrogen that could balance the nitrogen 
equation could easily have escaped detection among the 
respiratory gases, 

We present here data which support the hypothesis 
advanced 8 years ago. Two approaches have been used 


Experiments involving man and other mammals have shown that 
some food nitrogen can be converted to nitrogen gas. This gas is 
produced in quantities sufficient to balance the nitrogen equation. 


to show that some of the food nitrogen ean be converted 
by animals to nitrogen gas, 

In the first, the appearance of nitrogen gas enriched 
with "N was studied in the atmosphere surrounding mice 
which were prefed glycine with 95 per cent N. Results 
indicated that the M/e ratio, 29:28, was indeed in 
creased’? "8, Subsequently, it was shown that nitrogen 
isotope ratios are unreliable with the mass spectrometer 
used (CEC 21-201) not only in the presence of oxygen 
but even in the presence of helium. Until recently. we 
were not able to separate satisfactorily nitrogen from 
helium. This approach was therefore put aside, but has 
been resumed very recently. 

The second approach consisted of maintaining animals 
in a closed system, flushing out with a nitrogen-free atmo- 
sphere all the nitrogen originally present in the system or 
dissolved in body and other fluids, and then studying the 
reappearance of nitrogen gas, as described here. 

The closed systems permitting the survival of the 
animal, the submersion of urine and stools under HySO,. 
the replacement of air with a gas mixture of desired 
known composition, the devices employed to document 
the fact that no air contamination had occurred, and the 
sampling of the gas phase will be described later in detail 
(unpublished observations of Costa, Ullrich, Taliente and 
Kantor). A scheme of the system used in most of the 
experiments with mice is shown in Fig. 2. The following 
are the key sub-units of the system. 

(1) The animal chamber. This is basically of the same 
design as described in ref. 11 except that it was con- 
structed with a standard desiccator (Corning model 3118) 
in order to obtain a tight seal between the lid and the main 
body of the chamber. High vacuum silicone grease was 
used to obtain the seal. Three glass nipples were welded 
to the lid and used as connexions to the oxygen supply 
system and the depuration loop, respectively. No bedding 
material was used. The arrangement for permitting 
immediate submersion of urine and stools under 1 N 
H,SO, was the same as described previously". 

(2) The depuration loop. This included a series of wash 
bottles containing 40 per cent potassium hydroxide to 
absorb the carbon dioxide. A final bottle containing a 
solution of barium hydroxide was used on some of the 
early experiments to indicate completeness of carbon 
dioxide absorption. The gas was circulated using external 
type pumps (Rollflex model 1400). More recently, a leak- 
proof magnetic pump designed and developed in our 
laboratory has been used (unpublished observations). 

(3) The oxygen supply system. At an early stage we 
found that commercial oxygen contains a relatively high 
concentration of nitrogen and was thus unsuitable for 
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our needs, Oxygen was therefore produced electro- 
lytically. In this way we obtained a system which was 
self-regulating, and in which the amount of oxygen con- 
sumed could be precisely measured in terms of A/h 
consumed by the cell. 

We also had (4) a sampling system, and (5) a flushing 
system; (6) was the "buffer zone". Sub-units l-5 (space 
A) were contained in a box made of 1 in. thick ‘Plexiglas’ 
with a sealed lid in order to provide a proven nitrogen- 
free atmosphere (space B) around the inner core. By 
sampling and analysing the gas from space B, air con- 
tamination could be ruled out. The design of the buffer 
zone permitted sampling of the gases of space A under 
helium, 

Mass spectrometric determinations were conducted by 
the Gollob Analytical Service of New Jersey using a 
modified Consolidated Engineering mass spectrometer 
model 21-620—4. Samples were scanned routinely for 


M/e 2-100, after having shown the absence of any com- 
pounds between M/e= 100 and M/e= 1,000, The samples 
were read in duplicate against a “blank” represented by 
a mixture of helium-oxygen, where the oxygen con- 
centration was the same as that of the sample. Identifica- 
tion of the peak at M/e = 28 as nitrogen. and its differentia- 


SSSSsssssss at 
h 

Wen 
UIS 


z 
g 


Fig. 2. Scheme of the closed metabolic system (see text). 
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Fig. 3. Mass spectra of pure nitrogen and pure carbon monoxide. 
Note the absence of a peak at M/e=12 in the nitrogen spectrum. 
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tion from CO, C,H, and C,H, (all of which give peaks at 
M/e= 28), was achieved through analysis of the secondary 
peaks produced by the four substances (see Fig. 3.) 

Gas mixtures were obtained from the Linde Company, 
Buffalo. New York. Adult Swiss 1CR/Ha mice of either 
sex were obtained from the Roswell Park Colony. Axenie 
mice of either sex were obtained from the Charles River 
Breeding Company, Wilmington, Massachusetts. Bac- 
teriological studies were conducted in the laboratories of 
Dr E. Neter at this institute. 

A typical mouse experiment was conducted as follows. 
Five to seven mice of the same sex and weighing a total 
of 170-200 g were chosen for the experiment. The mice 
had been maintained in a common cage on standard 
‘Purina’ chow. We have found that such a regimen leads 
to significant nitrogen retention (unpublished observa- 
tion). They were placed in the animal chamber with 
adequate ‘Purina’ chow and water. Space A was flushed 
for 12 h with a mixture containing 20 per cent oxygen and 
80 per cent helium while space B was flushed with helium. 
The volume of the flush (1 L/min for space A) was such 
that the concentration of nitrogen in each compartment 
should be less than 0-07 per cent within 3 h. 

At the end of 12 h, the flushing of space A was dis- 
continued and space A sealed from its environment. The 
animals were then studied for another 24 h, during which 
samples of gas were obtained from space A and from the 
“buffer zone" using Sprinson-Rittenberg tubes. An over- 
pressure of 5 em of water was maintained automatically 
inside space A to decrease the chance of inward leaks. 
This was easily accomplished by positioning the cell 
electrodes. Initial and final samples were obtained in 
triplicate, midpoint samples often in duplicate. A slow 
rate of helium flush was maintained in space B. Because 
the only meaningful requirement of space B was that the 
concentration of nitrogen be sufficiently low, the gas 
dynamics of space B were not precisely regulated. 

In control experiments, all procedures were identical, 
but the metabolic chamber contained no mice. 

In a human experiment, the subject was prefed a 
high protein, high calorie diet for 4-14 days preceding 
the experiment. This induces a significant nitrogen 
“retention” (refs. 4, 14 and 16, and our own unpublished 
observations). The subject was then locked in a 2 ft. x 
2 ft. x 7 ft. fibreglass box coated with epoxy resin. Ade- 
quate food and water were provided inside the box. 
Urine was collected into 1 N HCI in standard hospital 
urinals equipped with rubber stoppers. Paregoric (30 ml.) 
was given at the onset of the experiment. to prevent the 
necessity for defaecation while in the chamber. 

The system. whieh was otherwise analogous to the 
mouse system with the exception that no "buffer zone" 
could be constructed, was then flushed with the oxygen- 
helium mixture at the rate of 1,250 L/h. Food, fluids and 
urinals were uncovered several times during the flush to 
make sure they were denitrified. The theoretical flushout 
curve obtained in these conditions is shown in Fig. 4. 
which shows that the desired level of nitrogen concentra- 
tion was reached within 4 h. To make sure this was so, 
nitrogen "wash" was continued for a further 8 h. 

Male Swiss mice were used in the first series of experi- 
ments, Helium, nitrogen. hydrogen, oxygen. carbon 
dioxide and methane were the only peaks found below 
M/e=100 in the gas phase of the metabolic chamber 
(space A). The results of the first experiment are shown 
in Table 1. The oxygen consumption of the animals 
varied between 105 and 224 ml./h/35 g of mouse, the 
low consumption being observed while the animals were 
sleeping. The normal nature of oxygen consumption 
throughout the experiment is consistent with normal 
metabolie condition of the animals. The increase in the 
concentration of nitrogen within the system is un- 
ambiguous, and the difference between the initial (0-057 + 
0-016 per cent) and final (0.210--0-0 per cent) con- 
centrations is highly significant. 
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Fig. 4. Theoretical flushout curve for the human experiment, under 

the following set of assumptions: (1) volume of the system, 1,000 1.; 

(2) rate of flush, 1,250 l/h; (3) that the flushing gas contains none 

of the components of the initial atmosphere of the system. Such com- 

ponents are indicated generically as Ci. The curve thus shows the 

concentration of the ih component in per cent of its concentration 
at the beginning of the flushing period, as a function of time. 


The concentration of nitrogen inside the system (space 
A) was at all times significantly higher than in the “buffer 
zone" (space B). This excludes the possibility that the 
observed increment in nitrogen could be the result of air 
contamination. This point is strengthened by the fact 
that argon, present in air at the approximate concentra- 
tion of 0-9 per cent, was not detectable in space A, 
although its “expected” concentration, if the nitrogen 
present were from air leak, should have been of the order 
of 0-002 per cent, a quantity which could have been 
readily detected with the mass spectrometer used. 

Of particular interest was the substantial increase in 
the concentration of hydrogen of space A, which reached 
explosive levels. We could establish that the production 
of hydrogen was attributable to the activity of intestinal 
bacteria. These experiments will be reported separately. 

An appreciable increment was noticed in the con- 
centration of oxygen of the metabolic chamber during the 
experiment. This could be accounted for by the amount 
of gas mixture removed by sampling, an amount which 
was automatically replaced with oxygen by the cell. The 
significant variation in the concentrations of the various 
components in space B was caused by the continuous 
helium flush at imprecisely controlled flow rates which 


Table 1. PRODUCTION OF N, BY CONVENTIONAL MICE 


Space A Space B 
0h *12h +24 h Oh +12h +24 h 
N; 0-057 0-140 0-210 0-025 0-036 0-023 
GO* £0010 (D (3) + 00004 (1) (1) a) 

H: 0-061 0-650 0-930 1-000 3-700 2:500 
CH, ND ND ND 
Oy 20-2 21-2 i 22-9 0-009 0-009 4-009 
CO ND ND ND 
CO, 0-530 0:770 1.260 
AR ND ND ND 

Results are expressed in percentage concentrations, See text for further 


details, 
ND, Not detected, 
* Numbers within parentheses indicate number of samples, 
* AH three samples identical, 


NATURE. VOL. 218. MAY 11. 1968 


was maintained in this space. This point should be kept 
in mind ín relation to all the other mice experiments, 

À replicate experiment is shown in Table 2. Except for 
the absolute amount of nitrogen produced, it fully con- 
firms the previous experiment. N itrogen in space B was 
still high at the onset, possibly because of incomplete 
flushout of this space. The final concentration in space B 
was nevertheless smaller than in space A. No argon 
was found in space A. No appreciable increase in nitrogen 
was noted in a control experiment (Table 3) which was 
performed with no mice in space A, but otherwise in 
conditions identical to the two preceding experiments. 

The possibility was examined that the nitrogen was 
produced by the bacterial flora. In earlier experiments? 21s, 
we had shown that ‘mouse faeces incubated both aerobic. 
ally and anaerobically with a solution containing 2 per 
cent glucose and a 2 per cent amino-acid mixture, closely 
mimicking casein in its composition, failed to produce 
detectable amounts of nitrogen. We repeated the experi- 
ments shown in Tables 1-3 using germ-free mice. At the 
end of each experiment, the chamber and three mice 
selected at random from those studied in the experiment. 
were cultured (skin, stools, intestine) for bacteria and 
fungi. All cultures were sterile. The results of these 
experiments are shown in Tables 4-7. Ágain nitrogen 
was produced despite the germ-free state. In Tables 4 
and 5 small amounts of argon were measured, No argon 


Table 2, PRODUCTION OF N, BY CONVENTIONAL MICE 


Space 4 Space H 


Oh +12h +24 h Oh +12h «24h 
NX, 0:071 0:145 0:170 0130 016 0-09 
(6)* +0-010 (2) +0001 (6) + 0-002 
Hy 0-120 1:300 1-860 1500 6700 7-00 
CH, ND 0-004 0-006 
O0, 27.8 29-0 34-3 (039 0-047 0-031 
co ND ND ND 
CO, 0:51 0-95 LOI 
AR ND ND ND 
Results are expressed in pereentage concentrations, See text for further 


details, 
ND, Not detected, 
* Numbers within parentheses indicate number of samples, 


Table 3. PRODUCTION OF N,—CONTROL 


Space A Space # 
0h +12h +24 h Oh +12h +24 h 
N; 0-021 0-019 0-029 0053 0077 0-071 
(6)* £0006 (2) 40-601 (6) +0007 

H. ND 0-035 0-059 L360 1:300 Á 0-051 
CH, ND ND ND 
0, 26:1 345 36:7 0-038. 1026 — 0-015 
CO, ND ND ND 
AR ND ND ND 

Results are expressed in percentage Concentrations, See text for further 
details. 


ND, Not detected, 
* Numbers within parentheses indicate number of samples, 


Table 4. PRODUCTION oF N; BY GERM-FREE MICE 


Space 4 Space B 
3 


Oh *12h +24 h Oh -12h 4h 

Ny 0-006 0:950 0-000 0:028. 0.028 0-035 

(3)* 0-000 (2) £0-015 (3) + 0-006 a a) aq 
H: 0-004 (e 182 1-03 06-030 2100 2900 
CH, ND 0993 0-008 ND ND ND 
O; 215 22.9 26-0 0-005 0-011 0-011 
COs ND ND ND 0-002. 0-005 0-006 
AR ND 0-909010 00015 ND ND ND 


ND, Not detected, 


Results are expressed in percentage concentrations, See text for further 
details. 


* Numbers within parentheses indicate number of samples, 
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was detected at the same time in space B. Also, the 
concentration of nitrogen in space B was at all times 
smaller than in space A. The significance of the traces of 
argon in space A in terms of possible air contamination 
annot be assessed at the present moment. It seems 
unlikely that the samples were contaminated by air in 
constant and "proper" amounts at the time of mass 
speetrometry. Final samples were in triplicate and each 


Table 5. PRODUCTION OF Ne BY GERM-FREE MICE 


Space A Space B 





Oh +12 h +24 h Oh +412h +24h 

N, 0-056 0-100 0:106 0-080 0032 0.029 
(3)* +0010 (2) +0005 (3) +0005 

H: 0-010 0-120 0-350 0-730 3-200 3-400 
CH, ND ND ND ND ND ND 
[US 253 28-2 0-013 0018 0-014 
CO, ND ND 0-008. 0-006 0-006 
AR ND 0-001 0-001 ND ND ND 


ND, Not detected. 


i Resnis are expressed in percentage concentrations. See text for further 
details. 


* Numbers within parentheses indicate number of samples. 


Table 6. PRODUCTION OF Na BY GERM-FREE MICE 


Space A Space B 


üh +12 h +24 h Oh +12h +24h 

Na 0-007 0-046 0-093 0-090 0-100 0-100 
(3)* «0-003. (2) +0006 (3) +0010 G) d) a) 

H 0-02 0:115 0-330 0-950 2400 2-500 
CH, ND 0-023 0-037 ND ND ND 
0, 22-6 26-0 32-0 0-030 0-032 0-031 
Co, 0-006 0:024 0:024 ND ND ND 
AR ND ND ND ND ND ND 


ND, Not detected. 


Results are expressed in percentage concentrations. See text for further 
details. 


* Numbers within parentheses indicate number of samples. 


Table 7. PRODUCTION OF N, IN A STERILE CHAMBER—CONTEOL 


Space 4 Space B 


Oh +12 h +24 h Oh +12h +24 h 
Na 0-020 0-045 0-053 0-033 0039 0-039 
(395 40-015 (2) +0004 (3) x 0-001 (0 a) (1) 
Hy ND 0-009 60-014 0:510 03120 0-084 
CH4 ND 0:005 0-002 0-001 0-002 0-002 
0, 23-966 26:950 29-733 
CO, ND ND ND 0-003 0006 0-006 
AR ND ND ND ND ND ND 


ND, Not detected. 


i Resulte are expressed in percentage concentrations, See text for further 
details, 


* Numbers within parentheses indicate number of samples. 








Table 5, MASS SPECTROMETER CRACKING PATTERN AND SENSITIVITY 
Carbon 
Nitrogen monoxide Ethylene Ethane 

12 0 2-59 1-52 042 
13 0:024 233 0:84 
14 LOL 4-40 204 
15 0 0-505 3-86 
16 0 0-825 0-104 0-056 
26 0 0 60-3 20-7 
23 0 9 655 31:3 
28 100 100 100 100 
29 0-655 1-63 2-14 21-8 
30 0 0-155 0-039 25-1 

Sensitivity 2,060 2,130 1.930 2,560 

divja 
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The production of elemental nitrogen by normal aud germ- 


Fig. 5. 
free mice, expressed in mg of nitrogen/kg of mouse/24 h. 


was read in duplicate. No argon was detected in the 
experiment of Table 6 or in any of the experiments with 
conventional mice. 

To explore further the biological importance of the 
phenomenon evident in mice, we decided to study man. 
With our facilities, a buffer zone could not be constructed 
around the human system, and in order to exclude pos- 
sible air contamination we had to rely on the behaviour 
of the argon peak (a rather insensitive parameter in view 
of the ratios nitrogen/argon in air) and on the lack of 
nitrogen accumulation in control experiments. 

In the first experiment of this sort (experiment HY— 
lower solid line in Fig. 6), a 22 yr old healthy college 
student (height 188 em, weight 80-6 kg) was fed a high 
protein, high calorie diet for 4 days before the procedure. 
The total daily intake ranged between 4,732 calories, 
25-5 g of nitrogen, and 6,427 calories. 37.3 g of nitrogen. 
Total intake for the 4 days was 126 g of nitrogen and 
22,087 calories. The subject was then locked in the human 
metabolic chamber, the atmosphere of which was flushed 
for 12 h with 80 per cent helium, 20 per cent oxygen. 
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Fig. 6. The production of elemental nitrogen by man: the dotted 

line represents a control experiment; the data show the change in 

nitrogen concentration as a function of time. For graphical reasons, 

the initial data, all equal to 0-000 by definition, have been arranged 
in eolumn. 
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The study was conducted for an additional 17-5 h. The 
pressure inside the system was maintained at 15 em ot 
water higher than that of ambient at all times, to reduce 
the chance of an inward leak. The subject tolerated the 
whole procedure well. At the end of the experiment, he 
was removed from the system, but all other bedding and 
paraphernalia were left behind. The procedure was then 
duplicated immediately and served as a control experi- 
ment (H2——dashed line, Fig. 6). 

In a third experiment (H3—top solid line, Fig. 6), a 
44 yr old member of our team (weight 82 kg, height 172 
cm) was fed a high protein, high calorie diet for the 
2 weeks preceding the experiment. His average daily 
consumption was 4,500 calories and 28-0 g of nitrogen. 
During the period he gained 5 kg in weight. He was 
studied for 36 h after flushing in a manner similar to that 
of experiment Hl. . 

The results of the three experiments are shown in 
Fig. 6, whieh shows the data for experiment H3 for the 
first 24 h only. It is of interest to note that nitrogen was 
produced, but that no significant accumulation of nitrogen 
was found in the eontrol experiment in the absence of the 
subject. In experiment H3 an outward leak had developed. 
It is shown by the progressive increase in concentration 
of oxygen (initial concentration 31 per cent, final con- 
centration 37 per cent). This was not caused by replace- 
ment of gas removed by sampling (a total of only 500 ml. 
of gas was removed from the 950 l. contained in the 
system). The outward leak was also recognized from the 
absence of argon contamination and the progressive 
decrease of nitrogen in the chamber after the zenith was 
reached by about the twelfth hour. The full extent of 
nitrogen production cannot be assessed in this experiment. 

The diserepaney between the data in the classical 
nitrogen balance technique and changes in body weight is 
well described in a wide range of experimental con- 
ditions?-!*, Two principal interpretations of this pheno- 
menon have been offered. 

The first one contemplates the retention of nitrogen at 
the expense of other body constituents, especially water 
and fat’, or the retention of nitrogen in a non-protein 
form", Although this interpretation might be acceptable 
in the case of animals recovering from severe protein 
malnutrition’, it is untenable for long-term balance 
studies with normal animals. Whenever this hypothesis 
has been tested, in the latter case by carcass analysis 
(ref. 10 and our own unpublished observations), it has 
been found lacking in experimental support. 

The second interpretation of the phenomenon invokes 
the summation of incomplete collections of excreta, which 
would artificially produce positive values of the nitrogen 
balance® 0.18, Although probably operational in a number 
of cases, this mechanism is unlikely to be the only explana- 
tion for all the studies reported. The recent observations 
that eardiopathie children, but not their normal counter- 
parts, retain nitrogen to a high degree unexplained by 
change in body weight'*, militates strongly against the 
interpretation given here. In our case (Fig. 1), very nearly 
perfect nitrogen equilibrium could be obtained at lower 
nitrogen intakes, showing the accuracy of collection. The 
discrepancy became increasingly obvious at higher nitro- 
gen intakes. 

One possible alternative explanation remained: the 
elimination of an undetected metabolite. Its non-detection 
might result either from failure of the Kjeldahl method to 
reveal its presence in urine or faeces, or its elimination by 
some other pathway. The widely accepted notion that 
nitrogen is not eliminated by respiration is basically 
founded on one unpublished experiment by Lavoisier 
mentioned in ref. 1. The lack of solid experimental evi- 
denee against nitrogen being a terminal metabolite of 
protein metabolism in mammals gave impetus to our 
search. As is often the case, this idea had germinated 
repeatedly in the past*5. We believe that inadequate 
technology aecounted for inconclusive results until now. 
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Our experiments indicate that mice made nearly nitro- 
gen free by preliminary helium-oxygen denitrogenation 
enriched their surroundings with nitrogen. The enrich- 
ment is unequivocal. The different values of nitrogen 
concentration found at 0 h in space A were caused by the 
different batches of helium-oxygen used, all of which 
contained traces of nitrogen. The enrichment is calculated 
over and above such initial values. The absolute amounts 
of elemental nitrogen produced in terms of mg of nitrogen/ 
kg body weight are summarized in Fig. 5, which also 
includes two additional experiments with conventional 
mice. 

The total amount of nitrogen produced by the animals 
tested was calculated from the known volume of the 
system and an assumed volume of its content (animals, 
food, exereta, and so on). In the ease of mice, the values 
are probably correct within 10 per cent. In the case of 
man, the uncertainty relative to the volume of the subject 
is much greater and such calculations are thus not shown. 
Our system did not allow dilution of a known quantity of 
xenon (or other trace gas) to measure free volumes pre- 
ciselv. By making a few gross approximations concerning 
the free volume of the system. we estimated that the total 
nitrogen production ranged between S and 24 mg/kg/24 h 
n man. 

In four of the seven experiments with mice, nitrogen 
was still being produced linearly by the twenty-fourth 
hour. In two experiments tapering off was noted. The 
altered slope cannot be explained by an outward leak, for 
that would entail the loss of almost 50 per cent of the 
system atmosphere. Such a loss would then be indicated 
by à massive replacement with oxygen, a replacement not. 
shown either by actual mass spectrometry or by an 
increase in A/h consumption of the electrolytic cell. A 
credible explanation consistent with other known data 
has not yet been found. We tend to attribute the pheno- 
menon to a different “metabolic status" of the animals, 
possibly triggered by the inhabitation of a small, humid 
(> 80 per cent) space, although we cannot at the moment 
define it further. The seventh experiment had to be 
terminated because of mechanical failure of a pump. 

In these experiments, the increases of nitrogen are at 
least two orders of magnitude greater than the sensitivit y 
of the instrument (of the order of 1,000 divisions on the 
instrument scale). They do not seem to be caused by 
contamination from either the outside air or from gases 
extracted from the materials of which the system was 
made. This point is supported by the lack of rise in Mass 
28 in the empty system, and the lack of measurable 
increase in the argon peak in all but the experiments of 
Tables 4 and 5. This last eriterion is not absolute, how- 
ever, for argon is only present in the atmosphere in a 
concentration close to 1 per cent of that of nitrogen. It 
is thus a relatively insensitive indicator of atmospheric 
contamination. Still, even when the highest mean magni- 
fication available to us was used (Mass Spectrometer 
CEC Model 21-130), the increase of the nitrogen /argon. 
ratio was incompatible with atmospherie contamination. 
Furthermore, the nitrogen concentration in space .4 
was higher than in space B. The anodal gas produced 
by the cell was analysed and found to contain in 
excess of 99-99 per cent oxygen, and to be free from 
nitrogen. 

It is also untenablo that the amounts of nitrogen found 
in the system were caused by degassing of those amounts 
of nitrogen which were dissolved in body constituents. 
First of all, by placing mice in a helium-oxygen atmo- 
sphere, more than 95 per cent (and probably in exeess 
of 99 per cent) of such gas is removed!**, Further, and 
nost important, the quantities produced were two to four 
times greater than those which could possibly have been 
present in the animals before flushing. The amounts 
presumably present in the body can be estimated, re- 
membering that the solubility of nitrogen is about 1:3 
per cent. (v/v) in water and 5 per cent in fat?®, 
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Our last series of experiments indicate that nitrogen 
ean also be produced by man. It would, of course, be 
desirable to use a chamber that provided the same degree 
of certainty present in the mouse experiments (a submer- 
sible system or its equivalent), but we know of no reason 
to doubt the validity of the present data. 

The hypothesis advanced earlier! is now supported by 
new and more convincing data. Nitrogen indeed seems to 
be produced by the mammals tested and in quantities 
which in mice would balance the nitrogen equation (5-10 
per cent of the intake). The scheme proposed earlier could 
perhaps be replaced now by the one shown in Fig. 7. 


Na 
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Fig. 7. The new hypothesis. 


Additional proof will involve nutrition with !*N protein 
or amino-acids, and the finding of nitrogen produced by 
the animal enriched with heavy nitrogen. Such experi- 
ments have been attempted by us in the past and, although 
15N enriched nitrogen was actually found!*!*, we cannot 
consider those results definitive in view of the inadequaey 
of the determination of isotope ratios with a Model 21-201 
mass spectrometer (C.E.C.) in the presence of large 
quantities of helium. 

We have now overcome this technical difficulty and 
repeated experiments with N are at present in progress. 

The relative contributions to the production of nitrogen 
of the three possible routes of elimination—lungs, skin, 
flatus—still remain to be assessed. Furthermore, the 
relative and absolute variability and adaptability of this 
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pathway seen under circumstances of protein loading 
(Fig. 1) suggest its possible alteration under other con- 
ditions of health and disease which might prove of patho- 
genetic importance in cachexia and other types of 
malnutrition. 

This work was supported in part by grants from the 
US Public Health Service. 
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Significance of the Structure of the Brachiopod Periostracum 


by 
ALWYN WILLIAMS 


Department of Geology, 
Queen's University, Belfast 


THe periostracum of living Brachiopoda, like other organic 
sheets covering the external skeletons of other phyla, 
acts as a seeding surface for the secretion of the mineral 
shell. It arises on the inner side of the outer mantle lobe, 
a fold of outer epithelium underlying the shell edge of 
both valves. The lobe is made up of transient cells which 
migrate from an intramarginal generative zone towards 
the tip of the lobe where they become incorporated within 
the main spread of the mantle and begin to secrete the 
ealeareous exoskeleton (Fig. 1). Thus the periostracum 
is brought into its final position as the external cover 
to the shell by a "conveyor belt" system of growth as 
already described in terms of the calcareous skeleton’. 
Other studies?? have shown that the ultrastructure of the 
ealeareous skeleton of living rhynchonellides and tere- 
bratulides is identical with that of most fossil articulate 
brachiopods including the earliest known stoeks like the 
Lower Cambrian bilingsellaceans Nisusia and Kotujella. 


Two different types of periostraca have been found in living articulate 
brachiopods. 
indication of the structure of the prototypic shell. 


These two types can be correlated to give some 


This stability of the inner part of the articulate skeleton 
indicates that there has been no change at all in at least 
some of the secretory operations carried out by outer 
epithelial cells for the past 600 million years. Moreover, 
beeause exudation of an outermost organie sheet must 
always have been an integral phase of the entire secretory 
regime, it is likely that the periostracum, too, has remained 
more or less unchanged during that time. Indeed, if, as is 
generally believed, a mineral shell was a relatively late 
innovation in the definitive evolution of the phylum, 
the periostracum of living brachiopods could be a relie 
of an organie integument that originally constituted the 
only skeletal eover of the prototypie brachiopod. 
Despite prospects of being able to identify a primitive 
organie exoskeleton, no previous study has been made of 
the ultrastructure of the periostracum, which is usually 
thought of as a morphologically homogeneous sheet 
composed of protein and chitin in brachiopods with 
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phosphatic shells, and protein only in those with carbonate 
shells‘. Now, however, electron microscope studies of 
certain species of caleaerous-shelled articulates have 
revealed two different types of periostraca which can be 
correlated to give some indication of the structure of the 
prototypic organic exoskeleton. 

The species used in these studies are necessarily those 
that could be obtained alive, and I am indebted to Dr 
D. G. Jenkins of the University of Canterbury for supply- 
ing me with specimens of Notosaria nigricans (Sowerby) 
and Waltonia inconspicua (Sowerby); and to Dr R. T. 
Paine of the University of Washington for samples of 
Hemithiris psittacea (Gmelin) and Terebratalia transversa 
(Sowerby). The sections studied and figured here were 
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stained with uranyl acetate and lead citrate, and were 
cut from specimens originally fixed in glutaraldehyde, then 
decalcified, post-osmicated and embedded in ‘Epon 
Araldite’. Attempts to section the delicate periostracum 
of the native species Terebratulina retusa (Linne) have 
so far been unsuccessful. but it cannot be greatly different 
from those deseribed here. 

Secretion of the periostracum of the rhynehonellide 
Notosaria nigricans which, as a member of the most 
primitive articulate order still extant, may be taken as 
the standard stock, does not start at the generative zone 
(Figs. | and 2). Instead, the external surface of a newly 
formed cell which is topographically irregular with short, 
prostrate microvilli, exudes a substance clouded with fine, 
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Diagrammatic longitudinal section of a valve edge of young Notosaria nigricans (Sowerby) 


to show the outer mantle lobe in relationship to the periostracum and the calcareous shell. 





Fig. 2. 


Longitudinal seetion showing the secretion of the periostracum by the outer mantle lobes at the shell edge of young Notosaria nigricans 
(Sowerby). 
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moderately osmiophilie particles. The secretion is prob- 
ably a hydrophilic mucopolysaccharide. It continues 
to be exuded by the migrating cell until the cell is the 
third or fourth removed from the generative zone in young 
specimens. At this stage, the mucopolysaccharide forms a 
continuous film, up to 100 nm thick, disposed externally 
to the general level of the microvilli. Assemblage of the 
periostracum then proceeds beneath this protective cover. 

The periostracum of young Notosaria is secreted quickly 
because the entire operation can be completed while the 
cell is in the penultimate and ultimate positions along the 
inner part of the mantle lobe relative to its tip (Figs. 1 and 
2). The first components to be laid down are fully differ- 
entiated within a distance of about 1 ym on the cell 
surface. They consist of short cylindroid units with 
slightly expanded distal heads (rods) whieh are attached 
to the first-formed, outer bounding membrane. The rods. 
which are about 20 nm thick and stand about 35 nm 
above the outer membrane, are regularly arranged in a 
75° rhombie array at intervals of about 40 nm. Traces 
of a banding with a periodicity of 25 A have been seen 
in some rods, and in conjunction with the general shape 
suggest that these units are compressed fibrillar coils. 

Judging from their earliest differentiation beneath the 
mucopolysaccharide layer, the rods appear simultaneously 
with pedestal-like bits of the underlying membrane to 
which they are attached, so that both constituents may 
actually form an integrated unit. The membrane as a 
triple-layered unit about 14 nm thick is, however, quite 
different ultrastructurally and probably biochemically; 
although, because it is also significantly thicker than the 
plasma membrane, its structure cannot reflect a protein 
bimolecular lipid-protein arrangement. 

As the outer membrane is laid down, it is pushed away 
from the convoluted cell surface by further exudation 
which builds up a variably developed layer up to 600 nm 
or more thick. This secretion is continuous with the inner 
surface of the outer membrane, but its dispersed granular 
appearance suggests that it has a gel-like consistency. 
The substance is directly derived from secretion droplets 
moving towards the cell surface. which are densely osmio- 
philie and have been provisionally identified as a muco- 
protein. Two other features of this layer indicate its 
gel-like properties when it is first formed. Wherever it 
occurs, the layer contains sporadically distributed vacuoles 
of various sizes, which have never been seen to contain 
more than residual traces of secretion. The vacuoles, 
unlike smaller ellipsoidal mucin inclusions which also 
oceur, are bounded by a triple-unit membrane comparable 


in thiekness with those forming the limiting surfaces of 


the periostracum. They are disearded membranes, 
evacuated by cells into the exuded mucoprotein before 
it is sealed off by the inner membrane, and trapped there 
like bubbles in a solidifying medium. "The other indication 
is the change the layer undergoes once its secretion has 
been completed and the inner bounding membrane laid 
down. This membrane appears to be identical with the 
outer bounding one and, like it, is assembled simultane- 


ously with a distal constituent consisting of a mat of 


erect. fibrils, spaced at intervals of 10 nm and extending 
into the mucoprotein layer for about 30 nm. It is possible 
that this fibrillar mat is simply a morphological variant 
of the rod array, although their occurrence together on 
the same membrane reflects shifts in the seereting cells 
rather than interchangeability in their development. 
Equally important is the fact that a short time after 
secretion of the periostracum has ended and usually before 
the cell has reached the tip of the lobe, fibrils ‘develop 
within the mucoprotein layer. They lie normal to the 
inner bounding membrane as sporadie continuations of 
the fibrillar mat, and may extend to the inner surface 
of the wrinkled outer membrane. The permeating habit 
of such fibrils must reflect assembly of their extensions 
within a medium which facilitates internal diffusion of 
appropriate chemical components. The inner bounding 
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Fig.3. Section showing the structure of the fully developed periostracum 
of Notosaria nigricans (Sowerby), disposed in a fold 


membrane is essentially the proximal terminating surface 
of the periostracum. It can, however. be underlain by 
irregular patches of protein cement which accommodate 
isolated calcite rhombs representing the first-formed 
seeds of the primary shell. 

Thus the outer epithelial cell Notosaria follows a 
complex programme of organic secretion during rotation 
of its secreting surface from varying positions on the inner 
face of the outer mantle lobe to the final, outwardly 
directed disposition which heralds the deposition of calcite 
(Figs. 3 and 5). The full secretory regime of the cell 
during its growth is now believed to include the deposition 
of: mucopolysaccharide, mucoprotein bounded by a pair 
of triple-unit membranes with fibrillar distal surfaces, ‘a 
variably developed protein cement, the calcitic primary 
shell layer, and the calcitic fibres of the secondary shell 


laver with their ensheathing organic sheets’. These 





Fig 4 


Section showing the structure of the fully developed periostraeutn 
of Waltonia inconspicua (Sowerby) 
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Fig. 5, Correlation of diagrammatic sections of the periostraca of (a) Notosaria nigricans (Sowerby) and (b) Waltonia inconxpicua (Sowerby). 


sheets have been described as "protein", but current 
studies show that they are triple-unit membranes compar- 
able in thickness with the periostracal membranes. 

The succession outlined here is typical of the Notosaria 
shell in all stages of growth, but variations reflecting 
environmental and genetic control also occur. The full 
eycle of periostracal secretion can be modified by repetition 
of certain phases, especially those involving the deposition 
of the outer bounding membrane, segments of which may 
succeed one another three or four times within an other- 
wise normally developed eycle. The migration of cells 
during times of non-deposition can also lead to anomalous 
patterns. Sudden forward movements of cells occur 
periodically and induce a displacement of the periostracal 
successions whereby the old, outer bounding membrane 
forms a discontinuous external flap, while the new, outer 
membrane starts as a continuation of the old, inner 
bounding membrane, to the internal surface of which the 
new, inner membrane is also welded (Fig. 3). In contrast 
sudden limited retreats of the tip of the outer mantle 
lobe ean result in flat-lying folds of periostracum, in which 
only the inner bounding membrane is interrupted on the 
outer surface of the fold hinge (Fig. 3). 

The first-formed part of the periostracum of the tere- 
bratulides has not yet been seen in association with the 
cells responsible for its secretion, Even so, studies of the 
completed periostracum indicate that the fundamental 
structure is comparable with the rhynehonellide model 
although there are few similarities in detail (Figs. 4 and 
5). As with Notosaria, an external coating of mucopoly- 

echaride is exuded by outer epithelial cells as they are 
proliferated from the generative zone of Wallonia, and 
seeretion of the periostracum must proceed under this 
coating. The first-formed part of the periostracum 
consists of an array of eylindroid structures distributed 
in an 80° rhombic pattern at intervals of about 40 nm to 
give a well defined, even external surface. These rods are 
connected with one another by fine fibrils and may extend 
inwardly for more than 400 nim, ultimately to arise directly 
from a series of labyrinthine partitions which are made up 
of a densely osmiophilic protein. ‘The protein also forms 
the outer, grossly thickened unit of a triple-layered basal 
membrane, and the thickened coats of ellipsoidal mucin 
inclusions, up to 200 nm in diameter, and of numerous 
vacuoles, up to 800 nm across, which oceur in various 
stages of collapse. As in Notosaria, the vacuoles are 
bounded by triple-layered membranes; and, together 
with the mucin inclusions, must represent discarded cell 
constituents which have become incorporated within the 
labyrinthine layer during its secretion. The basal mem- 


brane terminating the periostracal SUCCESSION 15 exees- 
sively thiekened internally as well as externally, which 
tends to obscure its triple-layered structure, and may, 
in consequence, be up to 250 nm thick. 

Apart from equ: ating the mucopolysaccharide layers, 
exudation of whieh is probably a prerequisite to peri- 
ostracal secretion in all brachiopods. correlation of the 
periostraca of Notosaria and Waltonia is only feasible if 
synthesis of a triple-layered membrane is regarded as the 
most immutable phase cf both secretory regimes (Fig. 5). 
On this assumption, the outer bounding membrane of 
Notosaria can be correlated with the basal membrane of 
Waltonia. The distal layers of both membranes are 
extended as arrays of s:milarly distributed protein rods, 
and the morphological differences between them can be 
attributed to the very much faster secretion of the layer 
in Notosaria. The more prolonged seeretion in Waltonia 
would account for the greater length of the rods and the 
labyrinthine partitions extending outwards from the 
significantly thicker base. Furthermore, the presence of 
vacuole membranes and mucin inclusions would only 
signify that this layer took as long to accumulate as the 
mucoprotein layer of Notosaria which also contains 
similar discards of seereting cells. If this is so, only part 
of the mucoprotein layer of Notosaria can doubtfully be 
equated with the thickening of the inner layer of the basal 
membrane of Waltonia. There is no correlative of the 
inner bounding membrane, which seems to have dropped 
out of the terebratulide secretory regime. 

Preliminary surveys so far confirm this correlation. 
In addition to the mucopolysaecharide layer, a triple- 
layered membrane with distal extensions either as fibrils 
or rods is invariably present and dominates periostracal 
successions despite complications like differential thicken- 
ing and recurrence of the membranes, and inclusions of 
vacuole membranes and mucin, In fact, it is the one 
constituent with the universality and completeness of 
design to have played the part of a prototypic periostracum 
which ean be visualized as a triple-layvered membrane with 
a distal mat of fibrils beneath an impersistent layer of 
mucopolysaccharide. In this manner, the membrane 
could have been secreted initially as the exclusive exo- 
skeletal cover of the brachiopod prototype and only later 
in the evolution of the phylum served as a seeding sheet 
for an evolving carbonate shell. 


Received March 26; revised April 2, 1968. 


! Williams, A., Nature, 211, 1146 (1966). 

* Williams, A., Palavontology, 11, 3 (1968). 

? Williams, A., Special Papers in Palaeontology, 2, 4 (1908). 
t Jope, H. M., Comp. Biochem, Physiol., 20, 593 (1967). 


NATURE, VOL. 218. MAY 11. 1968 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Uranium in Fallout Particles 


THE activity of uranium in hot particles (highly radio- 
active fallout particles) collected on a roof at our labora- 
tory shortly after several nuclear explosions was measured 
by uranium separation and electrodeposition followed by 
«-ray spectrometry. Hot particles were isolated from dust 
particles under a microscope and their diameters were 
measured'?, Similar measurements of uranium activity 
were also made on rainwater samples and a soil sample. 
Hot particles are very suitable for determining the 
abundance ratio of uranium isotopes in nuclear debris, 
because there ean be no contamination by natural uranium. 
Rainwater or airborne dust samples inevitably contain 
soil particles, the uranium content of which makes the 
determinations unreliable. 

To carry out an accurate measurement, the contamina- 
tion of samples by nuclides other than uranium emitting 
x-rays must be avoided. For example, the energy of 
a-rays from *°Th is nearly equal to that of «-rays from 
HU, the precursor of the former. Chemical separation of 
uranium should therefore be made before «-ray spectro- 
metry. The chemical procedure for uranium separation, 
reported in ref. 3, was applied in a somewhat modified 
form after treatment of the samples by alkali fusion in a 
platinum crucible. 4-HRay spectra were measured by a 
gridded ionization chamber connected to a 512 channel 
pulse height analyser. Fig. 1 shows an x-ray spectrum 
made up from measurements of 230 hot particles from the 
fifth Chinese explosion (December 28, 1966). The back- 
ground, taken to be the «-ray spectrum when no sample 
was present, has been subtracted. From such z-ray 
spectra the uranium content and the activity ratio 2841) / 
23817 were determined for each sample. The samples 
measured and the results obtained are shown in Table 1. 
The soil sample was from a depth of 50 em below the 
ground surtace in the yard of our laboratory. Sieved fine 
soil particles were used for the measurement. Both the 
weight of the evaporated residues of the rainwater samples 
and the weight of the soil sample were measured after 
drying for 4 sn at a constant temperature of 110°C and 
then heating at 800? C to decompose any organic sub- 
stances. 
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Fig. 1. a-Ray spectrum made up from measurements of 230 hot particles 
from the fifth Chinese nuclear explosion (December 28, 1966), 


The numbers of ?**Pu and Zr atoms in each hot particle 
sample were also estimated. The activity of "Pu was 
measured by Pu separation and electrodeposition followed 
by a-ray spectrometry* and the activity of Zr by y-ray 
speetrometry made at the proper ages. Table 2 lists the 
densities of U, ??*Pu and “Zr atoms (number of atoms 
per u?) in each hot particle sample, together with the 
atom number ratios ?"Pu/**U and 9*3Zr/9*U. (By the 
term “atom number" we mean "initial atom number'.) 

Unexpectedly, the presence of uranium in the Chinese 
hot particles was clearly detected. The atom number 
density of uranium in these particles was 7x10* to 
6 x 101° atoms per u’. The uranium content in the Soviet 
hot particles was below the detection limit, however, that 
is, below 10? atoms per uê. The order of increasing values 
of the density of uranium atoms in particles from the 
tests listed in Table 1 is as follows 


S-1-P and S-2-P < C-5-P < C-3-P < 


It is very diffieult to understand how the atom number 
density of uranium in fallout particles depends on burst 


conditions, because so many factors have to be considered, 

















Table |. URANIUM ACTIVITY IN THE HOT PARTICLES, THE RAINWATER SAMPLES AND THE SOIL SAMPLE 
Hot particles 38S aay] Activity ratio of 
Assumed date No. of Diameter Total Activity . ald Ac tivity xut 
of explosion particles range volume Total activity per 4 Potal activity gi 
combined A p Rn Ci BuCi uc i a 
Oct. 23, 1961 63 5-10 14x 10+ cod = a 
Oct. 27, 1962 30 8-15 2-4 x 10 - AM 
Oct. 16, 1964 110 8-15 9-0 x 105 1-6» ETS = {b24$0-16)% 107 P £x107 
May 14, 1965 30 4- 7 2-6 x 10% a ? x 10% (2-1640-17)% 10% 833 x 10-6 
May 9,1966 170 8-15 14x10 aS x 10-8 {1-43 40-14) x 1077 pOox107 
Dec. 28, 1966 230 20-28 17 =< 108 OS x 10% (1-694 0-04) x 16! 9-9 x 1075 
Rain water and soll fS. me 
Weight of wn 
Date of eallection Volume evaporated Total activity Aetivit Total activity 
1, residue auti ofr a Rai 
naci g> 
C-1-R Oct, 20-Nov. 2, 1964 27-5 9-500 + 0-008 0-34 
C-2-R May 20, 1965 23-0 0-245 + 0-006 — i 
C-5-R Dec. 31, 1966-Jan. 1, 20-6 0-194 + 0-005 OL} e 2194 t 0-005 
1967 
66-May-7-R May 7, 1966 3-81 0-731 0-315 + 0-006 0-43 0-316 + 0-006 
Soll Oct, 1963 — 0-928 0-138 + 0-004 015 0:149 + 0-004 
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such as the amount of uranium, the bomb yield, the burst 
altitude, the types of the nuclear reactions involved and 
so on. The fact that the uranium content in the Soviet 
hot particles was very low may, however, be explained 
primarily as the result of very strong fractionation; the 
Soviet hot particles were probably produced in thermo- 
nuclear explosions of very high yield carried out in the air, 
and became depleted in uranium composition. In fact, 
we have observed very strong radionuclide fractionation 
in the Soviet hot particles**, According to our observa- 
tions, uranium is thought to be volatile during the time of 
particle formation in an air burst, especially of high yield. 
This is in agreement with Freiling’s result and conclusion’, 

When ***U is in equilibrium with its daughter 2U, the 
activity ratio *5U/*5U should be unity. This ratio will 
be greater than unity for a sample of enriched uranium. 
however. The values of the ratio for both hot particle 
and rainwater samples were nearly unity except for the 
sample C-5-R. The main origin of the uranium found in 
hot particles is believed to be the tamper materials, in 
which uranium, natural or depleted in ?'5U, is used. At 
present there is no satisfactory explanation of the high 
value obtained for the sample C-5-R. 





"Fable 2. ATOM NUMBERS OF U, 5*Pu AND "Zr IN THE HOT PARTICLES 
AND ATOM NUMBER RATIOS *55Pu/9*U anp Zr U 
Number of atoms per g? Atom number ratio 
Sample sep "pu* "Zr Pu LAT 
25581] E 

x 107 4:0 x 10* — »]9 - 

<10 1-2 x 108 9-2 x 10° > 10? >10? 
1-2 x10 56x10 1-6 x 10° 477x105 p3x10* 
6:4 x 10!* p:5x 107 2-0 x 10* 23 x 1075 31x105 
Tb x10 Hu x 104 5:6 x 10* ! )9x10* 72x 10% 
74x 108 9-0 « 105 1-9 x 108 1:2 x 16-* 24 x« 10-* 





» ' Obtained on the assumption that the a-activity at about 5:15 MeV is 
due to ***Pu only. S-1-P and S-2-P are thought to contain “appreciable 


"Pa, 
The atom number densities of “Zr iu the samples 
S-2-P, C-2-P and C-3-P were more than 100 times 


larger than those of C-1-P and C-5-P. This is easily 
understood if the former were produced in air bursts and 
the latter in surface bursts. 

The atom number ratio Zr/?38U in the sample C-3. P 
was more than 100 times larger than for the other Chinese 
hot particles. 
the stronger fractionation of uranium in the third Chinese 
explosion than in the other Chinese explosions. 

The atom number ratio ??Pu/?**U seems to have some 
relation to the neutron density in the fireball. This ratio 
does not depend on the kind of debris sample because 
there will be no fractionation between these two nuclides. 
The value of this ratio for the sample C-3-P was 2 to 
10 times larger than those of the other Chinese hot particle 
samples, in agreement with the general belief that the 
device of the third explosion contained some materials 
for thermonuclear reaction. The ?9??Pu/*55U ratio of the 
sample C-1-P was relatively high compared with those 
of C-2-P and C-5-P, suggesting a relatively high slow 
neutron density in the first explosion. By the way, the 
atom number ratios ?99?Pu/*95U in debris from the third, 
the fifth, the sixth and the seventh Chinese explosions 
were 4-0, 24, 1-8 and 40, respectively. The value of this 
atom number ratio is regarded as having some relation 
to the abundance ratio of slow to fast neutrons. 

The sample C-5-R was expected to show a high value 
of uranium activity per gram of evaporated residue 
because it was collected shortly after the fifth Chinese 
explosion and was found to contain a considerable amount 
of fresh nuclear debris; however. contrary to expectation, 
it showed so low a value as to be apparently below that 
of the soil sample. It is thought that the sample C-5-R 
contained either many dust particles other fhan soil 
particles, or soil particles of lower uranium content. On 
the other hand, the sample 66-May-7-R had a relatively 
high value of uranium activity per gram of evaporated 
residue. This rainwater sample was collected on May 7, 





It seems that this was chiefly a result of 
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1966, about | yr after the second Chinese explosion and 
just before the third. It is still not clear whether or not 
this relatively high value was related to the spring 
maximum. In any case, it is very difficult to estimate 
precisely the uranium deposition on the Earth's surface 
due to nuclear explosions or to measure the abundance 
ratio of uranium isotopes in fallout by measuring the 
uranium activity in rainwater samples. 
T. MATSUNAM! 
T. MAMURO 
Department of Health Physics 
and Instrumentation, 
Radiation Centre of Osaka Prefecture, 
Osaka, Japan. 
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Correlation of Heat Flow Values 
with the Tectonic Structure in 
Czechoslovakia 


So far. fifty-two values of the terrestrial heat flow in 
Czechoslovakia are known) 4. Phe points at which the 
heat flow has been determined are marked on the map 
together with schematic boundaries of the main teetonic 
formations (Fig. 1). Teectonically, Czechoslovakia contains 
parts of two distinctly different provinces of European 
geological structure; the western part of Czechoslovakia 
(the Bohemian Massif) belongs to the Variscan province, 
and the eastern part, formed by the West Carpathians, 
belongs to the Alpine province. Both of these formations 
are divided by the comparatively narrow Carpathian 
Foredeep. Whereas the Bohemian Massif is a formation 
nia has long since been consolidated, the western 

Carpathians are part of a young zonal mountain range 
where geosynelinal development is still in progress. 

The number and geographical distribution of the heat 
flow values allow the application of statisties. The mean 
heat flow and its standard deviation for the whole of 
Czechoslovakia is 1-70 x: 0-39 ucalories em-? s-'. For this 
caleulation, three extreme heat flow values (Q> 2-5 
yealories em-? s) from the neighbourhood of Teplice 
in northern Bohemia? were omitted because the geo- 
thermal field in this region is disturbed by underground 
thermal waters. The mean value, 1-70, is higher than the 
world arithmetic mean of 1-58 ucalories em-? s~ (ref. 6), 
but is in comparatively good agreement with the average 
heat flow value in Central Europe, 1-67 ucalories em-? s-t, 
determined from all heat flow measurements made in the 
German Federal Republic, Austria‘, Switzerland’, the 
German Democratic Republie!*, Poland! ?, Hungary? +° 
and in the Carpathians in the USSR’. 

The average heat fiow in the Bohemian Massif is 
1-614 0.26 ucalories em-? s1, whereas the average heat 
flow in the Czechoslovakian parv; p the western Car- 
pathians is 2-13 + 0-55 ucalories em- When a detailed 
division is made into individual’ eo zones (the 
statisties are summarized in Table 1), the average heat 
flow in old blocks forming the basement structure of the 
Bohemian Massif (1:-41+ 0-21 ucalories em ^? s~) is lower 
than the mean in the Bohemian Permo- Carboniferous coal 
basins (1:49 4 0-05 pealories cm? s-?). or than that in the 
Cretaceous of North Bohemia (1-714 0.30 ucalories em-? 
5). The single value from the KruSnéhory Mountains 
(Q = 2-00) is difficult to explain —the relatively higher heat. 
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Fig. 1. Heat flow in Czechoslovakia. 


1, Pre-Variscan; 2, Bohemian Permo-Carboniferous (Kladno-Rakovník and Zaclét-Svatonovice coal 


basins); 3, Ostrava- Karviná coal basin: 4, Cretaceous sediments in northern Bohemia; 5, Carpathian Foredeep; 6, Pre-Neogene folded units 
of the Carpathians; 7, Neogene Basins; 8. Tertiary voleanites. 


flow is probably caused by the greater radioactivity of the 
eruptive acid rocks in that region. The Carpathian Fore- 
deep is characterized by a heat flow of 1-41 + 0-09 uealories 
cm- s-t, The geothermal field in the Permo-Carboniferous 
of the Ostrava-Karviná coal basin (belonging to the 
Bohemian Massif) was apparently influenced by the 
ereation of the Carpathians; the average heat flow here 
is higher, 1-81+0-04 uealories em-* s. In the western 
Carpathians, the average heat flow in Neogene basins is 
2-08 + 0:55 uealories cm~* s-*.. This value is lower than the 
sole value available at the present time for the region of 
Tertiary voleanites, 2-6 yealories cm? s^ obtained by 
Boldiszár". 


Table |. STATISTICS OF HEAT FLOW VALUES IN CZECHOSLOVAKIA 
No. of Standard Standard 
Geological feature values Mean deviation error 

All Czechoslovakia (excluding 49 1-70 0-39 0-06 

thermal area of Teplice) 

" mian Massif 40 1-61 0-26 U-04 
(i) Pre-Variscan 6 1:41 0-21 0:00 
(ii) Bohemian Permo-Carboni- 4 149 9-05 0-02 

ferous 
(iii) Moravian Permo-Carboni- 6 Isl 04 "on? 
ferous (Ostrava-Karviná 
coal basin) 
(iv) Bohemian Cretaceous E 71 0-30 0-08 
(v) Kruinéhory Mountains ! 200 
(vl) NAM Foredeep 4 L4 0-09 0-05 

b Carpathians 9 2-13 0:55 O18 
(i) Neogene Basins ^ 2-08 0-55 0-20 
(ii) Tertiary Eruptives 1 Se 


Comparison of the average heat flow for the individual 
tectonic units clearly indicates that geologically older 
units are on the whole characterized by lower heat flow 
values than younger formations. The heat flow thus 
reflects the deep teetonie structure; and even in a com- 
paratively small geographical area, tectonically as hetero- 
geneous as Czechoslovakia, the correlation. of heat flow 
with geology may yield good results. 
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New Feature of the East Australian 
Current 


As part of the global cruise of the Coast and Geodetic 
Survey ship Oceanographer, a brief investigation of the 
East Australian Current was conducted in September 
1967 by personnel from the Pacifice Oceanographic Re- 
search Laboratory and the Division of Fisheries and Ocean- 
ography. The results reported here are from oceano- 
graphic casts along 31° 8. extending eastward 170 km 
from the Australian continental shelf. Closely spaced 
observations, made feasible by the satellite navigation 
system on board the ship, revealed some previously 
unknown details of the current. 

Most of the previous observations of this current were 
presented and discussed by Hamon'?. ‘The current is 
typically present as a narrow stream near the shore. 
South of 33° S., detached, fast-moving eddies are com- 
mon, and the current location and pattern is quite variable 
with time. The current system eventually trends to the 
east and in part returns to the north far offshore. It is 
typical of western boundary currents in some but not all 


respects. 
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Fig. 1, 
reference level of variable depth, along 31° S., September 21-22, 1967. 
N and 8 indicate north and south flow, respectively. 


Vertical section of geostrophic flow (cm s-!), based on a 


Density structure is frequently used to compute geo- 
strophic flow relative to a selected reference level. Hope- 
fully, this level has no horizontal motion; otherwise, all 
computed velocities are in error by its motion. For this 
study, the method of Defant? was used to select zones of 
minimum shear which, he argued, represent zones of 
least horizontal motion. 

The geostrophie flow across 31* S. is shown in Fig. 1. 
The south going East Australian Current, with peak 
speeds above 140 em s^!, is highly structured with speeds 
in excess of 50 em s-! over a horizontal extent of about 
40 km. From these data, volume transport of the East 
Australian Current was computed to be 29 x 10* m? s-t, 
A previously unreported counter-current is found shore- 
ward of station 4. A maximum speed above 40 em s-! 
is indicated at 200 m; volume transport above 1,000 m 
was computed to be 4x 10* m? s-t. 

Other data obtained on this cruise show that the East 
Australian Current diverged from the edge of the shelf 
in this area. It is possible that the observed counter- 
current was part of a local entrainment process, rather 
than a permanent feature of the current itself. 

Between stations 4 and 5, a deep northerly flow is 
indicated beneath the East Australian Current. This 
brings to mind similar flows reported under the Gulf 
Stream‘*, — Volkmann* found a counter-current from 
surfaee to bottom inshore of the Gulf Stream, but his 
near-surface speeds were much less than those reported 
here. Our data density, however, is inadequate to show if 
continuity exists between the upper and lower counter- 
currents. 
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Seismic Anisotropy of the Uppermost 
Mantle beneath Mid-ocean Ridges 


lw 1965, Hess! showed that seismic refraction measure- 
ments of Raitt and Shor in the East Pacifie were con- 
sistent with seismic anisotropy of the uppermost mantle. 
Velocities between 8-0 km/s and 8-7 km/s were measured. 
The direction of the maximum velocity lay parallel to 
neighbouring fracture zones. Later, Backus? showed that 
for small anisotropy the compressional wave velocity 
Vole). measured at azimuth o, should fit an equation of 
the form 


Vy*(o) 2 J 4 K sin 2ọ + L cos 20+ M sin 4o +N cos 4c 


Coefficients J, K, L, M and N are related to elastie para- 
meters of the upper mantle. 

In 1965 Le Pichon ef al.? also described the properties 
of an axial zone of the Mid-Atlantic Ridge in the North 
Atlantic as deduced from reversed seismic refraction 
stations. They found that the zone was rarely more than 
400 miles wide. It was characteristically underlain by a 
refractor with a velocity of about 7-3 km/s (referred to 
here as a "low upper mantle velocity") and had a rela- 
tively high "basement" velocity. They noted, however, 
that “The occasional existence of normal mantle veloci- 
ties near the axis of the ridge, . . ., must be acknowledged" 
(page 324). In the equatorial Atlantic normal upper 
mantle velocities (greater than 7-9 km/s) were found in 
the region close to the ridge axis, but all the measurements 
were made in a direction roughly perpendicular to the 
axis of the mid-ocean ridge. Similar velocities were found 
by Francis and Short in the Indian Ocean close to the 
Carlsberg Ridge (stations 10-11, 12-13), but their measure- 
ments were made approximately perpendicular to the 
ridge. In the Gulf of Aden, Laughton and Tramontini* 
and the Lamont Geological Observatory (personal com- 
munication from J. E. Nafe) have found both normal and 
low upper mantle velocities adjacent to the median valley 
in the Gulf but, significantly, the one normal velocity was 
measured roughly perpendicular to this axis. Menard? 
has also pointed out that a group of five of Raitt's and 
Shor’s refraction stations "very near the crest of the 






Table 1 
Approx. Azi- Source 
distance Azi- Azi- muth of 
Station Source Vp from muth muth of  bathy- ayr apg 
No. (Gef) (km/s) ridgeaxis of of frac- metric 
(nautical pro- ridge ture data 
miles) file axis zone (ref) 
D13 3 7:21 150 090 055 emm 8 35 
Dia 3 TT 60 090 055 — a 35 
A 180-5 3 791 156 105 055 -— * 50 
A 180-4 3 7:30 123 090 055 = 5 Ba 
A 180-5 3 124 24 066 055 ~- B li 
F10 3 7:36 30 Ops G15 — 095 9 Be 903 
E3 3 T24 30 036 035 8 i 
E4 3 7'83 30 039 035 a 8 4 
a 3 TAT 180 170 035 — 5 135 
V 10-4 3 836 36 O64 050 -~ 5 14 
V 10-5 3 RET ü 123 — 050 zem 8 78 








A 180-0 3 8-03 120 085 160 080 19 105 95 
A 180-12 3 8-49 90 o9 i60 O80 10 110 100 





4 180-48 3 830 150 048 160 090 10 638 48 
165 5 T 39 124 100 O80 * 24 4 
169 5 ie 46 072 O80 O45 * 172 115 
$.215-19 5 ts 45 033 115 030 - 88 93 
10-11 + 8 100 090 — 000 — 000 il 90 120 
12-13 4 836 120 090 000 060 LE 90 120 
34-35 T 830 165 062 045 mE it 23 


The azimuths, in degrees, of the median valley and fracture zones were 
determined from bathymetry published in the cited sources. Depth varia- 
tions of 900 metres occurred beneath station F 10 which was shot across a 
fracture zone. Its velocity is almost certainly unreliable, 

* Personal communication from A. S, Laughzon. 
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(East Pacific) rise" exhibit low upper mantle velocities 
(less than 8 km/s). Low upper mantle velocities therefore 
seem to be characteristic of a narrow zone along the axis 
of the mid-ocean ridge system, but they may not be 
observed when measurements are made in a direction 
approximately perpendicular to the ridge axis. 

Thus it seems that the uppermost mantle in this 
axial zone might be seismically anisotropic. I therefore 
gathered the results from reversed seismie refraction 
profiles, whieh were shot within 200 nautical miles of the 
axis of a mid-ocean ridge. the orientation of which could 
be deduced from the published data, and where a velocity 
greater than 7-2 km/s was observed (Table 1) The 
bearing amy of each profile was measured clockwise 
from the trend of the median valley and a comparable 
bearing less 90°, az, was measured from an adjacent 
fracture zone, if one was present. The bearing av was 
plotted against the observed velocity (Fig. 1). "These 
results (excluding station F 


10) were tested by least 


T 
w 
E 
"t 
$ 90 
E 
120 
150 
180 
72 T4 T6 73 8-0 8-2 B4 
Vp (km/s) 
Fig. 1. Plot of seismic velocity Vp against ayy. The symbols indicate 


the general location of refraction stations as follows: @, North Atlantic; 
+, Equatorial Atlantic; f». Gulf of Aden; W, Indian Ocean. 


squares fitting to Backus’s formula for consistency with 
small seismic anisotropy. Use of the bearings amy gave 
the result (Fig. 1) 


Vp2(%) = 60-8416 + 0-5143 sin 2« — 4-8903 cos 2x + 
0-4651 sin 4a + 2-8561 cos 4a 


with a standard deviation of 0-341 km/s. A fit using 
bearing «pz instead of amv, where appropriate, gave a 
slightly poorer fit. If Vp is assumed to be constant 
(isotropie) then the standard deviation about the mean 
of the results in Table 1 (excluding F 10) is 0-445 km/s. 
The fitted curve in the 30° region is higher than it might 
have been beeause of the points V 10—4 and 34-35, but no 
good reason could be found for abandoning these values. 
The maximum calculated velocity occurs almost exactly 
perpendicular to the ridge axis (when «my=91°). It is 
clear that these data are consistent with small seismic 
anisotropy. 

The bearing of each velocity measurement was cal- 
culated relative to the axis of the nearest segment of mid- 
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ocean ridge so that observations from widely separated 
areas could be combined. It is assumed that the aniso- 
tropy is the result of flow (past or present) of the upper- 
most mantle in a horizontal plane (from ref. 1) associated 
with sea-floor spreading in a direction parallel to transform 
faults and thus roughly perpendieular to the mid-ocean 
ridge axes. The observed anisotropy is in the same sense 
(maximum veloeity roughly parallel to transform faults. 
or to their extensions in the ocean basins, that is, fracture 
zones) as that determined by Hess!, and more recently by 
Raitt and others??. The degree of anisotropy, however. 
as determined by the range of observed velocities, is 
greater. 

If Hess's explanation of the anisotropy is correct, then 
there is or has been shearing of the uppermost mantle 
along vertical planes in the direction of flow, beneath 
ridge axes. Local differences in the rate of flow, perhaps 
variable in time, may account for such shearing. Tf such 
a mechanism acts in regions where transform faults are 
apparently absent, it is different from Sykes’s'® interpre- 
tation of the first motion of earthquakes situated near the 
axis of mid-ocean ridges. The postulated shearing move- 
ments, however, could be below the detection threshold of 
continental seismometers. 

It is interesting to note that if the velocities and bear- 
ings from five stations (A 180-1, A 180-2, A 180-7. 
V 10-8 and V 10-9) situated between 200 and 300 
nautical miles from the Mid-Atlantic Ridge’ (all velocities 
are at least 8-0 km/s) are added to those of Fig. 1. the fit 
to an anisotropy curve becomes much worse. This 
perhaps indicates that the axial zone has rather sharp 
boundaries. In this region, the upper mantle velocity 
increases but the degree of anisotropy probably decreases. 
Hypothetical factors such as cooling and loss of pore- 
water may account for the velocity increase (Hess*). 
Whatever mechanism is responsible for causing the aniso- 
tropy it seems that it only acts close to the ridge axis. 
Disorientation of olivine erystals (which are believed to 
be the source of the anisotropy) may oecur in the upper- 
most mantle as it spreads away from the ridge axis, which 
reduces the degree of anisotropy. 

The results presented here are based on sparse data 
obtained in areas of irregular relief which make precise 
determination of upper mantle velocities diffieult. But 
the success of combining results from widely spaced loca- 
tions to fit a plausible hypothesis indicates that similar 
stress fields relative to the axis of mid-ocean ridges occur, 
or have occurred, in axial zones in different oceans, It 
now seems more certain that the material found beneath 
mid-ocean ridges with a compressional velocity as low 
as 7-2 km/s is closely related to the uppermost mantle 
material under ocean basins. The latter may even be 
derived from the axial zone mantle by changes which 
oceur during sea-floor spreading. 
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Shock-wave Data for Several Minerals 
and their Implication to Mineral 
Phases in the Lower Mantle 


From studies of the density and elastic properties of the 
mantle, Birch! showed that the upper mantle is charac- 
terized by a zero-pressure density of about 3-3 g cm~ 
and (K/p)p=o about 35 km? s-?, where K is the bulk 
modulus. The corresponding values for the lower mantle, 
however, are about 4 g em and 55 km? s-*. Comparing 
these values with laboratory measurements for a number 
of materials showed that, while a number of common 
rock-forming minerals (olivine, pyroxene, garnet, jadeite) 
have the qualifications of the upper mantle material, 
none of the familiar silicates have similar properties to the 
lower mantle. The observation that a few oxides (periclase, 
corundum, rutile) have densities close to 4 g em~ and 
(K/p)p=o close to 50 km? s-* inspired Birch! to speculate 
that one of the possible phase changes in the transition 
zone is for silicates to break down into closely packed 
oxides. The popularity, and hence the importance, of 
this speculation is clearly indicated by the work of 
Al'tshuler et al.?, Ahrens and Syono? and Anderson‘, 
Al'tshuler et al. attempted to construct the equations of 
state of the high-pressure phases of forsterite and enstatite 
from the Hugoniot data for quartz and periclase; the 
constructed curves were compared with the P-p curve 
for the lower mantle. Anderson, on the other hand, 
calculated on thermodynamic grounds the temperature 
and pressure range for the breakdown of spinel polymorph 
of forsterite to form a mixture of closely packed oxides. 
The result was correlated with the density increase cor- 
responding to one of the steep rises in the seismic velocity 
profile in layer c. In the light of shock-wave data, the 
nature of the phase change is examined here. 

The short duration of the peak pressure and temperature 
in & specimen under shock compression (about 1 ys) may 
raise the question whether phase transitions of a sluggish 
nature ever have enough time to oecur, and whether 
results obtained by shock compression can be meaning- 
fully applied to problems involving much longer times 
such as the phase transitions in the Earth’s interior. 
Existing experimental evidence indicates, however, that 
many phase transitions detected in solids under a static 
environment also occur in shock experiments®. 

So far there is a general lack of information on the nature 
of the phases of rock-forming minerals under strong shock 
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compression. Studies of some shocked minerals have 
revealed abundant amorphous phases*. The amorphous 
phase, however, may be the result of reversal transitions. 
Dachille et al.? found that the structure of stishovite, 
which is metastable at room temperature and pressure, 
started to break down slowly to form an amorphous or a 
short-range order phase when heated to 350° C at room 
pressure. The rate of decomposition was greatly ac- 
celerated when the temperature was raised to 425° C. 
At temperatures above 500—600? C, stishovite was found 
to decompose completely within a few minutes. The 
formation of amorphous phases in some shocked minerals 
may therefore be the result of reversal transitions, 
accelerated by the residual heat. Until well controlled 
recovery experiments are performed, the production of 
phase transitions under shock compression can only be 
conjectured. 

Fig. 1 shows the experimental Hugoniots for periclase, 
corundum and for the high-pressure dense phases of 
quartz, spinel and forsterite’. The lines show the best 
fits for the Hugoniot data. As a result of shock heating 
associated with phase transition, the experimental 
Hugoniots for the dense phases of quartz (stishovite®), 
spinel and forsterite are "hot" compared with the hypo- 
thetical Hugoniots centred at zero-pressure and room 
temperature. This implies that the density on the experi- 
mental Hugoniot is usually lower (of the order of 1 per 
cent) than would be expected if the dense phase was 
shocked to the same pressure from zero-pressure and 
room temperature. 

If we follow Birch's hypothesis that forsterite and spinel 
break down to simple, close-packed oxides at high pres- 
sure and high temperature, the Hugoniot for the dense 
phase of spinel would lie between those for periclase and 
corundum, and the Hugoniot for the dense phase of 
forsterite would lie between those for periclase and 
stishovite. Examination of Fig. 1 shows that these 
implications are not followed. The scatter of data is 
large for the high-pressure phase of spinel, but none of the 
measurements lies between the Hugoniots of periclase and 
corundum; instead, all the measurements lie on the higher 
density side of the corundum Hugoniot. Birch's hypothesis 
that spinel breaks down to its oxide components essentially 
implies that there is a consistent error of about 4 per cent 
in all the density determinations in the shock-wave data 
for spinel. 

Correetion of the density for shock-heating associated 
with phase transitions will cause even greater discrepancies 
between the predieted and the measured loci for the 
Hugoniot for the dense phase of spinel. 

Unless therefore the experimental Hugoniot for the 
dense phase of spinel is too high in density by 5 per cent 
or more, the locus of this Hugoniot relative to those of 
periclase and corundum suggests that the dense phase of 
this mineral under shock compression is probably not a 
mixture of periclase and corundum. A similar argument 
applied to the experimental Hugoniot for the high- 
pressure phase of forsterite suggests that the end product 
of forsterite under shoek compression is probably not a 
mixture of periclase and stishovite. 

By studying the shock equation of state of rocks, 
I suggested!" that Birch's theory offers a reasonable 
explanation for the density increase associated with the 
shock-induced transition in Twin Sister dunite. The 
present results, however, show that the question of the 
mineral phases in the lower mantle still remains open. 
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Creep of Highly Anisotropic, 
Low-density Polyethylene 


A SYSTEMATIC study of the creep properties of polymers 
possessing known anisotropy does not seem to have been 
attempted, probably beeause of the experimental diffi- 
culties involved. The few results reported are usually 
measurements of the creep extension in the direction of 
the applied tensile stress, made by following the separation 
of the specimen grips. End effects make this an unsatis- 
factory arrangement, especially when small samples are 
used. We have therefore developed an apparatus for 
measurement of the ereep strain of specimens having a 
gauge length of as little as 0-5 in. The extensometer uses 
a linear displacement differential capacitor transducer, 
with a sensitivity better than 10- in., in a counter- 
balanced arrangement to reduce specimen loading to a 
minimum. The transducer sensitivity is equivalent to a 
strain of 2 x 10-5 for a gauge length of 0-5 in. The creep 
load is applied to the specimens using a lever loading 
system based on a well-proved designi. The results 
reported are for creep in the time range 5-100 s after 
application of the load. Other tests have shown that the 
transducer and control unit are stable, within the limit 
of sensitivity, for a period of at least 5 months. 
Low-density polythene was chosen for this initial study. 
Highly anisotropic sheets were prepared by cold-drawing 
compression moulded isotropic sheets*. The final sheets 
had a draw ratio of 4-2-- 0-1 and a birefringence of 0-037 
(+6 per cent). The method of preparation produced 
sheets with transverse isotropy in a plane perpendicular 
to the draw direction. The test specimens were cut from 
the sheets at various angles, 0, to the draw direction 
using an A.S.T.M. microtensile specimen cutter type 
D.1708-59T. This gave a specimen of overall length 1-5 in. 
and gauge length 0-5 in. The tensile creep behaviour 
of the various anisotropic specimens, together with several 
isotropie samples, was examined in the strain range from 
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Fig.1. Variation of the 100 s tensile creep modulus with angie (measured 
at 0-2 per cent strain). Solid line, theoretical line; broken line, 
isottopic line. 





10:5 T ar T 





Hus (dy nes em7?) 






TM dsocropie 





0-02 


9-002 0-005 001 


100 8 strain 


0-001 


Variation of the 100 s tensile creep modulus with 100 s strain 
for several samples at various angles, 9. 


Fig. 2. 
0-1 per cent to 10 per cent, using the normal procedure 
for obtaining isochronous stress-strain curves?. The 
measurements were carried out in a room with the tem- 
perature controlled at 20-2 + 0-7? C and relative humidity 
of 50-- 5 per cent. 

The variation of the 100 s tensile creep modulus with 
angle is shown in Fig. 1. The modulus values were cal- 
culated from the results obtained at a 100 s strain of 
0-2 per cent, where all the specimens exhibited virtually 
linear behaviour. The broken line represents the isotropie 
value in the same conditions. The high degree of 
mechanieal anisotropy exhibited by the oriented sheets is 
immediately apparent. This method of presenting the 
results enables the time dependence, as well as the non- 
linear behaviour, of the specimens to be ignored in a first 
analysis. It is interesting to compare these results with 
predictions from the classical theory of elasticity. 

The linear stress-strain relations for an anisotropic 
elastic solid (the generalized form of Hooke's law) may be 
written in the abbreviated matrix form 


ep = Syo (tj = 1,2... . 6) 


c, are the strains. o; the stresses and Sy the elastie com- 
pliances (Sy =S). It may be shown! that, for a material 
with isotropy in the plane perpendicular to the draw 
direction (the 1-direction), the matrix of the elastic com- 
pliances reduces to the form 


Su Sis Sis 0 0 0 
Si. Sn Sas 0 0 0 
Sie Sos Soo 0 0 ü 
0 0 0 Say 0 ü 
0 0 0 QO Sa 0 
0 0 [U 0 0 Sy, 


where S,,— 2(8,,— S23). The number of independent con- 
stants is then five. Furthermore, if samples of such a 
material are subjected to tensile loading at an angle, 0, to 
the l-direetion (in the 1-2 plane) Young's modulus, Eg, is 
related to 0 by 


1/Eg — S, cos0 + (28,, + Ss) sin*0 cos? + Se. sin*Ü 


It will be seen that Z4 — 1/8,,. This means that Young's 
modulus for a strip cut parallel to the axis of symmetry is 
given by Si Similarly E,,— 1/8, and 4/E,,- S, 
Sart Sss + 2512. By measuring E, Ey, and Ey, the com- 
plete variation of Eg with § may be calculated. This 
theoretical curve is shown in Fig. 1, alongside the expert- 
mental points. The measurements thus allow Sy. Sa, and 
(2S,,-- S5,), for 100 s creep, to be determined. Purther 
measurements, such as torsional moduli or contraction 
ratios, are required for the determination of all five creep 
compliances. 

The non-linear behaviour of the samples is shown in 
Fig. 2. It is clear that the non-linearity changes pro- 
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gressively with 0. At lower angles the behaviour is sensibly 
linear for strains less than 1 per cent, whereas for the 
higher values of 8 there are significant deviations from 
linearity at the lowest strains used (0-1 per cent). The 
non-linear behaviour of the isotropic material is similar 
to that of a 65° specimen, 

The time-dependent behaviour of the speeimens may be 
compared by studying the aetual creep eurves. In view 
of the large variation of the 100 s modulus with angle. 
it is convenient to compare results for a small strain 
range rather than for a single stress. ‘Typical creep curves 
with 100 s strains in the range 0-85 per cent to 1-16 per 
cent are given in Fig. 3. The creep rate of the anisotropic 
speeimens is considerably less than that of the isotropic 
material, Furthermore, in this region of strain the form 
of the creep curves in the anisotropic material shows little 
significant change with angle. Significant changes were 
found in the region of 5 per cent. 

Studies on the yield behaviour of oriented high-density 
polythene® have suggested that the ductile deformation 
mechanism involved slip parallel to the oriented chains. 
The creep results reported here indicate that at low 
strains S,, is very much larger than the other four com- 
pliances. This suggests that, even at low strains, shear in 
a direetion parallel to the oriented chains may be the 
dominant deformation mechanism at angles away from 0* 
and 90°. Ifthe tensile strain was a result of predominantly 
à shear strain in the plane of the sheet (perhaps resulting 
from slip occurring on planes perpendicular to the plane 
of the anisotropie sheet and parallel to the draw direction) 
the specimen thickness would not change during a tensile 
test. Because of this, and because we wanted to obtain 
all five pseudo-elastic compliances, an attempt was made 
to measure the thickness contraction during tensile creep. 
An apparatus was constructed which determined the 
variation, with angle 0, of the creep contraction ratio 
(ratio of lateral strain to longitudinal strain at any given 
time) for the thickness direction, vy. The results (Fig. 4) 
show a fair degree of scatter owing to the extremely small 
value of the thickness contraction (20 to 150 x 10-? in. at 
l per cent tensile strain). There is, however, a significant 
variation of w, with 9. The very low value of 0-03 for v, 
at 45° supports the hypothesis of a dominant *easy-shear" 
mechanism for this specimen at low tensile strains. The 
systematic increase in vz, as 0 tends to 0° or 90° indicates 
that other deformation mechanisms become operative at 
angles away from 45". Because of this it is perhaps 
surprising that the form of the creep curves did not show 
a significant dependence on 8. 
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Fig. 4. Variation of the 100 s thickr contraction ratio, rig, with 
angle, 6, Measured using two, single transducer, extensometers 








(1 per cent tensile strain). €, Measured usi ng travelling microscope 
and one double-transducer extensometer (tensile strains in range 3 to 
6 per cent). Í 


The classical elasticity theory gives the following 
expression for the variation of Vig With 6 
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The creep experiments (the measurement of 100 s 
values of Eo, Es Eso vj, and w,,) therefore allow all five 
creep compliances to be caleulated. For a 1 per cent 
tensile strain at. 100 s, these are 
L86 Sy = 254 Sy = 
~1:22 S,, = 64 
(units are 10-1 em? dyne-!). 

Contraction measurements on the isotropie material 
give a creep contraction ratio of 0-43-- 0-02. Thus the 
creep compliances for the isotropic material are 

Sy, = Sey = T4 
Ss, = 21 
(x 10-7? em? dyne-!, 1 per cent tensile strain). 

The compliance values for the anisotropic material 
confirm the expected high value of S,;. Thus at 45° the 
expression for w, is dominated by S,,, giving the very 
low. calculated value of 0-06 for w,. This compares 
favourably with the experimental value of 0-03, taking 
account of the large experimental error. The theoretical 
line in Fig. 4 was calculated using equation (1) and the 
five compliances for the anisotropic material. 

This work was supported by a grant from the Ministry 
of Technology. 
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Role of Manganese Carbonyl as an 
Initiator of Vinyl Polymerization 


KiNETIC studies of some reactions of manganese deca- 
carbonyl give results related to its role as an initiator of 
the polymerization of methyl methaerylate in the presence 
of carbon tetrachloride. We recently suggested! an 
alternative reaction scheme to that proposed by Bamford 
et al.^*. Our scheme was in excellent qualitative agree- 
ment with the polymerization data, but we incorrectly 
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assumed that rates of polymerization arising from inde- 
pendent initiating mechanisms are additive. Bamford 
and Denyer have countered some of our points by stressing* 
that it is the rates of initiation that are additive, and have 
suggested that the quantitative agreement between our 
proposed mechanism and the polymerization data is less 
satisfactory as a result. 

The kinetic studies that we have made are, however, 
quantitatively related to the studies of polymerization 
initiation through the parameter kpk}, where kp and Kr. 
are rate constants for propagation and termination of the 
polymer chains, respectively. Our mechanism enables us 
to calculate rates of initiation, J, according to 


T= (2k, + nkQEIMn4(CO),] a) 


where k, and k, are rate constants assigned by us! to what 
are probably Mn-Mn bond fission and CO dissociation, 
respectively®, the latter being completely inhibited by 
L A of CO. Recently improved values (unpublished 
work of L. I. B. Haines) of k, and (k,--k,) are 0.90 
0-02 x 10-9 s- and 1-34 4 0-04 x 10-5 s-!, respectively, as 
compared with earlier values* of 1-0+ 0-04 x 1075 s-) and 
1-33 +0-04x 10-8 s<, n is the number of CCl; radicals 
formed following each primary dissociative process. Our 
values of I can be combined with Bamford and Denyer's 
measurement? of kpk? It to give values of k,k,-*, and 
the values are given in Table 1, as a function of n, to a 
precision of about +2 per cent. n=2 requires both 
manganese atoms in the reactive Mn,(CO), intermediate 
to be oxidized to Mn(I) (to Mn(CO),Cl or Mn;(CO),Cl;. 
for instance), whereas n —4 requires both to be oxidized 
to Mn(II) (for example, to MnCl,). We feel that n=2 is 
more likely although n= 4 is by no means excluded. 


Table 1l. PARAMETERS ASSOCIATED WITH THE INITIATION OF POLYMERIZATION 
1 2 3 4 
0-193 0:173 0-164 0:155 
1-12 + 0-08 1-22 + 0-04 1-32 + 0-06 1-41 40-08 





Bamford and Finch* have published values of kpky? 
obtained by a method in which molecular weights are 
determined through viscosity measurements. The average 
of 61 separate determinations of kjk,-* is 0-191 mole-?1.? s-t 
with a standard deviation of only 2 per cent. The stand- 
ard deviation of a single measurement varies, depending 
on the metal carbonyl used in the initiation, between 
about +5 and + 20 percent. Bamford and Denyer?, how- 
ever, later quote a single, much lower, value of 0-14 mole-! 
l4 è s7}. The precision of this result was not indicated, 
nor was the reason for its low value explicitly discussed. 
The low value arises from the use of an improved relation- 
ship? between viscosity and molecular weight which 
results in polymer molecular weights lower by a factor of 
two than earlier estimates. Even if this lower value of 
kyk,3 is correct, our mechanism can still explain the 
polymerization data, quantitatively as well as qualita- 
tively, provided n= 4. 

The second point of comparison between our mechan- 
ism and the polymerization data is given by the effect 
of CO on the rates?, œ. According to our mechanism, the 
rates should decrease with increasing [CO], but should 
have reached a constant minimum value when pco = | atm. 
The data are at least as consistent with this interpretation 
as with Bamford and Finch'st? (figure in ref. 1). Our 
correctly calculated value of o([CO]-—0) is in better 
agreement with the data than our earlier incorrectly 
calculated one!. Further, «e((CO]-0)/e([(CO]-— c)— 
e([CO] = 0)/e([CO] = latm.) = ((2k, + nk)/2k,]*. and 
values for this ratio are also given in Table 1 as a function 
of n. The difference between any one of these values and 
Bamford and Finch's value? of 1-21 can hardly be con- 
sidered significant when the standard deviation of +01 
for the last value is taken into account. 
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The third comparison is given by the rates of thermal 
decomposition of Mn,(CO),, with evolution of CO, and the 
nature of the other product formed. Bamford and Denyer 
assume? that, over the first 1 per cent of decomposition, 
only one CO molecule is evolved. from each molecule of 
Mn4CO),. This implies that the first order rate constant 
for loss of CO from Mn,(CQ), and/or its decomposition 
products must be « «10? times that for Mn,(COh,. 
Thus either Mn,(CO), or the unspecified “inactive pro- 
ducts" formed from it without loss of COS’ would be 
relatively stable at room temperature. No evidence for 
any such carbonyl containing species has been observed^*, 
Further, the rate constant for decomposition of Mn,(CO),, 
obtained on Bamford and Denyer's assumption is over 
three times as large as our limiting rate constant for PPh, 
substitution under the same conditions, whereas that based 
on our assumption that ten molecules of CO are evolved 
is in good agreement with our other kinetic data’. 

We conclude, therefore, that our mechanism is still 
fully consistent, both qualitatively and quantitatively, 
with the polymerization data. In considering such & 
complex system it would be unwise to assume that ours 
is the definitive picture, but our results do strongly suggest 
that something other than just a simple dissociation of 
CO from the metal carbonyl is playing a major part in its 
reactions. 
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Chemical Microstandards from lon 
Exchange Resin 


Tox exchange beads which are predominantly 
and chemically uniform may be loaded with one or a 
combination of electrically charged counterions. The mass 
of such a bead, and of its exchangeable counterion content, 
is related to the particle diameter', which can be 
measured precisely. This material is ideally suited for the 
stable localization of extremely small quantities of matter, 
so that the individual particles may be used as chemical 
mierostandards. This capability depends on a high degree 
of chemical uniformity the attainment of which in care- 
fully controlled conditions has been established?-*, It 
also depends on effective stabilization of the counterion 
content; this is attained by drying to prevent the 
diffusive processes of ion exchange. 

If we assumed that a conventional cation exchange 
resin is taken as the homogeneously sulphonated deriva- 
tive of the copolymer of styrene and divinylbenzene, and 
that the ion exchange sites are saturated with a single 
type of counterion, then the mass m* of a particular 
element within a single anhydrous resin bead is given by 


spherical 





where the bead volume is zd*/6, p is the corresponding 
density, e* is the equivalent weight of the bound element 
of interest, and the sum Xe; is the equivalent weight of 


1 
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the resin including the matrix (about 185) and the 
attached counterions. Some partial hydration of the 
resin is allowed for by taking the variable f as the weight 
of the fractional water content. Ci rresponding equations 
are easily derived for similar materials, such as anion- 
exchange resin. 

Effective use of microstandard particles for calibration 
is practical if the counterion mass is known to be directly 
proportional to the cube of the particle diameter. As a 
test, we prepared sodium form cation exchange resin for 


neutron activation and subsequent measurement in air of 


individual particle diameters, 


radioactivity and implied 
sodium content. 


Typical results are shown in Table 1, 


Fable 1. RESULTS OF ACTIVATION ANALYSIS FOR SUDIUM IN SMALL ION 


EXCHANGE RESIN PARTICLES 


Weight of 
sodium (2) 


Bead 


Exchange capacity 
diameter uM 


mequiv, _m*/e* 








ml, ct) ie 
^ x 10 5 
10-0 x 10-1! yi 
17-3 x 10" 5 
25.2 x 10-19 4 
30-8 x 10° a4 
354 x]10* “oo 





Approximately one half of the deviations in the ex 
change capacity in Table 1 are caused by counting 
statistics in the radioactivity measurements. An additional 
error is caused by fluctuations in the air humidity. Even 
so, the extremely small quantities of sodium carried by 
these beads indicate the remarkable capability of a 
spherical particle to be measured for its ion content in 
the sub-nanogram region. 

Microstandard beads are also suited to the determination 
of chemical detection limits. Our first efforts in this 
direction have involved the electron microprobe. Initially, 
ion exchange beads were found to accumulate an electro- 
static charge that caused them to move quickly out of the 
target area. This problem was overcome by suspending 
sodium form resin beads in cyclohexane containing small 
quantities of polyisobutylene. After evaporating the 
solvent, the beads are left in a rubbery film which can be 
coated with aluminium vapour to improve the surface 
conductivity. Examination of the image formed by 
the sodium K, X-rays showed that the sodium content 
is evident at very small quantities. The area scan image 
m Fig. 1 corresponds to a sodium content of 5 x 10-22 g 
(approximately 120 billion atoms) and slightly smaller 
aecumulations of sodium may yet be detected in this way. 

Many organic ions and most elements can be placed 
onto ion exchange beads. There are obviously broad 
possibilities for future applications for these particles as 
chemical microstandards. 





Fig. 1. X-ray scanning image of sodium resin using sodium K , radiation, 
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BIOLOGICAL SCIENCES 


Inducing a Preference for Morphine 
in Rats without Premedication 


“ADDICTION” to morphine and morphine-type drugs can 
be shown in laboratory animals in several w ays. Among 
the most convincing! are experiments in which rats and 
monkeys are induced to administer the drug to them- 
selves either by drinking solutions of it®? or by pressing 
levers which release intravenous injections through an 
implanted catheter*. Standard experimental procedures 
involve a period of premedication: daily injections of 
increasing doses of morphine are given for 2-3 weeks in 
order to make the animals "passively" dependent on the 
drug. Injeetions are then stopped and the animals have 
withdrawal symptoms"? which are only relieved by more 
morphine; so they learn to seek and self-administer the 
drug. Monkeys will, however, learn to press levers for 
intravenous injections even without premedication, 
though such learning is much slower. Some monkeys 
will also voluntarily drink morphine solutions, which are 
bitter, but others persistently rejeet them unless pre- 
medicated (personal communication from Seevers). In 
rats, premedication has usually been considered essential 
for learning either kind of self-administration, but even 
premedicated rats will initially reject morphine solutions 
if given a choice between them and water, probably 
because of the bitter taste. 

The present experiments show that it is possible to 
with premedication altogether and yet to 
convert an initial rejection of morphine into a marked 
preference, as measured by the proportion of morphine 
solution drunk when both morphine and water are avail- 
able. This preference seems to be more consistent and 
greater than any previously reported, even with pre- 
medicated rats. The method involves making the rats 
accustomed to satisfying their normal thirst during a 
limited time daily, and then substituting morphine 
solutions for the water normally given. The results 
reported here have been substantially confirmed by later 
work. 

Three groups of male hooded rats 60-90 days old were 
allowed aecess to water between 10.00 h and 17.00 h 
only. They quickly became accustomed to relieving their 
normal thirst during these 7 h and continued to gain 
weight at a normal rate. The interval of 17 h between the 
daily drinking periods was long enough for the develop- 
ment of withdrawal symptoms’ at a later stage of the 
experiment when morphine solution was substituted for 
drinking water. From day 6 onwards group 1 (n— 6) was 
given morphine injections twice daily (60 mg/kg at 10.00 h 
and at 17.00 h), group 2 (n — 4) was given saline injeetions 
twice daily, and group 3 (n From 
day 16 onwards the dose of morphine was doubled in 
order to allow for tolerance. From day 21 onwards no 
more morning injections were given; instead the rats in 
groups l and 2 were offered both morphine solution 
(0:5 mg/ml.) and water in separate bottles during the 


dispense 


: 7) was not injected. 
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whole of their normal daily drinking period ("choice 
trial") or morphine solution only ("forced trial"). The 
twenty-first and every third day thereafter were "choice" 
days, and the intervening 2 days were "forced" days. In 
addition the evening injection before each choice day was 
omitted so as to augment withdrawal symptoms on 
the following day in group 1; it was retained before 
forced trials in case the amount of morphine solution 
consumed by drinking alone, usually not less than 20 ml., 
was not enough to maintain a state of "dependence". 
Group 3 was given quinine solution (0-5 mg/ml.) instead 
of morphine solution from day 21 onwards, in order to 
serve as a control for repeated access to a bitter solution 
of a drug not associated with dependence; the concentra- 
tion was that used by Nichols?. The amounts of the vari- 
ous liquids consumed were determined by weighing the 
drinking bottles before and after each daily drinking 
period. The side of the cage on which the drug bottle was 
placed varied randomly from day to day on both choice 
and forced days. The hydrochlorides of morphine and 
quinine were used throughout. 

On day 21, which was the first choice day, the rats took 
very little of their fluid intake in the form of drug solution. 
This is consistent with previous findings??. Fig. 1 shows 
that on successive choice trials—interspersed with two 


(for trials 1-10, F=617, P«0001) which confirms 
earlier work?:?, On the tenth choice trial these rats showed 
an absolute preference for morphine: they took well 
over 50 per cent of their total liquid intake in the form of 
morphine solution, and they maintained this preference 
even when no more injections were given (trials 11—18). 
From trial 19 onwards, forced trials were discontinued 
as well, and the animals were given choice trials daily; 
nevertheless, the preference persisted even though 
the rats could have reverted to their original rejection of 
morphine, for water was available every day. 
Surprisingly, however, the saline-injeeted group also 
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Fig. 1. Development of preference for morphine in rats given a choice 
between morphine solution and water every third day. On the inter- 
vening days morphine solution only was available. “Premedicated 


morphine drinkers” (6 — 6) had had morphine injections for 15 days 
before drinking trials began and up to the tenth choice trial. '"UÜnpre- 
medicated morphine drinkers” (Q-— ©) received saline injections only. 
A clear preference for morphine developed in both groups and they 
continued to drink more morphine solution than water even when water 
was available as an alternative to morphine every day. No preference 
developed in a control group given quinine solution ( x -— x ). 
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increased its morphine intake (F = 9-36, P< 0-001), and 
developed a preference which was not significantly differ- 
ent from the premedicated group either overall (F =: 0-63, 
P » 0-2) or at any stage (group x trial interaction F = 0-94, 
P>0-2). Daily choice trials were continued for several 
weeks and both groups regularly drank significantly more 
than 50 per cent of their liquid intake in the form of 
morphine solution (for example, for trials 19-28, t= 3-77, 
P > 0-2) or at any stage (group x trial interaction F = 0-94, 
days amounted to approximately 30 mg/kg. Such & 
marked and consistent preference does not previ- 
ously seem to have been reported even in premedicated 
rats, possibly because most investigators??? did not 
continue experiments beyond a few choice trials. More- 
over, it has been usual to accept any substantial increase 
in the voluntary consumption of drug solution as evidence 
for the development of dependence, even though the 
volume actually drunk fell short of 50 per cent of the total 
liquid intake. Increases to above 50 per cent are, however, 
more satisfactory; only then can one speak of & genuine 
preference. They also exclude the poss bility that the 
increases in morphine consumption were entirely caused 
by progressive desensitization of taste mechanisms ; 
the rats are obviously able to discriminate between the 
two liquids offered if they choose more of the morphine 
solution than of the water. 

The quinine solution offered to group 3 was consumed 
in mueh smaller amounts, though these also increased 
slightly with repeated trials (F- 2-15, P<005). The 
increase can be attributed either to an effect on taste or 
to a learnt association between a bitter taste and relief of 
thirst; but the overall difference between the quinine 
group and the two morphine groups combined was large 
and statistically highly significant (f= 8:68, P « 0-001), 
which suggests that the preference for morphine was due 
to dependence. The quinine solution was probably too 
strong; less was drunk than of morphine solution on 
forced trials, but a half-strength solution has since 
supported the results. 

The finding that premedication is not necessary for the 
development of morphine dependence has both practical 
and theoretical implications. It suggests that in suitable 
conditions morphine dependence can be induced in animals 
incidentally to satisfying some other drive, in this case 
thirst. Moreover, being able to omit premedication in the 
experimental induction of drug dependence will make it 
easier to isolate other predisposing and modifying factors. 
The outeome of the present experiments also suggests 
that rats may be more realistic analogues for human drug 
dependence than has sometimes been supposed; in man, 
also, dependence can develop as a result of various circum- 
stances and not merely following "passive" medieation as, 
for example, in the course of therapy for relief of pain. 
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Modification of the Pyridoxine- 
induction of Tyrosine Transaminase in 
Rat Liver by Thyroid Hormones 

and by Alloxan Diabetes 


HorrEN et al.‘ have reported that the induction of tyrosine 
transaminase (L-tyrosine-2-oxoglutaric acid aminotrans- 
ferase, E.C. 2.6.1.5) by large doses of pyridoxine, previ- 
ously described by Greengard and Gordon?, is inhibited by 
actinomycin. They concluded that in this respect the 
induction resembles that initiated by hydrocortisone and 
other hormones'~7, and therefore suggested that the effect 
of pyridoxine can be mediated by hormonal factors. 
Glucocorticoid hormones must be excluded as mediators, 
for two groups have found'? that pyridoxine is effective 
in adrenalectomized rats. Relationships between pyrid- 
oxine and thyroid hormones*? and pyridoxine and 
diabetes'9-, however, have also been recognized. With 
this concept in mind, we have investigated the effect of 
pyridoxine on tyrosine transaminase when injected into 
thyrotoxic and thyroidectomized rats on the one hand, 
and into alloxan diabetic animals on the other hand. We 
report here the results of these experiments. 

Female Wistar rats (non-adrenalectomized) fed a com- 
mercial diet were used throughout. In the first protocol, 
the rats with body weight 155-185 g were distributed 
among six groups, each of between six to twelve animals. 
The first group was used as the control and the second 
was injected with pyridoxine (two intraperitoneal injec- 
tions of 100 mg pyridoxine/100 g body weight, the first 
one 4 h and the second 2 h before the rats were killed); 
these conditions were similar to those previously chosen 
by Greengard and Gordon?. The rats of groups 3 and 4 
were made thyrotoxic by intraperitoneal injections of 
DL-thyroxine (daily injection of 200 ug of nr-thyroxine/ 
100 g body weight for 4 days); members of group 3 were 
killed 4 h after the last injeetion of thyroxine. Before 
they were killed, the animals in group 4 were also injected 
with pyridoxine as already described. Rats of groups 5 
and 6 were thyroidectomized and were offered 1 per cent 
calcium lactate to drink. They were killed 7 days after 
surgery; the animals of group 6 were injected with 
pyridoxine before they were killed. The rats were always 
killed at 13.30 h because variations in enzyme activity 
with time of the day have been observed, "The tyrosine 
transaminase activity of liver was measured on cell sap 
as deseribed elsewhere! without (—PLP), and with 
(E PLP) 100 ug of pyridoxal phosphate in the incubation 
mixture, to determine the endogenous activity (— PLP) 
and the total activity (endogenous 4- PLP-stimulated). 
Activities are expressed as umoles of p-hydroxyphenyl- 
pyruvate/h/g of fresh liver, and also as umoles of 
p-hydroxyphenylpyruvate/h/total liver and umoles of 
p-hydroxyphenylpyruvate/h/100 g body weight, for some 


Table 1. EFFECT OF THYROID HORMONES ON THE 
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treatments modified the liver weight and body weight. 
Table 1 shows the results which were obtained. 

It can be seen that the activity of tyrosine transaminase 
was significantly decreased (—30 per cent when con- 
sidered on the basis of activity per 100 g of body weight) 
in the liver of thyrotoxic rats, whereas thyroidectomy did 
not significantly increase the activity (-- 18 per cent when 
caleulated on the same basis as previously given). Con- 
flicting results have so far been reported concerning the 
effect of thyroid hormones on tyrosine transaminase; 
according to Rivlin and Levine!s, injections of L-thyroxine 
increased the concentration of tyrosine transaminase and 
thyroidectomy decreased it, while Litwack et al.’ observed 
a decreased activity of the enzyme in the liver of rats 
injected for 3 days with thyroxine. Injections of pyrid- 
oxine significantly increased the concentration of tyrosine 
transaminase in the liver of normal rats, which was to be 
expected from previous results’, Furthermore, these 
injections were also effective in the liver of thyrotoxic 
and thyroidectomized rats. The observation that pyrid- 
oxine is a more effective inducer of the enzyme in the 
thyrotoxic animal may be of interest although there is 
still no explanation for this result. Rivlin? reported that 
the induction of tyrosine transaminase by hydrocortisone 
was modified by changes in the thyroid status of the rat, 
but the stimulation of the effect of pyridoxine observed 
in thyrotoxie rats is probably not a consequence of this 
fact, for, aecording to Rivlin, thyroxine minimizes the 
action of hydrocortisone in non-adrenalectomized rats. 
Furthermore, we found that injeetion of a saline solution 
(0-9 per cent NaCl) into a control animal 4 h and 2 h 
before death had no effect on the concentration of the 
enzyme. 

The most noticeable finding, however, was that pyrid- 
oxine is effective in thyroidectomized rats, which means 
that the effect of pyridoxine on tyrosine transaminase is 
not dependent on thyroid hormones; in other words, 
thyroid hormones are not a hormonal mediator in such 
an effect. 

Alloxan diabetes was produced by a single intra- 
peritoneal injection of alloxan at a dose of 17-5 mg/100 g 
body weight into female rats weighing 130—180 g. The loss 
of weight suggested that the treatment made the animal 
diabetie; this was proved by the presenee of glucose in 
their urine (‘Clinistix’, Miles Laboratories, Inc., was 
used). The diabetic animals were killed 3 and 6 days 
after injection, some of them having been injected with 
pyridoxine, as described, before they were killed. Intact 
control animals and normal rats injected with pyridoxine 
were also killed and the activity of tyrosine transaminase 
of the livers was determined. The results of a repre- 
sentative experiment are given in Table 2, 

Based on the values obtained for the intact control 
animals in the experiment to investigate the effect of 
thyroid hormones, the control values in this experiment 


PYRIDOXINE-INDUCTION OF TYROSINE TRANSAMINASE 








"Treatment Body Liver umoles of. p-hydropherylpyruvate/h per: : 
and No. of rats weight (g) weight (g) Fresh liver (g) . Total liver 100 g body weight 
-PLP +PLP -PLP +PLP P $ 

My 192 TO 11-2 +0-9* 252213 766+ 52 176-1411-4 
N + Pyr? 212 6-2 2924+11 49-441-7 180-8 + 88 804-0 + 10-8 
Thyrotoxic!? 162 5:05 7940-6 17-5407 46-64 49 1935+ 45 
Thyrotoxie + Pyr?? 1555 505 305-7 £17 50:9x L8 172-4 £ 11-7 259-4 t 14-1 
Te? 175 57 . d 33:4 £19 80-34 77 189-4: 15-5 
Te + Pyr”? 188-5 5-75 d 531432 196.7 + 13-9 302-9 + 18-2 

N, Control; thyrotoxic, rats injected daily with 200 ug of DL-thyroxine/100 g of body weight for 4 days; Tc, rats thyroidectomized (7 days); + Pyr, 

rats injected with pyridoxine (100 m/100 g of body weight, 4 h and 2 h before death)-—rats were killed 4 h after the last injection. 
* Standard deviation of mean. 
Table 2. EFFECT OF ALLONAN DIABETES ON THE PYRIDOXINE-INDUCTION OF TYROSINE TRANSAMINASE 
Treatment Body Liver Amoles of p hydrophenylpyravate/h per: LU T 
and No. of rats weight (g) weight (g) Fresh liver (g) otal liver | g body weight 
nas —PLP +PLP -PLP +PEP -PLP -PLP 
NS 134 62 0.4 101-23 22-5+ 2-7 64-3411-8 16-3423 
N+ Pyr* 131 57 138 22-843-2 49-8 + 10-9 130-2 + 20-0 3534185 
Alloxan 3 days?! 140 53 11 20-041-7 43-7+ 60 108-3 + 10-9 32-3 43-8 
Alloxan 3 days + Pyr* 185 5-6 L7 24:343-3 810+ 15-0 1417x101 43341606 
Alloxan 6 days* ` 156 61 0-7 25-2424 40-94 51 157-5 + 23-0 26-04 2-7 
Alloxan 6 days + Pyr* 160 54 14 25-1 +26 638r 8-7 166-7 + 22-1 39-94 55 3 
Alloxan 3 days, rats injected with 17-5 mg of alloxan/100 g body weight and killed 3 days later, Alloxan 6 days, rats injected with 17-5 mg of alloxan/ 


100 z body weight and killed 6 days later. Other legends are the same as in 


Table 1. 
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are lower. The two experiments, however, were not per- 
formed at the same time of year and it should be noted 
that Kenney! observed a "pronounced fluctuation of the 
enzyme activity, apparently having a seasonal rhythm”. 
The figures of this table suggest that there is a net increase 
in enzyme activity in the livers of diabetic rats when 
considered on the basis of aetivity per g of liver, as 
well as activity per total liver and activity per 100 g of 
body weight. That was to be expected, for Rosen 
et al? and Holten and Kenney’ observed a several-fold 
increase of tyrosine transaminase in the liver of alloxan 
diabetic rats. Furthermore, injections of pyridoxine into 
diabetic rats increased the endogenous activity of the 
enzyme, which indicates that phosphorylation of pyrid- 
oxine is not impaired in diabetes. The most striking fact, 
however, is that pyridoxine when injected into diabetic 
rats did not increase the total activity of the tyrosine 
transaminase. Indeed, the small increase of the activity 
observed in the rat treated with alloxan from 3 days, 
when calculated on the basis of total liver, was not sig- 
nificant. In other words, pyridoxine did not evoke an 
increase of the apotyrosine transaminase in the diabetic 
liver. 
This observation leads to the conclusion that insulin is 

a hormonal mediator for the effect of high doses of pyrid- 
oxine on tyrosine transaminase. It suggests that in the 
normal rat insulin is a repressor of the tyrosine trans- 
aminase and that high doses of pyridoxine may affect the 
biosynthesis or the secretion of insulin. An argument in 
favour of the first assumption is the increase of activity 
of the enzyme observed in response to starvation in 
normal rats!* and even in adrenalectomized rats’ 
although glucagon may also be implicated in this pheno- 
menon*. Holten and Kenney’? reported that tyrosine 
transaminase was induced by insulin and by glucagon 
but eoneluded that the question of "whether one or the 
other or both of the pancreatic hormones are actually 
effective in the liver" remains unanswered. Anyway. 
according to Greengard and Baker! and Csanyi et al.’ 
glucagon induced tyrosine transaminase; because insulin 
and glucagon are chiefly antagonistic in their physiological 
effects, the possibility that insulin is a repressor of tyro- 
sine transaminase is interesting and is a matter for 
further investigation. 
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Complex Protein-Prodigiosin 
in Serratia marcescens 


Propiciosin—the red pigment produced by S. marcescens 
— js a linear tripyrrole which has been studied by many 
workers. Previously the prodigiosin has been isolated 
by drastic methods—such as extraction by ethanol, ehloro- 
form, acetone and alkali. In this report, we show that 
prodigiosin obtained in less drastic conditions 18 con- 
jugated with a protein thereby giving a soluble form, 
the function of which is unknown. 

The bacteria were grown in Difeo nutrient agar for 24 h 
at 29? C mechanically colleeted from the agar surface 
and washed twice by centrifugation in 1/15 M phosphate 
buffer, pH 6-5. They were then sonicated in a 10 ke 
Raytheon apparatus for 20 min, centrifuged at 12,006 
r.p.m. and the supernatant was treated with ammonium 
sulphate until saturated. The red gelatinous precipitate 
was dissolved in a minimal amount of 1/15 M phosphate 
buffer and centrifuged at 10,000g for 1 h, and then dialysed 
against phosphate buffer with several changes of the 
external solution for 24 h. We called this preparation 
aqueous prodigiosin extract. For comparison we ob- 
tained a prodigiosin solution by sonication of the cells 
in the presence of aleohol, and centrifugation at 12,000 
r.p.m. We called this alcoholic prodigiosin extract. 

Fig. 1 shows the absorption spectrum obtained with the 
two extracts. The results show that the alcoholic fraction 
is identical to the spectral curve observed by Williams’; 
The aqueous solution, however, has different spectral 
properties with three peaks at 260, 500 and 535 mu. 

To determine whether there was any difference in the 
moleeular weight of the coloured substance in the aleoholie 
solution and that in the aqueous preparation of prodigio- 
sin, we placed samples (0-5 ml.) of each on eolumns of 
'Sephadex G-25' and ‘G-75° (30x L5 em). These were 
eluted with phosphate buffer, pH 6-5, and fractions of 
5 ml. were colleeted. 

'These fractions were read at 260, 280 and 500 my, to 
determine nucleic acids, proteins and the red substance 
present in the extracts. The results obtained with 
‘Sephadex G-25' are shown in Fig. 2 where a fraction 
with a strong absorption at 260, 280 and 500 my, can be 
seen in the aqueous extract. When we tried to elute the 
alcoholic extract, however, one coloured strip remained 
strongly bound at the top of the column. The same 
observations were made when we used ‘Sephadex @-75’. 
The results suggest that in the aqueous extract, the pro- 
digiosin is associated with substances of a molecular 
weight of at least 50,000. This association is probably 
broken down when ethanol is added to the solution, 
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Fig. 1. Absorption spectra of alcohol extracted prodigiosin (©) and 
buffer extracted prodigiosin ( 8). 
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leaving only the coloured compound of low molecular 
weight. 

In order to learn something about the composition 
of the conjugated prodigiosin, we purified it by column 
chromatography. Fig. 3 shows the elution profile obtained 
when we ran the aqueous extract through a column of 
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Fig. 2. Elution of an alcoholic (top) and aqueous (bottom) solution of 


prodigiosin through ‘Sephadex G-25'. Absorbances at (0) 260, (Q) 280 
and (6) 500 mu. 
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Fig. 3. Elution of the soluble complex of prodigiosin in ‘Sephadex G-200'. 
Absorbances at (©) 260, (@) 280 and (@) 500 my. (B) Absorption 
spectrum of the purified complex obtained in (4). 
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30x L5 cm ‘Sephadex G-200'. In this experiment, we 
also obtained one coloured compound which separated 
more readily from the contaminants that absorbed at 260 
and 280 my. After that, we collected fraetions 11-15 
in one fraction. The absorption spectrum of this new 
solution is shown in the same figure. Acrylamide gel 
electrophoresis of this solution revealed a large band and 
two very slight lines. We hydrolysed and chromato- 
graphed the purified lysate, and found galactose, glucose. 
rhamnose, cystine, aspartic acid, alanine, glycine, threo- 
nine, methionine. leucine, and probably cysteine, lysine 
and glutamic acid. 

Yoshida has studied and purified an extracellular com- 
plex which probably consists of carbohydrate and protein 
combined with prodigiosin*. He has found on it: glucose, 
rhamnose, glutamie acid, aspartic acid, alanine and 
glycine. 

Results of this work support the idea that in the cell 
prodigiosin forms a soluble high molecular weight com- 
plex—probably a glycoprotein—which could be localized 
in the cell surface. 

We thank Dr R. P. Williams, Dr G. Carvajal, J. Guzmán 
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Estimate of Loss of Labile Body 
Nitrogen during Acute Protein 
Deprivation in Young Adults 


THE concept and origin of labile body protein that ean be 
reversibly depleted and repleted have already been reviewed 
in detail^?. The feeding of a protein-free diet which is 
adequate in calories results in a rapid decline in the rate 
of excretion of urinary nitrogen until a low and relatively 
steady rate is obtained. This level is regarded as the 
obligatory or endogenous loss of urinary nitrogen and the 
additional nitrogen above this level, lost during the first 
few days on a protein-free diet, has been considered to 
represent the loss of labile body protein. Although it 
has been suggested that the nitrogen store is present as 
non-protein nitrogen*:!, the best evidence indicates that 
it is probably cytoplasmic in origin, with enzymes con- 
tributing to the labile protein pool*«*, 

Campbell and Kosterlitz? reported a loss of 1-5-3-0 
per cent of total body protein in rats during the first 5 
days of feeding a protein-free diet. More recently, Allison 
and Wannemacher* described a loss of about 8 per cent of 
body nitrogen in rats and dogs during the early stages of 
protein depletion. Wessels and Fisher? give a value 
of about 7 per cent for the adult cock. From a review of 
the limited data available for man, Munro! concluded 
that the loss of labile nitrogen may represent a loss of 
some 3 per cent of the subject’s body protein and that 
these reserves may be drawn on in times of stress. 

Voit® coneluded that in eonditions of fasting, which 
would result in a greater breakdown of body nitrogen 
than occurs in a subject given a protein-free diet adequate 
in calories, labile body protein did not exceed 5 per cent 
of the total protein content of the body. Recently, 
Gopalan and Narasinga Rao calculated that the loss of 
labile body nitrogen in four healthy but undernourished 
adult subjects fed a protein-free diet adequate in calories 
was less than 1 per cent of total body nitrogen. 

In studying the variation in the loss of endogenous 
nitrogen in healthy young adults (ref. 11 and our un- 
published results), we have calculated the total content 
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of body nitrogen from a determination of whole body 
potassium-40 (refs. 11 and 12). Our data allow a more 
direct estimate of the labile body nitrogen pool than was 
previously possible. Twenty-two male university students, 
18-24 yr old, were given diets adequate in calories, but 
were supplied either 0-1 g of egg protein [kg body weight 
("low protein") or 0-04 g of protein/kg body weight 
(“protein-free”). The “protein-free” subjects listed in 
Table 1 were studied in the MIT Clinical Research Center, 
and those in the "low-protein" group on an out-patient 
basis while continuing their normal student activities. 
The ten subjects given the “protein-free” diet received 
an adequate, controlled protein diet (0-8 g of egg protein/ 
kg body weight/day) for at least 1 week before the study. 
Interviews showed that the others (twelve subjects) 
received a free-choice diet containing protein in amounts 
well in excess of 1 g of protein/kg body weight/day. 
To check the completeness of the collections, excretion of 
creatinine as well as of urinary nitrogen was measured 
daily on complete 24 h urine collections. The experi- 
mental periods lasted 7, 10 or 16 days in groups of three, 
seven and twelve subjects, respectively. The relation- 
ship between body potassium and nitrogen was assumed 
to be 3 mequiv. of K/g nitrogen!'. Determinations of body 
potassium, with an accuracy of +5 per cent, were made 
the day before the beginning of the experiment or within 
the first two days of feeding the experimental diet. 


Table 1. LOSS OF LABILE BODY NITROGEN IN HEALTHY YOUNG ADULT MEN 
GIVEN "PROTEIN-FREE" DIETS FOR 7-16 DAYS 

Group “Protein-free” "Low-protein" 
Number of subjecta 10 12 
Length of exp. (days) 1-16 16 
Body weight (kg) TbA x T3* 70-1108 
Body height (cm) 1578 € 7-3 179€ 47 
Estimated calorie intake t (kealories/kg/day) 405 4846 
Body cell mass (kg) 34-14 2:6 341-44 
Body K f (9 159+12 162+ 21 
Body N (g) 1,363 + 109 1,382 + 182 
Endogenous N (g/day) 2-5540°3 2-61 +405 
Labile body N (g) TILG 12443 
Labile N (percentage total body N) 0:58:01 081203 


* Mean £ S.D. 

t Calorie intake estimated from food eomposition tables and data supplied 
by the manufacturers of some of the dietary ingredients". 

t Body K estimated by whole body potassium-40 counting in the MIT 
controlled background facility. 


Fig. 1 shows the pattern of excretion of urinary nitrogen 
in two representative subjects: one fed the experimental 
diet for 10 days and the other for 16 days. The number 
of days taken to achieve the steady state level of endo- 
genous urinary nitrogen exeretion varied from 3-9, a 
range similar to earlier reports?. No relationship was 
apparent between the time required to achieve relatively 
constant excretion of urinary nitrogen and the initial 
level of wrinary nitrogen. Excretion of endogenous nitro- 
gen was taken to be either the value on day 7 for the three 
subjeets studied during this period, or the mean daily 
exeretion on days 7-10 or 12-16 for subjects studied 
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Fig. 1. Typical changes in excretion of urinary nitrogen with very low 


protein feeding. 6 — 6. Subject given the “protein-free” diet (0-04 g 
protein/kg/day) for 10 days; x --- x, Subject given the “low-protein” 
diet (0-1 g egg protein/kg/day) for 16 days. E 
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during the 10 or 16 day experimental periods, respee- 
tively. The sum of urinary nitrogen output, above the 
endogenous level on the days before stabilization of 
nitrogen excretion was achieved, was taken to represent 
the loss of labile body nitrogen’. These results are sum- 
marized in Table 1, together with the levels of endogenous 
nitrogen excretion in the urine and estimated body 
potassium and nitrogen. The mean loss of labile body 
nitrogen in these twenty-two well nourished, healthy 
young college students is calculated to be 0-70 per cent 
(standard deviation 3 0-24) of total body nitrogen. 

The amount of the labile body nitrogen in well nourished 
young adults is therefore smaller than previous estimates 
by other techniques. In the study of Duel e£ al.!*, the 
results of which have commonly been used for estimating 
labile body nitrogen’"5, an insufficient calorie intake was 
given, because these workers relied on the subjects using 
body fat to meet part of his energy requirement. An 
inadequate ealorie intake during the period of protein- 
free feeding results in too high an estimate of labile body 
nitrogen. The correct average figure for previously well 
nourished young men is, it seems, less than 1 per cent. 

This work was supported by the US Air Force and the 
US National Institutes of Health. The facilities of the 
MIT Clinical Research Center, supported by a grant from 
the US National Institutes of Health, were also used in 
these studies. Miss M. L. Piché and Miss E. Murray were 
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Fatty Acids in M and N Blood 
Group Substances 


Tur M and N blood group substances, obtained from 
human erythrocytes by phenol-water extraction, have 
been shown to be glycoproteins’. They are polydisperse 
in the ultracentrifuge and have an average molecular 
weight of 5x 107—109 (ref. 1). Morawiecki found that M 
and N mucoids were dissociated by detergents into 
uniform sub-units of molecular weight 30,000 (ref. 2), 
and suggested that the sub-units were kept in aggregates 
in water solution by hydrophobie bonds. The formation 
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of hydrophobic bonds could be explained by an assym- 
metric distribution of the hydrophilic oligosaccharide 
side chains over the polypeptide “backbone. Products 
of proteolytic degradation of M and N substances were 
known to be easily separated into two fractions, distinctly 
different in the content of sugar components*. Further 
proof of an assymmetrie distribution of sugars in M and 
N mucoids was provided by the formation of the precipi- 
tate when treated with pronase’. The precipitate, con- 
taining many fewer sugar components than soluble 
glycopeptides, was probably formed from the more 
hydrophobic central part of the micelles. 

Horse erythrocyte mucoid (HEM) appears to have a 
similar structure, although it has not been so thoroughly 
examined. Treatment of HEM with ficin gave two frac- 
tions distinctly different in their content of sugar com- 
ponents*, During pronase proteolysis the precipitate was 
also formed and it contained fewer sugars than soluble 
glycopeptides (my unpublished. results). 

It was also possible that the aggregation of sub-units 
of M and N mucoids was influenced by some additional 


hydrophobic components, that is, long aliphatic chains of 


fatty acids. I therefore decided to look for fatty acids 
in the precipitate formed by pronase degradation of M 
and N mueoids and HEM. 








Fig. 1. H EM, horse erythrocyte 


Paper chromatogram of fatty acids. 
mucoid; M, blood group substance M; 8, standard fatty acids: (1) oleic 
acid, (2) stearic acid, (3) palmitic acid, (4) lauric acid; A, detected with 


KMnO,; B, detected with ME acetate followed by potassium 


ferricyanide. 


The precipitate was insoluble in water and in organic 
solvents such as ether, chloroform or alcohols. The 
precipitate was hydrolysed for 2 h at 100° C in 2 N NaOH 
or 2 N HCl, the suspension was adjusted to pH 3-4 and 
extracted three times with a 1: 1 mixture of ethyl ether 
and petrol ether. The pooled ether extracts were evapor- 
ated to dryness, the residue was dissolved in chloroform 
and fatty acids were identified by paper chromatography 
by a modification of Kwapiüski's method*. Whatman 
No. 2, No. 3 and No. 4 papers, previously impregnated 
with a 10 per cent solution of liquid paraffin in ether, 
were used. Ascending chromatograms were run at 30° C 
using 70 per eent or glacial acetic acid as the solvent. 
The chromatograms were dried at 70" C and fatty acids 
were deteeted with two reagents: the first reagent for 
carboxyl groups— copper acetate followed by potassium 
ferricyanide, and the second for unsaturated fatty acids— 
1 per cent KMnO,. One of the chromatograms, developed 
with glacial acetie acid, is shown in Fig. 1. 

The fatty acids in the M substance were also identified 
by gas-liquid chromatography. ‘The precipitate was 
hydrolysed with 2 N HCI in absolute methanol to obtain 
methyl esters of fatty acids. Chromatography was carried 
out with a GCH F 18 apparatus, on à column of 20 per 
cent of ‘Carbowax’ on ‘Chromosorb W° (the column was 
1*0 m long with an outer diameter of 6mm). The operat- 
ing temperature was 215^ C and the pressure was 0-48 
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Fig. 2. Separation by gas-liquid chromatography of methyl esters of 


fatty acids from blood group substance M. 


atm. (Fig. 2). The fatty acids were identified by com- 
paring their retention volumes with those of standard 
methyl esters of fatty acids. 

The results of these chromatographic procedures 
indicate that M and N mucoids and HEM contain palmi- 
tic acid, stearic acid, palmitooleie acid and oleic acid. The 
fatty acid material yields obtained were low and suggested 
that one sub-unit of M or N substance (molecular weight 
30,000) contained only a few residues of fatty acids. 

The presence of fatty acids in erythrocyte mucoids is 
easy to explain, because they are obtained from erythrocyte 
stroma rich in lipids. The content of fatty acids in M and 
N blood group substanees is a further explanation of the 
strong tendency of these substances to aggregate in 
aqueous solution. 
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Turnover Numbers of Membrane 
Carriers and the Action of the 
Polypeptide Antibiotics 


CERTAIN polypeptide antibioties may act as membrane 
“carriers” translocating alkali cations and protons by 
forming diffusible complexes with them!, Alternatively, 
the antibiotics may form pores in the membrane, specific 
for those cations. To help to decide between these models. 
possible rates of penetration of polypeptide-cation 
complexes can be computed. The data on membrane 
permeability indicate, :n general, a strong negative 
correlation between the permeability coefficient P 
and the number of hydrogen-bonding groups in the 
permeant?, A cell membrane can be characterized by 
two factors: (PM]4)max, expressing the maximum 
permeability that the membrane allows for a permeant 
bearing no hydrogen bonding groups and also by the 
average reduction in P, for the chemical structure of the 
permeant is varied on the addition of a hydrogen-bonding 
site. These two parameters (recorded in Table 1) permit 
permeabilities for a variety of substances and cell mem- 
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branes to be predicted within a factor of five®, if those 
with specialized permeability systems are excluded. If 
the polypeptide antibioties permeate by simple diffusion, 
their permeabilities can then be computed from their 
molecular weights. 


Table 1. PARAMETERS FOR SIMPLE DIFFUSION ACROSS CELL MEMBRANES 


(taken from (2)) 
Reduetion in P 


Temp. (PMbmax Pmax for mol, for each hydrogen- 
Type of cell (U) (em 8^! wt 100 bond forming 
molek) (em s) group in permeant 
Chara 20 0.026 2-6x 107 24-fold 
T'ollypellopsis 20 0-49 49x10 90 ,, 
Arbacia 20 (098 9-8x10-5 48 p 
Phascolosoma 
"erythrocyte" 25 0-040 40x10? 78 , 
Human erythrocyte — 25 0-080 80x107 38 ,, 
Bovine erythrocyte 20 0-25 25x107 100 ,, 


The experimental data for the antibiotic-cation com- 
plexes! (and for a number of other carrier systems’, 
analysed further later) are available as turnover members 
which need to be related to P. 

‘The carrier transit time, t, is the average time taken for 
carrier to diffuse across the membrane, thickness z, and to 
return to the original face, total distance 2x. The diffusion 
coefficient D for transit through the membrane is given 
by ref. 2, D= Pa, so that (DM3)max can be obtained 
from (PM3)gas. Relating D, t and 2x requires a solution 
of the diffusion equation, where diffusion occurs from an 
infinite column of solution into a similar column of solvent. 
From ref. 4 and tables of the probability integral. we 
obtain 


vt x Mi 
(667539 D 7 0-45(PM4)max 





t= = 


1f the membrane in question is 75 À thick and has a 
( PM 3)gax of 01, consistent with Table 1, then the turn- 
over numbers (given by £) for circulating carriers free 
of hydrogen-bonding groups are: 2,000, 600, 200 
and 60 s at molecular weights 1,000, 10,000, 100,000 
and 1,000,000, respectively. For each hydrogen bonding 
group borne by the carrier-substrate complex. these 
turnover numbers have to be reduced by a factor of about 
fifty. If for molecular weights greater than 1,000 (ref. 2) 
movement of the carrier-substrate complex obeys an 
inverse one third power dependence on molecular weight, 
rather than the inverse one half power assumed in deriving 
the transit time, the turnover numbers are 2,000, 900, 
400 and 200, respectively. "These predictions can now be 
compared with the available data. 

Valinomyein displays a turnover number for K+ 
transport into mitochondria of several] hundred per 
second}, clearly a plausible value at a molecular weight of 
some 1,000, if the carrier~cation complex is free of hydrogen 
bond forming groupings. The antibiotic and cation can 
form such a complex and so a circulating carrier model 
seems valid here. 

Turnover numbers for other carrier systems? are: 30 
to 100 for the erythrocyte cation pump at 37° C; 20 to 
200 for the 8-galactoside permease of Escherichia coli, 
and 180 for glucose transport in human erythrocytes, 
both at 25? C. These figures are compatible with carriers 
of molecular weight 100,000 and, on first analysis, suggest 
the applicability of circulating carrier models. This may 
indeed be the case for the cation pump. For the sugar 
systems, the model requires every sugar hydroxyl group 
to be hydrogen bonded to carrier in the carrier-substrate 
complex, a single exposed hydrogen bonding group 
reducing the turnover of the cireulating carrier to less 
than observed levels. Probably. therefore, these latter 
systems act by offering to substrates an alternative 
diffusion path through a hydrophilic region of the 
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membrane, a model of the type analysed by Patlak® and 
Vidaver$. 
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Antioxidant Properties of 
Methionine Esters 


Durine feeding experiments we have found that 0-5 per 
cent methionine in a semisynthetic diet containing 12 per 
cent cod liver oil prevents yellow discoloration of the 
diet and also the destruction of vitamins A and E (refs. 
1-3). We have also studied the antioxidant properties of 
methionine and some derivatives using simple manometric 
techniques and have recorded the near infrared spectrum 
of CCl, extracts of the semisynthetie diet. The spectro- 
photometric data showed a relatively constant peak at 
2-344 and a variable peak at 2-882 which increased as 
oxidation progressed, permitting use of the ratio of 
absorptions at these two wavelengths as an additional 
measure of oxidation. Using both criteria hydrochlorides 
of the methyl and ethyl esters of methionine showed 
unique properties. In contrast to other compounds which 
were tested there were rapid but relatively small initial 
changes followed by extended periods in which only very 
slow changes took place. The esters therefore seemed to 
be transformed to antioxidant compounds acting in a 
similar way to butylated hydroxy toluene (BHT). 

The results of three experiments are shown in Table 1. 
The compounds were tested in a semisynthetie diet con- 
sisting of 60 per cent sucrose, 24 per cent easein, 12 per 
cent cod liver oil and 4 per cent salts, They were usually 
added in amounts equivalent to 0-5 per cent methionine, 
but in experiment 3 methionine methyl ester was tested 
in three concentrations equivalent to 0-5, 0-1 and 0- 02 per 
cent methionine; the lowest concentration is equivalent 
on a molar basis to 0-03 per cent BHT. 

For the manometrie studies, portions of 20 g were 
enclosed with air in 0-5 1. bottles fitted with mercury 
manometers. The negative pressures developing in the 
bottles were expressed as percentages of the pressure 
corresponding to complete oxygen consumption (a; 150 mm 
of mereury). For the near infrared studies, portions of 6 g 
were weighed into small open glass vials and kept in the 
laboratory for different periods of time. They were 
extracted with 25 ml. of CCL, filtered and recorded in the 
spectrophotometer (Unieam SP 700). Selected curves 
are shown in Fig. 1. 

Methionine showed rather variable results. 
ment | methionine retarded the uptake of oxygen for 
about 7-8 weeks as compared with 2-3 weeks for eystine 
and for the control o-aminobutyrie acid.  Methionine 
sulphoxide, on the other hand. was active for about 4 
weeks (Table 1). The sample with methionine ethyl 
ester hydrochloride showed a small increase during the 
first week (as mentioned earlier) and remained unchanged 
during the following 9 weeks. 

In experiment 2, methionine retarded the uptake of 
oxygen for 3 weeks and only slightly more than a-amino- 
butyric acid. When no addition was made, complete 
oxygen uptake took place within a week.  S.Methyl- 
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RATE OF OXYGEN CONSUMPTION IN 20 G SAMPLES GF A SEMISYNTHETIC DIET CONTAINING 12 PER CENT COD LIVER OIL AND COMPOUNDS ADDED AT 


LEVELS EQUIVALENT TO (-5 PER CENT METHIONINE OR AS INDICATED 


Table 1. 
Experi- 
ment Weeks: 1 2 3 4 5 6 
Compound* 

1 aNH, Bude 4 ? i? 100 
Cy/2 7 13 47 190 
MetSO 5 7 7 10 15 100 
Met 3 6 4 6 6 a 
MetECE 20 25 24 25 25 26 

? None 100 
a-NH,BuAc 4 9 45 100 
SMeCy 5 70 87 87 89 91 
Met 5 li 32 96 100 
MetMeE 15 19 2 19 23 23 

3 None 13 100 
00268 % MetMeE 12 34 79 100 
0-184 9? MetMek 6 6 7 7 T 7 
0-67. & MetMeE 6 9 11 9 12 13 
003 % BHT 3 4 5 4 6 7 


7 8 9 10 12 14 16 is 20 30 
11 17 56 100 
27 27 27 27 
89 90 
21 23 
T 8 8 a 9 9 10 13 ai 17 
12 iz 12 12 i3 13 13 19 15 21 
7 7 8 9 1i 12 14 19 18 32 


" ,.* a-NH,BuAe, 2-aminobutyrie acid; Cy/2, cystine; MetSO, methionine sulphoxide; Met, methionine; MetECE, methionine ethyl ester hydrochloride: 
SMeCy, S-methylcysteine; MetMeE, methionine methyl ester hydrochloride; BHT = butylated hydroxy toluene. 


cysteine did not retard the oxygen uptake appreciably 
after the firsb week, but after 3 weeks consumption re- 
mained at about 90 per cent complete. The results 
obtained with methionine methyl ester were similar to 
those obtained with the ethyl ester in the first experiment. 

Graded amounts of methionine methyl ester hydro- 
chloride were tested in experiment 3. The oxygen uptake 
was as effectively retarded by an amount equivalent to 
0-1 per cent methionine as by an amount equivalent to 
0-5 per cent methionine. The lowest level equivalent to 
0-02 per cent methionine or to 0-08 per cent BHT showed 
very little effect, however. The uptake of oxygen in the 
sample containing 0-03 per cent BHT was at first lower than 


in the two samples containing the two higher levels of 


methionine methyl ester, but at about 10 and 18 weeks 
it was higher. 

Most of the speetrophotometrie data indicated the same 
relative effects as the manometric results, although in 
some cases the changes were more rapid. The most 
obvious case was that of 0-134 per cent methionine 
methyl ester hydrochloride. At 16 weeks this sample 
showed very low oxygen uptake and this remained so for 
at least 30 weeks. At 16 weeks, however, the optical 
density ratio had reached the high value of the negative 
control corresponding to complete oxidation. This differ- 
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Carbon tetrachloride extracts of a semisynthetic diet containing 


Fig. 1. 
cystine after (4) 1-5; (B) 2-5; (C) 3-5: (D) 5 weeks. 


ence may be a result of the fact that the bottles were 
closed, whereas the vials were open: the humidity in the 
bottles may have been bound by suerose so that the 
enclosed atmosphere became dry, whereas the vials were 
constantly exposed to the humid laboratory air. 

Methionine has been suggested to have antioxidant 
properties5-*. but the key to an understanding of its mode 
of action and that of its derivatives should probably be 
sought in the extensive investigations on the antioxidant 
properties of organie sulphides at the Natural Rubber 
Producers’ Research Association. The actual anti- 
oxidants were found to be the sulphoxides which were 
formed on absorption of small amounts of oxygen® 10; in 
a series of aliphatic ketosulphides I-CO-(CH,)s. S-R' with 
»-—0—4, only those having n=2 were active. The 
similarity of the active ketosulphides and methionine 
CH,-S-(CH,),.CH-NH,-COOH is obvious, and the lack of 
activity of the next lower homologue S-methyleysteine 
(experiment 2) can thus be explained. 

Our results also indicate that the active sulphur- 
containing compounds underwent a primary oxidation to 
become active. Methionine sulphoxide was detected by 
paper chromatography in ethanol extracts of diets con- 
taining the methionine esters, and in one experiment not 
described here methionine sulphoxide was more active in 
protecting vitamins A and E than was methionine, The 
variable effects of methionine and methionine sulphoxide 
may be a result of their lipophobic properties in contrast. 
to the lipophilic properties of the methionine esters. 

The antioxidant activity of methionine esters may be 
of interest in food technology in so far as the metabolism 
of their components is well known. The possible anti- 
oxidant properties of methionine esters in biochemical 
systems in vitro and in vivo may also explain some of the 
biological effects of methionine, 
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Biochemical Changes with Age in 
the Lenses of White Mice 


Caancrs with age in the relative amounts of water soluble 
and insoluble proteins have been studied in cattle, humans 
and laboratory rats. The changes apparently result from 
oxidation of cysteine in the soluble portion and its incor- 
poration as cystine in the insoluble protein’. 

Dische et dL! found that the soluble fraction of rat 
lenses increased until shortly after the first year and then 
decreased to the end of life. The insoluble protein increased 
during the first 900 days of life, then apparently levelled 
off, Discrete age classes were not used, and no statistical 
analysis was given. In an attempt to develop a more 
accurate technique for estimating ages of wild mice than 
was available, we examined comparable changes in white 
mice, using a colorimetric procedure. We report here 
findings for the first 9-10 months of life. 

Eighty-eight white mice (Mus musculus) of known age 
{0-5-10 months) were obtained commercially. Every 
lens used was freed of any adhering vitreous material, 
ground up in a glass homogenizer, and suspended in 2 ml. 
of demineralized, distilled water. Soluble and insoluble 
fractions were separated by cold centrifugation at 12,8009 
for 30 min. The supernatant, soluble fraction was treated 
with 4 ml. of 10 per cent trichloroacetic acid. T he resulting 
precipitate was recovered by centrifugation as already 
described. Sediments of soluble and insoluble fractions 
were dissolved in 1 ml. of 1 N NaOH and analysed for 
tyrosine, using the method of Lowry? as described by 
Litwak?. All daily measurements were calibrated to fresh 
standard solutions of tyrosine. 

The right and left lens from each mouse was processed 
and analysed separately; subsequently, the mean values 
of soluble and insoluble fractions per mouse were used 
for statistical analysis with Student's t test. Within each 
age group, data from the two sexes were combined 
because there were no statistically significant. difference 
between them. 

The soluble fraction increased until the seventh month, 
with statistically significant differences between successive 
age groups. After 7 months, there was a significant 
decrease in this fraction (P — 0-05). Appropriate statis- 
tical data are given in Table 1 for possible future com- 
parison with other species or populations. 


Table 1. CHANGES IN THE SOLUBLE FRACTION WITH AGE 
Age in months 





1 3 5 T 9 
Mean 227 354 422 487 450 
95% limits 213-241 325-383 390-454 460-514 426-474 
Range 159-317 206-425 331-497 427-503 360-528 
Standard deviation 40 38 48 45 51 
No. 36 9 11 13 19 


Changes are expressed as ug of iyrosine. 


Table 2 shows comparable figures for the insoluble 
fraction. This component increased throughout the first 
9 months. There was no signifieant change between the 
seventh and ninth months, but all other suecessive age 
groups showed significant increases (P=0-05). The 
regression of a logarithm of insoluble tyrosine on the 
logarithm of age is linear. In logarithmic units, the Y 
intercept of this line is 1-673 and the slope is 0-696. 

The ratio of soluble to insoluble fractions decreased 
throughout the age span studied (Table 3). Differences 
between successive age groups were statistically significant 
(P= 0-05). The rate of change of this index is linear on 


Table 2. CHANGES IN THE INSOLUBLE FRACTION WITH AGE 
Age in months 

1 3 5 7 9 
Mean 51 110 176 247 253 
9525 limits 47-55 102-118 148-204 230-264 242-264 
Range 30-85 07-120 106-233 202-283 213-304 
Standard deviation 12 10 42 29 24 
No, 36 9 H 13 19 


Changes are expressed as ug of tyrosine. 
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fable 3. CHANGES IN THE RATIO OF SOLUBLE TO INSOLUBLE FRACTIONS 


WITH AGE 
Age in months 





1 3 7 a 
Mean 47 33 20 LR 
95% limits 43-51 2-9-3-5 p9-2:1 bra 
Range 2-7-7-6 2-9-4-1 18-22 5-2-0 
Standard deviation 1-24 0-39 016 014 
No. 36 9 13 i8 


Results are expressed as ug of tyrosine. 


logarithmic seales. The slope is negative and equals 
0-4236, and the Y intercept is 2-6651. 

It is apparent that lens changes in Mus are similar to 
those reported for Rattus norvegicus’ at least for the first 
9 months. In rats, the soluble fraction increased rapidly 
for the first 13 months, then decreased. The insoluble 
portion probably increased. throughout the first 9 months, 
but the rate of increase was slower near the end of this 
time. The apparently continual decrease in the ratio of 
the two fractions was rapid at first, but later became 
much slower. This ratio in 5 and 10 month old rats, 
measured in mg of protein (not tyrosine) was approx- 
imately 2-4 and 1-7, respectively (computed from Table 1 
in ref. 1). Thus, despite large differences in lens size, the 
relative proportions of the two fractions are practically 
identical for rats and mice of similar ages. 

Information on lens changes in older mice is lacking, 
but one would expect changes comparable with those seer 
in rats. The technique seems to be promising for determ- 
ining age in small mammals. 

This work was supported by the Office of Research 
Administration, University o? Michigan. 
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Obtaining Synchronous 
Cultures of Algae 


A communication from Lafeber and Steenbergen’ 
described a “simple device for obtaining synchronous 
cultures of algae". They stated that Scenedesmus obliquus, 
Ankistrodesmus falcatus, and Chlorella vulgaris all under- 
went synchronous cell division induced by the photo- 
period used. 

We wish to point out thst the three species used are 
atypical of algae that might be used in synchronous 
culture experiments, in that they produce autospores 
rather than undergoing simple cell division. For example, 
Scenedesmus has a coenobial habit, each cell being capable 
of forming daughter coenobia by longitudinal and trans- 
verse divisions of the protoplast to form two, four, eight, 
sixteen or thirty-two autospores. Ankistrodesmus repro- 
duces by forming two, four or eight autospores, and 
Chlorella reproduces by forming two, four, eight or 
sixteen autospores’. This is in contrast to algae which 
always forrn two new cells by cell division such as diatoms 
and dinoflagellates. 

We believe that the practice of diluting cultures at the 
end of each dark period with fresh culture media is 
questionable. This procedure could cause the cells to 
enter a new lag phase. Thus, when internal changes in 
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the cells took place, autospore formation might have taken 
place. Light may not therefore have been the cause of 
autospore formation after the 18-19 h time lag from the 
beginning of the light period. The addition of fresh 
nutrients can cause ‘physiological shock" which induces a 
lag phase which can be followed by the formation of 
autospores. Fig. 2 of ref. 1 shows an eight-fold increase 
of cell numbers in Scenedesmus which appears to confirm 
autospore formation. But this increase could have been 
caused by added nutrients as well as photoperiodic effects. 
We believe that the experiment should be repeated with- 
out dilution at the end of the dark period in order to 
confirm that light was the controlling factor of autospore 
formation. 

We have subjected the marine diatom, Skeletonema 
costatum (Grev.) CL, to three light intensities simulating 
surface, 10 and 50 m light conditions in the oceans and 
three photoperiods (9 h light-15 h dark, 12 h light-12 h 
dark and 16 h light-8 h dark). After à minimum of three 
cycles of light and dark, we did not observe synchronous 
cell division in any of the photoperiods used (unpublished 
work of W. A. G.). We therefore believe that species 
that undergo simple cell division to two new cells should 
be examined, as well as those forming autospores, before 
photoperiod alone is concluded to cause synchronous cell 
division. Jorgensen? claimed that photoperiod caused 
synchronous cell division in Skeletonema; we did not 
observe it in culture conditions similar to his. 
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Obtaining Synchronous 
Cultures of Algae 


WE agree with Glooschenko and Curl, in the preceding 
communication, that species which produce autospores 
may have a mechanism of cell division different from 
those species like diatoms and dinoflagellates, which 
always form two cells. We believe, however, that cell 
division is always triggered only after growth and matura- 
tion of the cells. We chose autotrophic species and 
cultured them in a simple mineral medium, so that for 
growth and maturation they needed a light period. Full 
maturation—replication of DNA—~can, as we saw, take 
place in the dark. After this period of DNA replication 
the autospores are formed, but they do not grow in the 
dark. They accumulate and start growing synchronously 
in the next light period. 

Only in optimum conditions of light, temperature and 
culture medium do all the cells mature together and 
complete their life cycle in the shortest possible time. 
When such conditions are not available, partially synehron- 
ized cultures appear; these are synchronized in two or 
more groups! We observed this in cultures at low 
temperatures or low light intensities. Our intention was 
to develop a simple eulture apparatus while obtaining the 
most favourable external conditions for growth’. A 
method based on light-dark changes and daily dilutions 
of the culture to a standard cell number with fresh 
medium was adopted from Kuhl and Lorenzen’. Dilution 
is necessary to replace the spent culture medium, and, 
furthermore, it prevents unfavourable light conditions 
from developing in the culture with an increase in cell 
density. This method is only used when permanent 
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synchronization is required. Complete synchronization 
ean be achieved without dilution, and this is the case 
after inoculation during the first three cycles of light and 
dark, We have found many times that dilution can be 
carried out at any time during the light-dark cycle 
without disturbing the life cycle or the division time 
of the cells. But it should be noted that dilution during 
the light period abruptly changes the light conditions 
in the culture and this may injure the cells if no precautions 
are taken’. 

There may be special problems involved in obtaining 
completely synchronized cultures of diatoms or dino- 
flagellates. These species are often to some extent. hetero- 
trophic, so that their optimum growth conditions are 
usually not as easily understood as those of most unicellu- 
lar green algae. Glooschenko and Curl give no details of 
their method and conditions of culture, but it may be 
pointed out that even in natural conditions a partial 
synchrony of cell division is observed for dinoflagellates’, 
and periodicity of cellular divisions induced by light-dark 
changes has been observed in cultures of diatoms* 7. 
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Gene Equipoise and Pathogenicity 


FroR suggested that parasitic relationships have a 
specific genetic basis, and that a gene-for-gene relationship 
exists between host and parasite. Person?? analysed this 
relationship and showed it to be valid in several host- 
parasite systems. Since 1959 numerous reports have 
appeared whieh support this validation. 

'The importance of nutrition in host-parasite relation- 
ships has been reported in many studiest". Apple 
varieties have been rendered resistant to  Venturia 
inaequalis by the injection of phenylalanine’. Tryptophan 
inereased the indole acetic acid and so is involved in 
the formation of galls by Ustilago zeae (maydis)*. Similar 
functions for this amino-acid have been suggested by 
other workers!"!, Several amino-acids have also been 
found to be active against P. graminis", and prominent 
amino-acid changes occurred after infection of wheat by 
this fungus?. Sempio reported a difference in infectivity 
depending on the sugars in the nutrient solutions which 
were used. Keitt and associates studied the nutritional 
aspeets of host-parasite relationships using auxotrophic 
mutants of Venturia inaequalis! 9. Lewis)? suggested 
nutrition as the basis of pathogenieity in his nutritional 
or balance hypothesis; Garber suggested the hypothesis 
of nutrition inhibition in host-parasite relationships". 

In this investigation auxotrophs of Ustilago hordei 
(Pers.) Lagerhans were used to investigate the nutritional 
basis of the host-parasite relationship. Dikaryons were 
produced from auxotrophic lines of the parasite and these 
were used to infeet several varieties of barley. Table 1 
summarizes the results from a number of these infections. 
The pathogenicity varied widely from one dikaryon to 
another on the same variety of barley, and from one 
variety to another when the same dikaryon was used. 
The first pathogenicity index P, enables the pathogenicity 
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of a particular dikaryon for each variety to be comp ared 
with the pathogenicity of that dikaryon on the variety 
‘Paragon’, which is 1-0. The pathogenicity on ‘Odessa’ 
varied from 2-2 to 31-7 times that on ‘Paragon’, on 
‘Vantage’ from 2-7 to 6-1, and on ‘Hannchen’ from 1:7 
to 7-8 times that on ‘Paragon’. In each dikaryon the 
auxotrophic genes were heterokaryotie, one nucleus carry- 
ing the gene V227 and the normal genes for the other 
auxotrophic characteristics, and the other nucleus carry- 
ing the normal allele of V227 and genes for the two other 
auxotrophic characteristics. It is evident that the varia- 
tion in pathogenicity is therefore not caused by a single 
gene but is the result of the interplay or equipoise of the 
genes. 


Table 1. PATHOGENICITY OF HETEROKARYONS 


Percentage 

Type Genotype of pathogen Variety patho- P, Ps 

No. genicity 

(1) V227pan *- +/+ UTad X95nia *'Hannchen* Eri 41 10 
"Vantage' 86 6-1 1-0 
‘Odessa’ 44-4 317 3-1 
‘Paragon’ i4 10 1:0 

(2) V227pan+ +/+ U29niaU51larg ‘Hannchen’ 28-2 28 49 
‘Vantage’ 34-1 2-7 40 
‘Odessa’ 36-8 2-9 2:6 
‘Paragon’ 12:5 r0 89 

(3) V227pan + +/+ U25met X29ad "Hannchen' 45:7 24 80 
‘Vantage’ 641 3-3 T4 
‘Odessa’ 76-6 39 53 
‘Paragon’ 19-4 10 138 

(4) V227pan+ +/+X58argU38leu ‘Hannchen’ 42-9 TB 75 
‘Vantage’ 15:8 2-9 r8 
‘Odessa’ 59-7 109 42 
*Paragon' 55 10 39 

(5) V227pan+ +/+ X52argU8381eu ‘Hannchen’ 23-8 17 42 
‘Vantage’ 41-7 3-0 48 
‘Odessa’ 30:8 22 21 
‘Paragon’ 13-9 10 9-9 

(6) F227pan + +/+ U25metX58arg ‘Hannchen’ 20-0 3:6 35 
‘Vantage’ 25-7 47 30 
‘Odessa’ 143 26 1:0 
‘Paragon’ 55 10 39 


The first pathogenicity index (P,) is determined by dividing the per- 
centage pathogenicity of a particular dikaryon on a variety by the percentage 
of pathogenicity of that dikaryon on the variety ‘Paragon’, : 

The second pathogenicity index (P,)is determined by dividing the per- 
centage of pathogenicity on a variety by the lowest percentage produced on 
that variety by any one of the six dikaryon types. 


The second pathogenicity index, Pe, enables a compari- 
son to be made of the pathogenicity of different dikaryons 
on one variety. It varies from 1-0 to 8-0 on ‘Hannchen’, 
from 1-0 to 7-4 on ‘Vantage’, from 1:0 to 5:3 on ‘Odessa’, 
and from 1-0 to 13-8 on ‘Paragon’. This indicates that 
the combination of genes in the parasite, even when all of 
them are in a heterokaryotie state, makes a great differ- 
ence to the pathogenicity. In comparing type 4 with type 
5 (Table 1), there is a change from the gene X58arg to the 
gene X52arg. Each is in the heterokaryotie form and yet 
the pathogenicity is increased from 5-5 per cent to 13-9 
per cent or by a factor of 2-5 on the variety ‘Paragon’. At 
the same time this change has the opposite effect when we 
consider ‘Odessa’ in which the pathogenicity is reduced 
from 59:7 per cent to 30-8 per cent. This indicates that 
the gene equipoise of type 5 is 2-5 times as pathogenic 
on ‘Paragon’, but only 0-5 times as pathogenic on ‘Odessa’, 
as is the gene equipoise of type 4. Though individual 
genes were not studied in the host it seems probably that 
the importance of gene combination or equipoise in the 
host is as great as that in the parasite. This indicates that 
the interaction of the host genes with those of the para- 
site is also involved. We propose that such interaction 
or balance between the genes of host and parasite be 
called transpoise to distinguish it from equipoise within 
one organism. 

Gene equipoise and transpoise in the host and parasite 
result in a delicate balance between the various nutrients 
supplied by the host to the parasite, and the amounts of 
these nutrients required by the parasite for the successful 
completion of its life cycle in the host, that is, for it to be 
pathogenic. Gene equipoise and transpoise thus provide an 
explanation of pathogenicity in those cases where gene- 
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for-gene relationship is not a satisfactory explanation: of 
the variations in pathogenicity which are found in field 
counts. The effects of gene equipoise and transpoise 
would be influenced by environmental conditions much 
more than the effeets of single genes, and thus help to 
explain the variations which occur in pathogenicity 
when the environment is altered. The physiological 
basis of heterosis suggested by Emerson could be ex- 
plained on the basis of gene equipoise'?. 

This work was supported by the National Research 
Council of Canada and the Canada Department of Agricul- 
ture. 

Lrovp D. ROBERTS 
Avenue A Campus, 
University of Saskatchewan, 
Saskatoon, Saskatchewan. 
W. E. SMITH 
Department of Genetics, 
University of Alberta, 
Edmonton, Alberta. 
Received February 22; revised March 3, 1968, 


1 Flor, H. H., Advances in Genetics, 8, 29 (1956). 

2 Person, C. O., Canad. J. Bot., 87, 1101 (1959). 

3 Person, C. O., Nature, 212, 266 (1900). 

t Van Andel, O. M., Ann. Rev. Phytopathol., 4, 349 (1966). 

* Hare, R. C., Bot. Rev., 82, 95 (1960). 

* Kuc, J., Ann. Rev. Microbiol., 20, 337 (1966). 

? Rubin, B. A., and Artsikhovskaya, Ye. V., Biochemistry and Physiology of 

des Immunity (transl. by Wareing, H.) (Pergamon Press, Oxford, 

* Kuc, J., Williams, E. B., and Shay, J. R., Phytopathol., 47, 21 (1957). 

* Wolf, F, T., Proc. US Nat. Acad. Sci., 38, 106 (1952), 

1? Daly, J. M., and Deverall, B. J., Plant Physiol., 38, 741 (1963). 

u Shaw, M., and Hawkins, A. R., Canad, J. Bot., 36, 1 (1858). 

12 Samborski, D. J., and Forsyth, F. R., Canad, J. Bot., 38, 467 (1960). 

13 Shaw, M., and Colatelo, N., Canad. J. Bot., 89, 1351 (1961). 

3 Sempio, C., Phutopathol., 40, 799 (1950). 
15 Boone, D. M., Stauffer, J. F., Stahman, M, A., and Keitt, G, W., Amer, J. 

Bot., 48, 199 (1956). 

16 Kline, D. M., Boone, D. M., and Keitt, G. W., Amer. J. Bat,, 44, 797 (1957). 
V Lewis, R. W., Amer. Nat., 87, 278 (1953). 

15 Garber, E. D., Amer. Nat., 90, 183 (1950). 
1* Emerson, R, A., Proc. US Nat. Acad. Soi., 84, 72 (1948). 


Differential Activation by Restraint 

Stress of a Mechanism to conserve 

Brain Catecholamines and Serotonin 
in Mice differing in Excitability 


Tue relatively great reactivity of highly emotional animals 
must be correlated with neural function, but there seem 
to have been no previous reports of differential effeets of 
stress on specific neurotransmitters in the brains of animals 
which differ in excitability. We have found that restraint 
stress can cause a greater elevation of brain catecholamines 
and serotonin in mice made hyperexcitable by 8-12 weeks 
of isolation than in their less excitable littermates housed 
in groups. This differential elevation of brain amines 
occurs in spite of the slower turnover of these neuro- 
transmitters in isolated mice in normal non-stressed condi- 
tionsi-?5, Furthermore, after inhibition of catecholamine 
biosynthesis by «-methyltyrosine, stress facilitated the 
depletion of norepinephrine and dopamine in mice that 
had been kept isolated, but retarded their depletion in 
mice that had been housed in groups. It seems that 
restraint stress, which presumably imposes an increased 
demand for brain catecholamines and serotonin to main- 
tain neurotransmission, rapidlv activates a mechanism 
to conserve these amines and activates it to different 
degrees in mice which differ in emotional ree etivity. 
Littermates (male JOR white Swiss mice) weighing 
18-20 g were weaned at 6 weeks and were housed either 
individually or in groups of eight in opaque solid -bottomed 
polycarbonate cages (7x 11-5x5 in). They were not 
shipped, but housed at the breeder's in a quiet room 
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Fig. 1. Elevation of brain amines induced by restraint stress (2:5 h) in male mice which reviously had been caged individually or in groups 


for 12 weeks after weaning. Half the mice were given a tyrosine hydroxylase inhibitor (T OI) or an injection of vehicle and returned to their 
cage for 2-5 h. Others received an injection of vehicle or of the drug and were stressed for 2-5 h by taping them lightly to the rounded edge of an 


inverted cage (stress + THOT), 


The drug was DL-a-methyltyrosine, 80 m. 
bars indicate per cent changes from non-stressed, vehicle-injected controls 


g/kg. intraperitoneally, in 0-2 ml. of 0-9 per cent saline at pH 3-0, The 


+S.£.M. The endogenous brain contents of norepinephrine, dopamine 


and serotonin, respectively, were 293 + 15-4, 657 + 51-3 and 567 + 31-0 ng/g for pre-isolated controls and 318 + 15:2, 633 + 49-7 and 595 + 34-7 nu/g 


for pre-grouped controls, A total of 176 mice were divided evenly among the eight treatment conditions 


Black columns. pre-isolate 12 weeks: 


hatched columns, pre-group 12 weeks, 


maintained at 25°-27° C. Unmodified Wayne feed for 
laboratory mice was freely available. Cages were changed 
once each week. The first experiment was terminated 
during the early evening in late July, and the second was 
terminated during the early afternoon in late March. A 
strict systematic rotation was maintained from one treat- 
ment to the other to balance the effects of otherwise 
uncontrolable variations, and an identical pattern of 
rotation was later used for all phases of amine extraction 
and analysis in the laboratory. Half the mice from each 
housing condition were restrained by taping them lightly 
to the rounded edge of an inverted cage for 2-5 h (experi- 
ment 1, Fig. 1) or for exactly 7 min (experiment 2, Table 1). 
Half the stressed and half the non-stressed mice in experi- 


Table 1. ELEVATION OF BRAIN AMINES INDUCED BY RESTRAINT STRESS 
(7 MIN) IN MALE MICE WHICH HAD PREVIOUSLY BEEN CAGED IN GROUPS OR 
INDIVIDUALLY FOR 8 WEEKS AFTER WEANING* 
Stress-induced increases 

Non-stress (ng/g) 9 


Pre-isolate Pre-group — Pre-Isolate ^ Pre-group 
Norepinephrine L 
Telencephalon 550 + 196 5764152} 404417 2743-029 
Dien.-mesen- 
cephalon 536 + 29-8 610+ 31-3 664622 0745583 
Pons and medulla 
oblongata 158 £ 17:2 401+ 16-4 15-04 7:01 0 + 6:30] 
Dopamine Y : 
Telencephalon 1,322 £ 23:0 13974405 I41+506 7023-42 
Serotonin 7 à 
Telencephalon 784 +240 570 1988. 16074420. 17244 72** 
Dien.-mesen- 
cephalon 1.494 +604 1,083 2 4678 68:515 2312529 


* Each entry is a mean € S,E.M.; n=sixteen mice in each of the four 
treatments, í 

t Significance of overall increases by analysis of variance: norepinephrine 
(P < 0:025), dopamine (P < 0-001). 5-hydroxytryptamine (P < 0:001). 

1 Overall, norepinephrine is higher in pre-grouped than in pre-isolated 
controls (P< 0-01). 

§ 5-Hydroxytryptamine is higher in pre-grouped than in pre-isolated 
controls: telencephalon (P « 0:01); diencephalon-mesenoephalon (P « 0-02), 
5-Hydroxytryptamine is significantly higher in the diencephalon-mesen- 
cephalon than in the telencephalon (P < 0-001). 

5 Norepinephrine increases for the brain as a whole were significant for 
pre-isolates alone (P « 0-05), but not for pre-grouped mice considered alone. 

|| Norepinephrine increases in the pons and medulla were significant for 
pre-isolates alone ( P < 0-05) and for all animals considered together (P « 0:02), 
but norepinephrine increases in other areas of the brain were not significant. 

** Overall 5-hydroxytryptamine increases in the telencephalon were sig- 
nificantly greater than those in the diencephalon- mesencephalon (P < 0:001). 


ment 1 (both pre-grouped and pre-isolated) were injected 
at zero time with «-methyltyrosine, a tyrosine hydroxylase 
inhibitor, and their controls were given the soluent alone. 
Care was taken to cause the least possible disturbance to 
the non-stressed mice during the process of injection, and 
they were returned to their original cages. Mice were 
killed by decapitation, and individual whole brains 
(experiment 1) or brain parts (experiment 2) (the pons and 
medulla oblongata of two mice were pooled for analysis) 
were analysed for norepinephrine, dopamine and 
serotonin**^, Changes induced by stress were calculated 
for control and stressed animals paired aecording to the 
time at which they were killed. 

Fig. 1 shows the results of the first experiment. Con- 
centrations of brain norepinephrine and dopamine de- 
creased more during the 2-5 h following inhibition of their 
biosynthesis in mice whieh lived in groups than in those 
which were housed individually. This agrees with our 
previous report that brain catecholamines in grouped 
mice declined more following biosynthesis inhibition 
than in isolated mice??, It also agrees with the find- 
ings of Pirch and Rech* that behavioural depres- 
sion and synchronization of the eleetroencephalogram 
(EEG) occur to a greater degree in grouped than in isolated 
rats following inhibition of catecholamine biosynthesis by 
x-methyltyrosine. Neuronal release of catecholamines is 
probably essential for maintenance of EEG activation, 
and these amines seem to be released at higher basal rates 
in animals that live under the comparatively high level of 
social stimulation provided by group housing. There 
is also evidence!* that serotonin may be metabolized 
more rapidly in the brains of mice living in groups than in 
the brains of mice housed individually. 

Restraint stress for 2-5 h (Fig. 1) and for 7 min (Table 1) 
significantly raised the levels of all three brain amines, 
These amines are widely held to be neurotransmitters : 
their release from neurones is accelerated by stimulus?:*; 
their decline after pharmacological inhibition of their 
biosynthesis is dependent on stimulus*:19./5 and, in some 
cireumstances, their concentration in brain can be 
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lowered by stress?-'*, But usually they are resistant to 
lowering, even in eonditions in which the level of stimulus 
is highly intensified (compare ref. 14), and in some circum- 
stances, as in this experiment, a stressor which in other 
conditions and in different degree might have lowered 
them, may actually raise them. Fighting, acute exposure 
to eold and d-amphetamine produce rapid elevations of 
amines similar to those produced by restraint (our un- 
published results). 

Fig 1. shows that elevation of the catecholamines by 
restraint stress was prevented by administration of 
a-methyltyrosine, an inhibitor of their biosynthesis. We 
have previously shown a similar effect for serotonin. 
following administration of para-chlorophenylalanine, an 
inhibitor of its biosynthesis'. Nevertheless, we have found 
that various stressors may actually retard the depletion of 
catecholamines which normally occurs as a result of con- 
tinuing nervous activity after their biosynthesis has been 
inhibited by «-methyltyrosine. To explain this, and to 
explain the rapid and simultaneous elevation of all three 
amines that may be induced by stress, we postulated that 
a mechanism, which conserves these amines by inhibiting 
their normal intraneuronal catabolism. is activated con- 
comitant with the imposition of an increased requirement 
for them to maintain neurotransmission?!* 7, In the 
absence of biosynthesis stress should accelerate cate- 
cholamine depletion only when the increased demand 
for the catecholamines imposed by stress exceeds the 
savings effected by the conservative mechanism. Severe 
stressors!*, including restraint!*, have been shown in other 
laboratories to have this effect. 

Both aspects of this response were recognized in our 
2-5 h restraint stress experiment. 'The depletion of brain 
norepinephrine and dopamine, whieh normally follows 
blockage of their biosynthesis by a-methyltyrosine, was 
vetarded by restraint stress in pre-grouped mice but 
facilitated in the pre-isolated mice (Fig. 1). The pre- 
grouped mice, which were adapted to a relatively high 
basal level of nervous stimulation and normally main- 
tained a relatively high level of metabolism of brain 
catecholamines, resisted more successfully the combined 
tendencies of stress and inhibition of biosynthesis to 
deplete these amines than did the pre-isolated mice which 
presumably were accustomed to a lower level of nervous 
stimulation. This may indicate that the conservative 
mechanism activated by stress was better developed in 
the mice accustomed to higher levels of stimulation. 
Alternatively, it may be that they were simply emotion- 
ally less reactive to the stress. In view of the relatively 
low basal metabolism of brain catecholamines and sero- 
tonin in the pre-isolated mice. it seems likely that the 
significantly greater accumulation of norepinephrine 
and serotonin, which occurred in their brains during the 
2.5 h restraint stress was a consequence of their more 
violent reaction to the stress. 

These results suggest that during stress mice. which 
differ in behavioural reactivity because of differences in 
their previous environmental conditions®-*, metabolize 
brain biogenie amines at different rates, and also activate 
to different degrees temporal mechanisms which control 
the availability of the amines during stress. 
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Glycoproteins in Foetal and 
Adult Cattle Aortas 


IxvEsTIGATIONS of glycoproteins from connective tissue 
of the aorta have been concerned with isolation, identifica- 
tion and structure'-*, Berenson et al." demonstrated that 
glycoproteins isolated from the matrix of human aortas 
vary between individuals. Two components were cor- 
related with race and sex. Our observations suggest that 
the glycoprotein composition of cattle aortas changes 
during foetal development and varies with age and sex 
throughout adult life. 

Aortas from foetal cattle whose ages were estimated 
from a growth curve’, and from individuals ranging from 
6 week old male castrate calves to 3 yr old bulls, were 
collected and put into groups of similar age and sex, A 
glycoprotein fraction was isolated from the tissue employ- 
ing documented techniques with minor modifications *. 
The yields and chemical analyses were similar to those 
reported elsewhere?*. A glycoprotein fraction was also 
isolated from the pooled sera of randomly colleeted 
foetuses and the serum from a steer. 

Electrophoretic analysis of the samples was performed 
with an E.C. 470 apparatus on a continuous 3 mm thiek 
matrix of 5 per cent (w/v) polyacrylamide. Tris buffer, 
pH 8-6, at an ionic strength of 8-4 x 1075, was used. Re- 
peated observations were taken at 300 V and 75 mA for 
3h. The gels were developed with amido black 108. AU 
of the components stained with periodic acid Schiff's 
reagent. Measurements were obtained by overlaying tbe 
stained gel with a ruler calibrated in 0-5 mm. Diagrams 
true to scale were made on graph paper and compiled as 
the results shown in Fig. 1. 

There is a glycoprotein component migrating 5:8 em 
from the origin, which is present in male cattle aortas but. 
not in female. This component is not present up to the 
seventh month of foetal development, but can be demon- 
strated in 9 month old foetuses. Two different glyco- 
proteins seem to change as the foetus grows. One 
migrates at 1-5 em and could not be detected in 5 month 
foetuses or in the calves. The other. a faster component 
(7-1 em), was detected in all samples except the 5 month 
old foetuses. A band at 8-4 cm was present in ali the foetal 
samples but was not detected in calves or adults. The two 
fastest moving bands which appeared consistently in the 
adults and the calves could only be demonstrated at the 
fifth month of foetal development. The overall pattern 
shows that the adult bull exhibits the least complexity. 
One of the bands migrates slightly faster than that of the 
steer. cow or young male castrate (8:2 em: 8-0 em). 
Electrophoretic examination of a serum glycoprotein frac- 
tion from an adult and a foetus showed that there is little 


578 


STAGE OF DEVELOPMENT 
9 month 


Coit 


Steer 














= j j 


NATURE, VOL. 218, MAY 11, 1968 


The inflorescence of Nicotiana has a 
dense population of trichomes and 
is covered with exudate. A concen- 
trate of complex terpenes can be 
readily obtained. by washing the 
inflorescence with benzene. 

The polar lipids can be removed 
from the outside of the leaf by washing 
in solvent and consist of a complex 
mixture of non-volatile terpenes, which 
can be separated by thin-layer chroma- 
tography (‘Kieselgel G° and 5 per cent 
methanol in chloroform) and gas 
liquid chromatography of the trimethyl 
silyl ethers. The components are 
chiefly terpene diols in which the 
and [$ isomers of 12-isopropyl-1,5,9- 
trimethyl - 4,8,13 - cyclotetradeca- 
triene-1,3-diol (ref. 2) predominate. 


Cow Bull 








Fig. 1. Electrophoretic patterns of aorta glycoprotein. 
vomponents isolated from aortas at the stages indicated. 
were pooled to obtain the results, with the exce 
aortas of each sex were pooled and of the calves where six were used, 
left of the scale are foetal. 

indieated by +, 


sunilarity between these patterns and those of the aorta 
glveoprotein fractions. 

A sex difference in glycoprotein composition of cattle 
aorta comparable with that of humans* has been observed. 
Pooling of the aortas into groups minimizes individual 
variations, and accentuates the changes which seem to 
be functions of development and ageing. It is difficult to 
interpret these results without considering complicated 
sex linked genetic® and physiological factors'®", It is 
clear, however, that investigators concerned with the 
isolation of macromolecular components of connective 
tissue should devote more attention to the age and sex 
of the source. 
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Biosynthesis of Complex Terpenes in 
the Leaf Cuticle and Trichomes of 
Nicotiana tabacum 


THE cuticle of the leaves of Nicotiana tabacum is covered 
with a gummy layer, some of which seems to originate as 
an exudate from the leaf hairs or trichomes. 

Various observations suggest that precursors of the 
characteristie aroma of tobacco may be derived from the 
leaf trichomes. Varieties known for their high quality 
and aroma are "gummier" than low quality varieties, 
and clothing smeared with leaf exudate while working in 
the field develops the aroma of cured tobacco on storage}, 


A representation of glycoprotein 
‘Tissues from at least twelve aortas 
ption of the 9 month foetuses where eight 


Serum patterns are included for comparison. 


Cuticle was peeled from the under- 
side of young leaves of N. tabacum 
under a dissecting microscope, and 
triehomes were obtained by carefully 
shaving the stems of mature plants, 
Both cuticles bearing trichomes and 
trichomes alone were suspended in small volumes of buffer 
containing “C-2-acetate or “C-2-mevalonate and main- 
tained for periods of 15-90 h in an illuminated growth 
chamber. 

In every case, labelled terpenoids were produced. 
Preliminary studies have shown that the incorporated 
radioactivity moves from one component to another in 
an as yet undefined biosynthetic pattern. 

The biosynthesis can be inhibited by tris-(2-diethyl- 
aminoethyl)-phosphate hydrochloride. ` This compound 
also inhibits phytosterol synthesis in N. tabacum? with 
accumulation of squalene 2,3-oxide (ref. 4). Biosynthetie 
ally prepared “C-squalene 2,3-oxide (unpublished work of 
W. W. R.) applied to the surface of N. tabacum leaves is 
chiefly incorporated into 4,4-dimethyl, 4z-methyl and 
4-demethyl sterols, but part of the radioactivity is found 
in some compounds of the polar terpenoid group. 

The terpenoid biosynthesis found in detached trichomes 
is of particular interest because these organelles have a 
terminal cell containing chloroplasts which stains intensely 
with reagents reacting with terpenes. 

MARGARET J. MICHIE 
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Characterization of Natural Inhibitors 
of Trypsin and Chymotrypsin by 
Electrophoresis in Acrylamide- 
Agarose Gels 


We have detected natural inhibitors of enzymes in micro- 
gram quantities. In our method, after gel electrophoresis 
of a sample presumed to contain inhibitory activity, the 
slab of gel was incubated in a solution of the appropriate 
enzyme which then entered the gel by diffusion and formed 
a thin and homogeneous layer on its surface. After several 
minutes the gel was removed from the solution, allowed 
to stand until completion of the enzyme-inhibitor com- 
plex, and then transferred into a sclution containing a 
chromogenic substrate for the enzyme used in the assay. 
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Fig. 1. 


Characterization after acrylamide-agarose electrophoresis ot 

lima bean (LB) and soy bean (Sb) inhibitors (6:25 ug/sample analysed), 

Inhibitory activity against c2 a = I1) and against chymotrypsin 
(I' and IT’). 


In these conditions, the catalytic activity of the enzyme 
could be visualized, for the whole surface of the gel was 
stained, except. for areas where the inhibitor was present. 

For good localization of the inhibitor, electrophoresis 
must be carried out in gels of high resolving power such 
as starch, polyacrylamide or acrylamide-agarose. We 
used horizontal gel slabs of the latter. 

The acrylamide-agarose gel consists of a homogeneous 
mixture of an acrylamide polymer and a natural poly- 
saccharide (agarose or agar) and has been used as a 
supporting medium for electrophoretic separations'^?*. 
While retaining the excellent resolving power typical of 
acrylamide gels, the mixed gels have mechanical properties 
more suitable for the manipulations required for the 
present technique. 

The gels which we used were of the following com- 
position: 5 per cent acrylamide, 0-13 per cent NN’- 
methylene-bisacrylamide and 0-80 per cent agarose in 
0-025 M veronal HCl buffer, pH 8-2. The gel plates used 
were 3 mm thick. The preparation of the gels and the 
electrophoretic procedures have already been deseribed*. 

The inhibitory properties of several biological inhibitors 
were tested, as well as samples of human serum, on trypsin 
and ehymotrypsin. 

Fresh solutions of lima bean, soy bean and Kunitz 
pancreatic inhibitors were prepared in appropriate con- 
centrations in veronal-HCl buffer; concentrations of 
between 60 and 500 pg/ml. were tried for each of the 
inhibitors. Aliquots of the solutions (0-1 ml.) were placed 
in haemolysis tubes, immersed in a water bath at 42° C, 
mixed with an equal volume of 1-6 per cent aqueous solu- 
tion of melted agarose at the same temperature and poured 
into the starting reservoirs at the origin. Serum samples 
were diluted 1:5 with water, mixed with agarose and 
poured as described. 

The electrophoretic run was performed at 8-10 V/em, 
for 2-3 h. The electrode vessels were filled with the 
buffer used for preparation of the gel plates. 

After electrophoresis the plates were ineubated at 
37? € with fresh solutions containing either trypsin 


579 


(0-04 mg/ml.) or chymotrypsin (0-02 mg/ml.) in 0-1 M 
phosphate buffer pH 7:4. After 10 min, the plates were 
transferred to another tray proteeted from evaporation 
by a cover and allowed to stand at 37^ C for 30 min. The 
gel slabs were then immersed in a solution of acetyl-DL- 
phenylalanine-8-naphthyl ester prepared as follows: 5 mg 
of the substrate in 2 ml. of dimethyl-formamide was 
brought to 20 ml. with 0-05 M phosphate buffer at pH 
7-4 in which 10 mg of tetrazotized ortho-dianiside was 
dissolved. The mixture was used at once. After 40-60 
min of ineubation at room temperature, the gel slabs were 
removed from the substrate and washed for 30 min in 
2 per cent acetic acid. 

Along the electrophoretic pathway, the zones possessing 
inhibitory activity against the chosen enzyme appear às an 
unstained band or bands on a coloured background. 
Acetyl-pi-phenylalanine-8-naphthyl ester is hydrolysed 
by both trypsin and chymotrypsin?, to yield a coloured 
produet. Where the énzymes are completed with an 
inhibitor the substrate is not hydrolysed and the resulting 
bands are not coloured. 

Fig. 1 (top) shows the characterization of a sample 
containing lima bean extract (LB). "Three zones of in- 
hibitory activity against trypsin were demonstrated. 
The two more anionic bands also possess inhibitory 
properties for chymotrypsin, but the third band seems 
to be specific for trypsin. At the bottom of Fig. 1, the 
analysis of a highly purified preparation of soy bean 
inhibitor (Sb) shows a single band active for trypsin only. 

In electrophoresis in acrylamide-agarose, the pancreatic 
trypsin inhibitor of Kunitz moves as a single broad 
cationic band. The whole unresolved zone possesses 
inhibitory activity for trypsin and also for chymotrypsin, 
but with much less intensity (Fig. 2). 

The characterization of a sample of normal human 
serum is represented in Fig. 3. As can be seen, four bands 
are visualized with inhibitory activity against trypsin. 
The most anionic is probably the «,-anti-trypsin globulin 
of Schultze et al.*. The three others probably correspond 
to the so-called inter-z-trypsin inhibitor which has been 
demonstrated by Heide et al.*, using the fibrin-agar 
electrophoretic technique*. If this assumption is correct, 
then this procedure would be useful in demonstrating the 
heterogeneity of this serum inhibitor activity. 

The o,-anti-trypsin globulin also acts as an inhibitor 
of chymotrypsin (Fig. 3). The second band of the pattern, 
however, seems to be specific for chymotrypsin and 
identical with the x-anti-ehymotrypsin inhibitor of human 
serum’. 

These examples illustrate the potentiality of this 
method which combines the excellent resolving power of 
acrylamide polymers with a sensitive technique for the 
demonstration of enzyme inhibitory activities in biological 
fluids. This procedure defines precisely the total in- 
hibitory activity of the sample in one of several zones of 
highly resolved inhibitors and it should have advantages 





Fig. 2. 
inhibitor preparation/sample). Anti-trypsin (A) and anti-chymotrypsin 
(A’) activity. 


Characterization of pancreatic inhibitor of Kunitz (0-25 jg of 
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Fig. 3. Characterization of trypsin and chymotrypsin inhibitors in 
normal human serum. 1, Shows stained protein bands; 2, shows 
inhibitory activity against trypsin; 3, shows inhibitory activity against 
chymotrypsin, From left to right. the arrows correspond to a,-anti- 
trypsin, a-anti-chymotrypsin and inter-a-trypsin inhibitor (three bands). 


the more diffuse localization obtained with the 
fibrin-agar electrophoretic technique®. The use of hori- 
zontal gel plates where several aliquots of the same sample 
can be run simultaneously makes it possible to show 
whether a zone of activity is or is not specific for par- 
ticular enzyme. 

This method is not necessarily limited to the proteo- 
lytic enzymes, trypsin and chymotrypsin. The same 
principle can easily be extended to more general applica- 
tions with many other natural inhibitors, as long as the 
appropriate chromogenic substrates are available. 

Jose URIEL 
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Institut de Recherches Scientifiques sur le Cancer, 
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France. 
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Methylation of DNA by N-Methyl-N- 
nitrosourethane and N-Methyl-N- 
nitroso-N/-nitroguanidine 


N -Methyl - N - nitrosourethane (NMU), CH,.N(NO).CO. 
OC,H,. and N - methyl - N - nitroso - N’ - nitroguanidine 
(NNMG). CH,.N(NO).C(:NH).NHNO,, are well known 
mutagens and carcinogens. It seemed likely that these 
compounds could act as methylating agents, and further- 
more, methylation of DNA could be significant in de- 
termining their biological action. 

Schoental' has already reported that ["C]methyl- 
labelled NMU reacts with DNA in vitro and in vivo to 
yield 7-.[C]methylguanine. Preliminary reports on the 
reaction of NNMG with nucleosides?, RNA? and poly- 
nucleotides* also indicated that methylation could occur. 
In the case of DNA, however, the relationship between 
such methylation and that resulting from the reaction of 
à typical alkylating agent such as methyl methane- 
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sulphonate, which has been studied extensively®, remained 
incomplete. In particular, the expected pattern that two 
chief methylation products should be formed from DNA. 
namely, 7-methylguanine and 3-methyladenine, and that 
these should hydrolytically split off from the methylated 
DNA at neutral pH, does not seem to have been estab- 
lished, 

The rate of reaction of both NMU and NNMG in 
buffered aqueous (10 per cent, v/v) ethanol was markedly 
pH-dependent. Half-lives were determined from the 
unimolecular disappearance of the absorption band near 
400 my with the nitroso group; at 37° C. for 
pH 6-05, 4,600 min; pH 7-27, 1.100 min; pH 8:15, 127 
min; pH 9-9, 2-3 min; for NNMG, pH 6-15, 990 min; 
pH 7-85, 48 min; pH 9-9, 20 s. The alkylating potential 
of NMU was readily shown by its reaction with p-nitro- 
benzylpyridine at pH 9-9 (ref. 6) but could not be detected 
at pH 7:2. Both reagents, however, methylated DNA at 
neutral pH. A typical experiment consisted of adding 
350 mg of NMU to 50 mg DNA from salmon-sperm in 
10 ml. 20 mM sodium phosphate-EDTA buffer at pH 7:8. 
The mixture was stirred for 24 h at 20° C (final pH. 6-8). 
and the DNA was then precipitated with ethoxyethanol. 
redissolved and reprecipitated three times. 

The presence of both the expected chief reaction pro- 
ducts, 7-methylguanine and 3-methyladenine, and their 
hydrolysis from DNA at neutral pH, was shown as follows. 
The DNA reaction product (6 mg) was dissolved in phos- 
phate buffer (5 mM. pH 7:0, 1 ml., 100° C, 20 min) applied 
to a column of ‘Sephadex G-10' (15x I-5 em) and eluted 
with aqueous ammonia at pH 10-2. "Three ultraviolet- 
absorbing peaks were obtained. These were: in fractions 
3-8, polynucleotide material which was precipitable by 
2 vol. of ethanol after adding (-1 vol. of 2-5 M sodium 
acetate; in fractions 9-15, the principal product, identified 
from the ultraviolet absorption of these fractions (Fig. 1) 
as 7-methylguanine (Amax— 281 my, emax= 7,300, Àmin — 
258 my); in fractions 19-28, the. main lesser produet 
identified from its ultraviolet absorption as 3-methyl- 
adenine (Amax = 273-4 mu. emax = 12,800, Amin = 244 my). 
No further ultraviolet-absorbing products were detected. 

If the column was eluted with water or dilute neutral 
buffer, 7-methylguanine was the only product obtained. 
The retention of 3-methyladenine can be attributed to its 
existence at neutrel pH partially in the cationic form 
(pKa 6:0), absorbed to the presumably anionic ‘Sephadex’. 

These reaction products could also be demonstrated 
by paper chromatography of heated methylated DNA 
(Whatman No. 3 paper; using as a solvent (1) ethanol : 
concentrated ammonia : water, 80: 2:18; (2) methanol : 
concentrated HCl: water, 7:2:1, by vol, upflow. 











The Ry of 7-methylguanine was (1) 0-3; (2) 0-24; and 
that of 3-methyladenine was (1) 0-48; (2) 0:53). 
(s 
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Fig. 1. Identification of products from reaction of N-methyl-N-nitroso 


urethane with DNA, isolated by ‘Sephadex G-10' chromatography of 
heated reacted DNA. Absorption spectra of appropriate fractions were 
measured using a 'Unicam SP800' spectrophotometer. Points denote 
absorbances calculated for authentic 7-methylguanine ( W) and 2-methyl- 
adenine (©) giving the same maximal absorbance as the products. 
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Table 1. PRODUCTS FROM REACTIONS OF SALMON SPERM DNA AT 20^ WITH 

METHYL METHANESULPHONATE (MMS, 0-2 M) N-METHYL-N-NITROSOURETHANE 

(NMU, SAT, AQ. SOLUTION) AND N-METHYL-N-NITROSO- N'-NITROGUANIDINE 
(NNMG, SAT, AQ. SOLUTION) 


Extent of reaction 


Re- pH of Method mmole/mole DNA-P 
agent reaction 7-Methylguanine 3-Methyladenine 

MMS 7-8-6-9 *G-107, pH 8 87 - 
‘G-10", pH 10-2 33 9 

Paper — 10 

NMU TEGS °G-10', pH 7 49 — 
‘GAO’. pH 10-2 57 9 

Paper ~ 5 

NNMG 738-66 *G-107, pH 10-2 27 3 
. Paper — 2 

T85-T8 'G-107, pH 10-2 31 6 


Methods are described in the text; -~-, denotes not determined. 

The amounts of the products recovered were estimated 
from their ultraviolet absorption (Table 1). A comparison 
with the products obtained from DNA after reaction with 
methyl methanesulphonate (MMS, 0-2 M) in phosphate 
buffer (0-4 M, initial pH 7-85, after 17 h at 20? C, 6-95) is 
also given. 

The minor product 3-methyladenine constitutes 10-16 
per cent of the total for all three reagents. Some vari- 
ability in this ratio might be caused by differential loss 
of the alkylpurines from DNA during the reaction. 
Whether further minor products are formed from the 
reaction of DNA with NMU or NNMG cannot be resolved 
without further studies. It may be mentioned, however, 
that chromatography of NMU.reaeted DNA (25 mg). 
hydrolysed with perchlorie aeid (72 per cent, w/v). on 
*Dowex-50', H*-form (12 x 2 em), eluted with HCI (N to 
2 N, 2 1.) did not show any identifiable pyrimidine pro- 
duet, although 7-methylguanine was detected (3-methyl- 
adenine was not separated from 7-methylguanine). 

The similarity in nature and yields of the principal 
products from NNMG. NMU and MMS, shown here. 
indieates at least a partial similarity in their mode 
of reaction with DNA. As previously concluded® for MMS 
and other alkylating agents, these reactions are consistent 
with the results of the theoretical studies of Pullman and 
Pullman? which indicated N-7 of guanine and N-3 of 
adenine as the chief nucleophilic centres in native DNA. 
It should also be noted that the relative reactivity of 
N-3 of adenine is enhanced for this residue when present 
in native DNA in its hydrogen-bonded form, while that 
at N-1, the chief reactive site in isolated adenine nucleo- 
tides, or in the adenine residue of RNA, is suppressed. 

It therefore seerns that these reactions are nucleophilic 
substitutions. Furthermore, it seems probable that the 
proximate reactive species is the methyl carbonium ion. 
Kriek and Emmelot* had previously suggested a similar 
mechanism for the reaction between nucleie acids in 


aqueous solution with ethereal solutions of diazoalkanes, 
this probably occurring at or near the ether-water inter- 
face. 

A possible mechanism by which hydrolysis of NMU 
could yield the methyl carbonium ion in aqueous solution 
is as follows? 


-> (CH,.N:N.OH + HO.CO.OEt) — 
CH; + N, + OH- + CO, + EtOH 





The electron shifts suggest that methyldiazohydroxide 
is an initial product of hydrolytic fission catalysed by 
alkali; this base then ionizes yielding methyldiazonium 
ion, which can either decompose to the methyl carbonium 
ion or, being a tautomer of the cation derived from diazo- 
methane, yield this base. 

Because the methyldiazonium cation is expected to be 
unstable, its reaction with either water or other nucleo- 
philes would rapidly remove any basic neutral diazo- 
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methane which was formed in aqueous solution. This 
could explain why the latter is effieiently generated only 
in strongly alkaline solution. As suggested by Kriek and 
Emmelot’, reaction of diazomethane in an aqueous phase 
is better envisaged as being mediated by the cationic, 
not the basie form. In the absence of water, however. as 
in the ease of methylation of RNA suspended in ether. 
the neutral molecule of diazomethane can react with 
acidic centres, such as the “NH groups of uracil and 
guanine residues’. 

Haines, Reese and Todd!" suggested that the methyla- 
tion of deoxyguanosine by diazomethane to yield the 
J-methyl derivative might be caused by reaction of 
diazomethane with a rare tautomer of deoxyguanosine 
such as that having an acidic **NH group at N-7. Pre- 
sumably an analogous explanation could be invoked for 
methylation of the adenine residue in DNA at N-3. 
The postulate that both the N-7 atom of guanine and 
N-3 atom of adenine in DNA react with carbonium ions 
in their known role as nucleophiles seems preferable, 
however, to account for the present results. 

With regard to the possible relevance of these reactions 
as determinants in vivo of the biological action of the 
alkyl-nitrosamides or -amidines, suggestions can be made 
similar to those already proposed for other alkylating 
agents!i!?, Such a conclusion might, of course, be modified 
if significant differences in reaction of these compounds 
with DNA in vitro or in vivo were found. 
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Dihydroergosine: a New Naturally 
Occurring Alkaloid from the Sclerotia of 
Sphacelia sorghi (McRae) 


INFECTION of the florets of Sorghum vulgare by Sphacelia 
sorghi results initially in the characteristic sphacelial 
stage, but proceeds to replace the ovary by a selerotium, 
off-white flecked with red, which protrudes only shghtly 
from the floral cavity. Although the perfect stage of this 
organism has not been observed it is probably related to 
the genus Claviceps, and may therefore be regarded as an 
ergot fungus. 

Samples of these ergot selerotia, collected from v. 
vulgare in Nigeria, were supplied by Dr M. E. Keay of 
the Institute for Agricultural Research, Ahmadu Bello 
University. Sclerotia (2-5 g) were milled to a fine powder, 
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mixed with sodium bicarbonate (0-3 g) and distilled 
water to form a stiff paste. The sclerotial paste was 
extracted with ether (4 x 50 ml.) and the ether shaken out 
with 1 per cent tartaric acid (5x 10 ml.) Colorimetric 
determination of the acid extract with Van Urk reagent 
showed the alkaloid content to be 0-54 per cent (expressed 
as ergotamine). Thin-layer chromatography of the extract 
on silica gel G developed with ethyl acetate/dimethyl 
formamide/ethanol (13-0 : 1-9 : 0-1) (ref. 1) showed several 
non-fluorescent spots which gave the usual blue colour 
characteristic of the ergot alkaloids after spraying with 
p-dimethylaminobenzaldehyde in concentrated HCl. The 
principal alkaloidal component of the sclerotia was indis- 
tinguishable from agroclavine in this solvent system, but 
when chloroform/methanol (4 : 1) (ref. 2) was used it 
separated clearly from agroclavine. The chloroform/ 
methanol system was subsequently used for both quali- 
tative and preparative thin-layer chromatography, the 
major alkaloid component showing an Rp of approx- 
imately 0:85, while two minor components showed Ry 
values of approximately 0-51 and 0-23. 

The principal component, constituting at least 90 per 
cent of the total alkaloid content of the sclerotia, was 
purified by preparative thin-layer chromatography. Mass 
spectral analysis showed a weak molecular ion (M*) 
mje 549-3002, relative intensity 0-6 per cent of the 
strongest peak, m/e 154, which suggested a molecular 
formula C,,H,,N,O0; (calculated, 549-2951) when taken in 
conjunetion with other significant peaks at mie 339, 
269-1520 (C,,H,,N,0, calculated, 269-1528) and 70. Acid 
hydrolysis of the alkaloid yielded leucine and proline, 
confirming the composition of the m/e 339 fragment as 
M*-— (leucine + proline— 2H,0). These amino-acids are 
components of the polypeptide side chain of ergosine, 
C; H3;N,O;, the mass spectrum of which showed important. 
fragment ions at m/e 337, 267 and 154. The latter two 
ions (C,H,;N,O* and C,,H,N*) are characteristic of 
ergot-peptide alkaloids’. The combined evidence of mass 
spectrometry and acid hydrolysis indicated that the 
alkaloid was possibly dihydroergosine, and thus a direct 
comparison was made with an authentic reference sample 
supplied by Dr A. Hofmann of Sandoz, Ltd, Basle. The 
two samples were found to be chromatographically indis- 
tinguishable in the two solvent systems already men- 
tioned and to have corresponding nuclear magnetic 
resonance and infrared spectra and an identical mass 
spectral fragmentation pattern. The specific rotations in 
chloroform of authentic dihydroergosine and the major 
sorghum ergot alkaloid gave values of [a]f--10-1? 
(C=1-5) and +5-9° (C=4-3), respectively. The similarity 
in specific rotations suggested that the sorghum ergot 
alkaloid was identical with the synthetic product, which 
was prepared by hydrogenation of ergosine* and to which 
has been assigned the « configuration at C 10 (ref. 5). 

Dihydroergosine and other, yet unidentified, alkaloids 
have also been obtained from selected strains of S. sorghi 
in both surface and submerged culture in yields of u p to 
600 ug/ml. 

Dihydroergosine is thus the first recorded instance 
of a naturally occurring alkaloid derived from dihydro- 
lvsergie acid. 

We thank Dr R. Thomas for helpful discussion. 
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Collagen-Glucosyl Transferase in 
Fibroblasts transformed by 
Oncogenic Viruses 


SvwTHESIS of collagen—a principal product of fibro- 
blasts-—occurs in various cultured cells of fibroblastic and 
non-fibroblastie origin'-*. When tested in conditions 
allowing the maximal rate of collagen formation, virus- 
transformed cells of fibroblastie origin produce less col- 
lagen per unit of protein synthesized than the non- 
transformed cells from which they were derived’, Some 
cells of non-fibroblas:ie origin synthesize collagen at 
about 5 per cent of the rate characteristic of fibroblasts, 
while in others eollagen synthesis is virtually absent?. 
Thus synthesis of collagen is decreased (a) in virus-trans- 
formed cells of fibroblastie origm and (b) in cells of 
non-fibroblastie origin. 

Collagen is a glyeoprotein and contains a glucosyl 
1-2-galactose disaccharide joined in O-glycosidic linkage 
to hydroxylysine*. During an investigation of the bio- 
synthesis of this unit, we isolated and purified an enzyme 
from embryonic guinea-pig which transfers 4C.glucose 
from 4C-UDP-glucose to a receptor prepared from guinea- 
pig skin collagen by mild acid hydrolysis’. The assay is 
highly specifie for collagen presumably because of the 
requirement for the proximity of hydroxylysine. Using 
this assay we have shown that the collagen--glucosy! 
transferase is present in cultured cells and the activity in 
each cell parallels the rate of collagen synthesis occurring 
within the cell line. 





Table 1. ORIGIN, SOURCE AND TYPE OF CELLS INVESTIGATED 
Cell type Origin Source 
3T6 Fibroblastic, mouse Dr H. Green 
3T3-Va* Fibroblastic, mouse Dr M. Vogt 
PY-3T3 Polyoma virus transformed 373 Dr H. Green 
Sy-3T3 Simian virus 40 transformed 373 Dr H. Green 
HeLa-S-1 Epithelial (ectoderm) Dr J. Salk 


* Derived from a clone that reaches a higher saturation value than other 
373 clones, 

The origin and source of the cell lines investigated are 
given in Table 1. All cultures, except the HeLa cells, 
were grown in monolayer in the Dulbeeco-Vogt modi- 
fication of Eagle's medium supplemented with 10 per cent 
calf serum and 50 mg/ml. ascorbie acid as indicated for 
maximal collagen synthesis’. The HeLa cells were grown 
in spinner culture in Eagle's spinner medium supple- 
mented with 10 per cent calf serum. Cells were collected 
by conventional procedures, suspended in calf serum and 
centrifuged at 3,000g for 2 min. Equal portions were 
diluted and counted in a Coulter counter for cell number. 
The cells were washed twice with 0-1 per cent ‘Triton 
X-100' and were homogenized at 5? C with 30 volumes 
of 0-1 per cent "Triton X-100' for 12 strokes in a Dounce 
homogenizer. The mixture was then extracted with 
stirring for 16 h at 5° C and the extract mixture centri- 
fuged at 30,000g for 1 h. The supernatant fluid was 
lyophilized and made up to a suitable volume with water; 
this material was tested for enzyme activity. The enzyme 
assay was performed as previously described’ except that 
the cell extracts were substituted for the purified enzyme. 
Assays were performed without the prepared collagen 
receptor in order to measure the relative amount of 
endogenous receptor present. Total protein? was determ- 
ined for each extract. 

As shown in both Tabies 2 and 3, the virus-transformed 
cell lines S V-373 and PY-373 have less collagen-glucosyl 
transferase than the non-transformed cell line from which 
they were derived (373). For those transformed by 
SV40 the difference is slightly greater in each case. The 
HeLa cells contain approximately the same amount of 
the transferase enzyme on a per cell basis (Table 2) as 
the transformed cells, but contain a significantly higher 
amount of enzyme than all except one (37'6) of the cell 
lines studied when expressed per mg protein. Of the two 
non-transformed fibroblast lines 373 and 376, 373 has 
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the greater activity on a cell basis while the 37'6 line has 
the greater aetivity on a protein basis. 

The observations reported in Table 2 are in agreement 
with the data presented by Green et al, who studied 
collagen synthesis in culture in similar conditions and 
found that cell line 373 synthesized collagen at a higher 
rate than 376, and that viral transformed (S V40 
and SV-PY) 373 cells synthesized collagen at a greatly 
decreased level. In contrast to the close agreement 
between Green’s data and those presented here with respect 
to fibroblasts, the HeLa cells which were studied had a 
higher amount of collagen—glucosyl transferase than 
would be expected from the data of Green and co- 
workers on collagen synthesis in HeLa cells. Green et al.* 
showed that HeLa cells synthesized collagen at about 
1/20 the rate of 373; other clones of HeLa were shown? 
to synthesize collagen at a rate as high as 1/14 that of 
373. On either a per cell or protein basis in the HeLa 
cells tested, there is, however, more collagen-glucosyl 
transferase present than would be accountable for by 
even the higher figure of synthesis with respect to the 
313 cells. The endogenous activity was essentially the 
same in each of the cell lines studied on a per cell basis 
except for 376 which was substantially lower (Table 2). 
Per mg protein (Table 3), the transformed cells have 
much more endogenous activity than the normal fibro- 
blasts or HeLa cells. 

The amount of certain enzymes which hydrolyse 
glycosidic bonds is increased in transformed cells as 
compared with the non-transformed cell lines from which 
they were derived (our unpublished observations), so it was 
necessary to determine if the apparent increased glucosyl 
transferase was caused by increased «-glucosidase activity 
in the transformed cells. Results of an analysis of the 
a-glucosidase activity in the cell extracts at the optimum 
pH of the collagen-glucosyl transferase (not the optimum 
pH of the a-glucosidase) are given in Table 4. The results 
indicate that the greater glucosyl transferase activity of 
the normal cells is not caused by an increased «-gluco- 
sidase activity in the transformed cells. 

The amount of collagen-glucosyl transferase present in 
viral transformed fibroblasts is lower than in the non- 
transformed cell line from which they were derived. It 
has also been observed! that there is a reduced rate of 
synthesis of collagen in fibroblast cells on transformation. 

Repression of collagen synthesis occurs, and this 
phenomenon may be interpreted as *de-differentiation" 
resulting from the neoplastie transformation. The question 
arises whether the repression of the collagen-glucosyl 
transferase is a primary or secondary determinant in this 
process. 

We thank Mr Donald Wegemer and Mrs Chris Law for 
growing the HeLa cells, and Mr Jesse James J ackson for 
the a-glucosidase determinations. We also thank Dr J. 


Table 2. COLLAGEN-GLUCOSYL TRANSFERASE ACTIVITY IN HeLa 


AND NORMAL AND VIRAL-TRANSFORMED FIBROBLASTS 


CELLS 


Cell Endogenous activity Receptor activity 
HeLa 490 + 42 1,000 + 66 
376 210+17 1,875 + 201 
37'3-Va 560 + 107 2,400 + 156 
SV-3T3 600 + 96 735 + 86 
PY-3T3 540431 930 + 107 


Counts/min/10* cells,* Each value is derived from assays performed on 
four or more independently cultured cell populations and is expressed as 
mean + S.E, 

* Assay system contained: 50 ul. of enzyme extract, 50 ul. of receptor 
preparation, 10 ul. of glucose *C-UDP, 10 pul. of 0-1 per cént ‘Triton 
X-100', and 10 ul. of 0-25 M MnCl, 


Table 3. COLLAGEN-GLUCOSYL TRANSFERASE ACTIVITY IN HeLa CELLS AND 


NORMAL AND VIRAL-TRANSFORMED FIBROBLASTS 


Cell Endogenous activity Receptor activity 
HeLa 300 + 27 3,500 + 213 
3T6 330 x47 3,100 + 189 
3T3-Va 360 + 72 2,000 + 214 
SV-3T3 540+121 590 + 107 
PY-3T3 885 +81 980 + 86 


Counts/minute/milligram protein. Each value is derived from assays 
performed on four or more independently cultured cell populations and is 
expressed as mean + S.E. 
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Table 4. a-GLUCOSIDASE ACTIVITY AT pH 5-8 (CITRATE BUFFER) 
mmoles released; mumoles released/ 


Cells h/105 cells h/mg protein 
HeLa 26 £4 50:12 
3T6 3824 7048 
3T3-Va 50211 & 
SV-3T3 8646 82410 
PY-3T3 3847 80-6 


25 ul. of the enzyme extract was incubated with 1-5 umole of p-nitto- 
phenyl-a-p-glucoside at 37° € for | h. The reaction was terminated with 
2 mE of 0-4 M glycine-NaOH buffer (pH 10:5) and the O.D. of the p-nitro- 
phenol released measured at 420 my. Values given are the means from three 
or more separate analyses and are expressed as means + SE, 


Salk and Dr M. Vogt for helpful advice and criticism. 
This work was supported in part by a grant from the 
National Foundation to Dr Jonas Salk, in whose labor- 
atory this work was conducted, and in part by’ a grant 
from the US Publie Health Service. 
H. Bruce BosMann 
Epwrn H. EvraR 
Salk Institute for Biological Studies, 
San Diego, California. 
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Influence of Dimethyl Sulphoxide on 
Glycine Transport in Sarcoma-180 
Tumour Cells 


DiwETHYL sulphoxide (DMSO) inhibits a number of 
biosynthetie processes; growth of fibroblasts! and bac- 
teria, DNA synthesis in sarcoma-180 tumour cells’, 
thyroidal transport and organification of iodine (our 
unpublished observations), and protein systhesis** are all 
inhibited by suffieiently high concentrations of this com- 
pound in vitro. "The activity of a number of enzymes is 
also reduced in similar concentrations of DMSO. An 
interesting fact is that these inhibitory effeets of DMSO are 
reversible—they can be overcome by a sufficient reduc- 
tion in the DMSO concentration, for example, by “wash- 
ing” the tissue, cells or enzyme in physiological saline. 
The mechanism of DMSO inhibition, which is unknown, 
may involve non-specific enzyme inhibition, although 
the activity of some enzymes is increased in DMSO. 

Ashwood-Smith! found a decreased ability to synthesize 
protein in mouse bone marrow cells incubated in vitro 
with concentrations of DMSO greater than 10 per cent 
(v/v). This inhibition was reversible. Nieuweboer in ref. 5 
found that incorporation of leucine into the 10,0009 
supernatant of rat liver is stimulated by 5-10 per cent 
DMSO but inhibited at higher concentrations (completely 
blocked with 30 per cent DMSO). Because transport of 
amino-acids is important in cellular protein synthesis, 
we were interested to see if DMSO affected this process, 
and how the kinetics and reversibility compared with the 
inhibition of protein synthesis found in other systems. 
Csaky and Ho? have reported a slight inhibitory effect of 
DMSO on sugar transport in intestinal loops. These 
investigators used 4 per cent DMSO, while higher con- 
centrations have been used in studies of protein synthesis 
and the studies on transport of amino-acids as described 
here. 

Sarcoma-180 ascites tumour cells were maintained in 
male Swiss albino mice (inbred strain) by weekly intra- 
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peritoneal injections of 4x 10* cells, A more complete 
description of the cell line has already been given*. The 
amino-acid which we used was 4C-] -glycine (New England 
Nuclear) at a specific activity of 4-7 mCi/mmole. The 
method for determining transport has also been described’: 
briefly, 1 ml. of packed cells was incubated in 20 ml. of 
Tyrode solution with 2-1x10-^ M labelled glycine at 
37° C (or in several experiments, at 0? C), containing 0, 
5, 15 or 20 per cent DMSO (v/v). After incubation for 
various times an aliquot was removed, centrifuged for 3 min 
and the cells were washed twice with ice cold Tyrode 
solution. The unincorporated glycine was extracted with 
95 per cent ethanol and counted in a liquid scintillation 
spectrometer. Quenching was monitored by external 
standardization. Correction for extracellular fluid was 
made on the basis of R!TSA (Abbott) space and the data 
expressed as ug of glycine/g of cells. 

In some cases the cells were incubated in 15 per cent 
DMSO for 15 min, and the DMSO was removed by washing 
the cells five times with Tyrode solution at 37? C. The 
cells were subsequently ineubated with labelled glycine 
and tested for transport capability as before. 

In sufficient concentration, DMSO was found to inhibit 
the active transport of glycine by sarcoma-180 cells in 
vitro. As Fig. | shows, the inhibition was dependent on the 
concentration of DMSO and was not obvious until the 
concentration exceeded 10 per cent. The observed effect 
of DMSO on the uptake of glycine probably reflected the 
inhibition of active transport and not increased passive 
membrane permeability, for there was no significant 
difference between uptake in control and treated cells 
when active transport. was blocked by incubation at 0° C 
(both less than 0-8 ug/g of cells/h). Some qualitative as 
well as quantitative differences in the glycine uptake 
curves can be seen. Both the rate of uptake and maximum 
concentration gradient between cells and ineubation 
medium were reduced in the 15 per cent and 20 per cent 
DMSO groups (eurves C and D). In addition, there seemed 
to be a decreased capacity to maintain the gradient 
established by the cells incubated in DMSO. 

The inhibitory effect of DMSO on transport of glycine 
was found to be readily reversible; the drug simply had 
to be removed by washing the cells in warm Tyrode 
solution (Fig. 2). 

These results bear a striking resemblance to those 
obtained on the inhibition of protein synthesis in other 
systems!^, except that the slight stimulation of protein 
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0 10 20 30 40 50 60 70 80 


Incubation time (min) 


Fig. 1. Glycine transport as a function of incubation time, Curves: 

(A) control, CB) 5 per cent DMSO, (C) 15 per cent DMSO, and (D) 20 

percent DMSO. Means +5.#. The arrow on the ordinate indicates the 
glycine concentration in the incubation medium (gig). 
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Fig. 2. Reversibility of DMSO inhibition. Curves: (A) control (from 

Fig. 1), (B) incubated in 15 per cent DMSO, washed, incubated in 

*C-1-glycine, and (C) incubated in 15 per cent DMSO (from Fig. 1). 
Mean +S.F, Arrow on ordinate as in Fig. 1. 


synthesis at low concentrations of DMSO reported by 
one group? did not have a transport counterpart. We do 
not wish to imply, however, that decreased protem 
synthesis caused by DMSO is caused by decreased trans- 
port of amino-acid. The two may be related in the case 
of intact cells, but protein synthesis per se, in a cell free 
system, seems to be affected by DMSO®, 

We thank Alan Marsh for technical assistance. ‘This 
work was supported by grants from the American Cancer 
Society and the Biology Division, USAEC. 
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Cellular Basis for Quinone Tanning of 
the Perisarc in the Thecate Hydroid 
Campanularia ( — Obelia) 

flexuosa Hinks 


QUINONE tanning of structural proteins is thought to be 
widespread in the invertebrates!. This process has been 
most intensively investigated in insects? where part of 
the protein, present with chitin in the cuticle, is cross- 
linked by quinones produced by the action of an enzyme 
containing copper (phenol oxidase} on orthodibydroxy 
phenolic substrates. The orthodihydroxy substrate. in 
some situations, is thought to be stored in a masked form 
as a 4-0-8-p-glucoside and liberated from this by a 
8-p-glucosidase. 
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Fig. 1. 


Chromaffin reaction without fixation, stolon. 


The dark colour of the perisare of the gymnoblast, 
Myriothelia cocksi. suggested stabilization by quinone 
tanning to Manton?. Though little work has been done 
on the secretion and stabilization of the perisare of thecate 
hydroids, a chitin content of 10 to 30 per cent has been 
reported*. Berril® hypothesized that the chitin of the 
perisare of Obelia commisuralis was secreted by cells 
containing many highly refractile spherical vacuoles. 
I have found that similar cells can easily be recognized in 
sections and whole mounts of living or fixed material 
from Campanularia flexuosa, and I have obtained evidence 
that these cells play a part in the quinone tanning of the 
perisare. 

Colonies of C. flecuosa were grown in the laboratory 
using Crowell’s method*. Before each experiment, 
colonies were starved for 24 h. Portions were removed 
from the colonies with fine forceps and were relaxed in 
solution containing | part seawater and 1 part magnesium 
chloride. The portions were then fixed in neutral formalin, 
or 4 per cent glutaraldehyde in 27 per cent seawater, or 
transferred without fixation to the histochemical reagent. 
The standard histochemical methods given in Table 1, with 
the addition of a new sodium molybdate method (d). were 
performed on portions without cutting sections. Method 
d is a modification of the sodium molybdate method? for 
detecting orthodihydroxy phenols on chromatograms, 
here used histochemically after glutaraldehyde fixation. 
The results of these methods are summarized in Table 1. 

A cell type was identified which gave positive reactions 
for catecholamines, phenol oxidase and copper. These 
cells. here termed "tanning cells", were often spindle 
shaped, about 154 long and with the cytoplasm densely 
packed with vaeuoies 1-5-1-84 in diameter (dimensions 
after glutaraldehyde fixation). These vacuoles were 
highly refractile in life, apparently empty after neutral 
formaldehyde fixation, but containing material that stained 
with mereury bromothymol blue* after picroformol or 
glutaraldehyde fixation indicating the presence of protein. 

Tanning cells were found in an interstitial position 
throughout the ectoderm of the colony. They were very 
numerous in the tips of actively growing stolons where they 
outnumbered the ectodermal epithelial cells. They also 
showed smaller aggregations in the apical parts of hydranth 
buds at all stages of development. In developing pedicels 
they were aggregated in discontinuous transverse bands 
within the rings of the perisare. 

With the methods to loealize and characterize the 
dihydroxy phenolic substrate (methods a-g), both the 
cytoplasm and vacuoles of the tanning cells were positive 
after glutaraldehyde fixation. Taken together, these 
methods of varying specificity and sensitivity indicate the 
presence, in the tanning cells, of a primary catecholamine 
with an unsubstituted para position. The desmoeytes??, 
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dead cells found in a discontinuous ring around the base 
of the hydranth, gave weak positive results with methods 
b. c and e. Failure to obtain positive results with the 
other methods may be a result of their relative insensi- 
tivity. M 
With the methods to localize phenol oxidase activity 
(^, i and j), the vacuoles of the tanning cells gave positive 
reactions. The perisarc, in specific regions of the colony, 


Table 1 


Tanning Desmo- 
cell eyte Perisare 


Methods for the localization and characterization of the dihydroxy phenoli 


Other 
cells 








substrate 

(a) Chromaffin reaction* (Fig. 1) +++ pe - 
(b) Masson/ Fontana ammoniacal 

silver nitrate" +++ + + + 
(e) Schmorl’s ferric/ferricyanide 

method* +++ + + 4 
(d) 2 per cent sodium molybdate o 

for 2 h (see text) + + - 
(e) Gibbs method* +++ t * - 

Red/brown 
(f) Diazotization with fast red 
It B* ++ - + - 

(g) Faleq’s fluorescent amine Blue green ] Pale blue 

technique* fluorescence ? autofluorescence + 


Methods for the localization of phenol oxidase activity 
(h) Catechol oxidase method'* 








(Fig. 2) i pe3 

(i) M. nadi oxidase with sodium 
azide control*:! : +++ 

(j) Leucomethylene blue oxida- : 
tion™"* ae ae 

Method for the localization of copper 

(k) Rubeanic acid method* * 


Methods for the localization of other enzymes 


(D Post coupling method for 
A-p-glucosidase* - - 
(m) Pugh and Walker method for 
N-acetyl-/7-D-glucos- 
aminidase* - 
(n) Direct coupling method for 
acid phosphatase* - 


* The natural colour of the perisare obscures the faint colours produced 
by these reactions. 


was also positive. The hydrotheca surrounding developing 
hydranths was positive in narrow longitudinal bands 
thought to be trails of enzyme secreted by a discontinuous 
ring of tanning cells moving apically under the perisarc. 
With the rubeanic acid method for copper. | to 4 small 
deposits of the black copper complex were found close 
to the nucleus in each tanning cell. The detection of 
copper in the tanning cells is further evidence that they 
contain phenol oxidase as phenol oxidases have been 
shown to contain copper. 

With the method for N-acetyl-8-glucosaminidase (chiti- 
nase), small positive granules were found in the ectodermal 
epithelial cells. Food vacuoles and small granules in the 
endoderm also reacted. Similar results were obtained with 
the method for acid phosphatase. It is possible that the 





Fig. 2. 


Catechol oxidase technique without fixation, Tentacle base. 


Adult hydranth. 
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ectodermal N-acetyl.8-glucosaminidase is a lysosomal 
enzyme related to the ability of thecate hydroids to break 
down the perisare", The results with the method for 
&-n-glucosidase were entirely negative. 

The results give strong indication that the perisare of 
C. flexuosa is hardened and darkened by quinone tanning. 
A single cell type has been shown to contain primary 
catecholamine, phenol oxidase and copper. 

In addition to the histochemical evidence for quinone 
tanning, I have identified dopamine (a primary catechola- 
mine with a free para position) in alcoholic extracts of 
whole colonies using column, paper and thin-layer 
chromatography and paper electrophoresis. The dopa- 
mine in extracts is thought to come from the tanning cells. 

The positive results given by the desmocytes may indi- 
cate that these cells arise from tanning cells by the in situ 
tanning of their own proteins. Although cells morpho- 
logically similar to tanning cells have been described 
before in Campanularia flexuosa and other thecate 
hydroids, no evidence of their function in quinone tanning 
of the perisare has been previously presented, 

D. P. Kyienr 

Department of Zoology, 

University of Cambridge. 
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Serum Thiocyanate Concentrations 
in Tobacco Amblyopia 


THERE has recently been interest in the suggestion that 
tobacco amblyopia may be a manifestation of chronic 
cyanide toxicity, the eyanide radical being derived from 
tobacco smoke!-?, Although it is known that cyanide in 
the body is chiefly detoxified to thiocyanate and that 
smokers show higher serum thiocyanate concentrations 
than non-smokers, no study of serum thiocyanate con- 
centrations in those affected by tobacco amblyopia has 
been reported. 

Serum thiocyanate determinations by Bowler’s method? 
were made on three groups of subjects. The first group 
consisted of forty patients suffering from tobacco 
amblyopia, diagnosed according to the criteria of Heaton 
et al.*. In group two were thirty-seven non-amblyopic 
smoking subjects drawn from a hospital population. 
Group three contained sixty non-smoking hospital 
patients. Those in groups two and three were elderly 
patients attending hospital with conditions unrelated to 
tobacco amblyopia. The age composition of all three 
groups was similar. 

Patients in the three groups were classified at each of 
three levels of serum thiocyanate concentration as shown 
in Fig. 1. Sixty-one per cent of the non-smokers had a 
thiocyanate concentration of 0*5 mg per cent or less, only 
6:5 per cent having a concentration of 1-5 mg per cent or 
more. In contrast, a serum thiocyanate concentration of 
0-5 mg per cent or less was found in 38 per cent of non- 
amblyopie smokers, whereas 32 per cent had concen- 
trations of 1-5 mg per cent or more. The distribution of 
serum thiocyanate concentrations in these two groups is 
significantly different (y*—11-76, n=2, P<0-01), con- 
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Xo. of cases (per cont) 





0-5 or less ro 1-5 or more 


Serum thiocyanate (mg per cent) 
Fig. 1. Serum thiocyanate concentrations in three groups of subjects: 
forty patients with tobacco amblyopia (black columns), thirty-seven 


non-amblyopic smoking subjects (hatched columns) and sixty non- 
smoking hospital patients (stippled columns). 


firming the findings of Stoa* that serum thiocyanate 
concentrations are higher in smoking than in non-smoking 
subjects. 

As might be expected, the mean tobacco consumption 
of the group of patients suffering from tobacco amblyopia 
(2-95 + 1-24 ounces per week) was higher than that of the 
non-amblyopic smokers (1/85 + 1-19 ounces per week) (¢= 
14-39, n=75, P<0-001). In spite of this, the group of 
amblyopie patients in general showed much lower serum 
thiocyanate concentrations than did the group of non- 
amblyopie smokers, the distribution of thiocyanate con- 
trations being significantly different in the two groups 
(4*2 10:47, n=2, P «0-01). 

Somewhat surprisingly, in spite of their heavy con- 
sumption of tobaceo, the distribution of thiocyanate con- 
centrations in this group of amblyopie patients resembled 
that of the non-smokers and in fact the distribution of 
thiocyanate concentrations in these two groups was not 
significantly different (y?= 3-5, n—1, P> 0-05). 

These relatively reduced concentrations of serum thio- 
eyanate in tobacco amblyopes as compared with healthy 
smokers suggest that if cyanide derived from tobacco 
smoke is indeed a factor of aetiological importance in the 
development of tobacco amblyopia, the biochemical defect 
in these cases may be a failure of conversion of cyanide to 
thiocyanate, its chief detoxification product, as suggested 
by Smith and Duckett’. 

The role of B,, deficiency in this disease is difficult to 
determine and it will be interesting to see the effect on 
the serum cyanide and the thiocyanate concentrations 
of treatment. of these amblyopie patients with hydroxo- 
cobalamin, a study we are at present carrying out, 
using the method deseribed by Aldridge’ for determination 
of thiocyanate and cyanide. This method was not avail- 
able to us for the present study. 

We thank Dr E. B. Hendry, of the Department of 
Biochemistry, Western Infirmary, Glasgow, for his help 
with the thiocyanate estimations. 
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Psycho-active Drugs, Exploratory 
Activity and Fear 


SUITABLE doses of dexamphetamine and also of amylo- 
barbitone stimulate the "exploratory" activity of rats 
in à new environment such as a Y-shaped maze. In 
addition, some mixtures of these drugs produce far 
greater inereases in activity than do the separate con- 
stituents. One of the suggested explanations was that 
amphetamine increased activity directly, and that 
barbiturates acted indirectly by reducing the fear evoked 
by new environments, and that appropriate mixtures 
exerted both effects! ?. 

'The aim of the present experiments was to test this by 
deliberately intensifying the level of fear and recording 
both reactions to fear and exploratory activity at the same 
time. A clearly diseriminable section of the new environ- 
ment, a modified Y-maze, was first associated with 
electric shocks which could neither be escaped nor avoided; 
the time voluntarily spent in this particular section of the 
Y-maze during subsequent 3-min trials was then used as 
an index of fear; the number of entries into all three 
arms of the maze was taken as the measure of exploratory 
activity. The results from one dose each of amy lobarbi- 
tone and of dexamphetamine and from a combination of 
these two have been selected for this report. for these 
particular doses were among those previously shown 
to have maximal effects on activity in the Y-maze!". 

Naive female hooded rats (5-97). aged 120-130 days 
at the start of the experiment, were used. The apparatus 
was a symmetrical Y-maze with arms 15 in. long, 5 in. 
wide, and 15 in. high. The insides of two of the arms were 
black and the third white, with matching floors. The 
central triangular area of the floor was grey and a 75 W 
bulb was placed 30 in. above it to illuminate the maze. 
A loudspeaker immediately above the lamp relayed 
masking white noise, 78 dB (ref. 0-0002 dynes/em?) 
(ref. 3). The white arm could be closed off with a white 
partition, and by inserting a metal grid floor it could be 
converted into a white box where eleetrie shocks could 
be delivered to the rats’ feet. The current, maintained at 
a nominal level of 0-5 mA, was supplied through a constant 
current circuit, and was delivered through a grid scramb- 
ling device. 

In the first stage of the experiment, the rats were placed 
singly in the white shock-box for 3 min and either received 
two periods of shock, lasting 10 s, at the end of the first 
and second min or were not shocked. No drugs were 
given and the rats were returned to their home cages 
immediately afterwards. 

For the second stage, consisting of repeated trials in 
the Y-maze, both shocked and unshoeked rats were 
allocated randomly to four treatment groups: amylo- 
barbitone sodium, 7-5 mg/kg; dexamphetamine sulphate, 
1 mg/kg; a mixture of these two; and saline controls, 
Drugs were administered subcutaneously 35 min before 
each trial in the maze and each rat had its first trial 6 h 
after being removed from the shock-box; preliminary 
experiments had shown that the effects of shock in this 
situation reached a peak at this time. Four further trials 
in the maze were made at intervals of 48 h, each preceded 
by the same drug treatment as before. 
each trial the rat was placed in the central choice area 
facing the two black arms. The criterion for an entry was 
that all four feet should enter an arm, and an animal was 
timed as being in the white arm only if all parts of its 
body, excluding the tail, were in that arm. 

The scores for entries during the five trials combined 
are shown in Fig. 1. Analysis of variance for repeated 
measures with unequal group sizes! confirmed that in 
both shocked and unshocked animals the drugs signifi- 
cantly increased entries above the corresponding saline 
scores (P « 0-001 except for the unshocked amylobarbitone 
group where P «0-01), and the mixture groups were the 
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most active in both cases. As expected, shock before 
the first trial reduced the activity of undrugged animals’ 
(P«0-001) Among the drugged animals, only the 
dexamphetamine group was less significantly active 
than its unshoeked control (P « 0-01). 

As for the time spent in the white arm, among the 
unshocked animals the saline group stayed progressively 
longer in this arm, although this remained consistently 
less than the time spent in either black arm; a tendenes 
to avoid bright environments is in accordance with the 
literature*. The unshocked, drugged animals were very 
similar in this respect (F=1-31, P> 0-2) and therefore 
only the results for the unshocked saline group are given 
in Fig. 2. 

Previous shock in the white environment led to a 
striking decrease in the time spent in the white arm 
(P< 0-001), that is, to increased avoidance, with some 
recovery on later trials. Amylobarbitone reduced this 
avoidance (P « 0-01) and dexamphetamine did the oppo- 
site (P « 0-05); the mixture scores fell midway between the 
two and there was no difference between the mixture and 
the saline groups overall. 

Other relevant measures for the groups presented in 
Fig. 2, such as the number of entries made into the white 
arm and the lateney before entering it for the first time 
on each trial, correlated highly with the time spent in the 
white arm (r=0-86, P<0-001; r=088, P «0:001, 
respectively). These correlations indicate that "avoid. 
ance" can be regarded as an internally consistent reaction. 
Because escape was not possible during the shock, this 
situation can be regarded as an example of classical 
conditioning, that is, of learning to associate the white 
environment with the unpleasant effects of the shock. 
The changes in the subsequent performance caused by 
the drugs can therefore be interpreted in terms of effects 
on fear rather than on any learned adaptive behaviour 
such as escape. In this sense amylobarbitone reduced 
fear’, dexamphetamine increased it, and with the particu- 
lar drug mixture used here these opposite effects cancelled 
out. Activity in the maze as a whole, on the other hand, 
was increased by all three drug treatments, but only in the 
case of amylobarbitone was fear shown to be reduced . 
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Fig.1. The activity of eight groups of rats in a Y-maze over five trials 
combined, expressed as the mean number of entries into ali three arms 
(two black and one white) of the maze during the 3 min triais. Six hours 
before the first trial the rats were enclosed in the white arm for 3 min 
and were either shocked or not shocked. The subsequent trials were 
spaced 48 h apart and drugs were given by subeutaneous injection 35 min 
before each trial. Shocked animals tended to be less active than 
unshocked; in both cases drugs (amylobarbitone 7:5 mg/kg, dexamphet- 
amine 1:0 mg/kg) increased activity, and a mixture of these two produced 
the highest activity of all. 
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Fig.2. Mean time spent in the white arm of a Y-maze in successive 3 min 
trials after previous shock in this arm as described for Fig. 1. The results 
for four groups of shocked rats which received saline or drugs before 
each trial are compared with an unshocked group which was given saline. 
Amylobarbitone increased the time spent in the white arm, that is, it 
reduced fear; dexamphetamine had the opposite effect. and the mixture 
was intermediate. 





Dexamphetamine seemed to have two distinct effects ; 
it increased fear and it also increased activity, but the 
activity was almost entirely confined to the two "safe" 
black arms. Dexamphetamine has previously been shown 
to improve active avoidance, that is, where a response 
such as crossing a hurdle* or pressing a lever? has to be 
made in order to avoid electrie shocks, and to impair 
passive avoidance’, for example, where the animal has to 
stay away from a particular place, and if it fails to do this 
it is punished with electric shocks. The interpretation of 
such results is chiefly in terms of the increased activity 
or reduced “‘freezing’’®* produced by the drug and so its 
ability to inerease fear is obscured. In the experiments 
reported here, it was possible to discriminate between 
these two component actions of the drug: passive avoid- 
ance was facilitated because of increased fear of the white 
arm even though the drug markedly increased activity 
elsewhere in the maze. In the present case, the augmented 
activity produced by the mixture can be interpreted in 
terms of additive effects of the two separate drugs; on 
fear, on the other hand, they had opposite effects. Amylo- 
barbitone was thus capable of contributing to the inereased 
activity of the mixture animals even though its effects 
on fear were cancelled out by dexamphetamine. This 
suggests that although this dose of amylobarbitone when 
given alone reduces fear and increases activity, these are 
two separate effects. 

With this type of experiment it is also possible to study 
the effects of repeated administration of drugs on the 
extinetion of fear and to see whether such effects transfer 
to the undrugged state!!, 

I thank Dr Haunah Steinberg for help and discussion, 
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Mental Health, US Publie Health Service. 
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Relationship between Membrane 
Voltage and Tension in Voltage- 
clamped Cardiac Purkinje Fibres 


Most quantitative information relating membrane voltage 
to contractile force in muscle has so far been obtained by 
examining the contracture produced when muscle is de- 
polarized by high external concentrations of potassium. 
Thus depolarized, skeletal and ventrieular fibres begin 
to develop force at a membrane voltage of about — 55 mV; 
force is then proportional to the degree of depolarization 
to à membrane voltage of —25 mV (refs. 3 and 4). 

In the experiments described here, short segments of 
sheep cardiac Purkinje fibres were used to examine the 
relationship between membrane voltage and isometrie 
contractile force when membrane voltage was controlled 
by a voltage clamp. While similar levels of membrane 
voltage can be achieved with both techniques, there are 
distinct differences between them. The rate of depolariza- 
tion in response to a change in the external concentration 
of potassium is relatively slow compared with that of an 
action potential or a clamped step of membrane potential. 
In addition, because the composition of the medium re- 
mains normal in depolarizations produeed by the voltage 
clamp, ionie eurrents are almost certainly different. in the 
two eases. 

Membrane voltage of one column of cells of a Purkinje 
fibre was clamped by inserting two glass mieropipette 
electrodes into an isolated segment of Purkinje 1-2-2-0 mm 
long. The electrodes were filled with 3 M KCl and had 
resistances of 5-25 MO. Membrane potential was measured 
with one pipette, compared with a reference voltage, and 
the difference led to a feedback amplifier which supplied 
current to the second intracellular pipette. Change in 
membrane potential produced by the current was such 
that the difference between recorded membrane voltage 
and reference voltage was minimized. In short cell 
columns, this point source of current provided satisfaetory 
spatial and temporal eontrol of membrane potential (refs. 
l and 2, and this communication). Isometric force was 
measured with a transducer similar to that described by 
Hellam and Podolsky (unpublished observations). The 
transducer consisted of two phosphobronze leaf springs 
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Fig. 1. a, Internally stimulated action potential (upper trace) and 


isometric contraction (lower trace) in 1-5 mm long segment of sheep 

cardiac Purkinje fibre. 6, Contraction elicited by voltage-clamp step 

of membrane potential to 0 mV and 600 ms duration. Preparation 
1-5 mm long but of larger diameter than that in part a. 
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mounted parallel on a small block. Their free ends were 
attached through a small, rigid rod to one end of the muscle 
segment. The rod carried a vane that partially interrupted 
a beam of light directed at a photodiode in a sensing cir- 
cuit. Force applied to the connecting link displaced the 
springs and the vane a distance proportional to the com- 
plianee of the springs; the movement was sensed by the 
photodiode. After amplification and filtering the trans- 
ducer calibration was 100 mV/mg weight. 

Fibres were superfused at 35° C with Tyrode’s solution 
containing (in mmoles/L): Na- 153; Ci- 149; K* 5-4; 
Catt L8; Mg L1; HCO,- 13-6; H,PO, 2:4; glucose 
54. The pH was 7-2-7-4 when saturated with 95 per cent 
O.-5 per cent CO,. 

The fibres showed normal action potentials and phasic 
contractions in response to either external or internal 
stimulation (Fig. 1a). Lateney of contraction was about 
40 ms. The contraction reached a peak in 100-150 ms, and 
relaxation was eomplete before repolarization occurred. 
Similar phasie contractions were elicited by depolarizing 
voltage clamp steps (Fig. 15). 

When the magnitude of a 1 s voltage clamp step was 
varied, force of the phasic contraction was related to 
membrane potential as illustrated in Fig. 2. Mechanical 
threshold was at — 55 mV. Force increased with depolar- 
ization to a plateau at about —25 mV. Latency and time 
course of contraction seemed to be constant with de- 
polarizations intermediate between resting potential and 
the peak of the action potential, Latency did not change 
with passive stretch. In two preparations in which 
estimates of cell column cross-sectional area were made, 
the force at the peak of the length-tension curve was 
0-01 and 0-005 kg/em?. Few preparations were stretched 
to this degree, however, and forces were usually smaller. 
The dependence of tension on steady voltage resembles 
that found for potassium contractures in skeletal muscle! 
and in heart muscle*? and supports the idea that mem- 
brane depolarization is a eritical controller of contractile 
force. 

Because, in this tissue, relaxation occurs before re- 
polarization of the membrane as pointed out by Schmidt 
and Chang? in dog Purkinje fibres, the effects of depolariza- 
tions of short duration were examined (Fig. 3). Tension 
was not reduced until depolarizations were shorter than 
20 ms. With shorter pulses, tension was graded and no 
force was produced by voltage steps to — 20 mV or 0 mV 
for less than about 4 ms. It seems likely that a normal 
action potential of from 500-600 ms is adequate to 
elieit the maximum force that the contraetile apparatus 
ean produce at the time of stimulation. In contrast, 
skeletal muscle action potentials are sufficiently short 
that changes in their duration would be expected to 
influence tension, as pointed out by Sandow?. An apparent 
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Fig.2 Relationship of membrane voltage to force of phasic contraction 


in voltage-clamped sheep cardiac Purkinje fibres. 
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of phasic contraction in sheep cardiac Purkinje fibres. 


correlation between duration of action potential and 
duration and strength of ventricular muscle contraction 
has been observed*.*. The present data suggest that there 
might be a difference in the time scale of contractile force 
on duration of depolarization in ventricular muscle com- 
pared with Purkinje muscle. This apparent difference 
could result from a temporal dispersion of contractions in 
the relatively large number of cell elements in ventricular 
muscle preparations, yielding an erroneous relationship 
of eontraetion to an action potential recorded from only 
one cell in the preparation. That this was not the case in 
these experiments was shown by the following test. When 
a second voltage-sensing mieropipette was inserted as 
far as possible from the voltage-sensing mieropipette of 
the feedback circuit and from the current-carrying pipette, 
we observed an error in voltage control of about 5 per 
cent. Thus we are reassured that the forces measured in 
these experiments reflect simultaneous contraction of the 
entire preparation in response to uniform changes in 
membrane voltage. 
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Changes in Structural, Physiological 
and Pharmacological Properties of 
Insect Excitatory Nerve-muscle 
Synapses after Motor Nerve Section 


Wuewn the motor axons innervating an insect muscle are 
severed, the peripheral axon stumps degenerate and neuro- 
muscular synaptic transmission fails, that is, the muscle 
no longer responds to indirect stimulation'. At 20° € 
transmission at excitatory synapses on locust metathoracic 
extensor tibiae and retractor unguis musele fibres fails 9-24 
days after sectioning of the imnervating nerve in the 
metathorax of this insect!. At 30° C, the muscle fails to 
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respond to indirect stimulation after only 2 days of 
denervation. The isolated peripheral portions of the 
severed motor axons are, however, still able to conduct 
impulses for some time after synaptic transmission has 
failed’. The spontaneous miniature excitatory post- 
synaptic potentials (m.e.p.s.p.s)*? also survive for some 
time, thus precluding the possibility that transmission 
at the excitatory synapses fails initially because of deple- 
tion of transmitter from the terminals of the excitatory 
axons’. It seems that the properties of the postsynaptic 
membrane are also unaffected at this stage as witnessed 
by the persistence of the miniature activity! and the 
continued response of the muscle fibres to L-glutamate 
(L-glutamate mimics the transmitter at locust excitatory 
neuromuscular synapses*"). Tt is concluded that synaptic 
transmission failure results initially from a breakdown in 
the mechanism which couples excitation of the nerve 
terminals by the invading nerve impulse to the release 
of transmitter from the nerve endings. It is perhaps 
significant that after transmission at the synapses has 
failed the spontaneous miniature discharge is unaffected 
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during depolarization of the nerve endings with potas- 
sium'. In normal preparations potassium depolarization 
causes a large increase in the frequency of the m.e.p.s.p.s?. 

In 1963, Usherwood showed that although the miniature 
activity persists for some time after transmission at the 
synapse has failed it eventually falls to zero, and in the 
absence of any re-innervation the muscle fibres remain 
permanently electrically silent. Before the miniature 
discharge disappears completely, however, a number of 
complicated changes occur. First, there is an increase in 
the frequeney of the miniature potentials to a level 2-3 
times the normal level. "Then the miniature activity 
becomes more intermittent. The m.e.p.s.p.s now appear 
m groups of about five to twenty, interposed between 
periods of electrical inactivity, sometimes summating to 
produce a single large compound potential with a duration 
many times that of the normal m.e.p.s.p. Eventually, 
these "group" discharges become briefer and more regular 
in appearance with the production of "giant" m.e.p.s.p.s 
of 10-15 mV. In normal preparations the "giant" poten- 
tials rarely exceed 2 mV. The appearance of the “giant” 





Fig. 1. 
muscle synapses (arrows). 


section of denervated muscle showing structure of nerve endings 2 days l 
The structure of the nerve ending is abnormal with swollen degenerating mitochondria and agglutinated synaptic vesicles. At 


this muscle, 


this stage there is no obvious change in the structure of the musele fibres. 


The nerve ending contains synaptie vesicles and mitochondria and is covered by glial cells, 


A, Longitudinal section of a normal innervated locust metathoracic retractor unguis muscle showing a nerve ending with two nerve 


B-C, Longitudinal 


after nerve section. ‘Transmission had failed at all the synapses on 


The denervated and control muscles were from the same locust. 


A. x 18,000; B, x 20,200; C. x 18,000. 
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potentials is accompanied by an overall reduction in the 
miniature frequency, which steadily diminishes thereafter 
with the ultimate disappearance of the miniature activity. 

It is tempting to assume that the events leading up to 
synaptie transmission failure and the appearance of the 
"giant" m.e.p.s.p.s might be correlated with changes in the 
struetural properties of the degenerating nerve endings, 
for example, in the arrangement of the synaptic vesicles. 
To test this possibility the physiological, pharmacological 
and structural properties of locust nerve-muscle synapses 
have been examined before and at various times after 
nerve section. The metathoracic retractor unguis muscles 
of locust (Schistocerca gregaria) were used for these studies, 
the denervation procedure being identical to that already 
described for the metathoracie extensor tibiae muscle of 
this insect‘, that is, ipsilateral muscles were denervated 
while the contralateral muscles were used as controls. 
Normal and denervated retractor unguis nerve-muscle 
preparations from locusts kept at 30° C were isolated in 
locust saline. The electrical and mechanical responses of 
these muscles to neural and direct stimulation and to 
glutamate applied topically to the preparation and electro- 
phoretically to synaptic and non-synaptic sites on the 
muscle fibres were examined using standard electro- 
physiological techniques. The preparations were then 
fixed at maximum body length in cold, buffered 1 per 
cent osmium tetroxide. Alternatively the preparations 
were pre-fixed in 3 per cent glutaraldehyde and post- 
fixed in 1 per cent osmium tetroxide. Thin sections were 
stained with uranyl acetate and alkaline lead citrate. 

Insect. skeletal muscles are multiterminally innervated 
with synapses distributed at about 30u distances along 
the length of the muscle fibres. The structure of the 
neuromuscular synapses in control preparations is illus- 
trated in Fig. 1A. In many respects this synapse is 
comparable with that found on frog striated muscle fibres 
except that in the locust the postsynaptic membrane 
component is apparently structurally undifferentiated 
from the rest of the membrane of the muscle fibre, that is, 
the non-synaptic membrane. The nerve terminals contain 
mitochondria and synaptic vesicles and the axonal mem- 
brane is separated from the muscle membrane by a gap of 
about 200 A. The synaptic gap is usually filled with an 
amorphous granular material. In denervated preparations 
the synaptic complex is structurally unchanged up to the 
time of synaptic transmission failure. Then the pre- 
synaptic vesicles are found to be clumped together and 
the mitochondria in the nerve terminals show signs of 
degeneration (Fig. 1B and C). After examining many 
hundreds of synapses from both denervated and in- 
nervated muscles we are confident that clumping or 
agglutination of the presynaptic vesicles always occurs 
following motor-nerve section but is never seen in normal 
preparations. The disappearance of the m.e.p.s.p.s 
coincides with the loss of the synaptic vesicles and visible 
shrinkage and eventual disappearance of the axon mem- 
brane. Glial cells which usually invest the axon and its 
endings proliferate markedly at this time and are often 
filled with very large vesicles. The onset of muscle atrophy 
characterized by a diminution of the cross-sectional area 
of the muscle fibres also coincides with cessation of the 
miniature activity and at this time there is also a signi- 
ficant fall in the resting potential of the denervated 
muscle fibre®. 

Because agglutination of the synaptie vesicles coincides 
with synaptie transmission failure and the appearance of 
"giant" m.e.p.s.p.s it is possible that these events are 
causally related. “Giant” m.e.p.s.p.s have previously 
been recorded from isolated rat diaphragm preparations? 
and from denervated frog striated muscle fibres*. It has 
been suggested that these "giant" spontaneous potentials 
result from the synchronous release of large numbers of 
quantal packets of transmitter from the nerve terminals’. 
In the agglutinated state movement of the vesicles might 
be considerably reduced and therefore the number of 
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collisions between these bodies and active sites on the 
axon membrane might also fall. This could partly account 
for the decline in miniature frequency which follows 
synaptic transmission failure; possibly a reduction in 
the total number of vesicles in the nerve endings also 
plays some part in producing this change. At the same 
time the appearance of "giant" m.e.p.s.p.s could be 
accounted for by collisions of the agglutinated vesicles 
with active sites*!? on the presynaptic membrane leading 
to the synchronous release of transmitter from many 
vesicles. Depolarization of the nerve terminals either by 
an invading nerve impulse or by potassium usually 
leads to a marked increase in the rate of release of trans- 
mitter from the endings possibly by inereasing the number 
of active sites on the presynaptie membrane. The rate of 
release of transmitter is therefore probably limited by the 
number of active sites rather than the frequency of col- 
lisions of the synaptic vesicles with the presynaptic 
membrane. Conversely in denervated preparations where 
the synaptic vesicles are agglutinated the frequeney of 
collisions between the vesicles and the axon membrane 
could well be the limiting factor and as a result an inerease 
in the number of active sites on the presynaptie membrane 
during depolarization of the nerve endings would not lead. 
to an inerease in the rate of release of transmitter from the 
axon terminals. This could account for failure of synaptic 
transmission and for the lack of aection«of potassium 
depolarization on the miniature discharge. 
One of the most interesting pharmacological, properties 
of denervated vertebrate striated muscle is the appearance 
of acetylcholine supersensitivity!'. In insects where 
glutamate mimics the transmitter at the excitatory 
nerve-muscele synapses no evidence so far for glutamate- 
supersensitivity has been obtained following denervation. 
Usually only the synaptic sites repond to iontophoretic 
applications of glutamate", a condition which persists 
for some days after motor nerve section. The almost 
immediate onset of muscle atrophy following the dis- 
appearance of the miniature discharge suggests a trophie 
relationship between insect nerve and muscle. Possibly 
a neuro-hormone released from the nerve endings with 
the transmitter maintains the normal "state" of the 
muscle. 
This investigation was supported by a grant from the 
Agricultural Research Council and by a grant from the 
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Effects of Dextran-40 on Blood 
Viscosity in Experimental 
Macroglobulinaemia 


BLoop viscosity may be raised in many diseases. This 
rise may compromise the perfusion and nutrition of organs 
throughout the body'*; therefore there is great interest 
in any agent capable of reducing blood viscosity. Dextran- 
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40 has been thought to be unique in performing this func- 
tion?-, but since its introduction as a plasma expander 
it has been the object of controversy because of conflicting 
reports about both its actual effect on viscosity and its 
mode of action®*.7-4, Solutions of this type of dextran, 
with an average molecular weight of 40,000 (also known 
as low molecular weight dextran*, low viscosity dextran? 
and ‘Rheomacrodex"*), were said to reduce blood viscosity 
by inhibiting or reversing the formation of erythroeyte 
(RBC) aggregates! the presence of which is thought to 
contribute to the elevated viscosity levels found in 
pathological states’?. The evaluation of dextran-40 
is complicated, however, by the multiplicity of its effects, 
and particularly by its ability to expand the volume of 
plasma and reduce the haematocrit, alterations which in 
themselves lower blood viscosity':?4-*-8, Indeed, many 
investigators have concluded that all the beneficial 
effects of dextran-40 can be ascribed to blood dilutions. u 
and evidence has appeared showing that this agent, like 
dextrans of higher molecular weight, will actually increase 
blood viscosity if the haematocrit is not permitted to 
fall* 93235, Nevertheless, some workers still feel that 
infusions of dextran-40 are of special value in the treat- 
ment of hyperviseous states, and that the beneficial 
effects of this agent are mediated, at least in part, through 
the dissolution of RBC aggregates", 

To test the latter hypothesis, it would be interesting 
to observe the effects of dextran-40 in a system where 
RBC aggregation had been increased and blood viscosity 
raised by the presence of a specific chemical agent. 'Two 
such studies!!! show that dextran-40 is unable to reduce 
blood viscosity unless its use is accompanied by blood 
dilution, in which case its effects are indistinguishable 
from those of other diluents!', The latter st udies, however, 
sed suspensions of RBCs in which aggregation and 
cosity had been artificially inereased by the addition 
of extraneous agents to the suspension. It seemed desir- 
able to examine also the effect of dextran-40 on blood 
the viscous properties of which had already been altered 
by a specific agent produced during the course of disease. 
Macroglobulinaemic blood is ideal for such an investiga- 
tion because it is characterized by the presence of a specific 
protem, macroglobulin (IgM), which acts to increase 
blood viscosity by raising the viscosity of the plasma, and 
by greatly increasing the tendency of RBCs to aggre- 
gate!$U. In this study, blood from animals with an 
experimental form of macroglobulinaemia was used. 

Female BALB/c mice, 9-14 weeks old, were used. A 
transplantable plasma cell tumour MOPC-104E (tumour 
bearing animals were supplied by Dr R. M. Asofsky, 
National Institute for Arthritis and Infectious Diseases) 
had been subeutaneously implanted in the lower abdomen, 
and was responsible for producing the macroglobulin- 
aemia!'*. Previous investigations have shown that a 
suitable experimental model of macroglobulinaemia is 
provided by mice with this tumour!§!719, Blood was 
obtained by cardiac puncture and it was drawn into a 
heparinized syringe (final concentration of heparin was 
3-6 Toronto units/ml. of blood). Three different animals 
were employed in eaeh experiment. Their blood was 
pooled and then divided into two aliquots, one of which 
(experimental) was diluted with an aqueous solution 
containing 10 per cent dextran-40 (‘Rheomacrodex’), 
5 per cent dextrose and 0-9 per cent NaCl. The final 
plasma concentration of dextran-40 used in each experi- 
ment is shown in Table 1. The second aliquot (control) was 
diluted to an equal extent with a solution containing 
5 per cent dextrose and 0-9 per cent NaCl. The viscosity 
of each aliquot was determined by its rate of flow through 
a capillary viscosimeter, at 37° C and at a shear rate in 
excess of 1,000 reciprocal $!917.!* (at a pressure of — 100 
mm of mereury, 0-1 ml. of water took 1 s to pass through 
the capillary, which was 306 wide and 36 mm long). At 
such high rates of shear, blood viscosity is no longer 
affected by shear rate; thus values m the present study 
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represent the asymptotic portion of the curve relating shear 
rate to shear stress!9.179, Viscosity was expressed as the 
viscosity of blood relative to the viscosity of distilled 
water whose rate of flow was determined under identical 
conditions!., The relevance of these measurements 
to flow at lower shear rates will be discussed. In addition 
to measurements of relative viscosity, a drop of blood 
from each aliquot was observed micros "opically. 

A comparison of samples at similar haematocrits was 
necessary. "The data show that the experimental and 
control haematocrits in each experiment (Table 1) were 
very similar. In each experiment, the viscosity of macro- 
globulinaemie blood treated with dextran-40 was always 
higher than the viscosity of the same blood diluted with 
dextrose and saline (Table 1). The differences were large 
and the mean difference for the entire group of experi- 
ments is very significant. 





Table 1. EFFECT OF DILUENT CONTAINING DEXTRAN-40 ON VISCOSITY OF 


BLOOD FROM MACROGLOBULINAEMIC MICE 


Haematocrit Relative viscosity 


Experiment Control Dextran-40 Control Dextran-40 
1 32 32 3-67 5:2] (2-6%)* 
2 32 32 3-71 5°36 (26% 
3 27 27 2-83 418 (2-19) 
4 31 32 35:30 41:70 (2-595) 
5 24 25 2-90 4:88 (2-0 
6 30 30 2-95 5:35 (2-1 
7 31 32 3-80 3 (13 








B3LL 102+ 5-004 1-2 


* Figures in parentheses give the percentage of dextran-40 in plasma. 
t Mean + standard deviation. P< 0-001 Student's ( test, 


The control aliquots in these experiments had vis- 
cosities similar to those observed in previous studies of 
undiluted | macroglobulinaemie blood at comparable 
haematocrits!. The higher viscosity levels found in 
blood diluted with dextran-40 therefore suggest that 
this agent potentiated the adverse effects of the presence 
of macroglobulin in the sample. The results also suggest 
that dextran-40 neither prevented nor reversed aggregate 
formation in these experiments, because RBC aggregation 
may play an important part in raising the viscosity of 
macroglobulinaemie blood. This conelusion was supported 
by the microscopic examination of each aliquot, which 
showed considerable aggregation whether or not dextran- 
10 was present in the diluting medium. 

The relative increase in viscosity, produced by dextran- 
10 during this investigation, cannot be easily explained. 
In other experiments where dextran-40 has been found 
to raise the viscosity of RBC suspensions!? or to raise 
the viscosity of human" or canine” blood, the data were 
obtained with both rotational viscosimeters and capillary 
viscosimeters, operating over a wide range of shear rates, 
including very low rates of shear!??, It therefore seems 
unlikely that our data are merely a product of either 
the capillary instrument or the very high shear rate 
used in this study. 

Our observations eould be explained if, contrary to 
expectations, dextran-40 actually increased the tendency 
of RBCs to aggregate. Such a suggestion has been made 
by other workers! based on their observations of the 
effect. of dextran-40 on normal blood. Increased aggrega- 
tion might even be more prominent in maeroglobulin- 
aemie blood in which RBCs already seem to adhere to 
one another with abnormal tenacity!*, In such circum- 
stances, the linkage between cells might be strong enough 
to resist the dissolution normally occurring at the high 
shear rate used in these experiments and aggregates might 
have persisted in suffieient numbers to account for the 
results. Unfortunately, it was not possible to test this 
hypothesis directly with the techniques used in this 
investigation. 

Whatever the explanation of our observations may be, 
the data suggest that dextran-40 does not have special 
properties enabling it to reduce blood viscosity. A similar 
conclusion has been made in several other studiesi?-15, 
This investigation is, however, important because, unlike 
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earlier reports, it makes use of blood the viscosity of which 

was raised during the course of a specific disease by 

mechanisms that have been relatively well defined. 
WiLLtAM I. ROSENBLUM 

National Institute of Neurological Diseases and Blindness, 

US National Institutes of Health, 

Bethesda, Maryland. 


Received January 23; revised March 19, 1968. 


! Dintenfass, L., Arch. Intern. Med.. 118, 427 (1966). 

* Wells, jun., R. E., New Engl. J. Med.,270, 832; 270, 839 (1964). 

3 Evaluation of Low Molecular Weight Dextran in Shock: Pharmacology and 
Pertinent Rheology (edit. by Eiseman, B., and Bosomworth, P.), 6 and 25 
(Division of Medical Sciences, National Research Council, Washington, 
DC, 1903). 

+ Bergenty, S.-E., Gelin, I-E., Rudenstam, C.-M., and Zederfeldt. B., 
Acta Chir. Scand., 192, 343 (1961). 

5 Gelin, L.-E., and Thoren, O. K. A., Acta Chir. Scand., 122, 303 (1961). 

* Gelin, L.-E., and Ingelman, B., Acta Chir. Scand., 122, 294 (1961). 

? Gelin, L.-E., in Fifth Princeton Conf. on Cerebral Vascular Diseases (edit. 
by Millikan, C. H., Siekert, R. G., and Whisnant. J. P.), 167 (Grune and 
Stratton, NY, 1966). 

* Collins, G. M., and Ludbrook, J., Amer. Heart J.. 72, 741 (1966). 

? Evarts, C. M., Med. Clinics N.A., 81, 1285 (1967). 

1 Meiselman, H. J., Merrill, E. W., Salzman, E. W., Gilliland, E. R., and 
Pelletier, G, A., J. Appl. Physiol.. 22, 480 (1967). 

^! Wells, R. E., Biorheology, 4, 88 (1967). 

u Putnam, T. C., Kevy, S. V.. and Replogle, R. L., 
124, 547 (1967). 

13 Replogle, R. L., Kundler, H., and Gross, R. E.. J. Thor. Cardiovasc. Surg., 
50, 658 (1965). 

u Bollinger, A., Lüthy, E., and Jenny, E., Klin. Wschr.. 45, 939 (1967). 

1% Gregersen, M. I., Usami, S., Peric, B., Chang, C.. Sinclair, D., and Chien, S$.. 
Biorheology, 1, 247 (1903). 

u Rosenblum, W, I.. and Asofsky, R. M., J. Lab. Clin. Med.. 71, 201 (1968). 

1 Rosenblum, W. L, and Asofsky, R. M., Areh, Neurol., 18, 151 (1968). 

18 McIntire, K. R., Asofsky, R. M., Potter, M., and Kuff, E. L.. Science, 150, 
301 (1965). 

» Rosenblum, W. F., and Asofsky, R. M., Nature. 216, 1327 (1967). 


Surg. Gynecol. Obstet.. 


Delocalized Tr-Electrons and Odours 


THERE are several natural and synthetic compounds with 
odours which have been used to identify the substances. 
It has been noted! that for a substance to stimulate the 
sensory processes of the nerves it is necessary that some 
moleeules leave the main part of the substance and pass 
into the nasal eavity. Amoore? considers in his steric 
theory of odours that airborne molecules are smelled 
when they fit into certain complementary receptor sites 
in the olfactory nervous system. Dyson? suggested that 
there is a correlation between the osmice frequencies and 
the Raman shifts of the smelling body, because the latter 
shows evidence of intramolecular vibrations. Dyson! 
classifies smelling substances according to the presence of 
characteristic groups in the organic compounds. 

There is no clear picture of the nature of the molecules 
which are odorous, nor do we know how they can be 
separated from the bulk substances. We know that ionic 
compounds have high melting and boiling points, while 
covalent compounds are gases or liquids with low boiling 
points and solids with low melting points. 

The chief elements showing covalency belong to about 
fifteen non-metallic elements of p-valency block. A few 
additional metals forming covalent hydrides are included 
in this group. Odour may be related primarily to volatility 
—8 common property of covalent compounds. In general, 
odorous substances should therefore belong to the class 
of covalent compounds both organic and inorganic. 

The p-block elements of the fourth group, C, Si, Ge, 
Sn and Pb, form covalent hydrides. 
C, Si and Ge have prominent odours—most of the carbon 
compounds are odorous. Taking acetylene from the 
alkylenes and benzene from the aromatics, we can say 
that most probably the delocalized z bonding is the most 
likely cause of the smell of these compounds. Morrison 
and Boyd! considered that the aromatic compounds are 
those with molecules containing cyclic x clouds above 
and below the plane of the molecule, and the = clouds 


The hydrides of 
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must contain a total of six x electrons. The = electrons 
participate in several bonds and, because of this de- 
localization of eleetrons, stronger bonds and a stable 
molecule are formed. The triple bond C=:C in acetylene 
is made up of one strong o bond and two weaker z bonds. 
The loosely held x electrons are available to any reagents 
that are seeking electrons. 

Even in prominently smelling inorganic molecules such 
as NH,, H,8, SO,, HNO, NOn Cl, Bra and so on, the 
pz bonding is present. 

The question arises as to why H SH has a prominent 
smell, while H OH has none. It is clear that oxygen 
differs from S, Se and Te in that it is more electronegative 
and therefore more ionic in its compounds. In O, how- 
ever, there is a delocalized x orbital over all three oxygen 
atoms and the smell of this gas is perhaps a result of that 
strueture. 

In SO, the double bonds arise from pz-dz bonding as 
a result of lateral overlap of the p-orbitals of oxygen with 
d-orbital of sulphur. This accounts for the smelling 
property of SO,. H,O could be suspected to have a strong 
odour. It seems, however, to have ionic character 
because of the presence of H bond and therefore it differs 
from CH, NH, H,8, HCl, for example. 

Of the organic molecules, aromatic compounds are 
mostly odorous, but the earboxylic acids perhaps are an 
exception, for example, benzoie acid, salicylic acid. Here 
again the ionie character of the molecules suppresses the 
covalent character and, probably as a result of the ionic 
nature, there is a stronger binding force. In this respect, 
it is interesting to consider the behaviour of odorous 
aliphatic acids in contrast to aromatic non-odorous acids, 
which may be considered to have a dominant ionic charac- 
ter. The early members of the aliphatic series like formic 
acid, acetic acid, propionic acid and butyric acid exist 
as dimers*. The later members with a higher carbon con- 
tent exist in chain form. When dimerization or chain 
formation takes place, the C=O exerts its px bonding 
and the smell of these aliphatie acids is therefore pro- 
minent. On the other hand, most of the organie com- 
pounds, the paraffins, olefines, aldehydes, ketones, esters, 
and so on, have prominent odours. Such odours have 
been classified? according to the geometrical shape of the 
molecule. In this context, it is interesting that only the 
shapes of pure and hybridized orbits present in different 
covalent molecules can explain the various locations 
within the olfactory nerves and the shape of the different 
organie and inorganie molecules. 

It is possible for gases and volatile liquids to part from 
the main bulk of the substance and reaeh the nasal 
cavity. It is only the covalent solids, however, which 
are likely to migrate from the main bulk of the solids. It 
can be assumed that the strong covalent bonds are only 
active within molecules and not between molecules, which 
is the situation in ionic compounds. We may therefore 
consider that, in covalent solids, each molecule can exist. 
separately and could be separated from the main bulk by 
a drift of wind. We know that naphthalene balls slowly 
volatilize and moleeules disappear one by one. 

If ionieity is inereased by symmetrical substitutions 
among the covalent compounds, volatility decreases and 
the odour also deereases. When two covalent molecules, 
like phenol and bromine, for example, react to produce 
tribromophenol, the odour of both reacting molecules 
disappears and the product is a non-smelling (or a weakly 
smelling) substance. In analogy to this point is the higher 
melting point of 1,3,5 tricarboxylic acid (trimesic acid) 
with a melting point of 380° C compared with 1,2,4 tri- 
carboxylic acid (trimelitic acid) with a melting point of 
228° C, which indicates symmetrical substitution leading 
to high ionic character. 

Thus in covalent molecules delocalized x electrons of 
the p-block elements lead to molecules, which may smell 
if there is no part of the molecule which tries to attain 
ionic character. If this criterion of delocalized = electrons 
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is acceptable, then the entire spectrum of the smelt may 
be explained by considering the number of delocalized = 
electrons and the size of the molecule over which they are 
distributed. 
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Influenza Antibody in Human 
Respiratory Secretions after Subcutaneous 
or Respiratory Immunization 

with Inactivated Virus 


SrUDrES with human volunteers have shown that experi- 
mental infection with influenza virus is a better stimulus 
of antibody in respiratory secretions than is subeutaneous 
immunization with inactivated vaccine, although both 
procedures result in the production of similar concentra- 
tions of serum antibody'?. The work reported here was 
undertaken to determine if administration of inactivated 
virus vaccine through the respiratory tract provokes a 
similar antibody response in respiratory secretions. 
Twelve normal adult male volunteers, 25-44 yr old, 
at the Maryland House of Correction, Jessup, Maryland, 
were selected because of low serum antibody to the 
A,/Taiwan/1/64 strain of influenza virus. They were 
inoeulated with a formalin inactivated, monovalent, whole 
virus vaccine containing 1,200 CCA units/ml. of .A,/ 
Taiwan/1/64 strain of influenza virus (supplied by Eli 
Lilly and Company, Indianapolis, Indiana). Six volunteers 
received 0-5 ml. of the vaccine subcutaneously on day 0 
{subcutaneous group). The other volunteers received 
1-0 ml. of the vaccine by nasopharyngeal nebulization and 
0-5 ml. in each nostril by drops on day 0, and 0:8 ml. on 
cotton pledgets into each nostril for 30 min on day 14 
("respiratory group"). The two groups had nearly 
identical pre-inoculation titres of influenza antibody. In 
both groups, local or systemie reactions were absent 
throughout the period of study. Specimens of blood, 
nasal washing, saliva and sputum were obtained at 
weekly intervals and were processed as previously de- 
scribed^?. Weekly throat washings were obtained and 
tested for the presence of infectious virus on rhesus 
monkey kidney cells by the haemadsorption method; no 
virus was obtained from any volunteer. Antibody de- 
terminations were performed on coded specimens using the 
haemadsorption-inhibition-neutralization test!. Immuno- 
globulin concentrations of secretion specimens were 
measured by the radial diffusion precipitin method in agar’. 
Titres of influenza antibody in serum and respiratory 
seeretions of the two groups are shown in Tables 1 and 2. 
All recipients in the respiratory group developed signi- 
ficant rises in the titres of mean sputum and nasal washing 
antibody and these were significantly higher than in the 
subcutaneous group (sputum, ¢= 3-96, P «0-005; nasal 
washing, t= 2-20, P<0-05). Furthermore, although the 
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serum antibody response was approximately six times 
higher in the subcutaneous group than in the respiratory 
group, à significant antibody response did oecur in the 
serum of five men of the latter group. Influenza antibody 
m secretions persisted longer among men inoculated by 
the respiratory tract than among those given the vaccine 
parenterally. In addition to the antibody determinations, 
concentrations of immunoglobulin were measured on the 
three types of secretions. Comparison of the subcutaneous 
and respiratory groups for each type of secretion revealed 
the preponderance of IgA but no significant difference 
between the two experimental groups. "The immuno- 
chemieal nature of neutralizing antibody in these secre- 
tions remains to be determined, however. 

This study indicates that inactivated influenza virus 
administered by the respiratory tract stimulates the pro- 
duction of influenza antibody in the respiratory tract, 





Table 1l. INFLUENZA VIRUS ANTIBODY RESPONSES IN YOLUNTRERS IN RESPI- 


RATORY GROUP 
Titre of Influenza Neutralizing Antibody 
Volun- 





Speci- Day Antibody 

teer Age men 0 7 14 21 28 45 rise 

1 38 Serum 2* 2 a 2 4 NTf 21 
Sputum «1 «1 2 8 16 2 32 
Nasal «1 «1 2 H 1 1 4 
Saliva <1 1 2 «1 «1 2 4 
2 30 Serum A 3 % 32 32 NI 4 
Sputum 2 g 16 8 82 2 16 
Nasal <1 8 8 4 <2. <2 16 
Saliva «1 «1 NT «1 H NT 2 
3 28 Serum 2 8 32 32 16 NT 16 
Sputum 2 8 32 8 2 2 16 
Nasal «1 «1 2 2 4 4 8 
Saliva «1 «1 NT i 4 NT 8 
4 34 Serum 32 32 128 198 198 NT 8 
Sputum «1 «1 1 2 16 bj 32 
Nasal «1 xi i 4 16 4 32 
Saliva <] wi NT <1 1 NT 2 
$ 29 Serum 32 128 256 512 256 NT 16 
Sputum x 16 NT 32 16 16 4 
Nasal 2 i 32 16 8 32 16 
Saliva <} NT NT NT <1 NT 1 
6 25 Serum 8 s 64 64 32 NT 8 
Sputum 1 l NT 1 8 2 R 
Nasal «1 2 4 <1 <2 8 
Saliva <1 NT «1 1 «1 NT 2 
Geometric Serum x 9 32 37 33 NT 6 
meang Sputum I 3 5 5 17 E 12 
Nasal «t I 4 2 3 3 11 
Saliva «1 <l ! «t <1 i 2 


* Expressed as reciprocal of dilution, 

+ Specimen not tested. 

t Number of fold of antibody rise. 

§ For the purposes of geometrie mean calculations, titres of 1 : <} were 
assumed to be 1 : 0-5. 


Table 2. INFLUENZA VIRUS ANTIBODY RESPONSE IN VOLUNTEERS IN BUB- 
CUTANEOUS GROUP 


Titre of Influenza Neutralizing Antibody 





Volun- Speci- Day Antibody 
teer — Age men [n 7 14 21 28 45 rise 
7 30 Serum 8* 1258 512 1,024 1,024 NTH 1281 
Sputum <1 «1 2 NT 1 NT 4 
Nasal «1 «1 2 2 <1 2 4 
Saliva «1 «1 «1 «1 <i NT 1 
š 30 Serum 4 128 1,024 1,024 1,024 NT 256 
Sputum 1 NT 4 NT NT NT 4 
Nasal «1 4 8 4 2 4 16 
Saliva <1 <1 <1 «1 «1 NT 1 
9 14 Serum 4 32 512 1,024 512 NT 256 
Sputum i 1 z <1 NT NT 2 
Nasal <1 <] <ł <1 «i 3 4 
Saliva x] «1 «1 <i 2 NT 4 
10 34 Serum 8 16 512 512 256 NT 64 
Sputum 2 4 2 <1 1 NT 2 
Nasal «1 ES! <1 xi xd «1 1 
Saliva <i «1 2 2 «1 NT 4 
11 28 Serum 8 8 32 32 32 NT 4 
Sputum 1 NT 1 1 NT NT i 
Nasal «1 «1 2 <i e 4 
Saliva «1 ed <1 <1 «1 1 
12 26 Serum 4 4 4 4 4 1 
Sputum «1 NT NT NT <i 1 
Nasal <i «1 «i1 <1 <i 1 
Saliva <i NT 2 NT «1 4 
Geometric Serum 5 23 146 182 146 33 
mean$ Sputum x1 1 2 «1 «i a 
Nasal «1 <i 1 1 xi 3 
Saliva «1 «1 «1 «1 <1 2 
* Expressed as reciprocal of dilution. 
* Specimen not tested. 
£i Number of fold of antibody rise. 
§ For the purposes of geometric mean calculations, titres of 1 : <1 were 


assumed to be 1: 0-5. 
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and that this method of immunization induces higher 
titres of this local antibody than does subcutaneous 
immunization. In addition, significant titres were main- 
tained for at least 6 weeks after respiratory immunization. 
The finding that subcutaneous inoculation results in 
influenza antibody in respiratory secretions can be ex- 
plained by either the passage of some serum antibody 
(IgG (ref. 6)) into the respiratory tract, or by the stimula- 
tion of the local production of respiratory tract antibody 
by circulating antigen. Similar explanations could be 
given for the increase in the titres of serum antibody 
after inoculation into the respiratory tract. It remains to 
be shown, however, whether this antibody falls into the 
IgA or IgG class of immunoglobulins. 

In mice, inactivated influenza virus given intranasally 
led to much greater protection than did the same inoculum 
given subcutaneously or intraperitoneally?; similar 
studies, however, have not yet been reported in humans. 
In rhinovirus* and parainfluenza® respiratory infections, 
neutralizing antibody in nasal washings has been more 
closely correlated with protection than has neutralizing 
antibody in serum. These data and the results of the 
present study suggest that inactivated rhinovirus and 
parainfluenza viruses, as well as other agents causing 
respiratory infections, should be tested for their ability 
to stimulate local antibody production when administered 
into the respiratory tract. It is felt that respiratory 
inoculation holds great promise in influenza prophylaxis. 
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Lp|—Allotypic Determinant of 

Rabbit £-Lipoprotein 

A “NEw” allotypic gene has been revealed on iso-immun- 
ization of eighteen rabbits with a single rabbit's serum 
during an attempt to produce anti-IgG allotypic anti- 
bodies (reviewed in ref. 1). The animals received fifteen 
intravenous injections, each consisting of 1 ml. of serum, bi- 
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weekly (three courses of five injections, the first and second 
course followed by a month interval), and were bled & 
week after the last injection. None of the recipients 
formed iso-precipitins to rabbit IgG allotypie determin- 
ants, but one of them (rabbit No. 21) responded by pro- 
ducing anti-allotypic antibodies against rabbit serum 
8-lipoprotein. This antibody reacted well by double 
immunodiffusion test in agar-gel and by immunoeleetro- 
phoresis (see Fig. 1) using whole rabbit serum or the 
isolated fraction*? of Q-lipoprotein as antigen. The 
electrophoretie mobility of purified B-lipoprotein fractions 
differed according to the protein concentration in the 
sample*. In addition, the precipitin lines stained posi- 
tively for lipid. 

The frequeney of this allotype—which will be called 
Lpl—was 85 per cent in our laboratory rabbits (one 
hundred animals tested). This figure, however, has little 
meaning because rabbits in our colony are closely inter- 
related and partially inbred. Preliminary family studies 
of several dozens of offspring offer evidence that Lpl 
is inherited in a simple Mendelian manner similar to that 
of the IgG allotypie genes. 

Fig. 2 shows a pedigree of the original donor (rabbit 
No. 9) in whieh the Lpl determinant was found. It is 
almost certain that this donor had the “Lp genetic make- 
up” in the homozygous form; all his parents, grandparents 
and great-grandparents were Lpl positive, and he also 
sired a few dozens of offspring, all of them carrying the 
Lpl determinant. 

Fig. 3 is a pedigree of the original recipient (rabbit 
No. 21) whieh produced anti-Lpl antibodies. One ean 





Fig. 1. Immunoelectrophoretie pattern of rabbit serum No. 9 (well A) 

in 1 per cent agar (barbitone buffer, 0-05 M, pH 8:6; 15 Vjem for 2 h), 

1, Rabbit No. 21 allotypie antiserum (anti-Lp1); 2, specific sheep anti- 
rabbit g-lipoprotein antiserum, 














Fig. 2. Pedigree of the original donor (rabbit No. 9) in which the Lpl 
determinant was found. Thick lines denote Lp1-positive individuals, 
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Fig. 3. Pedigree of the original recipient (rabbit No. 21) which produced 
anti-Lpl allotypie antibodies, Thick lines denote Lpl-positiveindividuals. 


trace the lack of Lpl gene in this family five generations 
back. It is interesting to note that almost all the animals 
tested, which were Lpl negative, could be referred to 
ancestors introduced to our rabbit colony from outside, 
namely through the *Gelbsilber" breed from Vienna. 

At present, an attempt is being made to stimulate anti- 
bodies against the products of the hypothetical alleles: 
Lp2 and so on. 

The allotypie differences within the lipoprotein fractions 
of the serum may play an important part in skin grafting. 
It has been shown® that in rabbits, allogeneic skin grafts 
can elicit iso-precipitin formation directed against 
rabbit lipoproteins. In man*’, skin grafts were rejected 
earlier when the donor and recipient differed in the type of 
lipoprotein. These observations need to be followed 
experimentally in a well defined genetic model system, 
such as that offered to us by the findings just described. 

I thank Miss Lynda Chambers for technical assistance. 
This work was supported by the Medical Research Council. 
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Reversal of PHA-induced Blastogenesis 
in Human Lymphocyte Cultures 


Tue blastogenic action of phytohaemagglutinin (PHA) 
on human lymphocytes in culture has been well docu- 
mented!-*. Some of the metabolic events which accompany 
this transformation, for example, DNA, RNA and protein 
synthesis, have also been extensively studiedi-*. Such 
investigations have generally used cultures of lymphocytes 
or leucocytes in which the cells were continuously exposed 
to PHA. 

In à previous report, we described the changesin DNA 
synthesis when lymphocytes are exposed to PHA in vitro 
for 24 h (ref. 10). During the first 6 days these changes 
were similar to those described by others for cultures 
continuously exposed to PHA. By day 7, the final day 
of observation, however, the rate of DNA synthesis had 
begun to diminish, indicating that the transformation 
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induced in the lymphocytes by PHA was beginning to 
reverse. Yamamoto has recently described morphological 
studies which also suggest that this process is reversible if 
the duration of contact with PHA is limited!!, In this 
communication, metabolic as well as morphologieal data 
are presented whieh show that in conditions of a PHA 
stimulation for 24 h, lymphocytes in culture undergo 
"blastogenesis", but subsequently revert to small lympho- 






Lymphocyte cultures were prepared and maintained 
sterile eonditions. One hundred ml. of fresh venous 
blood, containing 2,000 units of heparin (Panheprin, 
without preservatives, 20,000 USP units/ml., Abbott 
Laboratories), was distributed among 12 ml. centrifuge 
tubes and the cells allowed to sediment at 35" C for 4 h. 
Suspensions containing at least 80 por cent lymphocytes 
were obtained by withdrawing and gently centrifuging 
the upper half of the plasma layer at 150g for 10 min. 
The cells were then suspended in a 125 ml. Erlenmeyer 
flask in tissue culture medium 199 containing 20 per cent 
autologous serum, 100 v penicillin and 100 ug of strepto- 
myein/ml. Thereafter, the cells were maintained at 35° C 
in an atmosphere of 5 per cent CO, and the medium was 
changed daily to avoid accumulation of metabolites and 
autolytie debris. 

During the first 48 h of incubation most of the poly- 
morphonuclear leucocytes disappeared. The cell con- 
centration was then adjusted to 4x l0*/ml. and the 
resulting suspension distributed in 0-7 ml. amounts into 
4 ml. screw cap vials which were used as culture vessels. 
This was specified as day 0. Cultures prepared in this 
manner have remained viable and responsive to PHA for 
up to 2 weeks. 

Beginning at day 0, PHA-P (Difco) (0-01 ml./ml. of 
cell suspension) was added to some of the cultures, with 
the daily medium replacement; to others it was added 
for only 24 h. 

DNA synthesis was measured with thymidine-C*H, by 
a standard technique’. Hot 0-1 M oxalic acid was used 
in place of trichloroacetic acid, however, to solubilize 
the cellular DNA (ref. 10). 

In lymphocyte cultures which were exposed to PHA 
stimulation for 24 h, cell aggregation occurred within 
minutes of addition of PHA. Over the next few days the 
cells within the clumps enlarged and by day 4 the lympho- 
cytes appeared blast-like. By day 6 the clumped cells 
had begun to separate; at this time 90 per cent or more 
resembled large blasts. By day 8 most cells were either 
single or in pairs; they had diminished in size and now 
resembled large or medium lymphocytes. By day 9 the 
cells had completely reverted so that they now resembled 
small unstimulated lymphocytes. Cells whieh had under- 
gone reversion reacted to a new addition of PHA in the 
same manner as lymphocytes which had not been pre- 
viously stimulated. 

In eultures which were continuously exposed to PHA, 
the events leading to formation of blastoid cells were 
identieal to those observed in cultures stimulated for 
only 24 h. Continuously stimulated cells, however, did 
not separate but remained clumped and blastoid through 
day 12, the last day of observation. When PHA was 
removed, reversion was also observed in these latter 
cultures. 

Morphological observations of lymphocytes in culture 
during transformation, reversion and subsequent rve- 
stimulation were accompanied by simultaneous studies of 
DNA synthesis using thymidine-C*H, as a label. Fig. la 
shows the daily DNA synthesis from days 2-12, following 
exposure to PHA for 24h. The increase in DNA synthesis, 
initially observed, dropped markedly on day 7 and by 
day 9 the rate approached that seen in unstimulated cella 
(Fig. 15). When the reverting cultures were restimulated 
with PHA for 24 h on day 7, the level of DNA synthesis 
approached the maximum previously observed (Fig. Ic). 
In cultures subjected to continuous PHA exposure, a 
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similar pattern of increasing DNA synthesis occurred 
(Fig. 1d). There was no sharp decrease, however, in the 
rate of synthesis at day 7 such as seen after exposure for 
24 h and at day 12 DNA synthesis was still inereased with 
values approximately one-third of the maximum. 

Although these studies show that lymphocyte cultures, 
stimulated to blastogenesis by short-term PHA stimula- 
tion, revert to small lymphocytes, the mechanism of this 
reversion remains unclear. It is possible that these small 
cells may have resulted from divisions of lymphocytes 
which were transformed by PHA and thus represent 
daughter cells which have not themselves been exposed 
to PHA. Alternatively, they may represent lymphocytes 
initially present in the culture and transformed by PHA, 
which have reverted to their original form. Studies to 
elucidate this point are in progress. 

The ability of lymphocyte cultures to undergo reversion 
and the consistency with which this effect may be induced 
are of interest. These findings suggest that short-term 
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Fig. 1. Acid insoluble thymidine-C*H; content of human lymphocytes: 
a, in cultures exposed to PHA at day 0 for 24 h; 6, in cultures not 
exposed to PHA; c, in cultures treated as in a and re-exposed to PHA 
for24hatday 7; d, in cultures continuously exposed to PHA. Aliquots 
of a lymphocyte culture were incubated in separate vials. A tracer dose 
of radioactive thymidine (specific activity, 6-7 Ci/mM) was added to one 
of these vials daily to give a final isotope concentration of 1 2Ci/ml. 
Ineorporation of radionetive thymidine into the acid insoluble eell 
fraction was then determined as described in the text. 
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exposure of lymphocytes in vitro to PHA may provide an 
excellent system for studies of mechanisms concerned with 
lymphocyte differentiation and dedifferentiation. 

We thank Miss Judith Bonanno for technical assistance. 
This work was supported by grants from the American 
Cancer Society and the US Public Health Service, National 
Institutes of Health. 
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Chainin: a New Methylpentaene 
Antibiotic from a Species of Chainia 


ACCORDING to Thirumalaehar! the genus Chainia com- 
prises several species of streptomycetes with discrete 
simple or compound sclerotial bodies: formed from the 
vegetative mycelium. The morphology and character- 
istics of several species have been reported*-*, Most of 
them show antimicrobial properties. Aburamyein, which 
was reported from Streptomyces aburaviensis®, was also 
isolated from Chainia minutisclerotica?. We report here 
a new well characterized antibiotic for the genus Chainia. 

While the identity and complete characterization of 
the species in question will be dealt with later, some 
conditions of fermentation, the antimicrobial spectrum 
and the isolation and characterization of the new antibiotic 
are reported here. 

The Chainia isolate No. 3047 produces an antibiotic 
designated chainin. This isolate is antifungal and has no 
antibacterial properties. After a fermentation cycle 
lasting 96 h the antibiotic is present in a proportion of 
approximately 80 : 20 in mycelium and broth, respectively. 
Fermentation is effected by inoculating seed from slant 
cultures into fermentation flasks, which are placed on a 
rotary shaker, running at 280 r.p.m. at 28° C. During 
fermentation the fungus uses up to 3-5 per cent carbo- 
hydrate and 3 per cent natural nitrogen sources. Growth 
on synthetie and natural media is characteristically 
pellety. Selerotia are also formed in submerged culture. 
About 1 per cent of the crystalline antibiotie ean be 
recovered weight for weight from the wet mycelium. The 
course of fermentation can be followed by microbiological 
assays of the filtered broth using Paeciliomyces varioti 
as the test organism, for the broth contains increasing 
quantities of the antibiotic as fermentation proceeds. 
At the time of peak production of the antibiotic the pH 
of the broth rises to 7-7-2. 

When the wet mycelium is suspended and stirred in 
butanol, it gives a fine suspension of silky white needles 





598 


of the compound in the solvent. This is separated from 
the mycelium by decanting, and the erystals are separated 
by filtration and purified by initial crystallization from 
60 per cent ethanol. The product crystallizes from mix- 
tures of chloroform and methanol in clusters of long 
colourless silky needles. When exposed to the air the 
dry crystals change from colourless to pale yellow to 
deep yellow. "The colour change does not impair the 
activity or the antimicrobial spectrum of the compound. 
Reerystallization of the yellow product gives again the 
colourless compound. The compound shows no colour 
change as long as it is in suspension in the solvents. When 
the butanol mother liquors were concentrated, the yield 
of product which could be recrystallized was increased. 

This product was shown to be a single compound by 
thin-layer chromatography on silica gel (Kiesel gel G, 
Merck, Darmstadt) in three solvent systems, and by 
column chromatography (Woelm) with chloroform-— 
methanol (8:2) as eluant. The compound is therefore 
designated chainin derived from the name of the genus 
and in honour of Professor E. B. Chain. 

Chainin decomposes at 230? C. It gives a deep violet 
colour with concentrated sulphuric acid. It does not con- 
tain nitrogen, sulphur or chlorine. It has a molecular 
weight of 632 (‘Mechrolab’ osmometer) and analysis agreed 
with the molecular formula C4H,,0,. We found: C, 
63:25 per cent; H, 8:62 per cent, and a molecular weight 
of 632, whereas C,,H,,0,, requires C, 63-25 per cent; H, 
8:62 per cent, and the molecular weight is 626. It is laevo 
rotatory (u)p — 124-4 in methanol. On hydrogenation, it 
gives perhydro derivative m.p. 115-117? €. The alcoholic 
Solution showed an ultraviolet spectrum with maxima 
at 357, 338 and 324 my with E!% 1276, 1315 and 
840, respectively. The ratio at the highest and second 
maximum was 0-97. The infrared spectrum showed 
characteristic absorption bands of a macrolide lactone and 
the spectra closely resembled those of lagosin and filipin. 
The ultraviolet and infrared speetra identified chainin 
as a methylpentaene (the characteristic band at 850 
em! due to a trisubstituted double-bond seen in the 
infrared spectra of all methylpentaenes*). Neopentaene? 
(reported from these laboratories) from a Species of Strepto- 
myces (No. 2236) is also found to be a methylpentaene 
from its ultraviolet and infrared spectra. Chainin, however, 
is distinguished from the well characterized methyl- 
pentaenes by the following reactions. 

(1) Chainin can be recovered unchanged from hot 
methanol solutions and it does not change to tetraene as 
does filipin*. Solutions containing 10 mg/ml. of chainin 
in methanol when left overnight at 4? C yielded unchanged 
chainin only, while filipin gave a colourless product with a 
tetraene spectrum. On ‘Kielsel gel G^ thin-layer chromato- 
graphy chainin and filipin showed different Rp values 


(0-22 and 0-17 in chloroform : methanol (1) 9:1; and 
0-81 and 0-61 in chloroform: methanol : water (IT) 
5:15:21). 


(2) Chainin could be distinguished from neopentaene by 
thin-layer chromatography on a silica gel layer. The Rp 
values of chainin and neopentaene were 0-16, 0-03 in 
solvent (I) and 0-96, 0-00 in solvent (ID. Furthermore, 
while neopentaene is acidic, chainin is neutral. 

Table 1, 
Appearance 


PHYSICO-CHEMIOAL PROPERTIES OF CHAININ 


Colourless silkv needles when freshly crys 
tallized, Yellow silky needles on storage 

230° € (decomposition) 

Deep violet colour 

— 124-4 (C, 0:2 per cent) 

Colourless amorphous powder m.p. 115? C. 

Maximum 357, 338, 324 my 


E,US, 1276, 1315 and 840 respectively 


3390. 3040, 2950, 2870, 1740, 1720, 1640, 
1455, 1380, 1330, 1270 (W), 1290 CW), 
1190, 1145, 1125 (W), 1105 (W), 1090 CW), 
1050, 1015, 850 cm 

Found: C, 63-25; H, 8-67; molecular weight, 
632; C,,H.,0,, requires C, 63-25; H, 8-62 
per cent 


Melting point 

Effect of concentrated H,SO, 
(a)p in methanol 

Perhydro derivative 
Ultraviolet spectrum 


Infrared spectrum (K Br-disk) 


Molecular weight and carbon : 
hydrogen composition 
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Table 2. ANTIMICROBIAL SPECTRUM OF CHAININ 


Minimum inhibitory 


Organism concentration (ug/ml.) 


Alternaria solani 

Allescheria boydii 

Candida albicans (pathogenic) 
Cryptococcus neoformans 
Histoplasma capsulatum 
Trichophyton rubrum 

T. mentagraphytes 

Aspergillus candidus 
Aspergillus terreus 

Aspergillus nidulans 
Aspergillus niger 

Penicillium chrysogenum 
Saccharomyces cereviseae ATCC 9763 
Fusarium vasinfectum (cotton) 
Curvularius lunata 
Paeciliomyces variotii 

(3) While neither chainin nor lagosin could be 
separated on thin-layer chromatography with the three 
solvent systems tried, chainin differs from lagosin in its 
optical rotation properties and the products of retroaldol 
fission. The 2,4-dinitrophenyl hydrazones obtained from 
alkali-treated lagosin and chainin after silica gel thin- 
layer chromatography, with chloroform, toluene and ben- 
zene as developing solvents, showed different R p values. 

Chainin thus appears to be a new methylpentaene 
reported for the first time from a member of the genus 
Chainia. The physico-chemical data of chainin are 
summarized in Table 1. 

The antibiotie spectrum of chainin in minimum in- 
hibitory concentrations (crystalline product) is shown in 
Table 2. This antibiotic is active against a number of 
human and plant pathogenic and soil fungi. The range 
includes both the filamentous and the yeast forms. 
Preliminary studies on toxicity show it to be non-toxic, 
in a concentration of 50 mg/kg (intraperitoneal), to white 
Swiss mice. Although the antibiotic is absorbed by roots 
of the plants it is not easily translocated. It is not toxic 
to either germinating seeds or seedlings—germination of 
treated seeds was normal. Chainin is relatively stable at 
high temperatures, even autoclaving the solution reducing 
the potency by only 10 per cent with no loss of activity 
when the powder was exposed to a temperature of 105° C 
for 2h. 
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Microglobulinaemia in Renal Failure 


IMPAIRMENT of renal function is associated with body 
retention of certain simple organie compounds such as 
urea, creatinine and uric acid. We describe here the occur- 
rence of markedly inereased concentrations of a low mole- 
cular weight protein in the sera of patients with renal 
failure. Neither the mechanism nor the physiologieal 
consequences of this abnormality are evident, but a defect 
in the renal catabolism of the protein may be responsible 
for this selective hyperproteinaemia. 
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Renal diseases which primarily affect glomerular perme- 
ability frequently cause increased excretion of those pro- 
ieins most abundant in plasma, that is, albumin, trans- 
ferrin and yG globulin!. In contrast, disorders of renal 
tubular function result in excretion of proteins which are 
present in small amounts in plasma; the term "tubular 
proteinuria” has been used to describe the urinary findings 
in patients with tubular dysfunction’. 

One of the proteins found in tubular proteinuria (B,- 
microglobulin) has been isolated and characterized by 
Berggürd?. It has a molecular weight of 11,600 (personal 
communication from I. Berggárd) and appears to be a 
single polypeptide chain. Berggard found small quanti- 
ties of 3,-microglobulin in the serum and urine of normal 
subjects and increased amounts of &,-mieroglobulin in 
the urine of some patients with Wilson's disease. We 
isolated a similar low molecular weight g-globulin from 
the urine of a patient with an unexplained anaemia, and 
Berggàrd established the antigenic identity between 
this protein and his 8,-microglobulin. Antiserum pre- 
pared in rabbits was used to study serum and urine 
concentrations of B,-microglobulin. 

Preliminary experiments using double diffusion in agar 
demonstrated increased serum concentrations of B; 
microglobulin in patients with renal failure of diverse 
aetiologies. The serum and urinary proteins were eluted 
from a column of ‘Sephadex G-50' at the same volume, 
were immunologically identical when tested with the rabbit 
anti-B,-mieroglobulin antiserum, and had the same 
electrophoretic mobility. The concentrations in the serum 
were quantified using a modification of the radial diffusion 
method of Mancini et al. The purified urinary miero- 
globulin was employed at various concentrations as a 
standard. The standard error of the difference for dupli- 
cate determinations was +0-08 mg/100 ml. when values 
between 1-0 and 7-4 mg/100 ml. were measured. 

Estimated in this way, normal sera contained approxi- 
mately 0-1 mg of mieroglobulin/100 ml., whereas sera from 
patients with renal failure contained up to 150 times as 
much. The serum concentration of B, microglobulin in 
chronic renal failure correlated closely with the serum 
concentration of ereatinine (Fig. 1). Sera of patients with 
chronie renal failure contained approximately four times 
as much creatinine as microglobulin on a weight per 
volume basis. In contrast, sera of patients with acute 
renal failure contained only one to two times as much 
creatinine as microglobulin, suggesting that the concentra- 
tion of microglobulin in the serum increases relatively 
faster than the concentration of creatinine in patients 
during the initial phase of renal insufficiency. 
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Fig. 1. Scatter diagram relating serum concentrations of creatinine 

and B.-microglobulin in twelve consecutive patients with chronic renal 

failure who had not been treated with dialysis. Correlation coefficient, 
+ 6-96. 
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The urinary excretion of 8,-microglobulin was measured 
in two normal individuals and in three patients with renal 
failure at times when the serum content of mieroglobulin 
was relatively constant. The daily urinary excretion in 
patients with renal failure varied frorn 122 mg to 304 
mg/24 h. Normal individuals excreted only 1-5-2-1 mg 
daily. These studies suggest two conclusions: either 
patients with renal failure produce more G_-microglobulin 
than normal subjects, or catabolism of the protein is 
impaired in patients with renal failure. 
To investigate the possibility that diseased kidneys 
produce excessive amounts of mieroglobulin, serum was 
obtained from a patient who had undergone bilateral 
nephrectomy several months previously and who was kept 
alive by periodic haemodialysis. The serum of this patient 
had the highest microglobulin concentration observed 
(15-3 mg/100 ml.); this excludes inereased renal synthesis 
as the principal cause of the increased mieroglobulin values 
observed in renal failure. 
Recent studies on immunoglobulin catabolism’ indicate 
that the amount of free light chains eatabolized by the 
kidney signifieantly exceeds the quantity of free light 
chains excreted by the kidney. It is possible that Be- 
microglobulin is eatabolized by the normal kidney following 
a process of glomerular filtration and tubular reabsorption. 
The increased serum concentrations observed in patients 
with renal failure may reflect an inability of the diseased 
kidney to catabolize 8,-microglobulin. 
Although it is not yet possible to identify a biological 
role for 8,-microglobulin, it is conceivable that part of the 
complex symptomatology of renal failure is related to 
excessive serum concentrations of this protein. 
We thank Dr Ingemar Berggárd for establishing the 
immunological identity of the urinary protein and Be 
microglobulin. 
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Fibroblasts in Sterile Inflammation: 
Study in Mouse Radiation Chimaeras 


Two sources have been suggested for the origin of fibro- 
blasts which are found in an inflammatory area. Some 
authors! support the idea of an origin from circulating 
mononuclear blood cells, while others feel that such areas 
originate from local sources as well. 

This problem has been investigated using syngeneic 
mouse radiation chimaeras prepared with the cytological 
marker T6 to distinguish cells of host and donor origin. 
The results, which indicate that fibroblasts are derived 
from myeloid tissue, extend the information that macro- 
phages® as well as haematopoietic and lymphatic tissues 
arise from transplanted em cells". 

Mice and rats from the Harwell breeding stocks were 
used. Male mice, 3-5 months old, either CBA or CRA- 
T6T6, were used as recipients. Donors of haematopoietic 
tissue were accordingly either mice of the CB A-T6T6 or 
CBA strains, or rats. Bone marrow was obtained from 
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Table 1 


Experimental animals 





No. of mitoses in inflammatory area 





Group No. of Donor line Of host Of donor type Unrecogniz- 
animals Host line (and cells used) type From B.M. From F.L. From L.N. able type 

1 6 CBA mice Rat ( B.M.) 1 54 52 

2 7 CBA mice CBA-TGTO mice (B.M.) 1 46 66 

3 7 CBA-T6T6 mice CBA mice (F.L,) 2 57 [on 

4 3 CHA mice CBA-T6T6 mice (F.L.) 0 - 57 70 

5 4 CBA mice CBA-T6T6 mice ( B.M.) 0 15 0 50 

CBA-T6+ mice (L.N.) 
6 5 CBA mice CBA-T6T6 mice (F.L.) 0 - 44 0 164 


CBA-T6+ mice (L.N.) 


B.M., Bone marrow; F.L., foetal liver: L.N., lymph node, 


adult male animals; foetal liver from near-term foetuses 
of inbred lines and lymph node cells from female F, 
hybrids of CBA and CBA-T6T6 (distinguishable by the 
presence of one T'ó chromosome in dividing cells). Mice 
were X-irradiated with 1,000 rads by the usual Harwell 
method*. Within 1-2 h each animal received intravenously 
the appropriate haematopoietie cell suspension consisting 
of 107 cells in 0:2 em? of Tyrode solution. The six different 
combinations used are shown in Table 1. 

After irradiation and seeding, from 19-70 days in the 
case of mouse/mouse chimaeras and 6-21 days in the case 
of mouse/rat chimaeras, individual mice were implanted 
under the dorsal skin with four pieces (each approx- 
imately 5x 5 mm) of sterile glass cover slip. This was 
performed under ether anaesthesia with aseptic pre- 
cautions. It had already been shown that with normal 
animals 5-7 days after surgery was the optimal time at 
which to obtain sufficient mitoses among fibroblasts 
attached to the glass. Five hours before they were killed, 
mice received an intraperitoneal injection of 'Coleemid' 
(desacetyl-N-methy! colchicine, Ciba, 0-01 em?/g body 
weight of 0-4 per cent w/v solution). After removal the 
pieces of cover slip were further incubated for 1 h at 37 
C in 1 per cent ‘Coleemid’ in medium 199, care being 
taken to avoid drying of the attached cells. The pieces 
of cover slip were then treated in hypotonie 1 per cent 
sodium citrate solution for 0:5 h before being waved over 
the open neck of a flask of 2 per cent osmice acid for not 
more than 2 s. Fixation was completed in 3 : 1 absolute 
ethanol : glacial acetic acid for 30 min. After drying in 
air and hydrolysis in 5 N HCl for 5 min the pieces were 
mounted on microscope slides in a saturated watery 
solution of resin (dimethyl hydantoin formaldehyde) 
which contained 0-1 per cent toluidine blue to stain the 
cells. 

Some pieces of cover slip on removal from mice were 
used as a source of cells for tissue culture. Tt was found 
that a slow but typical growth of fibroblasts was produced 
in vitro. Other pieces of cover slip were fixed and stained 
immediately on removal from mico to study the morph- 
ology of the attached cells. 

By this method it was possible to recognize the karyo- 
type of cells in metaphase from a sterile inflammatory 
area although there were many mitotie cells which could 
not be seored (Table 1). The number of indeterminate 
cells was larger in groups 5 and 6 where it was necessary 
to distinguish cells with one or two T6 chromosomes. 
There were also some polyploid elements among dividing 
cells. This finding is in agreement with previously reported 
results obtained by eytophotometry of Feulgen-stained 


fibroblasts in similar inflammatory areas’. Examples of 


scorable mitotic figures are shown in Figs. 1 and 2. 

The results indicate that the cells examined came from 
haematopoietie sources, either bone marrow or foetal 
liver, but not from lymph node cells. It was difficult. to 
distinguish between fibroblasts and macrophages in 
division, but there is other information which supports 
the contention that most of the cells in these preparations 
were fibroblasts. Intensive proliferation of fibroblasts is 
typical for the period ot time after onset of inflammation 
during these experiments, and mitoses were not found 
before fibroblasts had appeared on the cover slips. In 
addition, tissue culture of cells attached to cover slips at 


this stage of the inflammatory reaction yielded a growth 
of typical fibroblasts. Finally, there is the evidence of 
Volkman and Gowans’ that macrophages in the rat do 
not divide in a field of sterile inflammation. 

These results provide evidence that the fibroblast can be 
added to the list of cells of blood, lymphoid and macro- 
phage systems which are derived from haematopoietic 
tissue. They leave unsolved the problem of which differ- 
entiated cell line, if any, gives rise to fibroblasts, for they 
could be derived directly from cireulating stem cells. Tt 
seems unlikely that they are derived from a cell found in 
lymph nodes. Further work will be required to determine 
whether the fibroblast precursors migrate to the inflam- 
matory site directly from the vascular system or indirectly 
through an intermediate tissue cell. 





Fig. 1. 
implanted in 


CBA-T6T6 cell in metaphase from cover slip preparation 
made 


CBA/CBA-T6TO chimaera foetal liver. 
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Fig. 2. 
CBA/rat ehimaera made with rat bone marrow, 
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perform these experiments and Dr C. E. Ford and his 
staff for help with the chromosome technique. 
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APPLIED SCIENCES 


Fluidized Bed Electrodes—Fundamental 
Measurements and Implications 


THE possibility of using fluidized bed electrodes for 
simplifying engineering problems encountered in scaling 
up electrochemical processes from a laboratory to a 
plant scale has been the subject of recent articles?. Back- 
hurst?, together with Fleischmann and Goodridge’, has 
proposed the use of fluidized bed electrodes for chemical 
syntheses. These electrodes consist of a bed of solid, 
electrically conducting particles supported on a sintered 
or porous base through which an electrolyte can be 
pumped. The flowing electrolyte causes the bed to 
expand so that the electrolyte flows smoothly between 
the particles, Electrical contact to the bed is made by an 
inert conducting wire, plate or mesh, which may be 
called the feeder and which is inserted into the bed. 

We have examined the fluidized bed electrode with a 
view to its possible application in fuel cells in place of the 
more conventional porous electrode. The results of our 
experiments and the novel techniques used to obtain 
them are relevant to all potential applications of the 
fluidized bed electrode. Our results reveal the importance 
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Fig. 1. Current (mA) against potential (V) with respect to saturated 

calomel for the ferrous/ferrie reaction in a carbon bed (13-5 cm”). Curve 1 

is for the feeder alone, curve 2 is for a static bed with flowing electrolyte. 
and curve 3 is for the fluidized bed. 
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Current (mA) against potential (V) with respect to saturated 
calomel for the ferrous/ferric reaction in a palladium bed (6-8 em"). 
Curve 1 is for the feeder alone, curve 2 is for the static bed with flowing 
electrolyte, and curve 3 is for the fluidized bed. 


Fig. 2. 


of controlling mass transfer in the bed so as to utilize the 
whole surface area of the particles while maintaining good 
electronic contact between the particles, and they relate 
these factors to the "activity" of the bed material. 

Two electrochemical reactions were examined: the 
ferrous/ferric redox reaction and the oxidation of methanol. 
The experiments were carried out on a bed of impervious 
carbon-coated uranium oxide particles activated by the 
deposition of platinum from ehloroplatinie acid, and on a 
bed of pure palladium shot. The carbon-coated particles 
were of uniform size (5101) and of density 3-7 g em, The 
palladium shot was less uniform, but the average partiele 
size was 1,000u. A conventional glass three-compartment 
electrochemical cell wasadapted to accommodate a fluidized 
bed working electrode. The control point of the potential, 
which was maintained constant by use of a potentiostat, 
was just above the bed, that is, the tip of the Luggin 
capillary was just above the bed and it was positioned in 
the path of the current flow between the bed eleetrode and 
the counter electrode. A calomel electrode was used as 
reference electrode in conjunction with the Luggin 
capillary and a salt bridge. A palladium/hydrogen probe 
reference electrode was also used in the course of the experi- 
ments to check that the feeder was attaining the desired 
potential. A high impedance digital voltmeter was used 
to measure various potentials in the course of the work. 

The current potential curves for the ferrous/ferric 
reactions in 1 M sulphuric acid, when the concentration of 
ferrous and ferric ions was 0-1 M, are shown in Fig. 1 for 
the active carbon bed. Curve l is for the feeder alone, 
curve 2 is for a static bed with electrolyte flowing through 
it so that it is just prior to incipient fluidization, and curve 
3 is for the fluidized electrode, the dry volume of which 
was 13-5 em?. The extent of fluidization, as measured by 
the degree of expansion of the bed, was 30 per cent. 
Fig. 2 shows a similar set of curves obtained with a bed 
of palladium shot of dry volume 6-8 cm? in the same 
ferrous/ferrie solution. 

Various potential measurements were made. First, 
the potential of the feeder was checked against a reference 
electrode to make sure the feeder was attaining the 
desired set potential. This was so. Second, by attaching 
a ball of the bed material to a platinum wire, the cylindrical 
sides of which were coated with ‘Lacomit’ varnish to 
insulate it from the bed, the potential of a typical ball in 
the bed was measured with respect to the feeder. The 
potential of a platinized carbon-eoated ball fell off rapidly 
within 1 em of the feeder. When the ball touched the 
feeder it attained the potential of the latter, but at 
distances greater than 1 cm its potential was largely 
determined by the Nernst redox potential of the ferrous/ 
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Table 1. DIFFERENCE IN POTENTIAL BETWEEN THE BALL AND THE FREDER 
FOR VARIOUS POTENTIALS OF THE FEEDER {VOLTS} 


Potential of feeder 
with respect to 


AE ball/feeder 
saturated calomel 


AE ball/feeder 
in carbon bed 


in palladium bed 


0 0-470 0-105 
01 0-380 0-085 
0-2 0-280 0-057 
0-3 0-190 0-033 
04 0-100 0-007 
0-5 0-08 —0-020 
0-6 —0-087 -0-044 
0-7 ~0-180 —0-070 
0-8 ~ 0-280 — 0-108 
0-9 ~ 0-370 —0-140 
10 ~0-470 —0-180 


ferric solution. Table 1 shows the difference in potential 
between the ball and the feeder when the ball was more 
than 1 em from the feeder (AE ball feeder) for various set 
potentials of the feeder in both the bed of carbon particles 
and the bed of palladium particles. 

The results obtained for the oxidation of methanol were 
in part consistent with the results shown in F ig. 1 and 
Fig. 2, in that the highest currents were obtained with the 
palladium particles in a static bed. No increase in current 
was obtained for this system by fluidizing the bed of 
carbon particles, however. This result may have been 
caused by the difficulty in keeping the surfaces of both 
kinds of beads clean (free from adsorbed intermediates 
and impurities). It was for this reason perhaps that it was 
impossible to obtain currents which were practicable 
when projected in terms of fuel cell performance, 

The results can be explained by the competing effects 
of the increase in mass transfer to the surface of particles 
in the bed and the decrease in electronic conduction 
within it which takes place in the course of going from a 
static bed to a fluidized bed. Fig. 1 shows that an increased 
current is obtained on fluidizing the carbon particles. 
This means that the loss of electronie contact between 
the partieles on fluidization is more than compensated 
by the inerease in the surface area available for the 
reaction to take place. Fig. 2 shows, however, that with 
palladium shot a higher eurrent can be obtained from the 
Static bed than from the fluidized bed in spite of there 
being better electronic contact between the fluidized 
palladium particles and the feeder than between the fluid- 
ized carbon-coated particles and the feeder (Table 1). The 
explanation lies in the fact that the palladium balls 
were very much more "active" than the partially platin- 
ized carbon balls. Even a small drop in potential of the 
palladium balls on fluidization caused a large drop in the 
overall rate of reaction which could not be compensated 
by the inereased surface area available on fluidization. 

These results show thet the chief advantage of the 
fluidized bed will be when the electrochemical reactions 
are slow, and typified by low exchange currents, as in 
the ease of the partially platinized carbon in ferrous/ferrie 
solution. They show also that low electronic conductivity 
between the particles is likely to limit the possible applica- 
tions of fluidized beds. In fuel cells, the existing methods 
of obtaining a high surface area are likely to prevail because 
high currents can be drawn without ohmic losses in the 
electrode itself. (From Table 1 it might. be expeeted that 
ohmic losses in the electrodes of a fully fluidized bed fuel 
cell system would amount to a total of 200 mV if electronic 
conduction can be maintained at the level obtained in the 
palladium bed. Ohmic losses in two carbon bed electrodes 
might amount to a total of 700 mV and will add to any 
ohmie losses which might take place in the electrolyte.) 

The applieation of the fluidized bed electrode in high 
energy density batteries could be severely restricted for 
similar reasons. Only the particles elose to the feeder 
(or collector) are likely to be active in providing eurrent, 
and high ohmic losses will result if current is drawn from 
beads that are well away from the separator between the 
bed electrode and the other electrode. Applications in 
syntheses may be possible especially when power losses 
can be sustained without the processes becoming un- 
economie. The fluidized bed system will be especially 
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valuable if high rates of heat transfer are necessary, but, 

even in applieations to synthesis, the possibility of 

employing a static bed or other high area electrode 

structure must not be ignored. J. N. HIDDLESTON 
A. F. Doveras 

The Gas Council, 
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Cathodic Reduction of Oxygen in 
Fuel Cells and Corrosion Cells 


It is not generally appreciated how our way of life is 
influenced by the cathodie reduction of oxygen. Because 
of the sluggish character of that reduction, metallic 
corrosion is usually a slow process; that is the reason 
why iron, the cheapest of metals, can be used at all. 
Other consequences of the sluggishness are less welcome; 
it makes the area of the cathodes needed for fuel cells 
inconveniently large. Thus, despite the fact that a fuel 
cell might obtain twice as much electric energy from the 
same amount of fuel as a system based on a heat engine 
(whether the fuel be coal, oil or gas), fuel cells are not used 
at power stations because of the high capital cost. In 
situations in which the capital cost is high due to other 
causes, a fuel cell works well; the Bacon cell}, developed 
at Cambridge and modified in the United States, is to be 
used in the Apollo spacecraft. The whole situation of 
domestic power production might be changed overnight 
if à means were discovered to accelerate the reaction 
O, + 4e + 2H,0 = 40H". 

The sluggishness is usually attributed to the difficulty 
of splitting the oxygen molecule: the reaction O,—O +0 
requires 117 kealories. Except at very high temperatures, 
gaseous oxygen contains practically no free atoms, Many 
mechanisms have been suggested for the conversion of O, 
to 20H- on a cathodic surface, and a paper from Dearborn? 
tabulates sixteen, most of which involve splitting. 
It seems more probable that the adsorbed o3 gen mole- 
cules remain unsplit, furnishing uncovered oxygen atoms 
by means of a hydrogen-switch; hydrogen-switching is 
à process known to proceed smoothly, as illustrated by the 
almost instantaneous reaction between acid and alkali, 
and by the high apparent mobility of H,O* and OH- ions 
as compared with the true mobility of those ions which 
can only migrate if they "thread their way through the 
crowd”. The mechanism suggested here, conveniently 
called pseudo-splitting and depicted diagrammatically 
in Fig. 1, involves no ad hoc assumption, and accounts 
for the known faets. It does, however, require an electrode 
surface carpeted with anionic groups such as OH, H,PO, 
or HSO,, which explains why most effective fuel cells 
known today require concentrated alkali or acid as an 
electrolyte. 

Imagine a cell with the electrode carpeted with OH. 
If the liquid contains oxygen, the displacement of 20H 
by O, will be a rare occurrence, and when equilibrium has 
once been established (with O, groups attaching and 
detaching themselves at the same rate), the area occupied 
by O, groups should be a small fraction of the whole, so 
that the number per unit area will be proportional to the 
pressure, p, of the oxygen in equilibrium with the liquid. 
Hydrogen-switching will now proceed around each O, 
group. producing two sites occupied by uncovered O 
atoms, and these uncovered sites will move about at 
random, occasionally meeting one another and reforming 
O,; at equilibrium the number of uncovered O sites 
should be proportional to the square root of the number of 
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uncovered O, sites—that is, to 4/p. Occasionally, an 
uncovered O site will find itself in a position where it can 
aequire H less easily from an OH group in the carpet than 
from an H,O molecule in the solution —as might be the 
case at a kink-site, where most of the earpet OH will be 
at the wrong level; if that is to happen. two electrons 
must be withdrawn from the metal and the cathodie 
reaction (desired by the fuel-cell designer and undesired 
by the eorrosion-chemist) takes place. Given sufficient 
oxygen in the liquid, the electrode-reaction will certainly 
be the infrequent—rate determining—step, and the current 
should be proportional to 4/p; if there is deficiency in 
oxygen, it will be proportional to p. 

This accords with established facts. The current 
generated by oxygen reduction above the water-line on 
a partly immersed platinum electrode has been found? 
to be proportional to p**, but that on a fully immersed 
surface to p. In the corrosion of iron partly immersed in 
a salt solution, most of the reduction seems to occur at 
the meniscus, or even above itt; but some oxygen will 
diffuse to the areas below the waterline, and will be 
reduced there; we should therefore expect proportionality 
to p*, where n somewhat exceeds 0-5. This was found? to be 
the case in measurements published 38 years ago, where 
the ratio of the corrosion-rate below oxygen to that below 
air varied between 2-36 and 2-65, aecording to the geo- 
metry; 4/5 is 2-23. The performance of fuel cell cathodes 
has been found* to be proportional to p*5. 

If the mechanism suggested here is correct, the desired 
reaction in a fuel cell only proeeeds at infrequent peculiar 
points, Whether these are determined by geometry (for 
example, kink sites) or by chemistry (for example, Cottrell 
atmospheres around impurity) is not known. If their 
character could be determined and material rich in these 
peculiarities manufactured, it is reasonable to hope that the 
capital cost of a direct conversion plant would be brought 
below that of a heat engine plant; because in such a plant 
a given amount of fuel might supply twice as much energy, 
the fuel cell should then come to have an economic 


Oxygen 
molecule 


(0) H H H H H H 
Oo 0 0 O 0 0 9 


cm 
or 


Metal or oxide 


2) H H H H H H H H 
o 0 0 0 O O 0 0 0 O0 
(3 H H H H H H H H 
o 0 0 0 0 0 0 0 0 6 
(4) H H H H H H H H 
o o 0 0 0 0 0 0 0 90 








H 
(00 H H H H H H O 
o 0 0 O O O. 
: "d H: 
ar 
H ! 
Atomie |! O ` H H H H 
ledge i-e o Oo 0 0 
High 0 - H,O + 2¢ = 20H- 
Low 
s 
Kink 
Fig. 1. Stages in pseudo-splitting 


603 


advantage. That the cathodic reaction really does proceed 
at infrequent isolated points is indicated by observations 
made during corrosion studies; the evidence was summar- 
ized in an address presented at the symposium on fuel 
cells held at the City University on February 19, 1968. 

There are, however, other difficulties to be overcome 
before a small-scale fuel cell can become acceptable. 
There is already talk of cities in which fuel batteries will 
be installed in every block of flats or offices, fed with a 
mixture containing hydrogen made from natural gas. 
Those batteries would supply electricity for services 
within the block; all the combustible constituents of the 
mixture not consumed in the batteries, along with the 
waste heat arising from polarization in the cells, would 
serve for water heating, space heating and perhaps 
cooking; thus almost no energy need be wasted and 
atmospheric pollution could be avoided. In my opinion, 
neither hot acid nor hot alkali is suitable for such a scheme. 
Further research will be needed to obtain a combination 
of electrode material and electrolyte which will avoid 
unpleasant effects in the event of leakage or during 
repairs. The use of near-neutral buffers has been con- 
sidered by Beltzer?, but he emphasizes certain difficulties; 
if and when these are overcome, heat engines may well 
be replaced by fuel cells in a variety of situations. 

I thank F. T. Bacon and A. D. S. Tantram for helpful 
discussion. 









U. R. Evans 
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GENERAL 


Characteristic Functions of Functions 


Because the expense of computing Fourier transforma is 
much less than it used to be, the definition of statistical 
distributions by means of their characteristic funetions 
(CFs) is of increased practical value. I shall outline a 
formal process for expressing the characteristic function 
of a function g(X) in terms of the CF of X, denoted by 
9. together with some examples and deductions, A 
further formalism relates the Mellin transforms of the 
CF and the PD (probability density) of X. When applied 
to multivariate stable distributions the formalisms lead 
to generalizations of parts of multivariate statistical 
analysis most of which has been classically based on the 
multigaussian distribution. 
The basie formal process is 


C F(g( Xt) - CF(g(X)) 
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where f is the density function of x and the suffix PF 
indicates that an equation is only formal and requires 
further interpretation or justification or both. 
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and 
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These formalisms involve the inversion of the orders of 
integration of infinite integrals and some techniques of 


contour integration. 
Some examples and deductions are 


CF(X?) =p e-i* g(e-*i4 e /(2£)) de 


1 eo 
vim | 


2 2; ; 
Iy OF 


3r 

where 

i 1 

u(t) = 3 igit) + plat) + eot): Qo eeu 
1 fo o OR EU 
CR(X4) mp —— | | ek te) g(e-Bni/823/2uyttt dude 
2r j-o J-w 
ni 

tP Gt) sinh d 
; 2 fx ; J 
CFüog|X|) - p = ——| e(u)u|zt-1 du(0 « t « 1) 

TX — 05 


CF(e*) =p E e qois) l (s) etris t-s ds (Ji 0) 


NN 1 +40 X ON M qe né 
CFUCGXQm p f ' CF(log >", is \T(s)(t|-8cos — ds 
2rt Je—iw LX» / 2 
when X, and X, are statistically independent and iden- 
tically distributed. A multivariate example is 
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where B= Ajt,+ Ax, ..., and m is the dimensionality. 

Specific examples which are intended to be not merely 

formal are: if X has the stable distribution with CF 
exp( — Alé[¢) then, at least when I1<a<2, 
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When a= 3/2, which corresponds to the distribution of 
acceleration in three-dimensional chaos with an inverse 
square law 
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If X and Y are independent and each has the same 


central Cauchy distribution, then for 0 < Vt < I and 
perhaps for all real values of t, 
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where 5 is Riemann’s zeta function. If x has the multi- 
variate stable distribution with CF 
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This is a generalization of the ordinary chi-squared dis- 
tribution so we denote it by x; (m). 
For the more general real stable characteristic function 
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where G is non-negative definite, we have 
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if A is positive semi-definite. In particular X'C-!x has 
the distribution 7%a(m) mathematically independent of 
C. If V has an m-dimensional Wishart distribution with 
v degrees of freedom, where v > m, then T$; defined as 
x'V-x has the distribution of x2 ;(m)/y*(v — m1) where 
the numerator and denominator are statistically inde- 
pendent. 7; is a generalization of Hotelling's T?. We 
have 
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which could be expressed as a series by means of the 
caleulus of residues, or tabulated directly with the help 
of an electronic computer. 

I. J. Goop 
Virginia Polytechnic Institute, 
Blacksburg, Virginia. 
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BOOK REVIEWS 


WHEN CHEMISTS COULD WRITE 


Classical Scientific Papers 


Chemistry. Arranged and introduced by David M. 
Knight. Pp. xxiv +391. (London: Mills and Boon, Ltd., 
1968.) 635. net. 


Wuy not "Chemistry I" with more to follow ? The papers 
in this handsome volume of facsimiles are all about atomic 
theory, which is not the whole of nineteenth century 
chemistry by any means. But the judicious editor wanted 
to illustrate (and he has done it admirably) the great 
debate on the constitution of matter which occupied 
chemists from Dalton to Ostwald. 

Anyone who reads these thirty-one papers, which are 
roughly in chronological order, will get a sense not so 
much of progress as of gradual unfolding. 

Dr Knight remarks that whereas in 1800 all chemists 
were atomists, in 1815 (after Dalton’s publications) only 
a minority were. The paradox is explained by the fact 
that the pre-Dalton atom was subsidiary to the main line 
of chemistry, an idea of little quantitative significance, 
The post-Daltonian atom, on the other hand, had to be 
taken seriously: either adopted or rejected. One fascina- 
tion of this story is that the alternatives to the atom 
were other quantitative interpretations of a stoichiometry 
which Dalton and his commentators had helped to make 
rigorous. The anti-atomists could not avoid the con- 
sequences of Dalton. 

The words of the debate were about atoms. The spirit 
of the debate, however, as Dr Knight reminds us in his 
short but illuminating introduction, was about the 
relative merits of theoretical entities and observables. 
There are six groups of papers, each with an explanatory 
note: “The Atomic Theory in Chemistry”; “Scepticism 
about the Value of the Theory"; “The Boscovich Atom 
and the Theory of Matter"; "Kinetic Theories”; ‘The 
Atomie Debates"; and "The Problems are Resolved". 
Further reading lists are given, mainly of recent works 
which will lead the historian to all the earlier references 
he wants. 

Some famous material (Avogadro, Cannizzaro, for 
example) is left out because it is already easily available 
in good modern English editions. This is no shortcoming, 
for Dr Knight is right in claiming that his choice of papers 
will give the reader a sound idea of the sources from 
which the English speaking chemist got his leading 
impressions of the current events in this area. 

1 ean recommend this collection to the historian who 
knows what to expect. However, it can also be recom- 
mended to the unhistorical chemist; he will get some 
surprises. Any modern chemist reading Wollaston’s 
Bakerian lecture of 1812 for the first time will be astonished 
to find what is really an ionic sodium chloride type 
erystal lattice predicted in the course of a deeply per- 
ceptive appreciation of the crystal structure of matter. 
Crookes’s address to the British Association in 1882, in 
which he sketched a very modern-looking theory of the 
evolution of elements in stars, is equally likely to make 
one wonder whether, for all our quantity of science, we 
have moved so far in imaginative quality. 
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We must not claim too much for our predecessors, 
The historien’s duty is to understand the past, not to 
exalt it. All the same, we seem to have lost something. 
How well they wrote, how clearly and persuasively, all 
the nineteenth century scientists in this book. None of 
these papers is a lecture to a lay audience. All were 
papers for specialists, but written by men who respected 
words as well as things. Will a future historian be able 
to say the same of a set of classical chemistry papers of 
the second half of the twentieth century ? 

FRANK GREENAWAY 


COMPUTING CONFERENCE 


University Education in Computing Science 

Edited by Aaron Finerman. (Proceedings of a Con- 
ference on Graduate, Academic, and Related Research 
Programs in Computing Science, held at the State 
University of New York at Stony Brook, June 1967. 
ACM Monograph Series.) Pp. xvi+ 237. (New York: 
Academic Press, Inc.; London: Academie Press, Inc. 
(London), Ltd., 1968.) 112s. 


Tue two main purposes of the conference reported in 
this book were to discuss the form of postgraduate courses 
in computing science and the position of computing 
science in the organizational structure of American 
universities. There were some seventy invited participants 
representing forty American universities and fifteen indus- 
trial and commercial organizations, and six people from 
Europe were invited, including Dr Wilkes and Professor 
Gill from England. 

The first three mornings were devoted to nine invited 
papers, and the texts of these, together with the sub- 
sequent diseussions, are reproduced in the report. There 
seems to have been considerable discussion on the use of 
the words "computer" or *computing" and on the correct. 
ness of the use of the word “science”. There is an inter- 
esting two-page definition of computer science by Newall, 
Perlis and Simon. 

Several of the speakers were concerned about the 
position of computing science in the university with par- 
ticular reference to its relationship to mathematics and 
electrical engineering. The general feeling was that there 
should be a separate department but that many of the 
academic appointments should be joint ones with other 
departments, particularly mathematics and electrical 
engineering. 

There is a considerable amount of useful information 
in the papers by Beckman on “Graduate Computer Science 
Programs in American Universities’, Gotlieb on “How 
Many Computers per University ?" and Weiss on "Indus- 
try's View of Computing Science". In the discussion after 
Gotlieb's paper the need was stressed for separate com- 
puting facilities within a department of computing science 

An interesting point which emerged in discussion was 
related to hardware research. Professor Carr of the 
University of Pennsylvania said that the very small 
amount of research into computer hardware in American 
universities was not the choice of the universities, but 
resulted from the difficulty in financing such projects 
with government money in the face of very strong opposi- 
tion from the computer manufaeturers. He believed that 
many departments would be only too pleased to do hard- 
ware research if funds were available. 

During the afternoons the conference divided into four 
concurrent workshops which reported back on the final 
day. The first reported on “The Masters Program in 
Computing Science", and reviewed the different topics 
which could be covered. Particular stress was placed on 
the difference between terminal MS degrees and MS 
degrees leading to study for the PhD. The second report 
was similar, but related to “The Doctoral Program in 
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Computing Science’. The third report was on “The 
Position of Computing Science in the University Struc- 
ture", and considered this from academic, administrative 
and political points of view. The final report was on 
“The Computing Center and the Academic Program", 
and mainly concerned the relationship between the eom- 
puting eentre and the department of computing science. 
The report is concluded with an appendix on "Com- 
puters in Higher Education" which lists all the universities 
which have, or are planning, undergraduate, masters, or 
doctoral courses in computing science. F. H. SUMNER 


COMMUNICATING SCIENCE 


Communication in Science: Documentation and Auto- 
mation 


Edited by Anthony de Reuck and Julie Knight. (A Ciba 
Foundation Volume.) Pp. xi+ 274. (London: J. and 


A. Churchill, Ltd., 1967.) 60s. 


Symposia about the ways in which information can be 
stored and then restored to anyone wanting to use it are 
now becoming common. This one suffers from a common 
fault: the information scientists or documentalists have 
plenty to say, but the scientists who provide the informa- 
tion and make use of the systems are largely absent. 
In the present case one eminent user was present, and 
Lord Todd’s talk has welcome clarity and some practical 
suggestions. But after him the Morris-dance of the 
documentalists is uninterrupted—-apart from Lord Todd’s 
contributions to discussion, which are usually sceptical. 
'The Morris invoked here is William, who once said that 
"Science will grow more and more one-sided, more incom- 
plete, more wordy and useless, till at last she will pile 
herself up into such a mass of superstition, that beside 
it the theologies of old time will seem mere reason and 
enlightenment'—a prophecy not yet fulfilled though this 
book is one-sided and certainly wordy. Not only are 
many of the papers almost unreadable, but a librarian 
faced with the task of obtaining the references quoted 
might well resign and move into some field such as science 
where publieation methods are reasonable. Not many 
people interested in information science would think to 
look in the journal American Behavioural Science and most 
of the references are to reports from governmental and 
other statutory bodies-—some of them not even printed. 
Apparently there are no texts on the matter, though the 
thought of a book written by many of the expert con- 
tributors here is a daunting one. (Perhaps J. R. Smith 
and H. East are the most likely authors—their paper on 
information services in physies is clear and unpretentious.) 
The object of the symposium is clear, that of the book 
is not. The participants, I suspect, are familiar with 
each other's work and could well profit from meeting 
each other. But they and their fellow workers in the field 
will not find much use for the book~—nor will the scientists. 
It can be divided roughly into descriptions of information 
systems at the national and international level and in 
various disciplines. one or two papers on particular 
problems and some usually turgid "think pieces" about the 
general situation. Almost all the papers are too abstract 
with not nearly enough detail to enable the reader to 
assess the merits and benefits of the various systems or 
the economie and/or scientific arguments in their favour. 
Flow sheets of administrative hierarchies are of no interest 
until someone tells how they look at the receiving end. 
The Cranfield indexing project impresses by the amount 
of work that has gone into it—but depresses by the com- 
plete inability to communicate its results. An exception 
must be made in the case of the paper on the Chemical 
Compound Registry System (F. A. Tate)—this clearly 
indicates that this is not only an information service but 
a completely new chemical research tool. Tt is also truc 
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that in the final discussion on policy for the future most 
speakers realize they have been standing several feet 
above the ground and become a little more realistie and 
eautious. I completely agree with the three points made 
by B. W. Adkinson about future developments of informa- 
tion activity. These are: that government will have to 
become more heavily involved both financially and in 
organization; that scientists must become more involved 
and prepared to work with the specialists on these prob- 
lems; and that reasonable support and improvement 
of present information services must continue. This book 
convinces me that the second point is vital. 

Professor de Solla Price's manner and historical name- 
dropping are irritating, but at least he is provocative 
and full of ideas of varying quality and depth. His plea 
for scientific findings to be published in journalistic 
format is attractive, but this is not altogether untried. 
French scientists publish almost each weekly experiment 
they make in Comptes Rendus with very little experimental 
detail and the minimum of the fore-and-aft waffle that 
constitutes the introduction and discussion sections of 
the standard Anglo-American paper. Every few years 
the French scientist then publishes a paper-backed 
monograph describing this work in more detail and relating 
it to that of others. Unfortunately this excellent system, 
which combines the transient value for current awareness 
with the more permanent and leisurely archival deposit, 
breaks down at the library level. Certainly in Britain. 
libraries will almost always stock Comptes Rendua and 
almost never the monographs; expenditure on books is 
usually minute in comparison with that on periodicals. 

Lord Todd's chief suggestion is allied to Professor 
Price’s. This is that scientists should submit short 
eondensed aecounts of their work accompanied by the 
full experimental evidence, but that only the condensed 
account should be published and the experimental evid- 
ence should only be available on demand. If it is true 
that a scientific paper is only read on the average by one 
other scientist, then this clearly is à most sensible thing 
to do. His other suggestion is that the writers of critical 
review articles should be accorded much more honour 
and, more importantly, money. 

'The main trouble about storage and retrieval of informa- 
tion is that the systems allow little or no selection, but 
optimists still believe that the selection at source could 
be improved. This, of course, is the job of the scientific 
editors who, worthy though they be in a very thankless 
job. are all too often little more than specialized press 
editors and amateurs working in their spare time-—a 
sort of gentleman's gentleman, taking the odd hair off 
the lapels, seeing that the tie is straight and flicking the 
dust from the shoes of the paper. What is wanted is a 
generation of scientists turned professional editors. Once 
journals reach a certain age and eminence, they could 
afford to pay them professorial salaries. Such people 
would be pugilistie rather than pedestrian and prepared 
to knock the submitted papers about, divesting them 
of their encumbering woolly combinations and dirty 
pullovers so as to display the work in its naked simplicity. 
Reading scientifie papers might then be an interesting 
instead of a dreary oceupation. 

The difference between scientific and professional 
editing is exemplified in the work of Dr de Reuck and Miss 
Knight on this book. Clearly they have been scientific 
editors of the submitted papers which are often involved 
and tedious—but even the most turgid speakers appear 
to speak elearly and straightforwardly in the discussion 
sections. Obviously the editors have been true profes. 
sionals in dealing with these parts of the book. Had they 
been as ruthless with the presented papers, what a vastly 
improved book would have resulted. Which brings us to 
the question: who is going to teach the communication 
scientists how to communicate their findings to us? The 
hardware may be all right. but who is going to stiffen the 
software ? P. C. WILLIAMS 
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FLUID MOTION 


Theoretical Hydrodynamics 
By L. M. Milne-Thomson. Fifth edition, revised and 
enlarged. Pp. xxii-- 743--4 plates. (London: Macmillan 
and Co., Ltd., 1968.) 105s. 


(Tug fifth edition of Professor Milne-Thomson's inter- 
nationally known book contains interesting new material 
not included in the fourth edition of 1960. The new 
features include a chapter bringing together various 
exact treatments of two-dimensional motion with a free 
surface in a gravitational field, followed by one dealing 
with approximations (mostly linearized) relevant to this 
work, but with emphasis on waves; a chapter on tensor 
methods applied to the flow of viscous fluids; a chapter on 
flow with small Reynolds’ number, including an account 
of a novel application of the complex variable to Stokes’ 
flow; and an outline of the theory of two-dimensional 
laminar flow in a boundary layer. 

This well known book indicates the mathematician's 
approach to investigations of fluid motion. It does not 
concern itself with the experimental or practical side of the 
associated phenomena, but deals primarily with the under- 
lying mathematical theory and its development. One 
must, however, beware of falling into the trap of thinking 
that the overall theory of fluid motion is as tidy and as 
elegant as Professor Milne-Thomson's mathematical 
exposition may lead the uninitiated to expect. Much 
remains to be investigated. Professor Milne-Thomson 
does, however, make contact with experimental work in 
many places and indicates, briefly, the principal concepts 
which have evolved from experimental work. These serve as 
valuable introductions to the mathematical development. 

The stated purpose of the book is to give a thorough, 
clear and methodical introductory exposition to the 
mathematical theory of fluid motion which will be useful in 
applications to both hydrodynamics and aerodynamics, 
and the author's objective is certainly achieved. It 
should not be overlooked, however, that there are many 
mathematically formulated problems in theoretical hydro- 
dynamics which defy mathematical solution, but which, 
nevertheless, can be made to yield valuable approximate 
numerical answers when treated by the very powerful 
methods of numerical analysis and electronic computation. 

Every engineer, physicist or mathematician who teaches 
or works in the field of theoretical hydrodynamics should 
have a copy of this compendium in his private library, and 
copies of the book ought to be made easily available to all 
undergraduate or postgraduate students who are studying 
or carrying out original investigations in this field. 

L. RosENHEAD 


1968 





VOLTAIRE ON NEWTON 


The Elements of Sir Isaac Newton's Philosophy 

By Voltaire. Translated by John Hanna. (Cass Library 
of Science Classics, No. 2.) Pp. xvi- 368. (London: 
Frank Cass and Co., Ltd.. 1967. Originally published 
in 1738.) 905. 


Ix his campaign against the absolutism of the French 
government, one of Voltaire's favourite moves was to 
contrast French conditions with those prevailing aeross 
the Channel, which he painted in rosier colours than a 
sober report would allow. Thus, he was led to oppose 
debased Cartesianism predominant in France to the 
vigorous experimental philosophy created by Newton's 
genius, and to this end he wrote in 1738 a popular 
exposition of Newton's optical and astronomical dis- 
coveries. By acquainting the French public with the 
main facts on which the new philosophy was founded. 
Voltaire intended to make them more receptive for the 
deism he was propagating as a spiritual weapon against 
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the authority of the Church. This intention is not 
apparent in the original edition of the book, but is quite 
explicit in the much expanded version of it inserted m a 
volume of the collected edition of his works which appeared 
in Geneva in 1771. f 
The volume under review is a facsimile reprint of an 
English translation of Voltaire’s treatise, published in 
London in the same year as the original. It is part of a 
series called “Library of Science Classics"; frankly, this is 
stretching the meaning of such an expression to the pomt 
of extravagance, and to have selected for reprint an 
obseure English version rather than the Freneh text 
only makes matters worse—for the scientifie value of 
Voltaire's dilettantish effort is nil, and its only merit 
derives from the incisiveness and elegance of his inimitable 
style, the purest form ever attained by the French 
language. In fact, even the pedantic "Teacher of the 
Mathematicks" who made the translation could not 
entirely suppress the spell of Voltaire's style; it stall 
glimmers through the dullness of his version, enough 
perhaps to give an idea of its brilliance to àn American 
reader. P 
From the point of view of the social relations of science, 
however, this English translation is & revealing document. 
Voltaire addressed himself to a refined intelligentsia, whose 
energy was directed towards the reform of the political 
institutions; the patrons of his English translator had 
their political struggle behind them and were busily 
engaged, with remarkable clearsightedness, in exploiting 
the resources of science for promoting an expanding 
industrial production. The most prominent among them 
had not to wait for Voltaire, of course, in order to acquaint 
themselves with Newton's work. Some would read the 
Principia in Motte's translation, others would be content 
with Pemberton’s simpler exposition. Our teacher of 
mathematies, however, coped with the lesser fry; this is 
illustrated by the catalogue of "hard words” appended to 
his translation: “Convex is the Outside of a curve Line. 
or Superfice. Concave, the Inside thereof. Cone is a solid 
Figure, wherein its circular Base tapers, till it come to a 
Point, as a Sugar Loaf”; or, somewhat unexpectedly, 
“Plenum is a Space quite void of Matter”. That people 
in need of such explanations would at all want to gain 
some familiarity with Newtonian philosophy is a telling 
testimony of the intellectual climate of the eighteenth 
century British craftsmen. It is curious to reflect, in this 
connexion, that at the same time the Cambridge under- 
graduates learned physics from Rohault/s Cartesian text- 
book, but in an edition spiced with footnotes written by 
Clarke, through which the Newtonian concepts were 
smuggled into the curriculum. L. RosENFELD 


LASERS IN MEDICINE 


Biomedical Aspects of the Laser 

The Introduction of Laser Applications into Biology and 
Medicine. By Leon Goldman. Pp. viii + 232. (Berlin and 
New York: Springer-Verlag, 1967.) 45.60 DM. $11.40. 


Tue laser ("Light Amplification by Stimulated Emi: 
of Radiation") is already familiar to the general publie a5 
an exciting new tool, the possible uses of which are as 
diverse as its power is great; but because of the latter 
and because its dangers are as yet so unassessed, its 
actual deployment on all but a limited scale still awaits 
us in almost every field. 

The concept of this stimulated emission dates from the 
work of Einstein at the close of the First World War, 
but only in the past decade have we discovered adequate 
means of producing such emission in the miero-wave area 
near optical regions of the spectrum. The atoms of the 
laser medium (chromium in the most widely used ruby 
laser, neodymium in glass, argon, carbon dioxide and so 
on) must absorb a sufficient amount of energy at the 
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proper frequency, in order to achieve a “population 
inversion" —in which more of the atoms are in the excited 
state than exist in the normal ground state. And if enough 
energy can be "pumped" into the medium, atoms in a 
metastable state can thus be created and stored, ready 
to release energy in bursts containing an immense number 
of photons in a very short period of time. 

The most exciting, but probably least explored, uses of 
the laser are in biomedical research; for example, the use 
of the argon laser which can control haemorrhage more 
effectively even than the electrosurgical knife; but 
many technieal problems have bedevilled the establish- 
ment of a satisfactory unit, quite apart from the hazards 
of eye-exposure and so on, from these high-output laser 
gases. And research has been more fruitful in the rela- 
tively remunerative fields of weaponry, communications, 
measurements and calibrations, computers, alignments, 
ranging, drilling, welding, cutting, wheel-balancing and 
laser holography (three-dimensional photography). 

The possible biomedical uses of the laser are again so 
varied that it is only possible to refer to them in a review of 
this size. Perhaps the most important use is in ophthalmic 
therapy—in sealing retinal tears and shallow detach- 
ments, in destroying intra-ocular tumours, and possibly 
in retinal vascular disorders (the micro-aneurysms of 
diabetes, retinal oedema and thromboses). Tumours 
elsewhere, especially the more accessible ones (such as 
those of the skin) and in areas where open surgery is 
particularly hazardous (such as in the central nervous 
system), equally lend themselves to laser-coagulation, 
but again much time and patient analysis must precede 
this use outside the very specialized unit. 

This is an important book in that it relates the complex 
theoretical background of this recondite phenomenon, the 
practical problems in harnessing such emissions, and the 
very varied disciplines in which laser energy can be and 
i$ being used; and it marshals all this material into the 
confines of a slim textbook. It must be admitted that 
the amalgam is in consequence very condensed and hard 
to read, although a more fluent writer with a happier 
style could probably have made it much more assimilable. 
Fortunately, each of the short chapters is followed by a 
summary of its contents and a comprehensive list of 
references, so that the book should be a great help to 
the technician with specific issues to resolve, even if 
indigestible for the more casual reader. 

P. D. Trevor-Roper 


CLEFT PALATE AND SPEECH 


Cleft Palate and Communication 

Edited by D. C. Spriestersbach and Dorothy Sherman. 
Pp. xv +291. (New York: Academic Press, Inc.; London: 
Academie Press, Inc. (London), Ltd., 1968.) 112s, 


‘THE purpose of this book is to present a systematic review 
of what has been done to solve the communication 
problems of patients with cleft palate. It is written 
primarily for the speech pathologist, but it will be of value 
to other members of the cleft palate team-—plastic 
surgeons, dentists, otolaryngologists, audiologists and 
speech therapists. The book assumes that the reader 
has considerable knowledge of cleft palate problems. 
Communication through speech is based on three main 
factors: (a) the physiology of vocalization and articula- 
tion; (b) the acoustic signals produced by these processes; 
and (c) the psycho-acoustic events which allow a listener 
to convert the acoustic signals into a perceived message. 
The first two chapters deal with the anatomy and physio- 
logy of the speech processes and the requirements for 
communication. Chapter 3 deals with the communication 
problems in patients with cleft lip and cleft palate. Reports 
on speech after surgery in different centres are reviewed, 
but the wide variations in research results preclude an 
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accurate assessment of the incidence of speech disorders. 
The available knowledge about speech and language 
characteristics in patients with clefts is fully summarized 
in this chapter. Chapter 4 reviews different methods and 
techniques used in assessing the aetiological bases of speech 
and communication defects. In the fifth chapter the 
effects of hearing loss are discussed and aural pathology 
is reviewed in relation to speech defects. Long-term 
audiologieal testing is combined with regular otological 
examination and treatment. The psychological aspeets of 
lip and palatal clefts are discussed in chapter 6 and the 
psyehologieal problems of both the patient and the 
parents are reviewed. Much of the parents’ concern can be 
alleviated by early professional counselling. The seventh 
chapter reviews the state of knowledge concerning diagnos- 
tic and therapeutic techniques and evaluates their place 
in the treatment of communication problems of patients 
with clefts. In chapter 8 there is a commentary on the 
cleft palate team in general and on the speech pathologist 
in particular. 

There is an extensive list of references at the end of 
each chapter and an adequate author and subject index. 

This book should serve as a standard reference work for 
advanced students and research workers concerned with 
the communication problems of patients with cleft lip and 
cleft palate. WaLrnAcE M. Dennison 


SEMINAL MOLECULES AGAIN 


Prostaglandins 

By U. 8. von Euler and Rune Eliasson. (Medicinal 
Chemistry: a Series of Monographs, Volume 8.) Pp. x+ 
164. (New York: Academie Press, Inc.; London: 
Academie Press, Ine. (London), Ltd., 1967.) 84s. 


THE story of the prostaglandins, from the early 1930s to 
about 1966, was recounted in a recent review (Nature, 
218, 52; 1968). Their existence and possible funetions in 
the genital system, and something of their chemical 
nature, were recognized first by biologists, one of whom 
(the senior author of the present monograph) introduced 
the name "prostaglandin". Independent studies of similar 
or identical substances in the iris, brain, intestine and 
endometrium added a wealth of detail. The complete 
chemical identification by Bergstróm's group and the 
more recent availability of small amounts of the pure 
substances greatly broadened the seope of biological 
investigation. The discovery by van Dorp and by Berg- 
stróm that the prostaglandins are biosynthesized from 
the "essential fatty acids” may well have implications 
for nutritional science. The past two years have seen an 
explosive rise in the number of publications, and the 
appearance of this new monograph is most timely. 

It is small enough to be read at one sitting, and is not 
too expensive, yet it contains almost all the important 
biological facts and a fair outline of the chemistry up to 
the time the manuscript was completed. It contains 
numerous tables and figures, some of which have been 
noticeably improved by having been redrawn from the 
original sources; a bibliography which is essentially com- 
plete up to 1967; and a helpful list of previous reviews. 
The presentation is clear and factual, and speculation 
about the possible functions of prostaglandins is minimal. 
Indeed, it might even be claimed that the authors have 
done less than justice both to others and perhaps to them- 
selves in this respect. It is undoubtedly very difficult to 
establish the precise physiological function of somewhat 
unstable substances that are biologically active in nano- 
molar concentrations and are rapidly destroyed in the 
body; yet considerations of function are an essential part 
of biological thought, and it seems to me better to sct 
them out openly for scrutiny than to pretend they do not 
exist. It has reasonably been asked, for example, whether 
the brain prostaglandins are transmitters or modulators 
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of transmitters; whether the endometrial prostaglandins 
stimulate the normal catamenial contractions of the 
human myometrium, not only those in dysmenorrhoea ; 
whether the intestinal prostaglandins are involved in the 
normal control of gastro-intestinal motility, or the irins 
(iris prostaglandins) in the responses of the eye to injury. 
None of these possibilities is mentioned. 

The authors are obviously well aware of this general 
problem, and in their preface they express the hope, 
which I share, that this work will stimulate further 
research, with the aim of establishing the functional role 
of the prostaglandins (or their many roles ?). The clarity 
with which they have set out the facts may hide from the 
newcomer some of the inherent dangers in too facile an 
experimental approach. For example, to identify a 
prostaglandin in a tissue extract with reasonable cer- 
tainty requires either chemieal techniques that are avail- 
able in few biological laboratories, or a tedious combination 
of multiple chromatographic and parallel bioassay 
methods. The recent finding by Nugteren, Vonkeman 
and van Dorp that prostaglandins may be formed from 
unsaturated fatty acids in vitro without the mediation of 
enzymes indicates the further danger that prostaglandins 
may arise as artefacts. 

With the slight reservations mentioned (which in any 
case are largely matters of personal preference), this 
monograph may be recommended as almost an ideal 
introduction to the subject. V. R. PickLEs 


NON-PROTEIN NITROGEN 


Urea as a Protein Supplement 

Edited by Michael H. Briggs. Pp. xi+466. 
London and New York: Pergamon Press, 1967.) 
$18. 


Ir is pointed out in the preface of this book that there is 
competition between animals and man for the world’s 
supply of plant protein, and it is inevitable that there is 
an increasing interest in alternative sources of nitrogen 
which can be used as animal foodstuffs. One of these 
sources is non-protein nitrogen, a subject which has 
received much attention by research workers and on 
which there is now a voluminous literature. An attempt 
has been made in this book to review and summarize the 
information which is available on the use of urea in 
animal nutrition, but as could be expected the discussion 
often strays into other forms of non-protein nitrogen. 
The major part of the book is concerned with ruminant 
physiology and with urea in the diet of the ruminant, but 
it also contains chapters on such topics as the world 
protein shortage and on methods of manufacturing urea. 
Although of some interest, manufacturing methods seem 
to be irrelevant to the subject under discussion and it is 
questionable whether the large section on these methods 
is justified. 

The book is in the form of twenty-four contributions, 
each written by different authors, and it is perhaps 
inevitable that it should lack coherence. There is a large 
degree of repetition of information and even where there 
is a chapter on a particular aspect of the subject it is 
also covered to varying degrees in several other chapters. 
A much more readable and useful volume would have 


(Oxford, 
1405.: 


been produced if there had been better co-ordination of 


material contributed by the various authors and if they 
had been fewer in number. The order in which the subject 
matter has been presented could also be criticized and a 
minor irritant is the lack of standardization in the method 
of eiting literature references and in spelling. 

Because of its comprehensive nature this is perhaps not 
a book which will be read from cover to cover, but it will 
undoubtedly be useful for reference purposes as a review 
of extensive information on a diverse and complex subject. 

J. C. MURDOCH 
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REPTILES AGAIN 


Reptiles 

By Angus d’A. Bellairs. Second edition. (Hutehinson 
University Library— Biological Sciences, 121.) Pp. 200. 
(London: Hutchinson and Co. (Publishers), Ltd.. 1968.) 
lls. 6d. net. 


Tuts little book, now in its second edition, still makes 
available a modern general account of reptiles at a 
remarkably modest. price. 

After ten years, however, more extensive revision was 
surely called for. For example. mention of the sensory 
pits, hair and tubercles on the scales of reptiles is omitted 
from both editions; Watson's study of Millerosaurus and 
criticism of the division of amniotes into 
Carrs 
but 


through a second impression and reached a second edition 
I would have thought that the publishers owed it to Dr 
Bellairs to provide a little more space. 

The text is carefully pitched so as to interest the general 
reader on the one hand and to lead the specialist to the 
technical literature on the other. GARTH UNDERWOOD 


LIGHT AND RHYTHM 


Insect Photoperiodism 

By Stanley D. Beck. Pp. viii + 288. ( New York: Academic 
Press, Inc.; London: Academic Press, Ine. (London), 
Ltd., 1968.) 116s. 


‘THis book is an account of the biology and physiology of 
insect photoperiodism at its widest and, as such, is a useful 
complement to the more ecological approach to the sub- 
ject in A. S. Danilevskii's Photoperiodism and Seasonal 
Development of Insects (1961). The book opens with a 
description of photoperiod as & geophysical phenomenon 
which defines night and day, as well as heralding the 
seasonal changes in climate as a "token stimulus". This 
is followed by chapters on circadian rhythms of behaviour 
and physiological functions, and an account of the 
properties of such rhythms. The author discusses some 
of the problems involved in photoperiodism, such as: the 
reception of the light; the acceptance of "light-on" and 
"light-off" and the measurement of the time interval 
between them; the neuro-endocrine systems which are 
presumably “geared” to the biologieal elock; and the 
programming of development which takes place in the 
insect between the often widely separated sensitive period 
and the resulting photoperiodic effect. The sections on 
seasonal photoperiodism are accompanied by verv useful 
synopses in table form of those insects showing embryonie, 
larval, pupal or imaginal diapause. 

In the section on “Diapause and Time Relationships” 
the author reviews the two main hypotheses (hour-glass 
and cireadian) to account for “time measurement" in 
photoperiodism. He rightly points out that the simple 
rhythmie hypothesis put forward by Bünning in 1935 is 
inadequate to account for many of the data available 
from the study of photoperiodie control of diapat in 
insects. However, Pittendrigh and Minis's "coincidence 
model", which attempts to equate them with the known 
properties of circadian rhythms, is barely mentioned. 
Not all the available data can be explained by this model, 
but it is the most plausible so far, especially for those 
species which show two “peaks” of diapause inhibition 
in response to "night interruption" experiments. Tt is 
evident that the author is looking for, and expects to 
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find, a universal mechanism for the seasonal photoperiodic 
clock. This may be so, but it is difficult at the moment 
to equate data such as those of Lees—for the photoperiodic 
control of polymorphism in the aphid Megoura—with a 
circadian hypothesis. It is just possible that there are 
two or more mechanisms for the measurement of the 
eritical day length (or night length), and the similarities 
between them are merely attributable to the fact that 
all organisms have evolved in an environment with & 
24 h periodicity of light and dark. 

The entrainment of circadian rhythms and the induc- 
tion of diapause by thermoperiods are discussed in the 
fourth and seventh chapters, but the subject of tem- 
perature “shocks” is ignored. Chilling for short periods 
in the light or the dark, especially, is known to cause 
significant reversals of photoperiodic effect in plants and 
insects, and is also known to cause phase perturbation 
of circadian rhythms. 

In the preface the author states that the presentation 
bas been adopted so that the volume might be a useful 
reference for the student as well as the specialist. In my 
opinion this has been accomplished, and the book forms 
a welcome addition to the literature on photoperiodism. 

D. S. SAUNDERS 





HISTORY OF SALMON 


The Atlantic Salmon 

A Vanishing Species? By Anthony Netboy. Pp. 4574 
24 plates. (London: Faber and Faber, Ltd., 1968.) 
70s. net. 


Tis book is a history of the salmon populations of the 
countries bordering the North Atlantic Ocean. It is 
written for the general public and, in spite of a few 
misprints and inaccuracies, it is & scholarly account which 
should be of great value to all interested in the rational 
exploitation of natural resources. 

Twelve chapters form the bulk of the book and each is a 
detailed account of events in one country (except for 
two chapters on England and Wales together). After a 
general introduction to the country and a deseription of 
its salmon rivers, there is an account of the changes in 
the salmon populations together with probable causes. 
The chapters end with reviews of the present situation 
and prognoses for the future. Mr Netboy begins his 
survey with Spain and works north along the European 
coast, then from Norway to the British Isles and thence to 
USA and Canada, and finally to Greenland and 
Iceland. 

This treatment emphasizes the similarity of events in 
different countries. Early records show a great abundance 
of salmon in all suitable rivers and these were exploited 
only to a limited extent by the local people for their own 
use. The industrial revolution followed different patterns 
in different countries but always with deleterious effects 
on salmon stocks from one or more of the following causes 
—damming of rivers to give water power; deforestation 
leading to silting of spawning grounds; water pollution 

killing young and old fish. With improved transport, 
salmon were despatched to distant markets and over- 
fishing also became a problem. Thus salmon, once 
abundant, became first rare and then non-existent m 
many rivers. A new threat since 1960 has been the 
fishing for salmon in the sea off Greenland and 
elsewhere. 

The clash between industry and fisheries was generally 
won by industry. although anti-pollution laws existed in 
Treland in 1466 and the importance of allowing some free 
passage upstream was recognized in Magna Carta. When 
salmon angling developed as a sport, there appeared a 
powerful new pressure group working for preservation 
and reinstatement of salmon rivers. The dangers to 
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stocks during their freshwater life are now widely appre- 
ciated and research has led to interesting developments 
such as large-scale artificial smolt-rearing in Sweden. 

The book includes 24 tables, many maps and diagrams, 
many interesting photographs, a bibliography of 17 pages 
and an index. Mr Netboy has travelled widely and has 
consulted the principal experts of many countries. He 
has brought together an impressive array of statisties and 
historical evidence. He sums up the story so far: "civiliza- 
tion and salmon do not mix well unless extraordinary 
precautions are taken to protect their habitat". We must 
hope that modern civilization is sufficiently enlightened 
for this excellent food fish to continue to survive. 

M. E. VARLEY 


BUTTERFLY BLUES 


The Complete British Butterflies in Colour 
Illustrations by E. Mansell. Text by L. Hugh Newman. 
Pp. 144 (62 plates). (London: Ebury Press and Michael 
Joseph, 1968.) 35s. 


Tue blurb's claim that this book is "beautiful and meticu- 
lously illustrated” ranks as hyperbole rather than untruth ; 
the further assertion that the text is "informative" can 
happily be described as pleonastic. This is primarily a 
picture book which illustrates the butterflies native and 
immigrant to the British Isles. Each species is given a 
full page plate, showing its immature and adult forms, 
and the foodplant; the natural history is briefly deseribed 
on the facing page. 

The illustrations are certainly attractive, but they are 
not entirely faithful to their originals. The matt paper 
has robbed them of much of their brightness, as may be 
seen by comparing the dustjacket illustration to that 
in the text. The colours are too drab, and many are 
inaccurate in hue as well as in intensity. The Fritillaries 
and the Blues are the most serious casualties; the Adonis 
Blue, for example, has in nature a startling azure irides- 
cence, admittedly difficult to capture in print, of which 
the blotched subfuse offered here is but a travesty. Nor 
have the subtle browns of the Skippers and Hairstreaks 
been accurately reproduced. 

It would be unjust, however, to expect complete tonal 
accuracy in a book the price of which is as modest as is 
this one. Some of the butterflies are drawn larger than 
the natural size they are stated to be, and in several plates 
the printer has aligned the female sex symbol according to 
his whim instead of to the vertical. These are but minor 
blemishes in illustrations which are otherwise well com- 
posed and well executed. 

The introduction describes the natural history of 
butterflies eloquently but briefly. No discussion is given 
on the remarkable migratory habits of butterflies, which 
in two species at least have recently been shown to be 
governed by sensitivity to Sun orientation and photo- 
period!. Nor is any mention made of pheromones, the 
importance of which in insect behaviour has become 
increasingly obvious. NicHOLAS WADE 


! Baker, R. R., Phil. Trans. Hoy. Soc., B, 258, 309 (1968). 


OBITUARIES 


Professor J. W. Munro 


James Watson Munro, Emeritus Professor of Zoology 
and Applied Entomology, London (Imperiai College}, 
died at the age of 79 on March 13. He had made 
a fundamental contribution to the developmen: of 
entomology in Britain, not least in persuading the Univer- 
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sity of London that both taxonomy and the more practical 
side of entomology were subjects worthy of study at 
university level. Moreover, by developing during his 
career two different field stations, he showed the important 
part such institutions can play in university teaching, 
at least in subjects such as entomology. 

Munro took his degree in zoology at the University of 
Edinburgh and then studied forestry at Aberdeen and at 
Tharandt, in Germany, under Escherich. Soon after his 
return to England his career was interrupted by the First 
World War and after a period of service in France he 
was withdrawn to work at Cambridge with Nuttall and 
Bacot on the problems of lice and seabies. About the 
latter, in particular, he made a valuable discovery—— 
namely, that the main centre of itching was some distance 
away from the area where the mites were most numerous. 

After the war, he returned to forestry. The Forestry 
Commission had just been set up to remedy ə national 
deficiency which the war had brought to light. Munro 
wrote to the Commission proposing a programme of 
forest entomology, which to a large extent it adopted, 
employing him to put it into effect. This gave him not 
only a wide knowledge of practical problems all over 
Britain but also taught him some lessons in dealing with 
administrators and government servants. Part of his 
work was done at Kew and here he met the late Sir John 
Fryer and formed a friendship which was later fruitful 
when Fryer was at the Ministry of Agriculture and the 
Agricultural Research Council (ARC). 

Munro devised the first entomological programme for 
the Forest Products Research Laboratory and his career 
in the subject seemed well launched when he was appointed 
to the Imperial Forestry Institute at Oxford. However, 
the subject did not develop there as he had hoped and he 
soon transferred to the Imperial College as assistant 
professor of entomology. Here he not only resuscitated 
what was a moribund department but as a substitute for 
the forests began the study of insect pests of stored foods 
in the London doeks. Some of the insects could best be 
controlled by fumigation with various gases, but experi- 
ments with these were difficult to do in South Kensington. 
Munro was able to obtain a grant from the Empire 
Marketing Board to set up a field station at Slough where 
such experiments were possible. These experiments not 
only led to the development of a scientific basis for the 
whole subject of fumigation, previously entirely empirical 
and often ineffective, but also enabled a revolution to be 
made in the teaching of entomology at the college, with a 
much greater emphasis on field work and on the study of 
the live insect. 

The work on “stored products insects” continued up to 
1939 and, just before the outbreak of the Second World 
War, Munro had persuaded the Department of Scientific 
and Industrial Research (DSIR) that there was a serious 
practical problem which fell within its province. A 
system of inspection, backed by laboratory research, was 
set up and later taken over by the Ministry of Food and 
the DSIR, Munro becoming their consultant. However, 
in the latter part of the war he became interested in 
problems of medical entomology, particularly the practical 
control of malaria-carrying mosquitoes in jungle warfare. 

Tn 1930 Munro had been appointed professor of entomo- 
logy at Imperial College, and in 1934, when MacBride 
retired, the zoology and entomology departments were 
combined and he was appointed professor of zoology and 
applied entomology. After the war the college field 
station remained in the hands of the DSIR (now of the 
ARC) and Munro bad not only to build up a very depleted 
department but to find a new field station, at a time when 
it was difficult to get building licences. He found a 
suitable site and a building capable of adaptation at 
Silwood Park, near Ascot, and, until his retirement in 
1953, most of his energies, so far as he was not doing 
valuable work on a number of official committees, were 
devoted to developing Silwood so that the very necessary 


611 


liaison. between applied entomology and ecology would 
find an ideal site. Munro was prepared to examine any 
problem from every side and eall on more than one 
scientifie discipline, but he had an uncanny knaek of 
finding out the most rewarding approach and, after the 
initial survey, concentrating on the sort of work which 
was most needed. It was this that made him a great 
and successful entomologist. 


Professor L. Infeld 


Lxororp INFELD died on January 15, 1968, in Warsaw. 
With his death, Poland lost her most distinguished 
theoretical physicist and the world lost a courageous and 
wise man. 

Infeld was born in Cracow on August 20, 1898. He 
attended school there and later the Jagiellonian University 
where he received his doctorate in 1921. After rad 
years of high school teaching, he worked at the University 
of Lwow from 1929 to 1936. During a short visit to 
Leipzig, Infeld and van der Waerden wrote an important 
paper on the generalization of the spinor calculus and of 
Dirae's equation to general relativity theory. In 1934, 
Infeld was awarded a Rockefeller Fellowship to work ab 
the University of Cambridge. There he collaborated with 
Max Born on what is now known as the Born-Infeld 
theory. It was an attempt to explain the existence of 
elementary charged particles in terms of well behaved 
solutions of non-linear equations for the electromagnetic 
field. 

In 1936 Infeld accepted a research appointment at the 
Institute for Advanced Study in Princeton. He worked 
with Albert Einstein and Banesh Hoffmann on the 
equations of motion in general relativity, a problem which 
occupied his main research interest for the rest of his life. 
The work showed that Einstein's theory of gravitation 
has a unique feature, that the field laws alone determine 
the motion of particles and that no independent laws of 
motion are needed. This beautiful result is intimately 
connected with the non-linearity of the gravitational field 
equations. It should play an important part in the future 
development of the whole of theoretical physics. The 
work also gave the first satisfactory description of the 
motion of several particles in gravitational interaction, 
such as the relativistic motion of a double star. In 1960, 
Infeld and his former student Jerzy Plebanski published 











Polish Academy of Sciences. 

Infeld was the author of several books. With Albert 
Einstein he wrote The Evolution of Physics, an exposition 
of modern scientific ideas for the layman. He also wrote 
a book on Einstein, two autobiographical volumes and a 
novel on the life of Evariste Galois. 

Leopold Infeld was a remarkable man. He had a 
great zest for life and a great concern for human beings. 
He believed that intellectuals should speak out on human 
conditions and he always did so himself, with a simple 
clarity which was convincing and effective. He was 
particularly concerned with the great danger of our age, 
the annihilation of life on our planet by nuclear weapons. 
He was one of the original signatories of the Einstein- 
Russell letter of 1955. He helped organize the Pugwash 
conferences which brought together scientists from the 
East and West. 


612 


University News 


Dr W. E. Watson has been appointed to the chair of 
physiology in the University of Edinburgh. 


Dr B. A. Corry, London School of Economics and 
Political Science, has been appointed to the second chair 
of economies at Queen Mary College, London, and 
Professor B. M. Foss, Institute of Education, London, 
has been appointed to the chair of psychology, tenable at 
Bedford College, London. 


Announcements 


Tue following awards were presented at the annual 
meeting of the US National Academy of Sciences: The 
National Academy of Sciences Award in Micro- 
biology in honour of Selman A. Waksman, to J. L. 
Strominger of the University of Wisconsin for his work 
on the biosynthesis of the bacterial cell wall and the 
modes of action of antibiotics ; the US Steel Foundation 
Award in Molecular Biology to W. Gilbert of Harvard 
University for his contribution towards understanding 
the regulatory mechanisms operative in genetie control 
of protein gynthesis; the John J. Carty Medal to 
M. Gell-Mann of the California Institute of Technology 
in recognition of his contributions to the development of 
elementary particle physies, particularly through the 
concepts of "strange particles" and unitary symmetry : 
the Comstock Prize to be shared by Leon N. Cooper 
of Brown University and J. R. Schrieffer of the Univer- 
sity of Pennsylvania for their roles in the development 
of the Bardeen-Cooper-Schrieffer theory of super- 
conductivity. 

Nominations are invited for the award of the Colworth 
Medal, which has been donated by the Unilever Research 
Laboratory and is awarded annually by the Biochemical 
Society to a young British biochemist. Further informa- 
tion can be obtained from the Executive Secretary, The 
Biochemical Society, 7 Warwick Court, London WCI. 


The proceedings of the Third Nuffield Conference on 
Rheumatism are now available without charge to inter- 
ested people. Copies can be obtained from the Director, 
The Nuffield Foundation, Nuffield Lodge, Regent’s Park. 
London NWI. 


Erratum. In the communication "Photosuppression of 
Mitomycin-induced -Phage Development" by Toshiyo 
Takeno, Takeshi Nagata and Tamitaro Mizunoya (Nature, 
218, 295; 1968) the sentences beginning on the fourteenth 
line of the second paragraph on page 296 should read: 
“There is no photosuppression when the pre-irradiated 
cells are incubated with mitomycin C or the cells are 
incubated with the pre-irradiated mitomycin C. "These 
facts show that the photosuppression is caused by the 
co-operation of mitomycin C, light and the lysogenie cell”. 


CORRESPONDENCE 


Nomenclature Madness 
Smp, —The article "Nomenclature Madness" (Nature, 218, 
10; 1968) inveighs against a non-existent problem. The 
article states ‘“The commission decided that the familiar 
and sensible three-letter symbols which are used to 
denote amino-acids oceupy too much space, especially 
when they are used for comparing long sequences in 
tables, lists or figures." This is not an accurate rewording 
of the statement by the commission, which is as follows: 
“In publications, CBN recommends that one-letter 


symbols be used only in comparisons of long sequences 
in tables, lists, or figures, and for such special use as 
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tagging three-dimensional models of proteins. They 
should not be used in simple text nor for original 
reports of experimental details of sequences. This sys- 
tem is not suitable for reporting the details of peptide 
synthesis. for example. where a fuller description of 
substituents is needed and where uncommon amino- 
acids may occur. It should not be used in papers where 
the single-letter system for nucleoside sequences is 
employed (ref. la, sections 5.4 and 5.5), as in represent - 
ing codons, ete." 


The article asks, “How will it be possible to maintain 
perfect alignment between a sequence of triplet codons 
and single-letter abbreviations for the amino-acids they 
specify ?" This question has been answered by the CBN; 
the current and proposed nomenclature specifically desig- 
nates the familiar three-letter abbreviations for the twenty 
amino-acids to be used in tabular comparisons with 
codons, thus 


Ala-Thr-Tyr-Lys-Val- ... 

GCN-ACN-UAY-AAR-GUN. ... 

(N=A, C, Gor U(Ti; Y=C or U(T); RA or G} 

The task of memorizing the proposed single-letter code 
for the amino-acids is understandably repugnant to those 
who subconsciously harbour the psychic residues of 
mnemonic compulsions experienced in childhood. Never- 
theless, the task can be accomplished, even by people 
with indurated mentalities, among whom may be ineluded 


Yours faithfully, 
THomas H. JUKES 





Space Sciences Laboratory, 
University of California, 
Berkeley, USA. 


Is the Literature Really Exploding ? 


Sir,—It seems to me that the argument put forward in 
your editorial feature “Is the Literature Really Explod- 
ing 1" (Nature, 218, 41; 1968) is misleading because it 
neglects to tell the whole story. 

The principal criterion for literature growth is taken to 
be the number of "live" journals at any one time. Surely, 
this overlooks the fact that the average size of viable 
journals, and correspondingly the number of papers pub- 
lished, is continually growing. The size of Chemical 
Abstracts has grown from 73,000 pages in 1965 to 153,000 
pages in 1968-—doubling within four years—and it is 
expected to reach 174,000 pages by 1970. Agreed, the 
extrapolated rate of inerease shows some signs of falling 
off, but it would still represent an appreciable growth rate. 
Furthermore, an appraisal based solely on journal titles 
fails to take into account the vast and increasing amount 
of documentation appearing in other forms such as reports, 
patents and proceedings of conferences and symposia. 

I agree that it may be possible to overemphasize the 
effects of the literature plosion" because, as the 
volume of information increases, the amount of effort 
expended by each individual in digesting it is adjusted 
accordingly by increased specialization, improved co-oper- 
ation and by applying a greater degree of selectivity. 
(Is this the inverse of Parkinson's Law ?) Moreover, 
more efficient information handling techniques are helping 
to ease the task of keeping up with new knowledge. How- 
ever, to doubt that the literature is undergoing a fast 
chain reaction, if not an explosion, would seem to be 
flying in the face of the evidence. 

Yours faithfully 
J. S. Rirpon 





The Metal Box Company. 
Kendal Avenue, 
Westfields Road, 

Acton W3. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
Monday, May 13 


UNIVERSITY oF LONDON (at the Royal Postgraduate Medical Schouls 
Du Cane Road, London, W12), at 4 p.m.—Dr W. A. Lishman: “Use of 
Drugs in Psychiatry".* 

UNIVERSITY OF LONDON (at St Mary's Hospital Medical School, Padding- 
ton, London, W2), at 5 p.m.— Professor R. T. Williams: "Drug Metabolism. 
Biliary Excretion and Gut Bacteria" (Second of four Almroth Wright 
Lectures).* 

Universrry OF LONDON (in the Physiology Lecture Theatre, University 
College London, Gower Street. London, WCD, at 5 p.m.—Professor P. 
Reichard (Stockholm): “Biosynthesis of Deoxyribonucleotides. I. Enzyme 
Systems from Different Organisms; Mechanism of Hydrogen "Transport; 

function of Thioredoxin, Cobamide Coenzyme and Non-haem Tron’”’.* 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Room of the 
Science Museum, Exhibition Road, London, SW7), at 5.30 p.m.—Mr Harold 
Fruchtbaum: “Charles Darwin and Edward Blyth—a Probiem in Scientific 
Creativity”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Mr J. S. Ekbery and Mr D. K. Fairburn: ‘Statistical Methods 
Applied to the Control of the Loadings of HV/MD Transformers on a Distri- 
bution Network". 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the IERE 
Computer Group, at Savoy Place, London, WC2), at 5.30 p.m.—Meeting on 
“Special Purpose Digital Machines". 

ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m.— 
Sir Lawrence Bragg, CH, FRS: "Famous Experimenters in the Royal 
Institution" (Lecture for Fourth Form Pupils from Schools in London and 
the Home Counties. To be repeated on May 14, 15 and 16). 





Tuesday, May 14 


. ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent's 
Park, London, NW1), at 5 p.m.—Scientific Papers. 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology. 
London, SW7), at 5.30 p.m.— Professor P. W. Whitton (Melbourne): "Appli- 
sations of Stress Analysis. I, Engineering Aspects of the Hip Joint —1".* 


Tuesday, May 14—Wecnesday, May 15 


INSTITUTION OF ELEOTRICAL ENGINEERS (at Savoy Place, London, WC2) 
—Üonference on “Automation for Productivity". 


Tuesday, May 14— Thursday, May 16 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, SW1) 
—BNES Conference—"'Steam-Generating and other Heavy Water Reactors”. 


Wednesday, May 15 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP (at 
1 Birdcage Walk, Westminster, London, SW1)—Al! Day Discussion Meeting 
on "Application of Aircraft Stressing Tecbniques to Vehicle Structure". 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical Sehool, Du 
Cane Road, London, W12), at 2 p.m.-—Professor H. Lehmann: "Haemo- 
globinopathies",* 


UNIVERSITY OF LONDON (2t the Institute of Urotogy, St Philip's Hospital. 
Sheffield Street, London, WC2), at 5 p.m.—Dr D. W. Hill and Mr A. R. 
Constable: “Nuclear Instrumentation I”. (Third of eight lectures on “The 
Use of Isotopes in Urology"'.)* 


University OF LONDON (in the Physiology Theatre, University College 
London, Gower Street, London, WC1), at 5 p.m.— Professor P. Reichard 
(Stockholm): “Biosynthesis of Deoxyribonucleotides. II. Sub-unit Structure 
and Allosteric Control; Regulatory Aspects and DNA Synthesis".* 


ROYAL STATISTICAL SOCIETY (in the Chemistry Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.15 p.m.— Discussion 
Meeting on “The Teaching of Statistics in Schools”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr H. B. Law: “Integrated P.C.M.” 


Untversity OF LONDON (in the Gustave Tuck Theatre, University College 
London, Gower Street, London, WC1), at 5.30 p.m.— Professor J. B. Serrin 
(Minnesota): “The Diriehlet-Alexandrov Problem for Surfaces Having 
Prescribed Mean Curvature’’.* 


UNIVERSITY OF LONDON (in the Mechanical Engineering Lecture Theatre. 
imperial! College of Science and Technology, London, SW7), at 5.30 p.m.— 
Professor P. W. Whitton (Melbourne): "Applications of Stress Analysis. 
TI. Engineering Aspects of the Hip Joint—2”.* 


INSTITUTION OF ELECTRICAL ENGINEERS (at the Royal Aeronautical 
Society, 4 Hamilton Place, London, W1), at 6 p.m.—Discussion Meeting on 


“Factors Influencing the Choice of Secondary Batteries for Aircraft Electrical 
Systems” opened by Mr J. T. Heinson. 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, EC4), at 6,30 p.m.— Discussion 
Meeting on “Balances” introduced by Mr A. D. Wilson. 


Thursday, May 16 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 10.30 a.m.—Colloquium on "Charge Movement and Discharges in Solid 
and Liquid Dielectrics’. 


UNIVERSITY or LONDON (in the Physiology Theatre, University College 
London, Gower Street, London, WC), at 5 p.m.—Professor G. Siebert 
(Stuttgart-Hohenheim): “The Role of the Nucleus in Pyridine Nucleotide 
Metabolism". * 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Discussion Meeting on “Frequency Scanning Aeriala", 
ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 


28 Portland Place, London, W1), at 7.30 p.m.— Dr Thomas A. Miller: '"Patho- 
genesis and Immunity in Hookworm Infection". 
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Friday, May 17 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.— Dr D. Phillips: “Isomerization as a 
Route for Radiationless Transitions".* 


_ University OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p.m.— Dr J. G. Walker: “Studies on Contre! 
of Antibody Synthesis’’.* 


FACULTY of RADIOLOGISTS (at the Royal College of Surgeons, Lincoln's 
Inn Fields, London, WC2), at 4.30 p.m.—Sir Peter Medawar, FRS: “The 
Control of the Immune Response” (Crookshank Lecture). 


UNIVERSITY OF LONDON (in the Mechanical Engineering Lecture Theatre. 
Imperial College of Science and Technology, London, SWT), at 5.30 p.m.— 
Professor P. W. Whitton (Melbourne): “Applications of Stress Analysis. 
ill, Research Progress in the High Speed Machining of Metals and Metal 
Forming Research in Japan’’.* 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.- 
Professor R. A. Raphael, FRS: "The Architecture of Organic Chemistry". 


Monday, May 20 


UNIVERSITY OF LONDON (at the Wright-Fleming Institute, 5t Mary's 
Hospital, London, W2), at 5 p.m.—Dr P. J. Lachmann: “The Role of 
Complement in Disease Processes” (Third of four Almroth Wright Lectures),* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WO2), 
at 5.30 p.m.—Mr A. W. Rudge and Mr T. Pratt: "Novel Techniques for 
Beam Steering and Compensation of Distortion in Large Reflector Aerials”. 


GEOLOGICAL SOCIETY OF LONDON (Engineering Group joint meeting with 
the Institution of Civil Engineers, at Burlington House, Piccadilly, London, 
W1), at 5.30 p.m.—Informal Discussion on “Metrication and the Classifica- 
tion of Unconsolidated Sediments”, 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 6.30 p.m,- 
Professor G. Porter, FRS: “Molecules in Motion" (Lecture for Sixth Form 
Pupils from Schools in London and the Home Counties. To be repeated on 
May 21, 22 and 23). 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University College 
London, Gower Street, London, WC1), at 5.30 p.m.—Dr R. Hilde: "Topics 
in Geophysical Fluid Dynamics”.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER GRADE II (conversant with modern techniques in human 
geography) IN GEOGRAPHY to teach human geography and related topics to 
the London External Degree course in Geography-—The Registrar, E endon 
College of Technology, The Burroughs, London, NW4 (May 15). 

ASSISTANT LECTURER in the DEPARTMENT OF PhHYsIOLOGY-—The Regis- 
trar, University College, Cathays Park, Cardiff, CF1 3NR (May 17). 

LECTURER/ASSISTANT LECTURER IN MICROBIOLOGICAL GENETICS — The 
Registrar, The University, Hull (May 20). 

RESEARCH ASSISTANT in the DEPARTMENT OF ZooLoGy, in the fleld of 
vertebrate comparative endocrinology— The Registrar, The University. 
Nottingham (May 20). 

SENIOR LECTURER and a LECTURER IN STATISTICS— The Secretary, The 
University, Aberdeen (May 20). 

SSRC Research Assistant (graduate in geography or other social science 
disciplines) in the DEPARTMENT OF GEOGRAPHY, to work on a study of major 
suburban shopping centres—The Registrar and Secretary, University of 
Durham, Old Shire Hall, Durham (May 20). 

LECTURER or ASSISTANT LECTURER in the DEPARTMENT OF MATHEMATIOAL 
Puystcs—The Secretary, University of Edinburgh, Old College, South 
Bridge, Edinburgh (May 24). 

STAFF TUTOR in SOCIOLOGY/PSYCHOLOGY in the DEPARTMENT OF EXTRA- 
MURAL STUDIES—The Registrar, University College, Cathays Park, Cardiff, 
CE1, 3NR (May 25). 

LECTURER in the DEPARTMENT OF PsycHoLoGy—The Registrar and 
Secretary, University of Durham, Old Shire Hall, Durham (May 27). 

PosrDOCTORAL FELLOW (cell biologist) in the DEPARTMENT OF MICRO- 
BIOLOGY, to work with Professor S. J. Pirt on a study of the nutrition of 
human cells in culture with particular reference to the control of cancer— 
The Secretary, Queen Elizabeth College (University of London), Campden 
Hill Road, London, W8 (May 31). 

SENIOR LECTURER or LECTURER in GEOLOGY at the University of Queens- 
land, Australia—The Association of Commonwealth Universities (Branch 
omen), ‘mia House, Pall Mall, London, SW1 (London and Brisbane, 

fay 31). 

SENIOR LECTURERS or LECTURERS IN MATHEMATICS; and SENIOR LBC- 
TURERS or LECTURERS IN PHYSICS at the University College of Rhodesia— 
The Inter-University Council, 33 Bedford Place, London, WCI (May 31). 

SENIOR RESEARCH FELLOW in PHYSICS for research on laser light Scattering 
by turbulence in fluids in collaboration with the Atomie Energy Research 
Establishment, Harwell—The Registrar, University of Kent at Canterbury, 
Kent, quoting Ref. A. 14/68 (May 31). 

ASSISTANT LECTURER (preferably with experience in the chemistry of 
transition metal complexes or related fields), in ORGANIO CHEMISTRY ~The 
Secretary, University of St Andrews, College Gate, St Andrews, Fife (June 1). 

ASSISTANT LECTURER or LECTURER IN ENGINEERING GEOLOGY in the 
DEPARTMENT OF GEOLOGY—The Registrar, The University, Liverpool. 
quoting Ref. RV/479 (June 3). 

LECTURER or ASSISTANT LECTURER (with a qualification in statistics or 
mathematics and preferably some practical experience in the application of 
statistics to medical problems) in MEDICAL Statistics-—The Secretary, 
University of Edinburgh, Old College, South Bridge, Edinburgh (June 3). 

SECOND CHAIR OF GEOGRAPHY at the University of Malaya--The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, SW1 (Kuala Lumpur and London, June 7). 

CHAIR OF COMPUTER SCIENCE at the University of Queensland, Australia — 
The Seeretary-General, Association of Commonwealth Universities (Branch 
gice), Yarborough House, Pall Mall, London, SW1 (London and Brisbane, 

une 10). 

LECTURERS and ASSISTANT LECTURERS in the DEPARTMENT OF ZOOLOGY, 
University of Ife, Nigeria—The Inter-University Council, 33 Bedford Place. 
London, WC1 (June 17). 
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CHAIR OF GEOLOGY at the University of Melbourne, Australia— The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (Australia and London, June 18). 

LECTURER (graduate in veterinary science or agriculture, and completed 
advanced studies at MSc., or Ph.D., level in biochemistry) in BIOCHEMISTRY 
in the Faculty of Veterinary Science, University College, Nairobi (University 
of East Africa)—The Inter-University Council, 33 Bedford Square, London, 
WC1 (June 18), 

CHAIR OF MARINE BroLOGY--The Seeretary, University of St Andrews, 
College Gate, St Andrews, Fife, Scotland (June 20). 

PROFESSOR OF EDUCATION at the University College, Dar-es-Salaam, 
University of East Africa—The Inter-University Council, 33 Bedford Place, 
London, WC1 (June 20). 

LECTURER (microbiologist/biochemist) in the DEPARTMENT OF MICRO- 
BIOLOGY—fhe Secretary, Queen Elizabeth College (University of London), 
Campden Hill Road, London, W8 (June 22). 

SENIOR LECTURER and a LECTURER in the COLLEGE COMPUTING CENTRE, 
University College, Nairobi (University of East Africa)—The Inter-University 
Council, 33 Bedford Place, London, WC1 (June 22). 

POSTDOCTORAL RESEARCH ASSISTANT (microbiologist or biochemist 
experienced in microbiological techniques) in the DEPARTMENT OF Bro- 
CHEMISTRY, to undertake research on certain aspects of sulphur metabolism 
in soils— The Registrar, University College, Cathays Park, Cardiff, CF1 SNR. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Department of Education and Sciences. Scales of Salaries for the Teaching 
Staff of Farm Institutes and for Teachers of Agricultural (inclading Horti- 
cultural) Subjects, England and Wales, 1067. Pp. 48. (London: H.M. 
Stationery Office, 1968.) 4s. 6d. net. (113 

The Schools Council. Working Paper No. 17: Community Service and the 
Curriculum, Pp. iv+42. (London: H.M. Stationery Office, 1968.) 
4s, net. [113 

Bulletin of the British Museum (Natural History). Mineralogy. Vol. 2, 
No, 2: Recent Sedimentation in Northern Cardigan Bay, Wales. By J. 
Robert Moore. Pp. 19-131 + plates 2-6. (London: British Museum (Natural 
History), 1968.) 60s, {113 

The Acton Society Trust. Liberty. By Peter Hall. Liberty. By Timothy 
Raison. Political Report. By the Rt. Hon. Jo Grimond, PC, MP. A New 
Constitution. By John Vaizey. (Acton Essays.) Pp. 46. (London: The 
Acton Society Trust, 1968.) 10s. 6d. [123 

Confederation of British Industry. Industrial Management and the Next. 
Two Years. Pp. ii+16. (London: Confederation of British Industry, 
1968.) 4s. [123 

Ministry of Technology: Forest Products Research Laboratory. Lodge- 


pole Pine. (Home-Grown Timbers Series.) Pp. v+10. (London: H.M. 
Biationery Office, 1968.) 55. net. i {123 
The United Steel Companies, Ltd., Review of Progress 1967. (A report 


covering the period Ist October 1966 to 30th September 1967 for all employees 
and their families.) Pp. 32. (Sheffield: The United Steel Companies Tim tes 
1968.) 2i 


Shell Nature Records. British Bird Series. DCL 701: Sea Birds. DCL 
702: Garden and Park Birds, DCL 703: Woodland Birds, DCL 704: 
Estuary Birds. DCL 705: Field and Open Countryside Birds. DCL 706: 
Moor and Heath Birds. DCL 707: Marsh and Riverside Birds. (London: 
Discourses, Ltd., 1966 and 1967, Published for Shell-Mex and y 
Ltd.) 3: 

Look What They're Doing With Diamonds: Glass. Pp. 20. (London: 


Industrial Diamond Information Bureau, 1968.) Gratis. [133 
Ministry of Agriculture, Fisheries and Food. Agricultural Chemicals 
Approval Scheme. 1968 List of Approved Products and their Uses for 
Farmers and Growers, Pp. 149. (Pinner, Middx.: Ministry of Agriculture, 
Fisheries and Food, 1968.) (133 
The Magnetosphere. By Professor J. W. Dungey. (Inaugural Lecture, 
3 May 1966.) Pp. 273-288. (London: imperial College of Science and 
Technology.) 28. 6d. i [133 
Scientists in British Industry. Edited by Gerald Walters and Stephen 


Cotgrove. Pp. viii-- 122. (Bath: Bath University Press, 1967.) {133 
The French Tourist Industry. Pp. 35. (London: Ambassade de France, 
Service de Presse et d’Information, 1968.) [143 


Institution of Civil Engineers, Research and Development Reports. 
Undersea Engineerir g. Pp. 5. Future Research. Pp. 6. (London: The 
Institution of Civil Lngineers, 1968.) : [143 

Ministry of Teehnology and Fire Offices' Committee Joint Fire Research 
Organization, United Kingdom Fire Statistics 1966. Pp. vi+77. (London: 
H.M. Stationery Office, 1968.) 155. net. g [143 

Medical Research Council. Special Report Series, No. 306: The Carcino- 
genic Action of Mineral Oils—a Chemical and Biological Study, (Carcino- 
genie Action of Mineral Oils Committee.) Pp. xii--251-- 7 plates. (London: 
H.M. Stationery Office, 1968.) 40s. net. [143 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
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The direct postal price per subscription for one copy of NATURE 
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Other Countries 


Organization for Economic Co-operation and Development. Fundamentat 
Research and the Universities: Some Commentson International Differences. 
By Joseph Ben-David. Pp. 111. (Paris: Organization for Economic Co- 
operation and Development; London: H.M. Stationery Office, 1968.) 
franea: 10s Se i [113 

otchefstroomse Universitaie vur Christelike Hoër Onderwys, Jaarboek 
1988. Pp. xivii +517. (Potchefstroom; Potchefstroomse Universiteit var 
Christelike Hoor Marais 1968.) [123 
Fondation Franequi. Ve Rapport, ler Octobre 1962—30 Septembre 1967 
bb. 156. ee Fondation Francqui, 1968.) pene 

roceedings of Symposium on Upper Mantle Project, 4-8 Je i 
1987, Hyderabad. Pp. xxxviii +540. diyderatad: : 3 January 
Board, National Geophysical Research Institute.) Rs. 25.00; $5. 

Ten Case Studies in Research and Development. 
Pp. 31. (New Delhi: Indian Institute of Public Administration, 1967. 
Re 5.00, at a ^ '— ps8 

‘nited States Department of the Interior: Geological Survey. Bulleti 
1210: A Bibliographic Index of North American Late Paleazoic uin 
Amphineura, Scaphopoda, and Gastropoda. Edited by Ellis L. Yochelson 
and Burnett W. Saunders. Pp. iii+271,. $1. Water-Supply Paper 1741: 
Quality of Surface Waters of the United States 1060. Parts land 2: North 
Atlantic Slope Basins and South Atlantic Slope and Eastern Gulf of Mexico 
Basins, Prepared under the direction of 8, K. Love. Pp. xi+418. $1.50. 
Water-Supply Paper 1848: Ground-Water Resources of the Sevier River 











Basin Between Yuba Dam and Leamington Canyon, Utah. Bv L 
Bjorklund and G. B. Robinson, jun. Pp, v-- 774- plates 1 and 2. ERA 
ton, D.C.: Government Printing Office, 1967 and 1968.) [143 
National Academy of Seiences— National Research Council. Report on 
Physical Effects of the Sonic Boom. Pp. 13. (Washington, D.C.: National 
Academy of Sciences—National Research Council, 1968.) [143 


The Work of WHO Virus Reference Centres and the Services They Provide 
Pp.120. (Geneva: World Health Organization; London: H. ', Stationery 
Office, 1963.) 10 Sw. francs; 205,; $3.95. Quis Stationery 

Science Policy Information 4. Pp, 215. (Paris: Organization for 
Economic Co-operation and Development, 1968.) [143 

Indian Forest Records (New Series), Entomology. Vol. 11, No. 1: Con- 
tributions to the Knowledge of Systematies of North-Western Himalayan 
Termite Fauna (Isoptera : Insecta). 8: Systematic Account of the Survey. 
By P. N. Chatterjee and M. L. Thakur, Pp. ii--57 6 plates. (Delhi: Mana- 
ger of Publications, 1967.) Rs. 10.50; 24s, 6d.; 83.78, [153 

World Health Organization. Technical Report Series. No. 877: Joint. 
FAO/WHO Expert Commitzee on Nutrition—Seventh Report. Pp. vi+ 84. 
4 Sw. franes; 88.; $1.25, No. 381: Naturop ological and Behavioural 
Research in Psychiatry—Report of a WHO Scientific Group. Pp. 33. 3 Sw. 
francs; 6s.; $1. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1967 and 1968.) [153 

National Museum of Canada. Bulletin 225: The People of Gilford—a. 
Contemporary Kwakiutl Village. By Ronald P. Rohner. P . Xiv+179 
(6 plates). (Ottawa: Queen's Printer, 1967.) $4. [153 

United States Department of the Interior: Geological Survey. Professional 
Paper 543-F: The Alaska Earthquake, March 27, 1964— Regional Effects. 
Ground Breakage and Associated Effects in the Cook Inlet Area, Alaska. 
By Helen L. Foster and Thor N. V. Karlstrom. Pp, V+28+ plates 1-3. 
Professional Paper 543-G: The Alaska Earthquake, March 27, 1964— 
Regional Effects. Surface Faults on Montague Island Associated with the 
1964 Alaska Earthquake. By George Plafker, Pp. vi+42+ plates 1 and 2. 
(Washington, D.C.: Government Printing Office, 1967.) [152 

U.S, Department of Commerce, National Bureau of Standards, NBS 
Technical Note 360: On the Sclection of the Intermolecular Potential 
Function: Application of Statistical Mechanical Theory to Experiment. 
By H. J. M. Hanley and Max Klein. Pp. v +82. (Washington, D.C.: Govern- 
ment Printing Office, 1968.) $0.50. [183 

United States National Museum Bulletin 257: Mierolepidoptera of the 
Philippine Islands. By A. Diakonoff. Pp. v+484. (Washington, D.C.: 
Smithsonian Institution Press, 1967, Available from U.S. Government 
Printing Office.) $2. {183 

Organization for Economic Co-operation and Development. Problems of 
Science Policy, Seminar held at Jouy-en-Josaa, France, 19th-25th February 
1967. Pp. 195. 13 francs; 29s. 6d.; $3.20. Review of National Science 
Policy—United States. Pp. 546. 46 francs; 785.; $11.50. (Paris: Organ- 
ization for Economie Co-operation and Development; London: H.M. 
Stationery Office, 1968.) [183 

NCRP Report No. 33: Medical X-ray and Gamma-ray Protection for 
Energies up to 10 MeV—Equipment Design and Use. (Recommendations 
of the National Council on Radiation Protection and Measurements.) Pp. 
y 66. (Washington, D.C.: National Council cn Radiation Protection and 
Measurements, 1968.) $0.75. [183 

Annals of the New York Academy of Sciences. Vol, 145, Article 1: Cata- 
lytic Hydrogenation and Analogous Pressure Reactions, By J. M. O'Connor 
and 30 other authors. Pp. 1-206. (New York: New York Academy of 
Sciences, 1967.) [183 

National Academy of Sciences/National Academy of Engineering/National 
Research Council. Organization and Members, 1967-1968. Pp. 219, (Wash- 
ington: National Academy of Sciences/ National Academy of Engineering/ 
National Research Council, 1967.) {183 
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INTERSCIENCE 


MOLECULAR CRYSTALS: THEIR 
TRANSFORMS AND DIFFUSE 
SCATTERING 


by J. L. Amoros and Marisa Canut-Amoros 


This book treats the various aspects of the behaviour 
of thermal diffuse scattering of molecular crystals. It 
introduces the basic principles needed to understand 
continuous diffuse scattering, using mathematics at the 
lowest possible level necessary to clarify crystal 
dynamics. |t deals mainly with the work of the 
authors, much of it previously published in Spanish. 
The book is a volume in the Wiley Monographs on 
Crys tallography. 

Approx. 554 pages 


Approx. 234s. Due May, 1968 


OCEAN ENGINEERING 


edited by John F. Brahtz, University of California and the 
U.S. Naval Civil Engineering Laboratory 


This book, a volume in the UCLA Extension series, 
relates in an interdisciplinary approach both human 
and military needs to common technological goals in 
order to plan, design, construct and support a system 
for effective use of the sea. It offers a clear view of 
the state of engineering technology applicable to the 
marine environment and discusses both present 
capabilities and trends for the future. 


Approx. 736 pages Approx. 166s, Due June, 1968. 


AMPLIFYING DEVICES AND LOW 
PASS AMPLIFIER DESIGNS 


by E. M. Cherry, Monash University, and D. E. Hooper, 
University of Melbourne 


Presents methods for the design of amplifiers that are 
useful, reproducible in quantity, and reliable. Draws 
upon mathematics, physics, and specialized electrical 
subjects in emphasizing the engineering as well as the 
scientific aspects of design. 


Approx. 1088 pages. Approx. 281s. Due June, 1968. 


ADVANCES IN PARTICLE PHYSICS, 
Volume 1 

edited by Rodney L. Cool, Brookhaven National Laboratory, 
New York, and R. E. Marshak, The University of Rochester 


This new seríes features expository and comprehensive 
reviews of topics of current interest in high energy 
physics. 

Approx. 512 pages. Approx. 180s. Due June, 1968. 


JOHN WILEY & SONS LTD. 
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Be specific! 
Specify for your own desk or departmental library 
a part subscription to 


BIOCHIMICA ET BIOPHYSICA ACTA 


PROTEIN STRUCTURE 


.. . à specialist journal for the rapid publication of 
papers on protein fine structure, conformation, 
subunit dissociation and interaction, active sites, 
immunochemistry, spectroscopic analysis 





A sample of forthcoming papers: 


Human pituitary growth hormone: amino acid sequence 
in the proline-rich region of residue 75 - C.H. Li, J.S. 
Dixon & D. Chung (San Francisco) 


Detection of aromatic amino acid derivatives on thin-layer 

chromatograms by various electron acceptors - Y. Burstein, 
M. Fridkin & M. Shinitsky (Rehovoth) 

Reaction of tyrosine residues with carbodiimide reagents - 
K.L. Carraway & D.E. Koshland Jr. (Berkeley) 

Protein crosslinking with tetranitromethane - R.J, Doyle, 
J. Bello & O.A. Roholt (Buffalo) 

Isolation and characterization of K and À chains of normal 

human immunoglobulin - F, Franěk, V. Brummelova & 
F. Skvafil (Prague) 

Intermediate labile intermolecular crosslinks in collagen 

fibres - A.J, Bailey (Bristol) 

Conformational analysis of cyclotetrapeptides - C. Rama- 
krishnan & K.P. Sarathy (Madras) 

Use of the pH-stat for measuring denaturation of albumin 

in acid solutions - M. Ottesen & K. Wallevik (Copenhagen) 

Molecular weight and subunit structure of human placental 

alkaline phosphatase - A.J. Gottlieb & H.H. Sussman 
(Philadelphia) 

Analysis of the near ultraviolet circular dichroism of insulin 

-J.W.S. Morris, D.A. Mercola & E.R. Arquilla (Los Angeles) 

Optical rotatory dispersion of a respiratory hemoprotein of 

Chironomus thummi - H. Formanek & J. Engel (Munich) 

Paramagnetic anisotropy measurements on acid ferrimyo- 

globin and ferrimyoglobin fluoride - H. Uenoyama, T. 

lizuka, H. Morimoto & M. Kotani (Osaka) 






Subscription details for 1968: 
BBA-Protein Structure Vols. P4, P5 & P6: 
9 issues, total price US$54.00, Dfl.195.00 
(post-free). Airmail surcharge for USA & 
Canada US$0.90 p.a; for Australia, New 
Zealand & Japan (optional) US$9.00 p.a. 


Back volumes (1967): 
BBA-Protein Structure Vols. P1, P2 & P3 
(Biochim. Biophys. Acta, Vols. 133, 140 & 
147), total US$60.00 or Df1.216.00 (post- 
free) or US$20.00, Df1.72.00 per volume. 


Send orders to your regular bookseller or to: 


ELSEVIER PUBLISHING COMPANY, 
P.O. BOX 211, JAN VAN GALENSTRAAT 335 
AMSTERDAM (THE NETHERLANDS) 





=< Elsevier 
Publishing 
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Classified Advertisements 


Sami-displayed £6 per singie column inch. 
Minimum £3, each additional 1/12th of an inch 
lOs. Full page £158, Half page across £80. 
Coiour (orange) £20 extra. 2/6 is charged 


for the re-direction of replies to advertise- 


ments with a box number. 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London. W.C.2 Telephone: 
01-405 4743. Telegrams: Textualist, London, 
w.C.2. 





APPOINTMENTS VACANT 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the following 

vacancies in the Department of Chemistry: 
CHIEF TECHNICIAN (Ref. CH 33) 

A Chief Technician is required to work with 
à research team engaged on interesting prepara- 
uve organic and inorganic chemistry. Practical 
skill and experience are essential combined with 
a knowledge of chemical theory to at least 
H.N.C. level. 

SENIOR TECHNICIANS (Ref. CH 34) 

Senior Technicians are required to work with 
research teams engaged on interesting preparative 
organic and inorganic chemistry. Experimental 
skill and a working knowledge of chemical theory 
essential. 

Applicants for these posts should be over 21 
years of age. 

Salary Scales: Chief Technician, £1,294 to 
£1,475 per annum according to experience rising 
to £1,708 per annum in special circumstances. 
Senior Technicians, within the scale £957 to 
£1,275 per annum according to qualifications and 
experience. Five-day, 374-hour week. Superan- 
nuation Scheme. Canteen facilities. 

Requests for Application Forms quoting the 
appropriate reference number should be sent to 
the Bursar, the University of Manchester Insti- 
tute of Science and Technology, Room M2, 
Velvet House, Sackville Street, Manchester t. 
Completed forms to be returned not later than 
May 23, 1968. 0770 








UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF MECHANICAI 
ENGINEERING 


MACHINE TOOL ENGINEERING DIVISION 


A vacancy wil arise in luly for a research 
worker to undertake research within the Machine 
Tool Engineering Division of the Department of 
Mechanical Engineering. The appointee will be 
required to investigate the mechanisms by which 
individual abrasive grains wear under simulated 
grinding conditions and will work under the 
supervision of Dr. C. Rubenstein. The post will 
be tenable for three years and the results of this 
work can be submitted in supplication for a 
postgraduate degree of M.Sc. and/or Ph.D. of 
the University of Manchester. The present post 
will be suitable for a Mechanical Engineer or a 
Physicist with an interest in classical physics. Ap- 
plicants due to graduate this vear may apply 
prior to graduation and may be offered the post 
provisionally pending their obtaining a good 
honours degree. Salary will be determined by 
qualifications and experience and will be within 
either of the following scales : (a) £600 to £950; 
(p) £1.000 to £1,250. 

Applications, giving details of age, education, 
qualifications, experience and interests, should be 
addressed to Dr. C. Rubenstein and should be 
made on or before June 35, 1968. (1772 





TECHNICAL STAFF REQUIRED FOR THE 
following positions. (D lunior Technical Officer 
or Technical Officer for work concerning the 
evaluation of the mammalian toxicity of new 
insecticides for the Worid Health Organization. 
12) Junior Technical Officer or Technician for 
work of a biochemical nature. (3) Technician for 
Electron Microscope Laboratory, previous experi- 
ence not essential, Salary and grade dependent 
upon qualifications, age and experience Apply 
to the Director. Toxicology Research Unit, 
MRC. Laboratories, Woodmansterne Road, 
Carshalton, Surrey, Personal applications only. 
Please state for which position the application 
ig to be considered. (1671) 


Wellcome Veterinary Research Station, Frant 


Senior Analytical Chemist 


Applications are invited from graduates, preferably 
between the ages of 30 and 35, for the post of analyst 
in charge of a laboratory examining animal feeding 
stuffs and tissues. This laboratory is part of the nutri- 
tion section and particular consideration will be given 
to applicants with experience of agriculture or animal 
physiology. The successful candidate must have appro- 
priate experience of modern analytical techniques. 


There are excellent facilities and adequate technical 
assistance. Further details may be obtained, quoting 
reference U.399, from the Administrative Officer, 
Wellcome Veterinary Research Station, Frant, Nr. 


Tunbridge Wells. 
(812) 


THE WEIZMANN INSTITUTE OF SCIENCE 


Applications are invited for the positions of : 


Professor of Pure Mathematics 


Professor of Applied Mathematics 
and Mathematical Physics 


Write to Professor C. L. Pekeris, 
Head of the Department of Applied Mathematics, 
The Weizmann Institute of Science, 
Rehovot, Israel. 


0739) 


challenging opportunities in 


SCIENTIFIC INFORMATION 


OSTI (The Office for Scientific and Technical Information) gives grants to support 
research and development projects based on experimental scientific information services, 
many using computers and involving growing interaational co-operation. 

Work on these projects includes promotion and publicity, instruction of users, 
improvement of operating efficiency, and evaluation of all aspects of the services. Infor- 
mation Science in a rapidly developing field with scope for independent action and 
initiative. 

There will be vacancies on OSTI-sunpporied projects for scientists (especially qualified 
in chemistry or life scicaces) with some research and/or industrial experience. Computer 
or information experience not necessary. S s within the range £1.000 io £2.000 or 
exceptionally up io £2.500 ording to exper! . Also a few part-time opportunities. 

H his work interests you, please send brief details of qualifications and ail post- 
graduate experience to Room 1211, OSTI, State House, High Holborn, London, W.C.1, 
and details will be provided of vacancies as they arise on projects in many parts of the 
country. (0779) 














NATURE. MAY 11. 1968 








NATURE. MAY 11. 1968 


ROYAL DENTAL HOSPITAL 
SCHOOL 
39 LEICESTER SQUARE. W.C2 


BIOCHEMISTRY DEPARTMENT 


TECHNICIAN required for research. 
Experience in gelelectrophoresis. chromato- 
graphy and auto-analyser work an advan- 
tage. Grading and salary according to age 
and qualifications. 

Apply Director of Biochemistry. 

(1718) 


FEDERAL PUBLIC SERVICE 
OF NIGERIA 


VACANCY FOR PRINCIPAL 
SCIENTIFIC OFFICER 


Applications are invited from suitably 
qualified persons for appointment to the 
post of Principal Scientific Officer in the 
Research and Services Division of the 
Federal Ministry of Agriculture and 
Natural Resources, Lagos. 


The successful candidate will be re- 
quired to assist in all matters concerned 
with the collation, co-ordination and 
evaluation of the research programmes 
ef the research departments and institutes 
supervised by the Federal Ministry of 
Agriculture and Natural Resources. He 
may also be required to assist the Ministry 
in its relations with the Nigerian Council 
for Scientific and Industrial Research. 


Applicants must possess a Firs- or 
Second-Class Honours Degree in the field 
of Natural Science (preferably in the bio- 
sciences) and have experience of leading 
and evaluating research programmes. Ex- 
perience of general problems in applied 
research and its co-ordination (preferably in 
government establishments} with other sec- 
tors of economic activities is also necessary. 


Salary: £2,748 per annum (including 
Contract Addition). A contract gratuity of 
£150 per annum is also payable. United 
Kingdom and lrish nationals may also be 
eligible for a supplement of £300 pe: 
annum, payable by the British Govern- 
ment. 


Appointment on contract for two tours 
of 18-24 months each in the first instance. 
with prospects of extension. Free passages 
for officer and family. Liberal home leave 
on full salary. Children's allowances 
Free medical/dental treatment. Furnished 
accommodation provided at low rental. 
Income tax at local rate. 


For further particulars and application 
forms write, stating briefly age, qualifica- 
tons and experience, to the Administration 
Attaché (Recruitment. Nigeria b.gh Com- 
mission, 9 Northumberland Avenue, Lon- 
don, W.C.2. quoting reference B.32/ App. 

(1804) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
Assistant Lecturer or Lecturer in Engineer- 
ing Geology in the Department of Geology. 
Candidates should be prepared to assist in 
the teaching of geology to students of Civil 
Engineering at elementary and advanced 
jevels, to provide a course in aspects of 
Engineering Geology for geology students 
at honours level, and to engage in research 
in structural and geophysical aspects of En- 
gineering Geology. 

The salary scale for an Assistant Lecturer 
is £1,105 to £1,340 per annum, and for a 
Lecturer £1.470 to £2,630 per annum. The 
jnitial salary will not exceed £1,560 per 
annum. 

Applications, stating age, academic quali- 
fications and experience, should be received 
not later than June 3, 1968, by the Regis- 
trar, from whom further particulars may 
be obtained. Please quote Ref.: RV/479/ 
N. (1760) 


















IRELAND 
NATIONAL SCIENCE COUNCIL 


Applications are invited from 


SCIENTISTS 


for the post of 


SECRETARY - GENERAL 


to the recently established National Science Council. 


The Councils functions are to advise the Government 
on science and technology with particular reference to 
economic development. The post will be in the Department 
of Finance. 

QUALIFICATIONS: High attainment in a scientific 
discipline, research or development experience and adminis- 
trative ability are essential. 

Maximum age limit: 50 years. 

SALARY, ETC.: The salary will be related to qualifications 
and experience but will be commensurate with the respon- 
sibilities attached to this important post. 

Initially, the appointment will be for a period not exceeding 
five years; a secondment arrangement will be considered. 
The appointment may be made permanent at or before the 
end of the five year period. 

Candidates living outside lreland who are invited to 
attend for interview will be refunded necessary travelling 
and subsistence expenses. 

APPLY for application form and further particulars to the 
Secretary, 


CIVIL SERVICE COMMISSION 
45 Upper O'Connell Street, Dublin 1. 


CLOSING DATE: 20th MAY 1968 


SCIENTIFIG EDITORS 
AND CODERS 


Unique opportunities have arisen for suitably qualified people to work às 
Editors and Coders in the Central London Office of a leading technical 
publisher. We are one of the world's leading publishers of scientific 
literature documentation and we invite applications from people who are 
qualified in one or more of the following: 


BIOCHEMISTRY— PHYSIOLOGY — PHARMACOLOGY 
PHARMACEUTICAL OR AGRICULTURAL CHEMISTRY 


Previous editorial experience is not essential, but some knowledge of 
fereign languages would be an advantage. 


SCIENTIFIC PROOFREADERS 


We also require proofreaders to work on our documentation. Acquain- 
tance with proofreading is desirable and some knowledge of chemistry 
essential. 
Salaries, which will be dependent on qualifications, are extremely atirac- 
tive and conditions of service are above average. There are certain fringe 
benefits. 
Please write giving an abridged curriculum vitae to: 

General Manager. 

Derwent Publications Ltd.. 

Rochdale House. 

128 Theoba!ds Road. 


London, W.C.1. GRIN 
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research vacancy 


in parasitology 





Are you graduating in Parasitology /Immunology this summer ? If so, 
you may be interested in a vacancy which will exist in the Parasitology 
Unit of Fisons Pharmaceuticals Limited. The unit is engaged in funda- 
mental research on anaphylactic responses, and will be moving in the 
autumn to a new well equipped laboratory in pleasant surroundings at 
Loughborough. 


Applications, which will be confidential, should be sent to : 


The Research Personnel 
Assistant (10), 

Fisons Pharmaceuticals Limited, 
Holmes Chapel, Cheshire. 


0776) 


THE ARTHUR D. LITTLE 
RESEARCH INSTITUTE 


is expanding its activities in the 


Physical Ghemistry 





Division 
and secks to recruit graduates, preferably with some research experience, 


to work on a range of basic problems relating to the control of structure 
and properties in the field of high polymeric materials. 


The Institute carries out long-range contract research, and is situated in 
pleasant rural surroundings six miles from the centre of Edinburgh. 


Further information may be obtained by telephoning Dr. Allan Sharples 
(031-665-2434 reversed charges). Applications to the Personnel Officer, 
Arthur D. Littl Research Institute, Inveresk Gate, Musselburgh, Mid- 
lothian. 

(1807) 


Ce a oe ee Ae ee Ep SEEES. 


CANADA 


RESEARCH OPPORTUNITY 


INORGANIC, PHYSICAL 
MATERIALS CHEMIST 


Position for a PH.D. or M.S. (PH.D. preferred). Academic training and 
practical research experience in glass, ceramics, or materials science. The 
work will involve both basic and applied research programmes. 

Our new laboratory is located in the Sheridan Park Research Community 
just west of Toronto, and this position will be attractive to those wishing 
to work in an atmosphere of research and development. 













Send résumés by airmail to: 
Personnel Officer, 
Ontario Research Foundation, 
Sheridan Park, Ontaric, CANADA 
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PAISLEY COLLEGE OF 
TECHNOLOGY 


DEPARTMENT OF BIOLOGY 


LECTURER IN 
BIOLOGY 


Applications are invited for the post of 
Lecturer (Grade HA) in Biology. Appli- 
cants should have a good honours degree in 
an appropriate branch of the subject. Bio- 
logy courses at present under development 
are broadly based and experience of both 
plant and animal biology is desirable. 
Specialist interests in an aspect of environ- 
mental biology wouid bc appropriate and 
research experience an advantage, 


Courses are given to fulltime students 
studying for the ordinary degree of B.Sc. in 
Pure Science, and to part-time students 
studying for M.I.Biol and H.N.C. in Bio- 
logy. Members of staff are encouraged to 
undertake rescarch. 


Salary scales at present are in the range 
of £1,325 to Ad. Application forms 
and further particulars may be obtained 
from the Clerk to the Governors, Paisley 
College of Technology, High Street, Paisley, 
Renfrewshire, to whom applications should 
be submitted before May 24, 1968. 


(1806) 


MINISTRY OF OVERSEAS 
DEVELOPMENT 


TROPICAL PESTICIDES 
RESEARCH HEADQUARTERS 
AND INFORMATION UNIT 


The Tropical Pesticides Research Head- 
quarters and Information. Unit, requires an 
unestablished Scientific Officer for research 
at its Central London laboratory on the 
biological and physiological aspects of the 
control of insect pests by chemosterilants. 
Intially this will be concerned with noctuid 
pests of cotton and will be carried out in 
conjunction with field work in Africa. Tt 
is possible that at a later stage the successe 
ful candidate will be required to work over- 
seas for a time, 


Candidates should possess a first. or 
second-class honours degree in Zoology. 
Entomology, Biochemistry or another rel 
vant subject. Salary scale £926 to £1.57 
plus Inner London Weighting of £123. 
Starting salary may be above minimum ; 
increments and special £120 award for ap- 
proved postgraduate experience. Superan- 
neation under F.S.S.U. Applications by 
June 1, to: 


The Director, 

Tropical Pesticides Research Head- 
quarters and Information Unit, 

56-62 Gray's Inn Road, 

London, W.C.l. (1836) 








UNIVERSITY OF NEWCASTLE 
UPON TYNE 
DEPARTMENT OF ZOOLOGY 
The University invites appl 


ications for 
the post of LECTURER. Preference will 
be given to candidates whose research in- 
ierests make it appropriate for them to 
work in the Dove Marine Laboratory at 
Cullercoats although the research facilities 
of the Newcastle section of the Department 
will be fully available to them. 

The salary will be at an appropriate point 
on the cturers' Scale £1,470 to £2,630. 
Membership of F.S.S.U. required. 

Further particulars may be obtained from 
the Registrar, The University, Newcastle 
upon Tyne, NE! TRU, with whom appli- 
cations (three copies), together with the 
names and addresses of three persons to 
whom reference may be made, should be 
lodged not Inter than May 21, 1968, Please 
quote reference NA. 0772 
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UNIVERSITY OF QUEENSLAND 


SENIOR LECTURER OR LECTURER IN 
GEOLOGY 


The University invites applications for the 
above-mentioned position. Applicants should 
possess a degree in Geology with some research 
experience. A Ph.D. degree as well as some field 
experience either with a Geological Survey or 
Industry is desirable. The Lecturer will 
strengthen the Departments ability to provide 
increased depth of training in some applied 
aspects of geology, such as clay mineralogy or 
wallrock alteration. He should be keen on 
teaching, and will be required to share in the 
teaching of geology for other faculties (e.g., En- 
gineering) as well as for Science. He wil be 
encouraged to develop vigorous research in some 
appropriate aspect of geology. He will be ex- 
pected to share in such other Departmental 
duties as the Head of the Department may re- 
quire. The salary range for a Senior Lecturer is 
$A7,500 by $A250 (5) to $A8,750 and for a 
Lecturer, $A5.400 by $A250 (4) by $A300 (3) to 
$A7,300, The University provides Superannuation 
similar to F.S,S.U., Housing Assistance, Study 
Leave and Travel Grants. 

‘Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in London and Brisbane on 
May 31, 1968. (1743) 





TECHNOLOGY 
SCHOOL OF PHARMACY 
POSTGRADUATE RESEARCH 


Applications are invited from graduates inter- 
ested in investigating flow properties of systems 
of medical and biological importance. Two 
vacancies in pharmaceutics are available for RE- 
SEARCH ASSISTANTS to undertake postgradu- 
ate work leading to the award of the Ph.D. de- 
gree. The Department possesses a wide variety 
of instruments and computing facilities. Salary 
scale (under review): £950 by £50 to £1,050 per 
annum. 

Further details and application forms may be 
obtained from the Staff Officer, Portsmouth Col- 
lege of Technology, Hampshire Terrace, Ports- 
mouth, Hampshire, to whom completed applica- 
tions should be returned by May 27, err 

(745. 


AUSTRALIA 
QUEENSLAND PUBLIC SERVICE 
DIRECTOR, QUEENSLAND MUSEUM, 
BRISBANE 

SALARY $A314.30/$4322.30 per fortnight. 

Superannuation Scheme available. 

APPLICATIONS are invited for appointment to 
the above position from persons having the 
following qualifications : 

1. Possession of a degree from a recognized 
University, preferably with postgraduate 
qualifications in a relevant specialist 
field. 

2, Training and experience in museum work. 

2. Knowledge of museum organisational 
methods and procedures. 

4. Administrative ability and experience. 
APPLICATION FORMS and Further Informa- 
tion available from the AGENT-GENERAL FOR 

QUEENSLAND, 392 Strand, W.C.2. 
CLOSING DATE-——MAY 3), 1968. 





UNIVERSITY OF WESTERN 
AUSTRALIA 


TUTORSHIP/SENIOR TUTORSHIP IN 
PHARMACOLOGY 


Applications for appointment to a position of 
Tutor or Senior Tutor in the Department of 
Pharmacology are invited from persons holding 
a degree in Medicine or a higher degree in 
Science. The salary ranges are $A3,480 by SA125 
to SA3,980 per annum for Tutor and $A4,330 by 
$A125 to $A5,080 per annum for Senior Tutor, 
with superannuation similar to F.S.S.U. in both 
cases. The Department gives undergraduate and 
postgraduate instruction in the Faculties of 
Science, Medicine and Dental Science. Facilities 
for research are available. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the conditions of 
appointment before submitting their applications. 
This information is available from the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in Australia and London on 
June 1, 1968. (1796 


Applications are invited from medical, veterinary or other suitably 
qualified persons, for the post of Assistant Pathologist. The department 
is one of the largest in the country and forms part of an organization 
that undertakes multi-species toxicity and clinical investigations and 
also basic research in pharmacology, human and animal nutrition and 
other disciplines for industry and other bodies. Teaching and study 
leave facilities exist, together with opportunities for personal research 
and for obtaining higher degrees by thesis. 


Applications, which will be treated in the strictest confidence, should 
be made in the first instance to the Personnel Officer, Huntingdon 
Research Centre, Huntingdon (Tel: Huntingdon 2522) quoting 


reference LEMT. 


SCIENTIFIC 
OFFICER 


A vacancy exists at the Organization’s 
Sourhope field station for a research worker 
in the field of pasture/animal agronomy. 
The work will be concerned with the effects 
of grazing regimes on hill pastures and on 
nutrient intake by grazing animals. 


Applicants should have a good honours 
degree in pure or applied science. have an 
interest in animal/pasture relationships and 
some experience of. or willingness to learn, 
techniques of intake measurement in the 
field. 


Application forms and further details of 
the appointment may be obtained from the 
Secretary, HILL FARMING ORGANISA- 
TION. 29 LAUDER ROAD, EDIN- 
BURGH 9. Closing date for receipt of 
applications is May 25, 1968. (1688) 


UNIVERSITY OF STERLING 


Senior Experimental Officer— 
Closed Circuit T.V. 


Applications are invited for the post of 
Senior Experimental Officer in the Depart- 
ment of Education of the University now 
in its first session. The officer appointed 
will be in charge of the Department's 
C.C.T.V. equipment which will include a 
mobile unit and will be responsible for its 
operation and maintenance in the service of 
the Education and other departments. Pre- 
vious experience of the educational applica- 
tions of C.C.T.V. will be an advantage. 
Salary on scale £1,340 by £60 to £1.400 by 
£70 to £1.470 by £9) to £1.920 (bar) by £85 
io £2,090 by £90 to £2.270 with placing ac- 
cording to age, qualifications and experi- 
ence and membership of F.S.S.U. 

Further particulars from The Secretary 
(NAT), University of Stirling. Stirling. to 
whom applications, with names of two 
referees should be sent by May 24. 1968. 

(1687) 





HUNTINGDON RESEARCH CENTRE 


COMPARATIVE 
PATHOLOGIST 


(Morbid Anatomy and Histology) 





















ROWETT RESEARCH 
INSTITUTE 
BUCKSBURN, ABERDEEN, AB2 9SB 


NUTRITIONAL BIOCHEMISTRY 
DEPARTMENT 


TRACE ELEMENT UNIT 


Applications are invited from Graduate 
Biochemists or Physiologists, preferably 
with research experience, for the post of 
SCIENTIFIC OFFICER in the above de- 
partment. The work will involve investiga~ 
tions of the mechanisms controlling the ab- 
sorption, transport and storage of trace 
elements in animals. Salary scale £926 per 
annum rising to £1,574 per annum, with 
placing according to qualifications and ex- 
perience.  F.S.S.U. Superannuation. Five- 
day week. 

Further information may be obtained 
from the Secretary of the Institute to whom 
applications, giving full particulars and the 
names of three referees, should be hu 
832 


LONDON HOSPITAL 


MEDICAL COLLEGE 
(UNIVERSITY OF LONDON) 


RESEARCH BIOLOGICAL/ 
BIOCHEMICAL GRADUATE 


Research Assistant required by August/ 
September in the Department of Anatomy 
to assist in a project concerning the terato- 
genic and carcinogenic properties of az 
dyes. Experience of Biochemistry, Tissue 
Culture or Electron Microscopy an advan- 
tage, but not essential, The project is suit- 
able to enable the successful candidate to 
prepare a thesis for higher qualifications. 
Initial salary according to qualifications and 
postgraduate experience within the scale 
£895/£1.340 plus £60 London Allowance 
per annum, together with superannuation 
under the F.S.S.U. 

Applications in duplicate, together with 
the name of one referee, to the Secretary, 
The London Hospital Medical College, 
Turner Street, London, E.1. 810 
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EDINBURGH NORTHERN 
HOSPITALS GROUP 


Applications are invited for the post of 
SENIOR GRADE BIOCHEMIST in the Depart- 
ment of Clinical Chemistry. This is a new ap- 
pointment ín a recently re-equipped department 
which will occupy new laboratories at the 
Western General Hospital this summer. The de- 
partment provides a service commitment for a 
1,100-bedded group, including the Nufficid Organ 
Transplant Unit, and offers excellent opportuni- 
ties for further training leading to a higher quali- 
fication—in particular, the M.C.B. The success- 
ful candidate will be expected to collaborate in 
research in addition to the service commitment. 
Whitley Council conditions of service apply. 

Further particulars may be obtained from thc 
Secretary, South-eastern Regional Hospital Board, 
Scotland, 11 Drumsheugh Gardens, Edinburgh, 3. 
with whom applications, giving the names of two 
referees, should be lodged by May 31, 1968. 
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EDINBURGH NORTHERN 
HOSPITALS GROUP 


Applications are invited for the newly estab- 
lished post of BASIC GRADE BIOCHEMIST 
in the Department of Clinical Chemistry situated 
at the Western General Hospital, Edinburgh. 
Applicants should have graduated in Biochem- 
istry, Chemistry or one of the Biological Sciences., 
or hold the Associateship or Graduate Member- 
ship of the Royal Institute of Chemistry. Ex- 
cellent opportunities exist for in service study 
leading to a higher qualification—in particular the 
Mastership in Clinical Biochemistry. Whitley 
Council conditions of service apply. Candidates 
are invited to visit the laboratory by arrangement 
with Dr. D. B. Horn, Northern General Hospital, 
Edinburgh ; Telephone Number 031-332 1241. 

Applications, together with the names of two 
referees, should be lodged by May 31, 1968, with 
the Secretary, South-eastern Regional Hospital 
Board, Scotland, 11 Drumsheugh Gardens, Edin- 
burgh 3: (1782) 








KENNEDY INSTI TUTE OF 
RHEUMATOLOGY 


Applications are invited for the post of 
SCIENTIFIC RESEARCH ASSISTANT to the 
Director. The successful applicant, who will be 
a young science graduate in zoology, biology. 
biophysics or a related field, would be required 
to work on the electron microscopy of bone and 
on mechanisms of calcification. The opportunity 
would exist for work towards a higher degree. 
Salary £800 per annum plus superannuation and 
National Health Insurance benefits. The appoint- 
ment would commence on September 16 or by 
arrangement. 

Applications, with the names of three referees, 
should be sent to the Secretary. Kennedy Insti- 
tute, Bute Gardens, London, W.6. C783) 





LONDON BOROUGH OF BARNET 
HENDON COLLEGE OF TECHNOLOGY 
(part of proposed North London Polytechnic) 

Department of Management and Business Studies 


SENIOR LECTURER OR LECTURER 
GRADE II IN GEOLOGY 

Applications are invited for a Senior Lecturer 
or Lecturer I] in IGNEOUS and METAMOR- 
PHIC PETROLOGY, MINERALOGY and 
STRUCTURAL GEOLOGY. Candidates must 
be graduates and be able to offer their subjects 
at Honours Degree level. Salary scales: Senior 
Lecturer, £2,280 to £2,595 per annum; Lecturer 
H, £1.725 to £2,280 per annum. The starting 
point on this scale will depend on qualifications 
and experience. £70 per annum London Allow- 
ance is also payable. 

Formal application forms are not necessary but 
details of candidate's curriculum vitae and the 
names and addresses of three referees, should be 
sent to The Registrar, Hendon College of Tech- 
nology, The Burroughs, N.W.4, not later than 
Wednesday, May 15. 1968. 

N. F. H. BUTCHER, 
Chief Education Officer. 
1764) 


BRUNEL UNIVERSITY 
DEPARTMENT OF BIOLOGY 


Applications invited for the post of LEC- 
TURER in VERTEBRATE PHYSIOLOGY. 
Candidates should hold a good honours degree. 
and preferably have had teaching, research or 
industrial experience. Salary according wo age 
and experience within the scale £1,530 to £2,690. 

Further particulars and application form from 
the Academic Registrar (EMS), Brunel University. 
Uxbridge, Middlesex. Closing date: May 24, 
1968. (1823) 


PAISLEY COLLEGE OF 
TECHNOLOGY 


DEPARTMENT OF BIOLOGY 


LECTURER IN 
MICROBIOLOGY 


Applications are invited for two posts of 
Lecturer (Grade 1 or HA) in Microbio- 
logy in the above department. Applicants 


should have a good honours degree in an 
appropriate subject. Research or indus- 
trial experience will be an advantage. For 
one of the posts a specíal interest in micro- 
bial physiology and/or biochemístry will be 
an advantage. 


Courses in microbiology are given to full- 
time students studying for the ordinary 
degree of B.Sc. in Pure Science, and to 
part-time students studying for M.I.Biol. 
and for H.N.C. in Biology. Members of 
staff are encouraged to undertake research. 

Salary scales at present are in the follow- 
ing ranges: Grade I, £1,605 to £2,710; 
Grade HA, £1,325 to £2,410. Placing will 
be according to approved experience. 


Application forms and further particulars 
may be obtained from the Clerk to the 
Governors, Paisley College of Technology, 
High Street, Paisley, Renfrewshire, to 
whom applications should be submitted be- 
fore May 24, 1968. (1805) 





MACAULAY INSTITUTE FOR 
SOIL RESEARCH 


Applications are invited for the appoint- 
ment of a SOIL SURVEY OFFICER 
(Male) for the Soil Survey of Scotland. 
Candidates should possess a First- or Upper 
Second-class Honours Degree in Science. 
The appointment will be made in the Scien- 
tific Officer grade, starting salary within the 
range £926 to £1,574 according to age, 
qualifications and experience. Superannua- 
tion under F.S.S.U. 

Forms of application may be obtained 
from the Secretary, The Macaulay Insti- 
tute for Soil Research, Craigiebuckler, 
Aberdeen, AB9 2QJ, to whom they should 
be returned before May 31, 1968. 


0833) 





BIOLOGISTS AND 
BIOCHEMISTS 


Graduates and Technically qualified 
seniors and juniors in Biochemistry, Haem- 
atology, Histology, Physiology, Virology. 
Bacteriology, Immunology or Serology for 
Medical and Industrial concerns in London 
and the Home Counties, contact 


Miss J. P. Skinner, B.Sc., 
G.K. Bureau 01-636 6858. 
No Fees to Pay. (1831) 





NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Assistant Experimental Officer required 
in the Chemistry department to assist in 
research on the chemistry of milk, with 
particular reference to milk proteins. The 
work will involve the application of a wide 
range of chemical and biochemical tech- 


niques. Qualifications: mínimum is G.C.E. 
in five subjects including two scientific/ 


mathematical subjects at " A " level; can- 
didates over 22 require Pass Degree, 
H.N.C. or similar. Starting salary up to 
£1,017 per annum according to age, in scale 
to £1,243. 

Apply on forms obtainable from the Sec- 
retary, N.LR.D.. Shinfield, Reading, quot- 
ing reference 68/24. (788) 
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GLAMORGAN EDUCATION 
COMMITTEE 
have the following vacancy for 
LECTURING STAFF 
at 


GLAMORGAN COLLEGE OF TECHNOLOGY 
(Proposed Polytechnic) 
TREFOREST, PONTYPRIDD 
LECTURER, GRADE Ii, in CHEMICAL EN. 
GINEERING. Candidates must possess an ap- 
propríate degree of the C.N.A.A. or of a British 
University, Industrial, teaching and/or research 
experience will be an advantage. Salary in ac- 
cordance with the Burnham Technical Scale: 

Lecturer, Grade II, £1,725 to £2,280. 

Application forms (returnable by May 20, 1968) 
are obtainable from the undersigned on receipt 
of a stamped, addressed, foolscap envelope. 

TREVOR JENKINS. 
Director of Education. 
County Hall, 
CARDIFF, 
CFI 3NF. (1780) 


UNIVERSITY OF SYDNEY 


LECTURER IN BIOLOGY (IN THE FIELD 
OF PLANT PHYSIOLOGY) 


Applications are invited for the above-men- 
tioned position. Preference will be given to a 
candidate prepared to carry out research in ion 
transport processes or mineral nutrition on a 
topic complementary to those studied already in 
the School of Biological Sciences. Further in- 
formation on these aspects of research in the 
School can be obtained by writing to Associate 
Professor N. A. Walker, School of Biological 
Sciences, University of Sydney, Sydney, N.S.W. 
2006, Australia. Salary: $A5,400 by $A270 to 
$47.300 per annum. 

Information concerning superannuation, housing 
scheme, sabbatical leave, etc., and method of 
application is obtainable from the Association of 
Commonwealth Universities (Branch Office), 
Marlborough House. Pall Mall, London, S.W.!. 
Aplications close in Australia and London on 
June 28, 1968. (1793) 


AUSTRALIAN NATIONAL 
UNIVERSITY 
READER IN GEOGRAPHY 


Applications are invited for appointment w a 
Readership in the Department of Geography in 
the Faculty of Arts. The appointee will be ex- 
pected to take up duty as early as possible in 
1969. The Department of Geography offers 
courses for the pass and honours degrees of 
Bachelor of Arts and supervises students for the 
degrees of Master of Arts and Doctor of Philo- 
sophy. The salary for a Reader is $A9,900 per 
annum. The University provides reasonable 
travel and removal expenses and assistance with 
housing. Superannuation is on the F.S.S.U. pat- 
tern with supplementary benefits, Financial 
assistance towards study leave is also available. 

Further information and the forms which 
should accompany an application may be obtained 
from the Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall 
Mall. London, S.W.l. Applications close in 
Australia and London on July L mE (1794) 








UNIVERSI! TY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH. ASSISTANT 


Graduate RESEARCH |, ASSISTANT required 
for behavioural and physiological experiments on 
brain mechanisms of reward in chicks. Training 
in biology or physiology, with interests in be- 
haviour or brain physiology, required. Facility 
with apparatus desirable. Salary on the scale 
£800 by £50 to £900 per annum, non-superan- 
nuabie. 

Application. forms may be obtained from the 
Secretary of Science, the University of Sussex, 
Falmer, Brighton, BNI 9QH, Sussex. 01775) 





AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE, NORWICH 


Myeologist required in the Microbiology Divi- 
sion to initiate research work on physiological 
and ecological problems relating to food produc- 
tion and spoilage. Candidates should possess a 
Ph.D. degree and have research experience in 
mycology. Salary, according to postgraduate €x- 
i either Scientific Officer (£1.164 to 
or Senior Scientific Officer (£1,744 to 
£2,153). Superannuation under F.S.S.U. 

‘Application form and further particulars from 
Secretary, Low Temperature Research Station, 
Downing Street, Cambridge, quoting reference 
68/7. ste) 
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Student Power and the Universities 


Tue riots in Paris in the past two weeks have by 
common consent outdone in violence even the demon- 
strations in which students clashed with the police 
during the last stages of French involvement in 
Algeria more than a decade ago, and it is certain to be 
a long time before the memory of them will be erased. 
The immediate need in France is for some settlement 
between the Government and the universities, particu- 
larly that at Paris, about the dispute which has been 
building up since last November, and even now it is 
hard to see just what kinds of solutions will be possible. 
To be sure, the flexible line which the French Govern- 
ment has tried to follow in the past few days may 
serve as some kind of counterpoise for the acknowledged 
brutality with which the police went about their 
business during their occupancy of the Sorbonne. 
Whether the Government will be able to go so far as 
to rescind the tactless prison sentences imposed on at 
least four of the students in Paris is another matter, 
for the sense of outrage within the University of Paris 
seems to be matched, in part at least, by the fears of 
those among the authorities who regard recent events 
in Paris as subversion—and political subversion at that. 

The restoration of some appearance of order in the 
university, and of the examinations as well, can only, 
however, be a preliminary to the more distant ends 
which must somehow be attained. In Paris, no doubt, 
there will now be some measure of agreement that it 
was a profound sociological mistake to dump more 
than 10,000 students on the arid campus in the Nanterre 
suburb of Paris and then hope that they would look 
after themselves, more or less without adult interven- 
tion. In the long run, however, somebody will have to 
try seriously to grapple with the problem of the rela- 
tionship in France between the Government and the 
universities. This is more than a simple question of 
student power, for it is plain that students on the 
streets of Paris have been supported, physically as well 
as morally, by an influential part of the teaching body 
and by teachers' organizations. But it is also clear that 
events in Paris in the past few weeks have much in 
common with developments at universities elsewhere. 
It is only a few weeks since police were called to the 
Columbia campus in New York, and students were 
thronging the streets of West Berlin only a few days 
before that. In Britain, where the universities have 
been eomparatively quiet, there is now trouble at the 
University of Essex which seems comparable both in 
origin and scale with the row at Harvard in the early 
spring about visits by recruiting officers from the 
Dow Chemical Company. The apparently contagious 
character of these events and the disparity between the 


objectives and the violence of particular demonstrations 
have often given the impression that the demonstrations 
are put on merely for the benefit of television cameras 
and as a relief from the pressure of examinations and 
the like, but this is only a part. although an undeniable 
part, of the whole story. The truth is that the 
demonstrations are a clear symptom of serious and 
urgent problems in the relationship between universities 
and the outside world. It is as wrong to pretend that 
they do not exist as to think that solutions for them 
will be easy. 

One teasing problem is to know whether it is possible 
to separate methods and objectives. There is unfor- 
tunately no denying that the students involved in 
some of the recent demonstrations have slipped too 
quickly into vandalism and even violence. In this 
spirit, for example, there is nothing to excuse a host 
of incidents in which students have made wanton 
assaults on people and their possessions. Whatever 
may be the real issues at Columbia, for example, 
there is nothing to exeuse the way in which a rabble of 
students occupied the president's office for some days 
on end. In ways like these, the demonstrators only 
undermine their own cause, whatever it may be. 1f 
there are to be university demonstrations at all, those 
who participate in them should be most of all concerned 
to see that the demonstrations go no further than to 
emphasize by the weight of numbers and by a willing- 
ness to suffer the indignities of marching through a 
street that there is a real issue to be dealt with. People 
have a right to expect that student demonstrators 
will be more and not less self restrained than other 
kinds of demonstrators. At the same time, of course, 
it is important that publie authorities should also act 
responsibly. Perhaps the biggest temptation for the 
authorities is to behave as if student demonstrations 
can be suppressed. Failure here can invite or provoke 
troubles of the kind whieh there have been in Paris. 
The result is that although the demonstrators of the 
past few weeks have been altogether too inclined to 
rush into violence, the balance of right and wrong 
between the students and the authorities must be 
separately determined on each occasion. 

By what right, however, should students demonstrate 
at all? And what criteria should there be for distin- 
guishing between proper objectives and those which 
are either trivial or misguided ? The first thing to be 
said is that there is nothing radically new in the way 
in which students seek by vigorous activity to influence 
the course of public affairs. The influence of the thir- 
ties was on several occasions important and beneficial, 
and members of faculties must confess that students 
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were often the leading spirits in activities which later 
turned out to be well worth while. More recently, 
however, universities have tended to interpret their 
obligation to society by a more restricted brief. Espe- 
cially now that most universities are dependent for their 
survival on direct subventions from governments, there 
is a tendency to suppose that the chief duty of a univer- 
sity is to provide a good stock of educated people 
(and to do this efficiently as well). Preoccupied as 
they rightly are with education and efficiency, the 
universities are understandably inclined too readily 
to swallow the assumption of the politicians that the 
universities are to be seen and not heard. 

From this point of view, it is probably a good thing 
if the wave of unrest among the universities can 
be interpreted, in part at least, as a sign that academics 
are now more ready to take a continuing interest 
in what goes on around them. One obvious difficulty, 
of course, is that of knowing just which interests of the 
students are to be taken seriously. Obviously it is 
quite unrealistic to expect that their opinions will 
always seem commendable to university teachers or 
to full-blown adults in general, for then by definition 
there would be nothing to protest about. But it is also 
wrong to suppose that students and academies are 
misguided when their views differ from accepted wis- 
dom in startling or inconvenient ways, and, for that 
matter, it remains to be seen whether the recent 
change in the policy of the United States administra- 
tion towards events in South-East Asia does not 
depend in part on the bitterness which had accumu- 
lated in the universities by the end of March this 
vear. In other words, when academics in general or 
students in particular advocate some change which 
seems to them important, they are more than likely 
to give offence to somebody. To expect that every 
revolution will be peaceful is quite unrealistic. 

In the long run, the best way of making sure that 
university protests are to be taken seriously is to 
devise some test of their internal coherence. In practice, 
what this means is that there should be better means 
by whieh universities can create an intellectual climate 
in which level-headed opinions can be formed and can 
be recognized as sound by critics outside. This, of 
course, implies that students should have better means, 
among themselves, for coming to sensible conclusions 
and that students and teachers should have better 
opportunities for influencing each other. As things are, 


Women’s Work 


Tr must be very difficult to interview 10,000 people 
for a survey and to leave the most basic questions 
unasked. Yet that is what seems to have been achieved 
by A Survey of Women’s Employment carried out on 
behalf of the Ministry of Labour (HMSO, £1 17s.). 
The purpose for which the vast project was carried 
out was to find out how more women might be induced 
to join the labour force. Their numbers are sorely 
needed. What leads them to work and what to stay 
at home? A fascinating subject and one which, the 
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there is an awkward tendency to leave the students 
to their own devices and then to complain when they 
go charging off in some inappropriate direction. The 
inadequacy of present arrangements is in this sense 
well illustrated by the way in which chemical and 
biological warfare has been a feature of several waves 
of student protests, first in the United States and now 
in Britain. Whatever the rights and wrongs of the 
protests which have been made, there is no question 
that the university faculties could have done much 
more to give the problems with which the students 
are concerned some sense of perspective. To be sure, 
such an activity would be outside the strict bounds of 
university instruction, but if the concept of a univer- 
sity means anything at all it certainly implies a climate 
in which people (of all ages) are willing to take up all 
subjects for discussion. It is distinctly possible that 
many of the present troubles stem from a real gulf 
between students and the faculties. Certainly this is 
one field in which attempts to improve the present 
situation should urgently be made. 

None of this means student power in the usually 
accepted sense, so that the question must be asked 
how far a formal incorporation of student represen- 
tatives into university councils should now be under- 
taken. The more adventurous universities now seem 
well embarked upon a course like this. The faculty- 
student commission at Berkeley seems to have been 
well received, and one result is likely to be the presence 
of a couple of students on most university committees. 
Similar devices are being seriously considered or 
implemented at a number of British universities, al- 
though there is a real danger that they will turn out 
to be not means of sharing responsibility for important 
decisions between the two halves of universities but 
rather an empty pretence. Everything will depend 
on how well these arrangements work. Outside Britain 
and the United States, however, any real involvement 
of students in the machinery of university government 
would require a formal change in the legal status of 
these institutions. In the present climate, it is obviously 
better to look for half-way houses of some kind— 
means of bringing about less strident interactions 
between students’ organizations and the university 
authorities. In the long run, however, none of this will 
be a substitute for a reappraisal of the social functions 
of modern universities. The riots have made that plain 
enough. 


ministry was convinced, must be answered if the 
country is to be able to draw on this great reserve of 
labour which in the long run is needed badly. 

Several questions spring immediately to mind. Do 
women resent being paid less than men for the same 
work ? How does menstruation affect their working 
performance ? How does their record of absenteeism 
compare with that of men ? At which age levels? How 
persistent are employers’ old prejudices against hiring 
women? And for that matter, what do husbands 
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and children have to say about working mothers ? 

Don't look for the answers in this survey. The 
interviews were conducted with women only and the 
questions asked of them were cursory indeed. 

That being said as it must, for a great opportunity 
has been lost, the survey has none the less compiled a 
fair amount of useful information. If there is still any 
prejudice against married women working, it is not 
held greatly by women themselves. Nearly one half 
of the married women surveyed were working; nearly 
one third were responsible for children of school age or 
younger, and even single women tended to have 
substantial domestic responsibilities. The birth of 
the first child, rather than marriage, now seems to be 
the main factor responsible for a woman's withdrawal 
from the labour force, but, once out, she tends to want 
to go back again. 

To a surprising extent, working women did not have 
to pay someone to look after their children. Their 
husbands deputized a great deal (25-1 per cent of the 
under-twos whose mothers went out to work were cared 
for by their fathers) and their grandmothers helped 
even more. Nursery schools and day-care centres were 
not relied on very heavily. But they will clearly be 
needed in the future, as the next generation of grand- 
mothers, aceustomed to be at work, are less likely than 
the present house-bound generation to want to look 
after their daughters’ children. 

This survey consistently underestimates the pulling 
power of money. It emphasizes that although money 
was the biggest single attraction for getting married 
women out to work, the desire for company and relief 
from boredom were also powerful motives. It further- 
more observes that non-working women believe that 
good companions, plus convenience to home, are what 
makes a job pleasant for a woman. The way to attract 
these women back to work, the survey concludes, is 
to meet these conditions. Yet with no mention of 
male earnings, the survey reports that women's pay on 
the average in 1965 was 5s. an hour and that only one 
in ninety earned as much as 10s. an hour. Surely the 
way to get women out of the home and into the labour 
force (when the present unemployment crisis subsides) 
is to offer them a healthy. rather than a derisory. 
reward for their efforts. 


Keele against Todd 


Tue University of Keele is breathing defiance against 
the report of the Royal Commission on Medical Educa- 
tion under Lord Todd. The report, published last 
month, says that Keele is unlikely to become a suitable 
site for a new medical schocl, of which some four will 
need to be established in Britain over the next two 
decades. "The university, whose plans to build a 
medical school date back to £963, has studied the report 
and now declares that it “will continue its all-out 
efforts to promote the establishment of a medical 
school at Keele at the earliest possible moment". 

According to the Todd Report, a university which 
wishes to build a medical school must support flourish- 
ing faculties of biological sciences and have hospitals 
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and a large population in its catchment area. The 
university should have at least 4,000 students in order 
to accommodate a minimum annual intake of 150 to 
200 students at its medical school. Keele, it seems, 
does not fulfil these requirements, nor is it likely to. 
Its student population, 1,700 at present, will reach 
2.000 in 1970. Although strong on social sciences, the 
university does not possess faculties of physiology or 
biochemistry. The Todd commission suggests that 
Keele is “not on present plans likely" to be able to 
support a medical school that would be “economically 
and educationally effective’. Only if its size and 
biological faeulties increase should a school be built 
there. 

Having studied these comments on its aspirations, 
Keele is now determined to set up the necessary ancil- 
lary faculties as well. The case for building a medical 
school at Keele rests on the presence of two large 
hospitals in the area, as well as an available site for 
development; furthermore, everybody at Keele is 
agreed that Keele is a suitable site. The fear is that 
the medical school may go to the University of Hull. 
about whose potentialities the Todd Report commented 
more favourably. 


Comparing A-Levels 


Tur way in which A-level examinations in England and 
Wales are set by a number of independent examining 
boards has often been a source of criticism. Anxious 
to iron out any differences in standards between the 
various GCE examining boards, the boards themselves 
have been trying since 1953 to pin down just what these 
differences might be. Various schemes of cross-marking 
have been tried, with examiners from one board marking 
the papers from another, but these rather subjective 
analyses highlighted only the most glaring differences, 
A deeper investigation is now under way into the com- 
parability of A-level examinations, and results are 
expected in the autumn. The nine boards taking part 
cover Northern Ireland as well as England and Wales. 
but Scotland is not included because the Scots have no 
A-level examination as such. The idea is to give a series 
of tests to a number of candidates under each board, and 
to eompare the results with the results of the normal 
A-level examinations set independently by the boards. 
6,250 children from 389 schools were originally lined up 
for the tests, but final numbers will be slightlv less 
because of last minute withdrawals and absences. After 
two years planning, the comparability tests will be 
taken this week, and results will be compared with the 
A-level papers to be taken next month. 

The comparative tests consist of two papers on a 
common-core syllabus, one being a multiple choiec 
paper and the other a conventional essay paper con- 
sisting of three compulsory questions. A third paper 
on similar lines to that used by the vice-chancellors’ 
investigation (see Nature, 918. 410: 1968) will test 
aptitude. In addition, candidates will be asked to give 
some background details of previous examination 
results, interests and ideas for their careers. The results 
cannot be expected until the autumn, because the 
essay papers will be marked by A-level examiners who 
must first finish marking the A-level papers. 

The examining boards concerned are contributing à 
total of £16,000 for the investigation, with the practieal 
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work being done by the test development and research 
office of the school examination department of the 
University of London. Similar investigations in differ- 
ent subjects are obviously desirable, but will only be 
instigated if this first operation is considered to be a 
SUCCESS. 


No Joy for Doctors 


TuE view that seems to be shared by the British medical 
and dental professions—that better pay would be a 
panacea—is strongly but tactfully contested in the 
latest report of the Review Body on Doctors’ and 
Dentists’ Remuneration (HMSO, 65. 3d.), published on 
May 7. This is the ninth report to appear since 
the review body was set up in March 1962 to act as 
mediator—and to some extent pacifier—between the 
professions and the Government. 

It is in fact surprising that the professions have 
asked for more, because the seventh report of the 
review body, published only two years ago, recom- 
mended substantial increases, particularly for general 
medical practitioners, but also for hospital doctors at 
all levels. The value of distinction awards for consul- 
tants was also increased by approximately 8 per cent, 
and new net incomes were recommended for dentists. 
Although the Government decided for reasons of in- 
comes policy to phase the implementation of the 
review body’s recommendations on general medical 
practitioners, the other recommendations were accepted, 

The doctors’ representatives have proposed an 
increase of about 8 per cent for the period from April 1, 
1968, to April 1, 1970. They suggest that this is 
necessary to take account of the rise in the cost of 
living since the seventh report came out, to reward 
increased responsibility and workload, and to recognize 
the manpower situation. They also point out that 
certain fees or allowances should be brought up to date. 

The views of the health departments rarely agree 
with those of the professions, but the review body has 
done its best to hold the balance between the two. It 
therefore suggests that if general practitioners could be 
encouraged to have practices in relatively unpopular 
areas by increasing the present allowance by about £100 
a year, this would probably be justified under the 
"manpower" criterion of the current incomes policy. It 
also considers that an increase in the allowance of £175 
for pre-entry vocational training might be justified if 
this acted as an inducement. It proposes that the age 
limit for general medical practitioners should be 
increased to 72, provided that the health departments 
and the profession's representatives can work out a 
satisfactory method of establishing the continued 
ability of the individual. The review body does not 
agree with the profession's feeling that the fee for a 
night visit between midnight and 7 a.m. should be 
increased from the present value of £1 to £2 5s. and it 
dismisses the idea of introducing a new fee for night 
consultation at a doctor'ssurgery. As far as temporary 
arrangements for carrying on a practice are concerned, 
—for example, following the death or retirement of a 
general practitioner—the review body feels that this 
is something that should be worked out by the health 
departments and representatives of the medical 
profession, and should not simply be compensated for 
by financial reward. 

The report recommends that from April 1, 1968, a 
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new scale for medical assistants and assistant dental 
surgeons beginning at £1,950 and rising by 14 annual 
inerements to £3,525 should come into being. This 
represents an increase of 5-5-8-5 per cent over previous 
rates. It also recommends that the weekly or sessional 
rates for locums in these grades should be raised to 
£52 135. a week or £4 16s. a “notional” half day to 
correspond with the new scale. Another positive recom- 
mendation is that the number, but not the value, of 
distinction awards for consultants should be increased 
from a total of 3,370 to 3,580. The review body 
agrees with the health departments that lectures to 
groups of hospital doctors and dentists should attract 
a fee (£5), but only when the lecture is outside the 
lecturer's own hospital group and in cases where the 
lecture has to be prepared substantially at home. Small 
increases in expense allowances for general practitioners 
are also proposed. 

Although the recommendations in this rather nega- 
tive report will probably disappoint many doctors, 
they are at least assured that the review body will “not 
hesitate to recommend an immediate general increase 
in remuneration" if at any time it considers this to be 
justified. One thing that is made clear, though, is that 
the medical and dental professions cannot expect 
preferential treatment. "and cannot escape the realities 
of the economic situation or the application of incomes 
policy". 


Preparing for the Eclipse 


Nor only astronomers but also ophthalmologists are 
planning for the eclipse of the Sun on September 22. 
Although the eclipse will only be partial over Britain, 
it will undoubtedly be watched by many people, and 
the Ministry of Health is worried about possible 
damage to the eyes. Ophthalmologists say that solar 
eclipses are notorious for the damage they cause, and 
some time ago the Ministry of Health asked the Insti- 
tute of Ophthalmology to suggest the best way of 
looking at the forthcoming event. Professor R. A. 
Weale at the institute has tackled the problem by 
estimating by how much the radiant energy from the 
Sun needs to be reduced to make it safely visible. He 
came to the conclusion that a filter of density 4-5, which 
passes one part in 30,000 of the incident energy, would 
be suitable. Presumably the Ministry of Health will 
make an announcement along these lines nearer the date 
of the eclipse; it will certainly want to discourage 
people from using potentially dangerous methods of 
looking at the Sun, such as imperfeetly smoked glass 
or pinholes. 

None of the phenomena associated with a total 
eclipse will be visible from Britain on September 22. 
Russian astronomers are more fortunate, however, in 
that the path of the total eclipse will pass across the 
USSR, east of the Ural Mountains, and preparations 
for the event are under way (Nature, 216, 950: 1967). 
The Russians seem to have been particularly enter- 
prising during the total eclipse of February 1961. 
which passed over the Crimea. On that occasion Soviet 
scientists, using cloud seeding techniques, were able to 
disperse a continuous cloud cover at designated places 
so that the eclipse could be observed. They will 
presumably be prepared to do this again if weather 
conditions are unfavourable. British astronomers, on 
the other hand, will have to wait 30 years for the next 
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total eclipse visible from the British Isles. This will 
pass over Cornwall on August 11, 1999. 


European Space Marks Time 


Tux much heralded European Space Conference (ESC) 
of Ministers in Bonn in July has now been postponed 
to an indefinite date in the autumn. Originally it was 
to have taken place “as early as possible in 1968”, 
because much hangs on the policy decisions it is 
intended to take. These include the future activities 
of ESRO (the European Space Research Organization) 
and ELDO (European Launcher Development Organ- 
ization) and whether these can be co-ordinated along 
the lines of the Causse Report (see Nature, 217, 1089; 
1968). The European position on next years re- 
negotiation of the Intelsat agreement for a world net- 
work of space telecommunications and the level of 
European participation in various other types of 
application satellite were also to be discussed. ]t now 
seems probable that the European Space Conference 
will not only be late but limited. The British Govern- 
ment's decision to withdraw from ELDO at the earliest 
moment that is legally possible, and to have nothing to 
do with the Eurovision TV satellite, is likely to require 
so much reassessment and re-allocation of respon- 
sibilities in the short term that there will be little time 
left for long-term planning. This would be a mistake 
and an expensive one. The main trouble with joint 
European space projects is that ill-defined projects 
have been adopted too hastily and that long-term 
aims have been insufficiently assessed. 

The decision to postpone the July meeting of the 
ESC in Bonn was taken at a meeting of the ESC 
Alternates (government officials) in Paris on May 10. 
From this meeting it also became clear that the British 
Government's analysis of the value of ELDO and the 
Causse Report was not shared by Britain’s continental 
partners. The five other European members of ELDO 
are the ones that count. They are also members of 
ESRO and the effective members of CETS (Conference 
Européen pour Telecommunications par Satellite). 
All favoured the continuation of ELDO and the TV 
satellite as recommended by the Causse Report, and 
effectively rejected the British view. None of them 
adopted the British view of “cost effectiveness" in 
assessing the value of the Causse proposals. Thus they 
are prepared to support ELDO capital investment as 
an act of faith towards as yet uncertain dividends 
in the future. This apparently includes shouldering 
Britain's 27 per cent share of ELDO's costs from 1970 
Or 80. 

Meanwhile, ESRO, which in its present form Britain 
alone supports wholeheartedly, needs a satellite success 
to justify its continued existence. Its credibility has 
been severely dented by the recent cancellation of its 
major projects, the TD 1 and 2 satellites. Experi- 
menters are well aware that simple space scientifie 
experiments can be launched for less money and with 
half the trouble and delay by national programmes 
than by ESRO. They look therefore to ESRO only 
for the complex spacecraft which require a large 
launcher as yet beyond European scope. ESRO 
therefore needs a satellite success to demonstrate its 
ability. ESRO’s first satellite was due last spring, 
but due to a complication of troubles a second attempt 
was scheduled for last Friday. Now launeh of this 
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satellite is postponed indefinitely for “technical 


reasons”. ESRO says the delay is caused by difficulties 
in the third stage of the American Scout launcher. 
There is evidence, however, that the British-built 
satellite and its tape-recorder have not been working 
faultlessly. If the ESRO satellite misses its launch 
window and has to join the queue behind various 
American operational launches for the second time, 
ESRO will again have lost face. 


Safety in the Air 


Tue standards of safety rea: hed by British airlines 
are significantly worse than those of airlines in the 
United States, or in Australia. This disquieting 
conclusion, already known in qualitative terms, has 
been put on a quantitative basis this week by a joint 
review by the Director of Aviation Safety and the Air 
Registration Board, assisted by two independent 
advisers (The Safety Performance of United Kingdom 
Airlines, HMSO, 8s. 6d.). There area mumber of ways 
of measuring airline safety, none of them entirely 
satisfactory; but on the basis of the number of notifi- 
able aecidents per 100,000 stage flights, the United 
Kingdom scores 2-62, against 2-03 for France, 0:96 for 
Australia and 1-41 for the United States. The fatal 
accident record, a less reliable record because fatal 
accidents occur too rarely to be statistically significant. 
shows a similar trend. France and the United Kingdom 
show 0-47 and 0-43 respectively, while the United 
States at 0-18 and Australia at 0-09 are significantly 
better. Australia’s performance, in particular, is 
startlingly good, and the report draws some lessons 
from it. 

The review was begun after two fatal accidents 
involving DC 4 aireraft operated by British firms; 
one took place in Perpignan, the other in Stockport. 
But the conclusions reached by the report on the 
question of older aircraft are reassuring ; safety records 
do not seem to show a decline as the aireraft ages. 
Such declines as there are are almost certainly caused 
by changes in the type of use-—non-scheduled operation 
and smaller airlines. who use older aircraft, show worse 
accident records. Some aircraft seem to improve with 
age—the Comet 4 and the Viscount, for example. 
show records which have improved during the years in 
service. The Boeing 707, on the other hand. after six 
years in service is beginning to show a worsening acei- 
dent rate. One surprising conclusion is that new 
aireraft take a very long time to settle down to a 
steady accident rate. As many as two million hours of 
experience can elapse before the full safety potential 
of a new aircraft is realized—this means that if 100 
aircraft are built, and each flies 3,000 hours a year, it 
takes six years for the "learning" period to be com- 
pleted. 

The report makes a number of recommendations. 
The most important is that the staff responsible for 
inspection should be brought up to full strength. Sir 
Frederick Brundrett, one of the independent advisers, 
puts it most strongly in a note in the report — “TH the 
approved system of supervision is agreed to depend on 
a programme of inspections, it is quite absurd to think 
that this can be properly carried out without adequate 
staff of the right calibre’. The Flight Operators 
Inspectorate, for example, has never been at more than 
half strength, and the Civil Aviation Flying Unit is 
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no better off. Apart from this, the report suggests 
that some Australian practices might be adopted, in 
particular the one which requires all "incidents" which 
might have led to accidents to be reported. More 
than 5,000 such incidents are reported each year, 
and the information derived from them is undoubtedly 
very useful. But pilot error is still the most substantial 
cause of accidents; better training and better flight deck 
management are suggested as ways of reducing this. 


Television from the East 


LATER this year, work is to start on re-equipping 
the telecommunications station at Goonhilly 
so that it can handle telephone and television 
traffic between Britain and Australia, India, 
Pakistan, Japan and other countries in the 
Far East. The aerial at Goonhilly is at present 
dealing with communications across the Atlantic 
with the Early Bird satellite, but a second aerial 
is under construction and will take over the 
Atlantic route, relaying signals via the first 
Intelsat III satellite, later this year. The 
first aerial will then be free for improvements 
to be carried out, so that it can match the 
sophistication of the new generation of com- 
munications satellites and the increased number 
of communications channels they can carry. 





New aerial under construction at Goonhilly. (Crown 
copyright, courtesy of HM Postmaster General.) 


The Post Office expects the modifications to 
be completed in the first half of 1969, when 
Goonhilly will have facilities for 264 two-way 
telephone channels between Britain and 12 
different stations in the Far East, relayed 
through another Intelsat III satellite over 
the Indian Ocean, The system will also be able 
to carry 625 line colour television programmes. 
GEC-AEI (Electronics) Ltd have been awarded 
a £400,000 contract by the Post Office to carry 
out the work. 


More Nuclear Power 


Tue Central Electricity Generating Board has asked 
the Ministry of Power for permission to build another 
nuclear power station at Sizewell in Suffolk. This 
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means that there are now five stations awaiting deci- 
sions from the Ministry —Seaton Carew in County 
Durham, Heysham in the North West, Sizewell B 
(all nuclear stations); the Isle of Grain oil fired station, 
and a coal fired station at West Burton. The ministry 
is continuing to drag its heels over the Seaton Carew 
decision, and the CEGB will doubtless be hoping that 
a decision can be reached on Sizewell very much more 
quiekly than this. The station, powered by four ad- 
vanced gas cooled reaetors, would be a very big one, 
generating 2,500 MW of electricity, and would be on 
the same site as the existing Sizewell A station, a 
nuclear station of the Magnox type, which generates 
580 MW. For this reason, it should be possible to 
estimate the cost of the new station with considerable 
accuracy; the geology of the site is known, access roads 
are built, and the conditions of water supply are known. 
The policy of building new stations on the same site 
as the old ones also means that amenity interests are less 
of a problem—once the first station is built, local 
residents are less likely to complain about the building 
of a new one. 
This time the CEGB is looking for a quick decision 

it wants the new station to come into operation by 
1974. Nuclear stations in Britain take a long time to 
build, so that construction should begin by the end of 
1969. Requests for tenders should go out at the end 
of this vear, which gives the ministry six months to 
make up its mind—about the time it usually takes. 
This leisurely rate of progress has its critics, although 
delays in the initial planning stage are much less 
costly than those occurring during the building of the 
station. (The worst thing of all is when the station 
keeps breaking down after commissioning; this is 
rare in Britain, but did happen at Trawsfynydd in 
Wales with a Magnox station.) For a station of this 
size, the CEGB will have to pay some £170-180 million, 
but it is still not at all clear who will be building the 
station. Diseussions about the reorganization of the 
nuclear power industry are still in progress, with the 
Industrial Reorganization Corporation called in as 
court wizards to try to sort out the mess created by the 
joint efforts of the CEGB, the Atomie Energy Author- 
ity, the Ministries of Power and Technology, and the 
House of Commons Select Committee on Science and 
"Technology. 


Maps, Missals and Watermarks 


A TECHNIQUE for dating documents by  beta-radio- 
graphy of their watermarks has been developed by Dr 
Allan Stevenson of the British Museum. The tech- 
nique has already. been used on the Vinland map, the 
Constance. Missel and undated Caxton manuscripts. 

Early papermakers used watermarks both as trade- 
marks and to signify different grades of paper. The 
wire moulds that formed the watermark lasted for 
not more than two years and tended to deteriorate in a 
recognizable manner. Documents can thus be dated 
with some precision by comparing their watermarks 
with those in documents of known date. 

Watermarks in the pages of old books and documents. 
however, tend to be faint or invisible, and with the 
naked eye their details cannot be discriminated exactly 
enough for dating purposes. Dr Stevenson has found 
that very precise impressions ean be gained by beta- 
radiography. He places a ‘Perspex’ sheet embedded 
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Watermark from Caxton's Golden Legend, about 1484. Radio- 
graph by Dr Allan Stevenson. 


with carbon-14 on one side of a page and a sensitive film 
on the other. The radiation penetrates the thinner 
areas of the paper that constitute the watermark and 
leaves a precisely defined contact print on the film. The 
print is usually unobseured by printed matter unless an 
ink containing iron has been used. Pages can be 
examined without being removed from their bindings 
and they are not damaged by the radiation. The 
6 in. x 4 in. ‘Perspex’ sheets are supplied by the Radio- 
chemical Centre, Amersham, at a price of £200 each; 
the half-life of a sheet, however, is of course 5,760 years. 

Dr Stevenson has dated the Vinland map by this 
technique. The map caused some excitement at its 
recent publication because it shows the coastlines of 
Greenland and North America, but was apparently 
drawn before Columbus's voyage of 1492 and presum- 
ably on the experience of voyages made by Norsemen. 
Its authenticity has been questioned, in particular by 
Columbus's compatriots. The map itself is drawn on 
vellum, which bears no watermarks, but Dr Stevenson 
finds that the watermarks in the accompanying manu- 
script establish that the paper was made in about 1450 
in the Piedmontese town of Caselle. 

The Constance Missal was purchased by the Pierpont 
Morgan Library, New York, in 1954 on the assumption 
that it was the earliest extant printed book in Europe. 
Dr Stevenson showed that its watermarks dated it to 
1473 and that it had not been printed by Gutenberg, as 
previously supposed. 

Radiographs are also helpful in studying Caxton’s 
books, about half of which are undated. Watermark 
variations in the bull’s head paper which Caxton used 
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in his first two books, the Recuyell of the Histories of 
Troie and The Game and Play of Chess allow both these 
works to be dated to 1474. 


Physics at Exeter 


Tue physics building at the University of Exeter was 
inaugurated this week with a general feeling of relief. 
As the third and final stage of a building programme 
originally planned to be finished by 1963, the building 
was overdue before building work even began in 1964, 
but the department is glad to have its new premises 
and is not mentioning the delays. The chemistry 
building was the first stage of the plan; this was 
followed by a joint lecture room block which has been 
in use since December 1966, and now the physies build- 
ing, parts of which have been in use for 18 months, is 
complete. All three stages have characteristic hori- 
zontal bands of brickwork with long horizontal 
windows for the large rooms—teaching laboratories and 
workshops, and close-centred vertical fins where the 
rooms are small and of varying sizes. The physics 
building consists of a long two-storey block containing 
workshops and laboratories for first and second year 
undergraduate teaching and main research, and a nine- 
storey tower (see photograph) containing staff offices, 
third year teaching laboratories and the department 
library. The radioactive laboratories are housed 
underground below the tower. 

About £900,000 has been spent so far on the physics 
building, with about £250,000 being used for equip- 
ment. With about 76,100 square feet of floor space 





The new physics building at Exeter. 


(Photo: Henk Snoek.) 
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having been provided, there is now room for about 550 
undergraduates; at present there are 19 academic 
staff, 33 technical staff and 30 postgraduates. In its 
research activities the department, headed by Professor 
G. K. T. Conn, attempts to maintain a balance between 
the two approaches of solid state physics and upper 
atmosphere physics. Experiments in the latter are 
planned and evaluated in the building, but experi- 
mental observations are carried out at the Norman 
Lockyer Observatory at Sidmouth. 


Fit to Drive? 


Ir the present rate of motor accidents in Britain is 
maintained, more than half the children now born will 
be injured in road accidents during their lives, and one 
in fifty will be killed. These figures are disturbingly 
high, and it seems that medical conditions in 
drivers such as diabetes, epilepsy, defective eyesight 
and cardiac conditions are responsible for not more 
than one per cent of road accidents. This week the 
Medical Commission on Accident Prevention— formed 
in 1964 as a result of a request by HRH The Duke of 
Edinburgh—has published a report setting out the 
conditions likely to affect the safety of driving, and 
suggesting advice that can be given to patients suffer- 
ing from these conditions. Medical Aspects of Fitness 
to Drive Vehicles (price 5s.) is the first of a series of 
reports published in the Accident Prevention Series. 

Driving under the influence of drugs is one of the 
six offences for which a driver is automatically dis- 
qualified for a year. The effects of drugs on driving 
are, however, not easy to assess, because other factors 
such as fatigue, physical and mental disease, and 
variations between individuals have to be considered. 
There is also the question of overdoses and side-effects : 
for example, large doses of dexamphetamine (‘Dexa- 
drine’) can result in abnormal behaviour which increases 
the accident risk to the driver and public, while small 
doses—if taken by a driver who is fatigued—can 
prevent him from falling asleep at the wheel. 

In Britain, any person suffering from epileptic fits 
is prohibited from driving. As there are about 130,000 
adult epileptics who are potential drivers, however, it is 
not surprising to find that some 15,000-20,000 epileptic 
individuals in this country do in fact drive. As the 
report points out, it is extremely difficult to estimate 
how many accidents are caused by epilepsy, although 
in 1967 Dr I. G. Norman found that of 44 accidents 
resulting from loss of consciousness 12 were associated 
with epilepsy. It has been suggested that the law 
should be relaxed so that driving licences can be 
granted to those epileptics who suffer attacks only 
during sleep, but so far there has been no official 
change in the present regulations. 

Among other conditions mentioned in the report, 
patients who suffer from various serious heart com- 
plaints are advised not to drive, and drivers of heavy 
goods vehicles and public service vehicles, the report 
suggests, should be subject to stricter regulations on 
heart disease. Functions and mechanisms governed 
by the central nervous system are numerous and 
include vision, hearing and the control of movement. 
A satisfactory standard of visual acuity is, of course, 
essential for drivers, but the importance of hearing is 
less clearly defined. Neither is there a case for barring 
all drivers above a certain age. as the rate of physical 
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and mental decline varies greatly from one person to 
another. The report does suggest, however, that elderly 
people should be encouraged to seek medical advice 
annually from the age of seventy on their fitness to 
continue driving. 


Physicist turns Curator 

THE National Museum of Wales appears to have broken 
with convention by appointing Professor G, O. Jones, 
professor of physies at Queen Mary College, London, as 
its new director. Professor Jones takes over on Decem- 
ber 1 from the retiring director, Dr Dilwyn John. who 
has built up a museum distinguished in many ways but 
notably for its art collection and schools service. A 
professor of physies may at first seem a slightly idiosyn- 
cratic choice for a director of a national museum, but 
Professor Jones is no ordinary professor of physies. He 
has published three novels—not science fiction—in the 
past ten years, is an amateur musician, and has 
organized an unusual art gallery at the physics depart- 
ment of Queen Mary College where young painters are 
invited to put on one-man exhibitions which change 





Professor G. O. Jones. 


about every six weeks. This must be unique in Britain 
although there is a similar enterprise in Moscow. Asa 
young physicist, Professor Jones worked at Oxford 
during the war on the Tube Alloys project, the British 
contribution to the atomie bomb. In 1949 he moved to 
Queen Mary College as reader, where he has established 
low temperature physies research. 

From all this one can only guess that the increasing 
burdens of administration in London and his continuing 
interests in the arts have prompted Professor Jones to 
make the clean break with physics and move to the 
museum. It would be true to character if the theme of 
his poliey at the Welsh National Museum, which com- 
prises the main museum of Cardiff, the Welsh Folk 
Museum at St Fagans and two much smaller institu- 
tions, turns out to be making the museum a real centre 
for the Welsh community. That, of course, is the slogan 
of many museums nowadays and is clearly far easier 
said than done. But demography, at least, is on his 
side. About half the population of Wales lives within 
fifty miles of Cardiff and the museums. 

Professor Jones makes no secret of the fact that he 
would rather have the winning poems of the Eisteddfod 
publicly read at the museum than to have cases display- 
ing bardie regalia. Given his close associations with 
writers, scientists and musicians, to say nothing of the 
resurgence of Welsh nationalism, it should be no sur- 
prise to anyone if the National Museum becomes the 
scene of some lively teach-ins, lectures and concerts. For- 
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tunately, because the total grant made by the Govern- 
ment to the museum is a miserable £381,250, that 
should not cost much money. 


New Fellows 


‘THE Royal Society has continued its policy of electing 
technologists to the fellowship, although the list of 
elections of March 21 includes fewer people from 
industry than last year, when the policy was intro- 
duced. This year’s list also contains several people 
who have been active in recent well publicized develop- 
ments, notably in astronomy and medicine. The list 
of elections of March 21 is as follows: 

E. S. Anderson, director, Central Enteric Reference 
Laboratory and Bureau, London: L. C. Bateman. 
chairman, Malayan Rubber Fund Board, and controller 
of Rubber Research, Malaysia, Kuala Lumpur: 
D. E. Broadbent, director, MRC Applied Psychology 
Research Unit, Cambridge : G. R. Burbidge, professor 
of astrophysies, University of California at San Diego: 
B. D. Burns, director. Division of Pharmacology. 
National Institute for Medical Research, London: 
i. C. Cookson, professor of chemistry, University of 
D. P. Craig. professor of physical 
chemistry, Australian National University : D. J. 
Crisp, professor of marine biology, and director of the 
Marine Sciences Laboratory. University College of 
North Wales ; J. Dyson, superintendent, Division of 
Optical Metrology, National Physical Laboratory. 
Teddington; E. Eastwood, director of research, Eng- 
lish Electric Group. London; Sir G. R. Edwards, 
managing director, British Aircraft Corporation Ltd, 
Weybridge; T. W. Goodwin, professor of biochemistry, 
University of Liverpool: H. Harris, professor of 
pathology, University of Oxford: R. N. Haszeldine, 
professor of chemistry and head of Department of 
Chemistry, Faculty of Technology, University of 
Manchester ; A. Hewish, lecturer in physics, University 
of Cambridge; I. M. James, reader in mathematics, 
University of Oxford; D. S. Jones, professor of 
mathematics, University of Dundee: A. D. Lees, 
principal scientific officer, ARC Unit of Insect Physio- 
logy. Imperial College Research Station, Silwood: 
P. L. Mollison, professor of haematology, Wright- 
Fleming Institute, St Mary's Hospital, University of 
London: D. H. Northcote, reader in biochemistry, 
University of Cambridge; P. S. Nutman, head of 
Department of Soil Microbiology, Rothamsted Experi- 
mental Station; D. W. Pashley, assistant director, 


Tube Investments Research Laboratory, Saffron 
Walden; ©. M. Phillips, professor of geophysical 


mechanics, Johns Hopkins University, Baltimore: 
D. Rees, professor of pure mathematics, University of 
Exeter; F. D. Richardson, professor of extraction 
metallurgy, Imperial College, London: M. G. P. 
Stoker, professor of virology. Institute of Virology. 
University of Glasgow, and honorary director of MRC 
Unit for Experimental Virus Research: J.C. Swallow, 
senior principal scientific officer, National Institute of 
Oceanography, Godalming: Sir G. Taylor, director. 
Royal Botanic Gardens, Kew: R. G. West, lecturer 
in botany, University of Cambridge: D. T. N. William- 
son, technical director, Molins Machine Company Ltd. 
London: J. T. Wilson, professor of geophysies and 
director of the Institute of Earth Sciences, University 
of Toronto: M. F. A. Woodruff, professor of surgical 
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science and director of the Nuffield Transplantation 
Surgery Unit, University of Edinburgh. 


Quick Indexes 


A SURVEY on two abstract journals reported in Nature 
last November (216, 737; 1967) showed that physicists 
have to wait on average just under five months for 
abstracts to appear after the publication of the original 
paper. Nuclear Science Abstracts. published in the 
United States, was slightly quicker in this respect than 
the British Physics Abstracts. Indexing journals which 
list only titles of papers are usually thought to be 
quicker than abstract journals in keeping readers up 
to date. To see just how much quicker indexing 
journals are, a Nature correspondent has made a 
survey of the time lag in two journals, British Tech- 
nology Index (published monthly by the Library 
Association in London), and the Applied Science and 
Technology Index (also monthly, published in New 
York by H. W. Wilson). The July 1967 issues were 
taken in each case; BTI appeared on August 16 and 
ASTI on August 9 in Britain. An allowance of two 
weeks was made to compensate for the postal delay in 
ASTI. which has to be sent from the United States 
Just over 100 titles were taken at random from each 
of the journals. The time-lag in weeks is shown in the 
bar charts. 


20 


10 


No, of titles indexed 


5 6 7 8 9 10 11 19 18 4 15 16 17 18 
Time lag (weeks) 
(Applied Science and Technology Inder) 


No. of tithes indexed 


3 4 5 6 7 8 9 10 1]! 12 
Time lag (weeks) 
(British Technology Indes) 


As expected, the results show that these two indexing 
journals are much quicker than the abstracting 
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journals in bringing titles to the notice of readers. 
It would also seem that the BT is considerably quicker 
than its American equivalent: its approximate mean 
date of publication is 7 weeks in comparison with 
ASTI’s 11 weeks. 

Mr E. J. Coates, editor of BTI, said this week that 
the time lag was certainly no worse today; if any- 
thing, it was better. In fact, this week's issue of the 
BTI makes use of new computer techniques for the 
first time. If all goes well, the time lag should soon 
decrease still further. The assembly and generation of 
all the necessary eross-references and the print-out 
of the authority file, previously done manually, are 
now done by a KDF9 computer at the Newcastle 
upon Tyne Computing Laboratory under the direction 
of Professor E. S. Page. Punched tape is prepared in 
London and then sent to Newcastle for processing. 
At the moment no attempt is being made to computer- 
ize the indexing proeess. The automation of much of 
the routine work will, however, allow more time for 
more efficient and speedier indexing. 


Defence Research 


from our Parliamentary Correspondent 


Wuere should defence research be done? The Select 
Committee on Science and Technology, investigating 
the British defence research effort, has heard various 
versions. The most recent, from the Institution of 
Professional Civil Servants, was perhaps predictable; 
it said that the place for defence research was in the 
defence establishments. “Experience shows that re- 
search contracts let to industry and the universities 
have a limited value, and that they must be closely 
supervised by scientists from the sponsoring establish- 
ment .. . contract research has been extensively used 
in the United States, but because of the need to provide 
organizations to co-ordinate and control research 
effort, there has been a move back to the provision 
of more ‘in house’ research." But this was not dogma, 
Mr William McCall, general secretary of the institution, 
assured the committee—" It's just a question of where 
the work can be best done". 

Mr Robert Howarth, for the committee, said that 
the Electronic Engineering Association had taken the 
opposite view. The fact that the defence establishments 
were diversifying their activities into the civil field 
surely suggested that there was not enough defence 
work to do. Mr McCall said that because the capital 
investment in publie laboratories had already been 
made, there was little sense in not using them. The 
fact that there had been a poor return on the invest- 
ment was a failure of exploitation, not of research and 
development, he said. But a shake-out of the govern- 
ment laboratories could only have a small effect on 
the rate of exploitation. 

Within the establishments, the witnesses said that 
there should be more "special merit promotions", by 
means of which people can be promoted without 
having to be burdened with administrative work. 
And in the Civil Service itself, there should be more 
permanent secretaries who were scientists. There 
was a dearth of people with scientific qualifications 
in the highest posts. The only ministry which 
got a pat on the back was the Ministry of Transport, 
where the whole organization has been changed, giving 
scientists more of a chance to influence policy. 
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Parliament in Britain 


Concorde 

Mr Antuoxy Wepawoop Beny, Minister of Tech. 
nology, gave some information about the Concorde 
airliner. In the early years, Concorde would be able to 
carry 20,000 Ib. from Paris to New York in critical 
summer conditions, but later it would be possible to 
inerease this to 25,000 lb., thanks to better engines, 
Mr Benn declined to say how many Concordes he was 
expecting would be sold, but hoped that the delay to 
the Boeing SST would mean that the market would go 
up quite considerably. Conservative members made 
some misguided interjections—Mr Boyd-Carpenter, for 
example, suggested that the British prototype of 
Concorde should be allowed to fly first, because 
"British technology and engineering had again shown 
themselves to be superior to those of France, and 
deserved the publicity that would accrue from making 
the first flight". Mr Benn was diplomatic—both must 
fly as soon as possible, he said. The cost price would 
be such as to get back a proportion of the-cost of 
research and development, though “obviously not the 
whole of that cost". (Oral answer, May 6.) 


Oceanography t, 
Mr Gerry Fow er, Minister of State at the Ministry ` 
of Technology, said that he had no plans to set up a 
national agency to deal with the exploitation of the 
oceans. But studies of the best way of handling marine 
science and technology were now in hand. A national 
agency would involve substantial re-arrangement of 
ministerial responsibility without compensating ad- 
vantages. The committee on oceanography under the 
Vice-President in the United States probably had more 
apparent than real cohesion, he thought, since it had 
no overall financial or executive control of the US 
national research programme. He would not agree 
to produce a White Paper on the Government’s inten- 
tions in oceanography. (Oral answers, May 6.) 


Nuclear Power 

Mr Ray Gunter, Minister of Power, said that he was 
considering the possibility of publishing a short White 
Paper which would discuss the siting of nuclear power 
stations. Mr Arthur Palmer had asked that the advice 
of the Nuclear Safety Advisory Committee be pub- 
lished—the committee has said that it is now safe to 
site nuclear stations much closer to cities. (Written 
answer, May 7.) 


Launchers 

THERE were a number of questions about the British 
decision to withdraw from the European Launcher 
Development Organization. Mr Benn said that ELDO 
had estimated a cost per launch vehicle of £7 million, 
assuming a production run of five, and launches at the 
rate of three à year. Since only one order was so far 
discernible (two launchers for the Franco-German 
Symphonie), no estimate based on a production run of 
twenty had been made. But it would be unlikely to 
reduce the cost by more than 10 per cent. He gave 
some estimates of the cost of United States launchers—- 
the Atlas/Agena would cost $9-10 million a launch, 
while the Atlas/Centaur would cost $14-15 million. 
More appropriate launchers to put a communication 
satellite into a geostationary orbit would be the Thor 
Delta, at about $5 million, and the Titan 111 B/Agena, 
at about $10 million. (Written answer, May 6.) 
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NEWS AND VIEWS 


625. 


Where to put Laboratories 


Waar has happened to the proposal for establishing 
a Tropical Research Institute, or an Overseas Develop- 
ment Science Centre as some would prefer to call it, 
at Reading University ? Two years ago (see Nature, 
212, 766; 1966) the Ministry of Overseas Development 
and Reading University announced proposals for 
grouping into a single integrated institute at the 
University of Reading the Ministry's four units which 
carry out research into tropical agronomy—the Anti- 
Loeust Research Centre, the Tropical Products Insti- 
ute, the Tropical Pesticides headquarters and Research 
Unit (all of which are now in London), the Tropical 
Pesticides-;Research Unit at Porton and the Land 
Resources’ Division of the Directorate of Overseas 
Sury&ys. At the time, everybody seemed to welcome 
the scheme. The directors of the existing units were 
‘keen to move under one roof, if not to amalgamate 
; completely. Indeed, the idea was first discussed by 
two of the units seeking closer association with a 
university. The University of Reading, which would 
have as much to give as to gain by the move, welcomed 
the prospect and promptly offered land. The local 
planners at Reading approved the plan, and the 
Ministry of Overseas Development accepted the prin- 
ciple of bringing the units together, recognizing that 
this could only increase their productivity. On the 
face of it, of course, the proposal was entirely in line 
with the spirit of the official policy that government 
establishments and universities should work more 
closely together. 

This is why it is surprising, to say the least of 
it, that since the original announcement, nothing 
has been heard of the institute. It seems quietly 
to be slipping into never-never land. All the units 
which would have been involved are growing steadily, 
and one of them—the Anti-Locust Research Centre 
(see page 626)—is in the process of making itself 
at home on the second floor of the building in which 
it has been housed for several years, which suggests that 
it expects to be there for some time yet. Given that 
the British Government, even in these post-colonial 
days, intends to continue supporting research into 
tropical agriculture and tropical products, the case 
for a single institute instead of four scattered units 
is overwhelming and has been obvious for several 
years. None of the existing centres has reached or is 
likely to reach a size at which its efforts become self- 
sustaining, and their work often overlaps. They are 
hamstrung because separately they are not all large 
enough to justify the sort of capital expenditure on 
apparatus and facilities that is essential for maintaining 
progress in research. The Tropical Products Institute 
and the Anti-Locust Research Centre, for example, are 
both working on pheromones and insect attractants, 
and the Anti-Locust Centre needs electron microscope 
and mass spectrometer facilities which it cannot afford 


on its own. Although they seem to do their best to 
collaborate, geography is against. them. 

If all this is so self-evident, why is the British 
Government delaying ? There seem to be two reasons. 
The first, inevitably, is the perennial excuse that this 
is a peculiarly inauspicious time to obtain funds. The 
cost of the move has been estimated at about £3 
million. No doubt the Treasury can say there are more 
important projects on which to spend money, but the 
sad fact: is that the longer the delay the larger the four 
units will be and the greater will be the cost of an 
eventual move. In the meantime, the money that is 
spent on the units—£925,000 annually to finance the 
research, to say nothing of the rents for premises 
in London—is not being spent to best advantage 
simply because the units cannot collaborate as fully 
as they would like. Quite apart from any lack of 
funds, however, the scheme may also be held up for 
political reasons. There is at least a possibility that 
the Government is so intent on pursuing its policy of 
regional development that it may have insisted 
that the institute should be built at a university in a 
development area which, necessarily, means a univer- 
sity remote from London. The difficulty, of course, is 
that an institute of tropical research should be built 
near London if it is to be built at all. Proximity to an 
international airport is an obvious need, and it is even 
more pointless on this occasion than on many others 
to pretend that the stream of visitors which at present 
flows through London could be diverted to Nottingham 
or Ulster, however fast the trains may be or may become. 

Reading is the obvious site. The university is 
already the leading centre in Britain for agricultural 
and food science, has strong links with countries 
overseas and would have welcomed the Tropical 
Research Institute. By the same token, it was ready 
to open its arms to the Fruit and Vegetable Research 
Association until the Board of Trade denied the neces- 
sary industrial development certificate. This refusal 
is in itself a curious decision. Are the laboratories of a 
research association really an industrial development ? 
There is more than a suspicion that the Ministry of 
Technology had a hand in the business, for the ministry 
seems to have set its heart on making Norwich into a 
centre for food science, and had hoped that the Fruit 
and Vegetable Research Association would move there 
rather than to Reading. When the research association 
chose Reading, it found it could not get planning 
permission. 

Of course, the Government is right in trving generally 
to locate new developments in areas of high unemploy- 
ment, but it is folly to stick blindly to such a general 
policy in these cases and simply to disregard the 
overwhelming advantages that Reading has to offer. 
Universities and research institutes cannot be run like 
that. And what is the use of government committees 
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urging universities and industrial and govérnment 
research establishments to work more closely together 
when they see what has happened at Reading? It is 
quite obvious that if the Government refuses to allow 
a Tropical Research Institute to be built there, it will 
not be built anywhere. 


Tropical Pests 


Every research unit set up to solve a specific problem 
learns that the more successful it is, the less it justifies 
its continued existence. Inevitably it must face 
diversification or dissolution. The Anti-Locust Re- 
search Centre of the Ministry of Overseas Development 
is coming close to this stage in its development and 
has rightly begun work on other pests besides locusts. 
Of course, the real answer would be for the centre to 
become part of a larger Tropical Research Institute, but 
plans for that seem to have been scotched for the 
time being (see page 625). 

The British Government’s interest in locust control 
began in 1930 with the establishment of a Locust Sub- 


committee to consider how to prevent a repetition of 


the widespread plagues of desert locusts which occurred 
in British East Africa in 1929. "The Anti-Locust 
Research Centre, which was established in 1945, grew 
out of this decision and the work of Sir Boris Uvarov 
at the old Imperial Bureau of Entomology. Since 1945 
the centre has steadily expanded, and this year, as it 
puts down roots on the second floor of the building 
in whieh it is housed. its budget from the ministry is 
£231,000 and it has also received $20,000 from the FAO 
for running the Desert Locust Information Service 
and other sums for specific research contracts. 

As a result of work at the centre and in the field in 
the member countries of the International African 
Migratory and Red Locust Control Services, both the 
red and migratory locusts, which breed in flood plain 
grassland in East Africa and in Mali and Niger respec- 
tively now seem to be well under control. The desert 
locust, however, could still present a threat. Biogeo- 
graphers at the research centre, who under the auspices 
of the FAO are responsible for the Desert Locust 
Information Service, are currently mapping outbreaks 
of this species whieh this year has shown some signs 
of resurgence in Arabia and along the Red Sea coast- 
line. But so long as the present methods of control 
are in fact used they are confident that the swarms can 
be controlled before they reach plague levels. 

Now that pesticides have brought the red, migratory 
and desert locusts more or less under control, the policy 
of the centre is shifting. Predictably the centre is 
becoming increasingly interested in locust pheromones 
and grass attractants with the obvious long term aim 
of finding some method of biological control. As far as 


locusts are concerned, of course, the classical method of 


releasing predators is useless because the locusts 
migrate. 'lhe centre is also beginning to look at other 
tropical insect pests. As a start it has begun working 
on the behaviour and biology of the army worm 
moth—a pest of grain erops—in a joint project with 
the East African Agriculture and Forestry Research 
Organization. The army worm moth was selected 
because many of its behaviour patterns resemble those 
of locusts and the centre can justly claim as one of its 
fundamental policies that no control is begun until the 
biology of the pest is known. "That is basic common- 
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sense, of eourse, because until the biology is known 
it is impossible to decide where and what to control. 
But self-evident though it may sound, it is often in 
practice ignored, and that is one of the reasons why the 
centre is also starting work in a small way on a bird, 
the Quelea, whieh is a pest of grain crops such as 
millet in much of southern Africa. The behaviour of 
this finch-lke bird again has striking similarities to 
that of locusts, so much so, in fact, that it has been 
called a feathered locust, and the present control 
methods are proving to be quite ineffective. At the 
moment in South Africa and Nigeria, for oe the 
birds are poisoned or blasted. But the sledgehammer 
is not cracking the walnut, and even though a hundred 
million Quelea were killed in South Africa alone last 
vear they are as much a pest as ever. One scientist 
at the centre, with previous experience of Quelea 
control in Nigeria, is going to Africa to try to find 
exactly how the bird's feeding behaviour is related to 
the cycle of harvest of its natural food, wild grasses 
and grain erops such as millet. It seems that when 
offered the choice the birds prefer their natural food, 
and oddly enough Botswana farmers appear to haves, 
accidentally hit on a way of reducing the damage | 
caused by Quelea by synchronizing their harvest with N 
the time of natural grass seeding. 

These other pests admittedly do not share the 
emotive appeal, full of biblical overtones, of plagues 
of locusts, but they present more or less identical 
problems of control, and. like the locusts, they cause 
intensive but localized destruction. None of them is 
likely to upset a national economy. but they all cause 
acute local hardship. 








Diseases in the Wild 


Ly his introduction at the symposium on diseases in 
free living wild animals held at the Zoologieal Society 
on May 9 and 10, Sir Zolly Zuckerman remarked that 
this is a subject of particular interest to the Zoo, where 
animals rarely arrive free from disease. The animals 
bring with them from the wild viruses, bacteria and 
various parasites, although they do not always show 
symptoms of the diseases for which these organisms 
are responsible. There are other reasons for studying 
diseases in wild animals, for there is always the possi- 
bility that epidemics might seriously deplete supplies of 
game or spread to man and his domestic stock. The 
symposium brought together much of the contemporary 
knowledge of this subject, and will be published later 
by the Zoological Society. 

A survey of the incidence of foot and mouth disease 
in Rhodesia was described by Dr J. B. Brooksby, 
director of the Animal Virus Research Unit at Pir- 
bright. Immunological tests have shown that foot and 
mouth disease virus is carried by buffalo, impala and 
kudu—which show the highest antibody titres and also 
frequent symptoms of the disease—as well as by eland, 
wildebeeste and various other wild animals. Strains 
of the viruses seem to be adapted to particular host 
species, but new strains sometimes develop which break 
out and cause an epizootic. Although more data are 
required about transmission between wild and domestic 
stock, it seems that in areas where there are abundant 
wild animals which come into close contact with 
domestie stock, there is some danger of the disease 
spreading to the latter. In South Africa in 1962, for 
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life. The plant includes the rotating anode tube 
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Tube current and voltage are stabilised within 
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without disturbing the filament and advanced 
long-life seal design ensures trouble-free opera- 
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example, outbreaks of the disease in wild animals gave 
advance warning of outbreaks in domestic stock. The 
indieations are, however, that wild and domestic 
animals are harbouring the virus independently and 
that transfer between the two is relatively rare. 

In Europe, where there are fewer wild animals in 
areas occupied by cattle, the danger of foot and mouth 
disease being transferred between the two seems to be 
much less. Hedgehogs were reported to be involved in 
the spread of virus in an outbreak in Norfolk and 
various other small mammals have been shown to be 
susceptible, including the coypu, although there are no 
records of these species spreading the disease. Deer, 
although susceptible, do not seem to be much involved 
in the spread of the disease to domestic stock, at least in 
western Europe. 

Professor P. C. C. Garnham chaired a session on 
protozoa in wild mammals. All the papers revealed 
the inadequate knowledge in this field of study. There 
were two interesting papers on trypanosome infections. 
Dr E. A. Wells and Dr W. H. R. Lumsden of the Royal 
(Diek) School of Veterinary Studies, Edinburgh, spoke 
on the trypanosome infections of wild animals in rela- 
tion to trypanosome diseases of man and domestic 
animals. Dr J. R. Baker of the London School of 
Hygiene and Tropical Medicine confined his paper to 
infections of mammals in the Serengeti Park, Tanzania. 

Trypanosome infections are very widely distributed. 
'The infections seem to attract little attention, however, 
because they are typically benign. There is a small 
number which are pathogenic, but the host is usually not 
involved in natural transmission cycles. When these 
hosts happen to be man or his domestic animals, impor- 
tant diseases are provoked—these Dr Wells grouped 
collectively into the following: Chaga's disease caused 
by stercorarian trypanosomes, and sleeping sickness, 
nagana, surra and dourine caused by salivarian trypano- 
somes. All these diseases, with the possible exception 
of dourine, derive from infections in wild animals. 
Dr Wells stressed that much more needs to be known 
about the epidemiology of the disease. The main 
difficulties are the small size and great variety of the 
samples examined, the inefficiency of the diagnostic 
methods used, and the inadequacy of morphological 
criteria for the identification of pathogenic types. 
Immunologieal methods for defining and recognizing 
particular antigenic types may be informative in this 
respect in the future if applied concurrently to wild 
and domestic animals in the same environment. 

Such studies, explained Dr Wells, may lead to some 
immunological method of protecting domestic animals 
against the pathogenic effects of trypanosome infection. 

Over the past two to three years, survey work on 
trypanosome infections has been done in the Serengeti 
Park because there have been sporadic cases of human 
trypanosomiasis there. None of the wild animals was 
recognized conclusively as being the reservoir host in 
the park, although the warthog may be important. One 
third of the wild animals examined were found to be 
infected with salivarian trypanosomes. The high 
infection rate in carnivores (lion and hyena) and in 
herbivores not normally fed on by tsetse flies (Glossina) 
may suggest that non-cyclical transmission of trypano- 
somes by bloodsucking flies other than Glossina is 
playing an important part in maintaining the infection 
in the park. The larger-than-normal herds of animals 
in close proximity at water-holes may be related to this 


es 


in some way. There is also the possibility that carni- 
vores could become infected by feeding on infected 
herbivores. 

'The discussion on the two papers on trypanosomes 
brought out some neglected fields of research; the 
duration of trypanosome infection in wild animals, for 
example, and the possible deficiencies of serological 
testing of the vector flies. The tsetse fly may feel and 
probe through the skin of the mammal and thus 
transmit infection, but it may not actually take up 
blood, so that serology of blood taken from the fly may 
not give a correct indication of the transmission of 
infection. 


Antiviral Agents from Penicillia 
from our Microbiology Correspondent 


INTEREST has been growing in antiviral substances 
produced by fungi, particularly of the genus Penicil- 
lium. The most notable of these substances are 
statolon produced by Penicillium stoloniferum, helenine 
(P. funiculosum), cyclopin (P. cyclopium) and AVS, 
an antiviral agent from P. cyaneo-fuluum. AVS has 
been studied at McGill University in Canada and data 
on its spectrum of aetivity and mode of action were 
published recently by David-West, Cooke and Steven- 
son (Canad. J. Microbiol, 14, 189, 197; 1968). In 
concentrations of 0-125 mg/ml. AVS suppressed the 
multiplication of the myxoviruses influenza types A 
and B and Newcastle disease virus, when tested in 
chorioallantoie membrane tissue cultures. AVS, 
however, was without activity against these viruses 
when tested in ovo. This antiviral principle did not 
prevent vaeeinia or herpes simplex pock formation 
although vaccinia pocks were reduced in size. Similarly, 
AVS was ineffective in inhibiting an RNA phage (f2) 
or a single stranded DNA phage (9X174) and these 
results could reflect the inability of the substance to 
gain access to the bacterial cytoplasms. The P. 
cyaneo-fulvum agent is mainly protein in composition 
but contains also small amounts of carbohydrate, 
RNA and DNA. It is stable to autoclaving, freezing 
and thawing, and lyophilization—features that suggest 
an insignificant role for the protein moiety. 

So far the Canadian group have had little success in 
defining the mode of action of AVS. Mechanisms based 
on the blocking of virus adsorption, impeded release 
of new virus particles, virus killing, inhibition of viral 
neuraminidase or haemagglutination have all proved 
negative. Like cyclopin, no pretreatment of animal 
tissues is necessary for the activity of AVS. The 
physicochemical properties of these two agents, 
however, are very different. David-West et al. conclude 
that AVS must interfere with virus synthesis but, 
nevertheless, eould not rule out interferon induction 
as the modus operandi. 

The report from Banks and his associates, published 
last week (Nature, 218, 542; 1968), has added signifi- 
cantly to our comprehension of fungus-produced anti- 
viral agents. A collaborative research programme 
between the department of biochemistry at Imperial 
College, London, and the Glasshouse Crops Research 
Institute in Sussex has been concerned with statolon 
production and interferon induction. Working with 
the ATCC 14586 strain of P. stoloniferum, this group 
first ruled out an anionic polysaccharide as the active 
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principle of statolon and subsequently demonstrated 
that RNA from the mould stimulated interferon produc- 
tion in mice. A search for virus particles in this mould 
strain proved successful, whereas other, non-interferon- 
stimulating, strains were virus free. Both the virus 
and RNA prepared from the virus induced production 
of the interferon and it was concluded that RNA 
(probably double stranded) of viral origin, rather than 
the polyanionic polysaccharide previously referred to 
as statolon, is the active principle in cultures of P. 
stoloniferum. Furthermore, a virus similar in morpho- 
logy and size (polyhedral; 25-30 nm in diameter) to 
that found in P. stoloniferum ATCC 14586 was detected 
in mycelial extracts of P. funiculosum. These findings 
amply justify the earlier supposition that helenine 
was a double stranded RNA species of viral origin 
(Lampson et al., Proc. US Nat. Acad. Sci., 58, 782: 
1967), and Suggest promising research lines for the 
further study of AVS. 


lon Implantation 


from a Correspondent 

A RECENT two-day discussion meeting of the Royal 
Society held on May 2-3, and attended by over 100 
participants of whom about 40 came from other Euro- 
pean countries or the United States, was devoted to a 
discussion of the growing overlap of interest between 
hyperfine interaction measurements and the techniques 
of ion implantation. 

The mainstream of current interest in this joint 
research field stems from the large magnetic hyperfine 
interactions experienced by a wide range of elements, 
including those normally diamagnetie, when present 
as dilute impurities in a ferromagnetic lattice. The 
origin of the interaction, which is of order 2-200 times 
stronger than can be produced by an external magnetic 
field, is imperfectly understood. For this reason, and 
because it is a valuable technique for measuring nuclear 
magnetic dipole moments, any extension of the range 
of such impurity/host systems is of interest both to 
nuclear and to solid state physicists. 

The technique of ion implantation, the acceleration 
of ions to penetrate a solid lattice, has been used to 
extend this range in various ways. For long-lived 
isotopes, electro-magnetic separators are used to 
prepare sources implanted into ferromagnets of 
elements unapproachable by conventional alloying 
techniques through high volatility or low solubility. 
In addition, extremely short-lived states formed after 
nuclear reactions and Coulomb excitation have been 
made accessible to measurement by utilizing the 
nuclear recoil energy to displace the ion of the excited 
nucleus from its target lattice into a ferromagnetic foil. 
In this case the time taken for the recoil ion to stop is 
of the order 10-? seconds. 

New problems, however, arise with the use of ion 
implantation. The lattice position of the implanted ion 
and the effects of damage caused by its passage through 
the host lattice are both uncertain. Calculation and 
experiment both suggest that for the majority of 
soluble impurities the substitutional site is highly 
probable and damage effects are far enough removed 
from the impurity to leave the hyperfine interaction 
unaltered. But measurements of the Rutherford 
scattering of a highly collimated beam from implanted 
single crystals have shown a wide variation in the 
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proportions of insoluble impurity ions oceupying sub- 
stitutional and interstitial sites for different impurity/ 
host systems and implantation conditions. 

Inverting the technique and using the fact that the 
hyperfine interaction is sensitive to lattice site and ion 
charge state offers the possibility of a new method of 
studying the distribution of the implanted ions and 
their subsequent diffusion, and the “hot atom 
chemistry" of these ions. The method has the advan- 
tages of being sensitive to the implanted (radioactive) 
ions only, of being non-destructive so that a single 
sample may be followed through a series of—for 
example—thermal variations, and, by recoil implanta- 
tion, being capable of measurements over an extremely 
wide time scale. 

In addition to invited talks, contributed papers were 
presented on recent experiments. Measurements of 
the electric quadrupole interaction of hafnium dis- 
placed from its normal site in several organic complexes 
have shown the existence of a variety of crystalline 
sites and chemical species following thermal neutron 
irradiation. A highlight in the discussion of magnetic 
lattice effects was the proposal by Professor J. Lindhard 
(Aarhus) of a new mechanism—based on the close 
approach during seattering of the outer (partially 
polarized) electrons of the host ions to the impurity 
nucleus—for the anomalous hyperfine interactions 
observed in nuclear levels whose half-life is such that 
they decay during the stopping process. The need for 
further detailed investigation of the site of the implan- 
ted ion was shown by the continuing disagreement 
between the hyperfine interaction measured for haf. 
nium in iron prepared respectively by conventional and 
implantation techniques. 





Iron Carriers 
from our Medical Biochemistry Correspondent 


TRON in the form of haem in the cytochromes and 
haemoglobin is vital to mammalian life, but the way in 
which iron in the diet becomes incorporated into the 
biologically active haem proteins is still not fully 
understood. Iron is stored in the form of ferritin, à 
protein containing a large central micelle of ferric 
hydroxy-phosphate. [t was thought that the incorpora- 
tion and removal of iron from ferritin was a process 
which involved oxidation and reduction of the iron, 
but recent work suggests that this is not necessary. 
One of the strongest pieces of evidence for the role 
of oxidation in the formation of ferritin was the 
observation that ferritin could not be formed from 
ferric salts and the protein apoferritin, but was formed 
when apoferritin and ferrous salts reacted in suitable 
oxidizing conditions. Pape, Multani, Stitt and Salt- 
man (Biochemistry, 7, 606; 1968) have now shown that 
the "ferritin" produced by incubating apoferritin with 
ferrous ammonium sulphate in the presence of a stream 
of oxygen is different in structure from crystalline 
ferritin and from erystalline ferritin formed from non- 
crystalline ferritin and apoferritin. Electron micro- 
scopy showed that the "ferritin" from ferrous am- 
monium sulphate had a micelle with a diameter of 
only 48 A, while the other ferritins had an electron 
dense core of diameter about 70 A. The diameter of 
the whole molecule was about 102 A for ferrous “ferri- 
tin" and 120 A for native ferritin, indicating that the 
outer protein shell was the same.  Non-erystalline 
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ferritin appeared to have some protein sub-units 
missing. Since incubation with apoferritin produced 
normal ferritin, the authors suggest that in ferritin 
synthesis the iron polymer core is formed first from 
low molecular weight iron chelates, and the protein 
sub-units then aggregate round it to form the stable 
ferritin molecule. 

In a second paper the same group show that the iron 
can be removed from ferritin by chelating agents 
under very mild conditions (Biochemistry, 7, 613: 
1968). Ferritin was dialysed against solutions of the 
chelating agents at pH 7-4 and 25° C. 0-1 M nitrilo- 
triacetate removed 44 per cent of the iron, 0-1 M 
ethylenediamine tetraacetic acid 3 per cent and 
0-1 M sodium citrate 1 per cent. No iron was removed 
by buffer alone after 14 days dialysis. During the first 
48 hours, iron was removed from non-crystalline ferritin 
more rapidly than from crystalline ferritin. Thus 
iron can be removed from ferritin as a chelate, but 
there are obviously large differences in the rate and 
extent of the reaction with different chelating agents. 

The glycoprotein which carries iron in the blood, 
transferrin, was already known to react with suitable 
chelating agents (Bates, Billup and Saltman, J. Biol. 
Chem., 949, 2810; 1967). Kronfeld (Biochemistry, 7, 
945; 1968) has now studied the effect of chemical 
modification of the human transferrin molecule on its 
capacity to bind ferric ions, to bind to reticulocytes, 
and the incorporation of *?Fe from transferrin into haem 
in reticulocytes. Substitution of the amino groups 
increased the binding of transferrin to the reticulocytes, 
but only if the substitution changed the net charge on 
the molecule. Since there was little effect on mcorpora- 
tion into haem, the increased binding seems to be to 
sites where the iron cannot enter the cell. Ferric ion 
binding decreased sharply when 85-90 per cent of the 
free amino groups had been trinitrophenylated, sug- 
gesting that the amino groups involved in iron binding 
are relatively inaccessible. Almost all the carbo- 
hydrate was removed by enzymatic digestion without 
producing any measurable effect on the activity of 
transferrin, so the function of this part of the molecule 
remains unknown. 


The Origins of 5S RNA 


from our Molecular Biology Correspondent 


Ever since its discovery in Æ. coli ribosomes, the low 
molecular weight RNA component (5S RNA) has 
provoked argument about possible functions and 
origms. In the latter regard, the careful genetic 
mapping experiments of Smith et al. (J. Mol. Biol., 
33, 123; 1968) on B. subtilis produced the result that 
the cistrons on the DNA coding for 16S, 235 and 55 
RNA are not clearly separated. On the other hand, 
hybridization of the ribosomal RNA species with the 
DNA gave the result that 9-10 genes for 168 and 238 
RNA were present, but only 3-4 for 5S. This was 
taken as an indieation, though not vet a proof, that 
the 5S RNA was an entity synthesized under inde- 
pendent genetie control. 

A contrary viewpoint has now been put by Hecht 
et al. (Proc. US Nat. Acad. Sci., 59, 1278: 1968). The 
argument rests mainly on the kineties of appearance 
of the three ribosomal RNA components and their 
precursors. For most of the evidence concerning the 
latter, one is directed to results "reported previously", 





for which the reference turns out to be a publication —— 
“in press". It is alleged, however, that these precursors, = 
which have a higher molecular weight, are synthesized 
according to an apparent first-order rate law. This 
condition is formally required for ab initio transerip- 
tion, whereas a deviation from first-order is taken to 
imply formation by conversion of some other primary 
transcription product. The order of the kineties of 
appearance of both 168 and 55 RNA is found to be 
about 3 (although the rather generous scatter of the 
points on the double-logarithmic plot must be admitted 
to offer a fairly wide choice). Nevertheless, a differ- 
ence appears to exist, compared with the precursor 
of the 168 RNA. Secondly, chloramphenicol, which 
leads to the accretion of uncompleted ribosomes 
(^CM-particles") but does not interfere with transcrip- 
tion, arrests the formation of 58 RNA. (One might 
mention here that the absence of this species in CM- 
particles was reported last year by Galibert et al. Of 
course, the appearance of mature 168 and 238 RNA is 
by the same token also prevented.) On introduction of 
actinomycin, which blocks transcription, some forma- 
tion of the ribosomal RNAs continues. Hecht ef al. 
state that they have observed no precursor RNA of 
low molecular weight, and that therefore the 5: RNA 
arises by way of a high molecular weight species, and 
they favour the 238 precursor, which is said to have a 
molecular weight exceeding that of mature 23S RNA 
by the correct amount. It will be easier to evaluate 
the cogency of these arguments. and the evident 
conflict with the results of Smith et aL, when the 
promised details are published. 

Meanwhile, a further study from Marmur’s laboratory 
(Morell and Marmur, Biochemistry, 7. 1141; 1968) has 
appeared which contains a number of important results. 
Working again with B. subtilis ribosomes they have 
shown that, as in E. coli, one 5S RNA molecule is 
present per 705 ribosome, and that this resides exclu- 
sively in the 50S sub-unit. Moreover, it is tenaciously 
held—it is known that some 20 per cent of the protein 
can be stripped from the ribosomes by treatment with 
caesium chloride without disruption of the structure. 
This treatment is found not to remove the 58 RNA. 
Morell and Marmur have found that yet more protein 
can be removed without dislodging the RNA. Treat- 
ment with EDTA to extract all the magnesium ions 
causes unfolding without loss of protein, and under these 
circumstances the 58 RNA is liberated. It is unfor- 
tunate that it has not yet proved possible to regain 
native ribosomes after this treatment, and so test the 
requirement for 5S RNA. 

RNA synthesis has also been studied: pulse labelling 
experiments show that the label enters the 238 RNA 
much sooner than the 55, and the presence of à pool 
of 58 precursor is therefore indicated. The 405 
ribosomal precursor particles have also been examined 
and 58 RNA is shown to be still substantially absent 
at this stage. Its appearance, accompanying matura- 
tion of the 50S ribosomes, can be explained either by 
its assimilation from the pool or in terms of a common 
preeursor for it and the 235 species. Enzymatic 
cleavage of the 5S from the 235 RNA in its final 
stages of maturation would then explain the observed 
lag in labelling of the 58 RNA. This would agree 
with the surmise of Hecht et al., but would leave the 
hybridization results unexplained. The last word is 
clearly vet to come. 
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Science Intended to be Read as Literature 


by 
JOHN MADDOX 


THE publication in Britain this week of The Double Helix 
by Professor James Watson (Weidenfeld and Nicolson, 
355.) is likely further to stimulate controversy about the 
origins of the model of double-stranded DNA. What 
follows is not a review of the book but a discussion of 
some of the problems which this publication will ereate. 
An appraisal of the virtues and defects of the book as 
such has had to be delayed, largely for technical reasons, 
until next week, the date originally set for publication in 
Britain. 

It is easy to tell that The Double Helix is a remarkable 
book. So far as Nature has been concerned, one obvious 
and inconvenient sign of this is the reluctance of scientists 
to comment in public on the book. Before Nature aban- 
doned the attempt to complement the literary appraisal 
which will be published next week by a scientific opinion, 
no fewer than a dozen distinguished molecular biologists 
had declined an invitation to review the book, usually 
on the grounds that they were too close to the subject, 
too far away from it or too busy. It would probably have 
been easier to obtain a molecular biologist’s opinion on a 
piece of out-and-out pornography. 

Public reticence is, however, more than compensated 
for by the way in which the book has already become a 
centrepiece of private conversation. There is a tendency 
for those who have read the book to be for it, or against it, 
in much the same way as they may be for or against the 
Government, the incomes policy or the United Nations. 
Many of those who have not yet read the book have taken 
up sides, which only goes to show that it is likely to be an 
efficient vehicle for prejudice. Most discussions so far 
have been more concerned with whether the book should 
have been written at all than with its intrinsic merits, 
but this only tends to aggravate the divisive influence of 
the book. Indeed, there is a danger that its appearance 
will sour personal relationships in a field of science which, 
in the past decade, has been exceedingly productive, in 
part at least because of the ease with which people have 
been able to communicate freely with each other. This, 
of course, would be a great misfortune and not merely for 
the participants. 

Why should feeling run so high? How has Professor 
Watson offended so many of his former colleagues ? 
There is no doubt that he has openly broken with the code 
that the public face of science should be as impersonal as 
possible, but this is no accident. Watson says quite 
openly that he has tried to “catch the atmosphere of the 
early postwar years in England, where most of the impor- 
tant events occurred”, and his book is indeed a whiff 
of tho true Cambridge, gossip and all. He says that he 
is more concerned with first impressions of the way in 
which he and Dr Francis Crick worked out the structure 
of the double helix than with “an assessment which takes 
into aecount the many faets I have learned since the 
Structure was found". 

If the book has a thesis at all, it is that the progress 
of science is usually less logical and straightforward than 
outsiders suppose and that the interplay of personalities 
can play an essential part in determining its course. The 
diffieulty, of course, is that it is not possible to give serious 
attention to a question like this within the confines of the 
code of reticence. 

One immediate result is that the book is necessarily 
impolite. Everybody knows by now the opening sentence, 


“T have never seen Francis Crick in a modest mood”’, but 
the narrative which follows makes it entirely credible that 
Watson should have said, elsewhere, that “Crick is the 
only person I know who has nothing to be modest about". 
Evidently the younger Watson was much in awe of Dr 
Crick. 

Readers who are not intimately concerned with the 
biochemistry of the early fifties will probably consider 
that the only really unkind sentence in the book is a 
remark about Sir Lawrence Bragg, who has nevertheless 
contributed a generous foreword. There are unflattering 
portraits of Professor M. H. F. Wilkins and the late Dr 
Rosalind Franklin, who were working at King's College, 
London, on the X.ray structure of DNA; but Watson 
admits quite openly in a moving postscript to his book 
that his "initial impressions" of Dr Franklin were "often 
wrong". One sign of how the book shows Watson himself 
maturing is that he says in the postscript that he realized 
“years too late the struggles that the intelligent woman 
faces to be accepted by the scientific world, which 
often regards women as mere diversions from serious 
thinking". 

As history, the book is vivid but sketchy. It does, 
however, provide a good list of the intellectual raw mater- 
ials on which Watson and Crick were dependent in the 
early fifties. From Watson’s arrival in Cambridge in 
the autumn of 1951, he and Crick seem to have acknow- 
ledged that the principal ingredient in working out the 
structure of DNA would be commonsense of the kind 
which Pauling had used in working out the alpha helix 
for protein molecules. Watson says that they were 
attracted to helices from the start (and one of his com- 
plaints against Dr Franklin is her alleged unwillingness 
to admit of helical interpretations of the X-ray data she 
was collecting). The backbone of the DNA molecule—- 
the alternation of sugar and phosphate groups—has been 
well categorized. One question was to know whether the 
backbone was on the inside or the outside of the helix. 
And how many strands were there—one, two, three or 
some larger number ? 

The book will be a valuable reminder of the importance 
of demonstrations such as that of Ferburg (1949) that in 
single nueleotides, the plane of the purine or pyrimidine 
base is almost perpendicular to the plane in which the 
sugar atoms lie. This was a valuable piece of evidence for 
the model building to come later. Watson makes no 
secret of the importance of Professor Erwin Chargaff's 
demonstration of regularities in the composition of DNA 
from several sources. Molecules of adenine and thymine. 
for example, seem always to be present in similar amounts, 
which later helped to confirm that they should be paired 
together physically. (Some of the bad feeling which the 
book has generated no doubt stems from the account 
it gives of the awkwardness of Chargaff’s visit to Cam- 
bridge in 1952.) 

It will be salutary and also comforting for a great many 
people to see how Watson could commit himself to a claim, 
in a letter to Delbruck, that the structure of DNA had 
been established at a time when he and Crick were still 
working on incorrect assumptions about the tautomeric 
forms of the nucleotide bases, and how chagrin (and a 
fear that Pauling might get there first} impelled him to a 
reappraisal of the attempts at model building made at 
Cambridge. 
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Evidently there is a great deal more than this to be said 
about the ways in which one thing followed another, and 
Watson's aecount is probably only the first of many 
historical comments on what happened. It will be a 
long time, however, before there will be an account of 
this or any other important scientific discovery which 
conveys as vividly the unavoidable ups and downs. 

What, then, will people make of this? Are Watson's 
indiseretions damaging or helpful? And will the book 
begin a tradition in which there will be a kind of Pepys 
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in every laboratory? As always, the worst fears are 
unlikely to be realized. Different people wil no doubt 
find different faults in the book, but in the long run its 
influence will be beneficial. It can do no harm, for 
example, to have a frank publie diseussion of the spur of 
competitiveness in the pursuit of research. Everybody 
knows that competition exists and that it is often fierce 
and sometimes less than open. The fact that Watson 
acknowledges all this is one of the reasons why his book 
rings true. 


Northwick Park Britain's Bethesda? 


Wmuy is there no British equivalent of the National 
Institutes of Health at Bethesda, Maryland? This is a 
good question which suggested itself in the late fifties to 
Mr Quintin Hogg, then Lord President of the Council. 

The Medical Research Council, which until 1965 came 
under the Privy Council, was no doubt extremely pleased. 
The council and in particular its secretary, Sir Harold 
Himsworth, had in the late 1950s become increasingly 
concerned about how best to translate into clinical 
medicine the research done at the National Institute for 
Medical Research at Mill Hill and the other MRC units. 
The MRC believed all along that any clinical research 
centre should be linked with a general hospital serving a 
distinct community. That, of course, is not the case with 
the National Institutes of Health at Bethesda, which 
collect patients for their four hundred beds from the entire 
United States. The MRC maintained that a clinical 
research centre in Britain could only be justified if it was 
designed to improve standards of general clinical medicine 
rather than to collect exotica, and that this could best be 
achieved in association with a general hospital. 

At the same time, the North Western Metropolitan 
Hospital Board and the Ministry of Health were discussing 
—à8 they had been since the advent of the National Health 
Service—the possibility of building a new district general 
hospital to augment the service to north-west London. 
In 1959 the MRC, the ministry and the hospital board 
put their heads together and decided to build a general 
hospital and a clinieal research centre to be jointly 
financed by the ministry, the regional board and the 
MRC. A suitable site of 46 acres became available at 
Northwiek Park, Harrow. The decision was quietly 
announced by the minister to the House of Commons in 
a written answer on March 13, 1961, and in a paragraph 
tucked away in the MRC's annual report for 1959-60. 

The late Professor John Squire of the University of Bir- 
mingham, who, sadly, died in 1966, was appointed director 
designate of the research centre and a plan was drawn up 
between 1961 and 1966, in joint consultations between 
the MRC and the hospital board and with ample outside 
advice. The hospital will have, when completed, eight 
hundred beds—-six hundred for the hospital board and 
two hundred for the research centre. Building began in 
1966 with the intention that the first stage should be 
completed in time to admit the first patient in 1970; 
although it looks like taking somewhat longer than 
planned. with luck the project should still be ready 
by 1970. The money for the building project—-£13 
million was the estimate in 1965—has been guaranteed. 
The ministry is footing about two-thirds and the MRC 
one-third of the bill. In addition to its two hundred 
beds, the MRC research centre will have some 150,000 
square feet of laboratory space, animal houses, a library 
and other essential facilities. The ministry, for its part, 
has given a supplementary grant to provide the extra 
facilities needed to support the research eentre. 


Under these arrangements, the hospital board is respon- 
sible for providing nursing staff, diagnostic service and 
junior medical staff up to the level of senior registrar, for 
the whole complex. "That should help to dispel the notion 
that Northwick Park is just two institutions on one site. 
Some senior staff will hold joint appointments to the 
centre and the hospital. It is also hoped that clinically 
qualified MRC staff may be given honorary clinical 
appointments to the hospital. The idea is that physicians 
and their patients will have aecess to the latest develop- 
ments and that, at the same time, researeh workers will 
have their feet kept on the ground by contact with the 
everyday problems of medicine. This, of course, does not 
mean that the centre will treat only patients from the 
general hospital, but it does mean that physicians and 
research scientists will be in continuous contact. 

All this seems excellent, but what do outsiders think 
of the centre ? "There seems to be little basis for the fears 
voiced by some of the medical schools that the centre will 
bleed them of all their best clinicians or that it will lead 
to a reduction in the support given by the MRC to existing 
units which are already engaged in clinical researeh. When 
all the building has been completed, probably not 
before the mid-1970s, the scientifie staff of this centre 
will be only 134— supported by 255 technieians—and 
fewer than half of these will be clinicians. Moreover, the 
centre does not plan to get involved with fields of clinical 
research that are already adequately covered by the MRC 
or at other research centres. That should put many 
minds at rest. The centre will not, for example, engage 
in respiratory or cardiovascular research. Tho MRO 
Statistical Research Unit will move to Northwick Park, 
and its director is the deputy-director designate at the 
new centre. Another unit which has come under the 
administration of the clinical research centre is the 
Common Cold Research Unit at Salisbury. How its 
activities at Salisbury will be affected remains to be seen. 

Once the buildings are equipped with a £125 million 
grant, the centre will clearly need about £1 million a year 
for running eosts. This should not make too great a dent 
in the MRC's annual budget, which is eurrently about 
£15 million. In any case, the MRC naturally hopes 
to receive more money to meet the costs of the centre in its 
future grants in aid. At the same time, however, it is 
simply wishful thinking to hope that the centre is going 
to provide endless jobs for clinicians who want to work in 
a research environment. It is too small for that—Àin 
fact, the whole complex will be smaller than Hammer- 
smith Hospital and the Postgraduate Medical School 
combined. 

There may be no real reason to fear the effeets of the 
centre on the medical schools, or the MRC's other units, 
but it remains a proper function to ask why the clinical 
research centre is not being built next to the National 
Institute at Mill Hill or, alternatively, why the National 
Institute is not being moved to the new site. The great 
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Part of Northwick Park Hospital, May 1968. (Photo: F. & J. Hare. Harrow.) 


strength of Bethesda lies in the way in which clinical and 
basic research are done at the same site side by side, and 
this is how it should be. The clinieal research centre and 
the National Institute would have both benefited enor- 
mously if they were on the same campus. Apparently there 
was not a sufficient catchment area at Mill Hill to justify a 
new hospital there—the need was greater for north-west 
London. But why was the opportunity of moving the 
National Institute missed? Inevitably, of course, the 
excuse is lack of money. At a conservative estimate, 
moving the National Institute would have cost £6—7 mil- 
lion, but it is doubtful whether in the long run leaving the 
National Institute where it is is a real economy. There is a 
good case for saying that the benefits of having the two 
centres in one campus outweigh the cost. The MRC and the 
hospital board may even tacitly have recognized this, for 
there is a large area of the Northwick site, labelled on the 
plan as the Mill Hill area, which has been left for future 
building. Is it really intended eventually to fill this space 
with a new National Institute, or is that just wishful 
thinking ? 

And what about teaching ? If it is true that the best 
researchers are the best teachers, what possible reason 
was there for not making the Northwick Park complex 
part of a medical school ? The Todd Committee had to 
be content with the extraordinarily lame excuse that it 
was not possible to incorporate the Northwick Park 
Hospital and the research centre as a part of the Univer- 
sity of London “because of the limitations imposed by the 
statutes of the University of London". As the Todd 
report says, "Whatever may have been the advantages 
of establishing the clinical research institute in such a 
loeation, we regret its separation from any major centre 
of medical education. We think that the University of 
London should not remain restricted by its statutes from 
allowing its territorial responsibilities for medical educa- 
tion to widen.” 

This artificial problem about statutes must have pro- 
vided a welcome smoke screen to hide what may have 
been the real reason. The policy of the MRC has always 
been to finance research and to leave individual members 
of its units free to choose whether or not to teach. The 
Molecular Biology Laboratory at Cambridge is the out- 
standing example of the success of this policy although 
whether, in the long run, Britain would have been better 
served if that institution had been more closely integrated 


mto undergraduate teaching at the University of Cam- 
bridge is an open question. No doubt the MRC believed 
the double distraction of treating patients and teaching 
medical students would be altogether too much and would 
leave researeh at the bottom of the list of priorities. As 
past experience shows, that is a perfeetly defensible argu- 
ment. The pity is that it was not the one given to the 
Royal Commission. Having decided to restrict teaching at 
Northwick Park to the training of a few PhD candidates 
and postdoctoral fellows, there is really no excuse for the 
clinical research centre not becoming as renowned in its 
field as the Cambridge laboratories. That, of course, will 
depend almost entirely on the staff of the centre, the direc- 
tion of its research policy and the way it integrates this 
into the life of the hospital. Although there are still two 
years to go before the first stage of the building is occupied, 
it is clear from the appointments already made that the 
centre is at first, at least, spreading its net very wide. 
Professor G. M. Bull of Queen’s University, Belfast, is the 
new director designate and most of the other recruits are 
from the National Institute or other MRC units. It seems 
certain that the centre will work on epidemiology, immun- 
ology, geneties, metabolism including protein chemistry, 
clinical chemistry, communicable diseases, psychiatry, 
obstetries and anaesthetics. At first sight this list, which 
underlines what an opportunity was missed by not moving 
the National Institute to Northwick Park, may seem too 
long and the topics too diverse. But there is sense in that. 
Any research centre starting from scratch runs the risk 
of immediately losing its flexibility by investing too much 
of its effort in a few senior people who naturally enough 
bring their entourages and research interests with them. 
Starting with such diversity, and with luck, the centre 
may have enough flexibility to meet any future development. 

The one problem that the Northwick Park complex 
should not have to worry about is establishing links with 
the general practitioners in its catchment area. Naturally 
enough, general practitioners tend to refer their patients 
to hospitals that they know and have personal relation- 
ships with, and public transport routes also play a sur- 
prisingly large part in influencing the choice. With the 
specialist facilities that it will have to offer, the Northwick 
Park complex is certain to attract patients. But, apart 
from that, it also plans to welcome the local medical 
community direetly by offering its library facilities and 
its internal seminars to the general practitioners. 
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DNA: Models and Reality 


b Dr Hamilton since 1953 has been a collaborator of Professor M. H. F. 
y Wilkins and supplied many of the DNA preparations that have been 


L. D. HAMILTON 


Brookhaven National Laboratory, 


Upton, New York model. 


My original intention was to discuss how much the DNA 
double helical structure was hypothesis and how far it 
had been established on facts. But Professor J. D. 
Watson’s book The Double Helix has now appeared? and 
it might be useful if I made some reference to the period 
Watson describes. As a biophysieist, I recognize the 
significance of the complementarity of the two chains of 
the double helix, but, as an erstwhile historian, I retain 
an interest in another kind of eomplementarity—that 
between event and account of the event. What I shall 
say about the double helix is based, then, on personal 
observation of documentary and personal knowledge. 

Molecular model building was, especially in the earliest 
days of X-ray crystallography, a recognized procedure 
which could be an integral part of a diffraction analysis. 
Largely as a result of separation of the initial struetural 
proposal from the X-ray data, there is still confusion about 
the DNA strueture. With biological fibres such as DNA, 
reflexions were not seen for spacings much less than 3 A. 
Thus although distances between non-bonded atoms were 
resolved, much atomic detail, such as atoms covalently 
linked and about 1-5 A apart, was not resolved and most of 
the atoms could not be separately located by X-rays alone. 
Model building was thus an indispensable part of the solu- 
tion of the DNA structure by X-ray diffraction. 

Pauling showed? that model building alone could make 
an important contribution. This, of course, was true only 
when accurate crystallographic studies had provided a 
reservoir of accurate bond lengths and angles and when 
the X-ray diffraction provided (although a gross feature 
such as rise/residue and turn angle/residue) powerful 
constraints. This suggested that even without X-ray 
diffraction data model building might be useful after the 
X-rays have enabled one to reduce the number of degrees 
of freedom to very few. One reason why Pauling—apart 
from his insistence on the planar amide group—succeeded 
in elucidating the a-helix, while Bragg, Kendrew and 
Perutz did not, was that Pauling ignored what appeared 
to be erueial X-ray diffraction data which were only 
correctly interpreted later (the 5-1 A meridional reflexion). 
Watson and Crick, on the other hand, were free to 
concentrate on model building because they were not 
themselves doing X-ray work. Paradoxically, this helped 
them but it has given rise to the historical confusion-— 
how clearly does the model correspond with the actual 
atructure of DNA or is it merely a fruitful and therefore 
plausible hypothesis but nonetheless a model ? 

Some of the confusion about model building and its 
relationship to X-ray data is exemplified in several places 
in Watson's book. ~... there seemed no indication that 
he [Wilkins] thought the answer would come from playing 
with molecular models" (p. 76). .... "Again he [Wilkins] 
emphasized that he wanted to put off more model building 
until Rosy was gone, six weeks from then" (p. 179). 

Watson emphasizes the extent to which the original 
model was aided by knowledge of the X-ray data of 
Wilkins's group at Kings. " ... Maurice [Wilkins] went 
into the adjacent room to pick up a print of the new form 
they called the ‘B’ structure. . . . The pattern was un- 
believably simpler than those obtained previously (‘A’ 
form). . mere inspection of its X-ray picture gave 
several of the vital helieal parameters" (p. 167). 

And again, "Moreover. there was no longer any fear 
that it [a stereochemically reasonable configuration for 





used for X-ray crystallography. He reviews the role of X-ray data 
and model building in the discovery and proof of the Watson-Crick 


the backbone built before the pairing hypothesis] would 
be incompatible with the experimental data. By then it 
had been checked out with Rosy's [Dr Rosalind Franklin] 
precise measurements. Rosy. of course, did not directly 
give us her data. For that matter, no one at Kings 
realized that they were in our hands. We came on them 
because of Max's [Dr Max Perutz] membership on a 
committee appointed by the Medical Research Council to 
look into the research activities of Randall's lab. Since 
Randall wished to convince the outside committee that 
he had a productive research group, he had instructed his 
people to draw up a comprehensive summary of their 
accomplishments. In due time this was prepared in 
mimeograph form and sent routinely to all the committee 
members. As soon as Max saw the sections by Rosy and 
Maurice, he brought the report in..." 

Watson's statements give the impression that he had 
access to the X-ray data and ideas of Wilkins's group at 
Kings, but in the letter written by Watson on March 12. 
1953. to Max Delbrück at Caltech, Watson says, “The 
model had been derived almost entirely (with almost 
apparently inserted afterwards above the line of writing) 
from stereo-chemical considerations with the only X-ray 
consideration being the spacing between the pair of bases 
3-4 A which was originally found by Astbury. ... The 
X-ray pattern approximately agrees with the model but, 
since the photographs available to us are poor and meagre 
(we have no photographs of our own and like Pauling 
must use Astbury’s photographs), this agreement in no 
way constitutes a proof of our model. . . . To do this we 
must obtain collaboration from the group at King's Col- 
lege, London, who possess very excellent photographs of 
a crystalline phase in addition to rather good photographs 
of a paraerystalline phase." 

Clearly, the book contains discrepancies about the 
weight given to the X-ray data; the ideas of Wilkins 
and co-workers in formulating the initial model are 
slurred over. Indeed, in the letter to Delbrück, Watson 
states that their model was made with reference to the 
paracrystalline form-—one not seen by Astbury? but 
which was studied by Wilkins and Franklin. 

Wilkins in 1950 developed the fibre-drawing technique 
for orienting DNA*. The polarizing photomicrographs 
taken from this publication show necking of the fibre 
and change of birefringence from — to + as the DNA 
molecules were extended. In 1950, Wilkins with Gosling. 
a predoctoral student at his laboratory, obtained the 
first good diffraction patterns from DNA fibres. This 
resulted from his discovering how to make fibres with 
good crystallinity and, more important, finding that a 
suitably humid atmosphere was required to give and 
maintain crystallinity. The significance of these findings 
is emphasized by Franklin and Gosling in their definitive 
publications®. 

The good patterns were A type. On drying the fibres 
the pattern was lost. In 1951 Wilkins also obtained B 
type patterns of DNA from a variety of sources and, 
having explicitly asked Stokes—a physicist at King’s 
College—to work out the theory of helical diffraction. 
showed that these patterns indicated helical structure. 
The solution was also derived independently by Cochran. 
Crick and Vand? for the structure of helical polypeptides. 
Wilkins reported this at Cambridge in 1951 before 
Watson's arrival. From the equatorial spacing on the 
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B pattern, Wilkins deduced that there must be several 
chains in the molecule, chains which were regularly coiled 
in helices. 

Wilkins, although a physicist, was not an X-ray 
erystallographer and so, after he had obtained good diffrac- 
tion patterns from fibres of DNA, Randall, head of the 
King's Laboratory, invited Rosalind Franklin, an experi- 
enced X-ray crystallographer, to join him to help in the 
DNA work. Wilkins had used only a standard commercial 
camera and, with a photographie system of higher resolving 
power, Franklin was able to obtain better B patterns 
using the same DNA provided by the Swiss biochemist 
Signer that Wilkins had used to produce the A pattern. 

Before Wilkins had obtained good B patterns himself, 
however, he had already in 1951 obtained good diffraction 
from sperm heads. These patterns again supported the 
helical model; they resembled the B DNA pattern’, 
These patterns, published in 1953 (ref. 8), gave by simple 
measurement helix pitch and number of nucleotides per 
turn of a polynucleotide chain. The sperm diffraction 
pattern was also important because it showed that the 
helical structure was not an artefact of DNA extraction. 

The situation at Kings in 1951, before Watson entered 
the scene, was that the group believed the molecule was 
helical and they knew roughly the number of chains (the 
value seemed to be about 3; only in much later work did 
the value come close to 2). The helical structure, of course, 
was insisted on in spite of Franklin’s view which at that 
time was emphatically anti-helical (on the other hand, 
Franklin made great contributions by her skilful and 
systematic experiments). Wilkins was convinced that the 
bases were stacked (an idea going back to Astbury‘), and 
having accepted Gulland’s clear demonstration from 
eleetrotitrometrie studies®, was strongly of the view that 
the bases were hydrogen-bonded and agreed with Gul- 
land’s interpretation that the DNA molecule consisted 
of several polynucleotide chains joined by the hydrogen 
bonds*. The Kings group concluded that the hydrogen- 
bonded bases must be coplanar. These ideas and the idea 
that the phosphates were hydratable and therefore 
probably on the outside of the molecule—an idea emphas- 
ized by Franklin—were embodied in Fraser's model. 

Fraser—a physicist—was studying infrared dichroism 
of DNA. In his model, three coplanar bases were hydro- 
gen-bonded together in the centre of a helical 3-chain 
molecule. This model did not explain how bases of dif- 
ferent sizes were accommodated in a regular helix, and 
the arrangement of three helical chains spaced equally 
along the helix axis was contradicted by the X-ray dif- 
fraction pattern (though the density and unit-cell size 
indicated ~3 chains per molecule). Wilkins, faced 
with this dilemma, temporarily did not press on with 
model building, but instead tried to improve the X-ray 
patterns. 

Wilkins, near the end of 1952, without prompting from 
Watson, realized that Chargaff’s'? and Wyatt’s!! base 
ratios were significant, Watson’s book emphasizes that 
base-pairing ideas developed in Cambridge were never 
passed on to Kings. Wilkins began towards the end of 
1952 to consider hydrogen bonding between purines and 
pyrimidines as underlying DNA structure. He knew 
purines were big and pyrimidines were small, and was 
thinking that combining the small piece with the big 
piece would somehow be the key to the DNA structure 
but how he did not know. No big step was required to 
reach the correct solution if the idea of pairing pyrimidines 
with purines was combined with the ideas exemplified 
in the Fraser model. Perhaps once the Kings group had 
got down to model-building on pairing they would have 
encountered chemists besides Donohue who held like 
views on the preferable tautomeric forms of the bases. 

As things turned out, it was Watson and Crick—the 
latter an expert on helical molecules—who made the 
critical discovery that if the bases in DNA were joined in 
pairs by hydrogen bonding, the overall dimensions of the 
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There has been frequent confusion about the correct- 
ness of the physieal structure and of the biological hypo- 
thesis of how DNA molecules could be replicated in vivo. 
The confusion is compounded in references! to the “cen- 
tral dogma"—DNA--RNA —protein—as the Watson- 
Crick theory of the chemical basis of inheritance, so 
that in talking about the Watson—Crick theory! it 
is unclear whether what is in question is DNA structure 
or DNA replication or neither. Only several years after 
the model was proposed did Meselsen, Stahl and Vinograd!* 
at Caltech provide crucial evidence on the biological 
hypothesis; their experiments using !5N and equilibrium 
centrifugation of DNA in caesium chloride directly proved 
DNA strand separation during DNA replication. Kornberg 
and his co-workers? with the DNA polymerase enzyme 
showed how single strand DNA was replicated; in so 
doing they provided important evidence for comple- 
mentary pairing and demonstrated that the nucleotide 
sequenees in the two chains run in opposite directions. 
But, 15 years later, we still do not know exactly how 
double-helieal DNA is replicated. 

Watson and Crick in their original proposal for DNA 
did two things: (1) they proposed a general hypothesis 
for DNA structure; (2) they built a particular model 
embodying the then hypothetical base-pairing and 
showed that the whole structure was stereochemically 
not unreasonable. This first model was not intended to 
present the detailed conformation. It did have to fit 
certain basic parameters given by X-ray diffraction. 

Proof of structure was necessary because the prelimin- 
ary rough agreement between the X-ray data and the 
model was not so good as to exclude the possibility that 
a structure of some other kind might correlate better 
with the data. Fortunately, in our work on the proof of 
structure, we observed DNA in several different conforma- 
tions most of which can exist in several crystal forms?¢. 
They differ in having different numbers of nucleotide 
pairs per turn of the helix—11, 10 or 9:3— with corre- 
sponding differences in the inclination of the base-pairs 
to the helix axis as well as in other adjustments in the 
molecule. The main factors determining the molecular 
conformation and crystal form are the water and salt 
content of the fibre and the cation used to neutralize the 
phosphate groups. 

DNA has three main conformations. In all cases, the 
diffraction data are satisfactorily accounted for by the 
same basic double helical structure incorporating the 
same Watson-Crick base-pairing scheme. This, of course, 
provides a more convincing demonstration of the correct- 
ness of the structure than if only one conformation had 
been studied. 

As with most X-ray data, intensities, but not phases, 
of the X-ray beams diffracted by the DNA are available 
so that the structure eennot be derived directly. With 
DNA, moreover, most of the atoms cannot be separately 
located by diffraction alone. The analysis was therefore 
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conducted by atomic groups. Scale models of DNA were 
built with the stereochemical features of the nitrogen 
bases, sugar and phosphate groups determined from pub- 
lished structures of simpler compounds. No conformation 
was allowed in which non-bonded atoms approached one 
another at less than their van der Waals’s distances. The 
intensity pattern produced by a crystal incorporating 
such a model was calculated, as well as the contributions 
made by the three component groups; all were compared 
with the observed diffraction. The groups were then 
adjusted in position to improve the agreement between 
the observed and calculated intensities. The procedure 
was repeated until good agreement was obtained between 
the observed and calculated diffraetions. 

The B Conformation?*. Fig. la is the X-ray diffraction 
pattern of Na DNA in the B conformation?? when one 
double helical moleeule is separated from another by 
water. There are ten nucleotide pairs per helix turn and 
the bases are perpendicular to the helix axis (Fig. 2a). 
This is the conformation DNA has in the cell or when 
DNA is in water solution. The gross similarity of this B 
pattern with that given by intact sperm heads is erucial 
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X-ray diffraction patterns of DNA in the B conformation (a) 
and C conformation (b), X-ray diffraction patterns of crystalline DNA 
in the A conformation (e) and in the B conformation [Li salt of DNA] (d). 
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Fig. 2. a, Projection of two nucleotides in the B conformation of DNA 

showing bases horizontal and at right angles to the helix axis, b, Pro- 

jection of two nucleotides "n "ry -- of DNA showing bases 
nelined at 207, 


evidenee for this being the biologically significant. form 
of DNA. 

The A Conformation®. Fig. lc is an X-ray diffraction 
pattern of the Na salt of DNA in the A conformation. 
This contains less water than the B. The spots are sharper 
and therefore easier to measure than the more diffuse 
spots in the B pattern. This highly crystalline pattern— 
the first crystalline form observed—could be accurately 
measured and one could see whether the agreement 
between the experimental observation and the model was 
good. 

In this conformation, the molecule has eleven nucleotide 
pairs per turn of the helix; the helix pitch is 28 À. The 
orientations of the base, deoxyribose and phosphate parts 
of the nucleotides differ considerably from those in the B 
form; in particular the base-pairs are tilted 20° from 
perpendieular to the helix axis (Fig. 25). 

This form is of special interest because, though DNA 
has not been observed in vivo in this conformation, helical 
RNA adopts a very similar conformation*?, 

The C Conformation®. Fig. 1b is the X-ray diffraction 
pattern given by Li DNA in the C form, an artefact 
formed by partial drying. The helix has ~ 9-3 nucleotides 
per turn of the helix and the helices pack to form a semi- 
crystalline structure; there is no special relation between 
the position of a nucleotide in one molecule and another. 

What is the significance of the different conformations 
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of DNA? The fact that from the same assumptions (a 
double helical structure incorporating a standard base- 
pairing scheme) it has been possible to build models in 
at least three different interconvertible conformations, 
which are in good agreement with the observed d iffractions, 
has gone a long way to establishing that the double helical 
feature and base-pairing scheme is unique, and is a much 
more convineing demonstration of the correetness of the 
general strueture hypothesis than had one conformation 
alone been studied. 

There are no alternatives to most of the stereochemical 
assumptions used in model-building but, where there 
might be an alternative arrangement of hydrogen bonds 
in a base-pair, the X-ray data served to establish that the 
strueture proposed was unique. As Donohue pointed out 
in 1956 (ref. 24), there were at least two dozen ways of 
making two or more hydrogen bonds between pairs of 
adenine, thymine, guanine or cytosine. The first direct 
determination of a strueture of a purine-pyrimidine base- 
pair was made in 1959 by Hoogsteen?. In synthetic 
complexes of 9-N-methyladenine and 3- N-methylthymine, 
he observed an alternative A-T pairing different from the 
Watson—Crick scheme and not predicted by Donohue. 
So far Watson-Criek base-pairing has only been found in 
guanine cytosine co-erystals?* and, except for DNA, not 
in adenine thymine complexes. 

Fortunately, the Li salt of DNA crystallizes in the B 
conformation (see Fig. Id) but gives diffraction patterns 
as sharp as the Na salt does in the A conformation. 
Fourier syntheses of electron-density studies?? have been 
made on the sharp patterns of Li DNA in the B conforma- 
tion, and they have excluded any significant participation 
of base-pairs other than those of the Watson—Crick type 
from the DNA structure (see Fig. 3). These Fourier studies 
were made on sharp reflexions extending to spacings as 
small as 1-7 A. Further refinement of the data has been 
carried out by Dr S, Arnott using contemporary bond 
lengths, angles and least squares optimizing methods. 
X-ray diffraetion and model building have thus elevated 
the Watson-Crick pairing hypothesis in DNA to the level 
of experimentally established fact and have provided 
positional parameters for all the DNA atoms correet to 
within a few tenths of an Ángstrom unit. 

Diffraction data alone do not specify the serew sense of. 
the DNA helix. The mirror image of the right-handed 
models would of course be left-handed, and would give 
the same diffraction pattern as the right-handed form. 
Such a left-handed structure is impossible chemically. 
however, because it would be incorrect. isomerically. A 
left-handed model must therefore have a different con- 
figuration within the polynucleotide chain itself. The 
diffraetion data do specify the position of the phosphate, 
deoxyribose and base groups, but they do not directly 
provide information about their linkage. To ascertain 
whether the screw sense of the helix is right-handed or 
left-handed, molecular models have to be built with the 
main groups in the positions given by the diffraction 
intensities. 

In their original DNA molecular models, Watson and 
Crick concluded that left-handed helices were eliminated 
on stereochemical grounds. It is now clear, however. that 
their model does not correspond precisely with any 
particular observed conformation of DNA. The B form 
of DNA bears the closest resemblance to the Watson- 
Crick model. Study of this form shows that it is not easy 
to eliminate a left-handed structure. In the A form. 
however, it seems impossible to build left-handed structure 
without impossibly short interatomic distances, whereas 
right-handed models can be built with ease?!. 

Because the conformation of Na DNA may be readily 
changed reversibly from A to B?*, it is most unlikely that 
the transition involves such a radical change in structure 
as alteration of helix sense. Hence DNA in the B form. 
found in vivo, consists, like the A form, of right-handed 
helices. 
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Fig, 3. a, Biectron density map of DNA in the plane of the base-pairs, 
Watson-Crick pairs superpose precisely on the map. (Stereochemical 
refinement shows both pairs to be exactly equivalent and to have perfect 
hydrogen bonding.) 6, Fourier synthesis map of DNA showing in the 
plane of the base-pairs what is. in effect, the difference between the 
observed electron density and that given hy a DNA model with 
Hoogsteen pairs. A very large peak in the centre of the map indicates 
the gross lack of correspondence between the model and the real structure, 


Thus the work on the different conformations of DNA, 
by deriving the precise molecular geometry of these helices 
and showing that each was compatible with the different 
diffraction patterns, went a long way to proving the 
structure of DNA and has shown that the Watson- 


Crick pairing hypothesis was correct. At the same 
time it has shown that the double-helical structure 


applied to all the DNA in a cell and not just to some part 
of it. The double helix is present not only in inert genetic 
material in sperm and bacteriophage, but also in cells 
slowly or rapidly dividing or synthesizing protein, and 
there is no difference in structure in DNAs from normal 
and cancerous tissues and between these DNAs and calf 
thymus DNA separated into fractions of different base 
composition (the only exception being small baeterio- 
phages where DNA is single stranded)?*. 

The determination of the precise structure of DNA has 
not yet clarified the confusion in the textbooks about 
whether the model is the actual structure of DNA or still 
a structural hypothesis. It is nevertheless relevant to 
current research. The derivation of the A conformation 
of DNA greatly aided the elucidation of the RNA double 
helix which is very similar, and this conformation has 
recently been used by Dr W. Fuller at King's College as 
the basis of a molecular model of the anticodon arm in the 
transfer RNA moleeule?*, 
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Deriving the precise conformations of the DNA double 
helix may be important in understanding the interaction 
between DNA and the enzymes involved in DNA replica- 
tion and between DNA transcription and also the inter- 
action of antitumour antibioties*! and antimetabolites 
with DNA. DNA has not been observed in the A conforma- 
tion in vive, but double stranded RNA is always in the 
A conformation. Artificial hybrids of DNA and RNA 
are in the 4 conformation. One may therefore speculate 
that the ability of DNA to change reversibly in vitro 
from the B to A conformation may be the way in which 
DNA distinguishes between its replication and transcrip- 
tion, 

This article is based on a paper given at a symposium 
on “Recent Landmarks in the DNA Revolution" held 
during the 155th national meeting of the American 
“hemical Society, San Francisco, April 1, 1968. 
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Stellar Interferometer at Narrabri Observatory 


by 
R. HANBURY BROWN ty 


Cornell-Sydney University Astronomy Centre, 
School of Physics, 
University of Sydney 


THe recent publication? of the measured angular dia- 
meters of fifteen hot stars marks the successful conclusion 
of the first 5 years of work at Narrabri Observatory. The 
observatory was established in 1962 by the joint efforts 
of the Universities of Sydney and Manchester and is 
operated by the Chatterton Astronomy Department of 
the School of Physies at the University of Sydney. The 
observatory itself is in pastoral country about 700 ft. 
above sea level and roughly 300 miles north of Sydney in 
New South Wales. The site was chosen chiefly because it 
has clear skies on about 60 per eent of all nights and, for 
most of the time, the surface wind is very low. 

The primary purpose of the whole installation is to 
measure the angular size of all stars brighter than apparent 
magnitude --2 in the spectral range O to F. To put this 
programme in historical perspective it should be recalled 
that the only previous measurements on single stars are 
those reported by Pease*. He used Michelson's stellar 
interferometer to measure seven stars, all late giants 
or supergiants in the speetral range K to M. Further 
attempts to extend this work to hotter stars by con- 
strueting a larger interferometer failed and were finally 
abandoned in 1938. Thus the programme at Narrabri 
represents a renewed attack on a classical, but challeng- 
ing. problem which has not previously been solved. 
Although in some ways it seems curiously old-fashioned 
to be measuring such a basic and simple quantity as the 
angular size of a star, the subject is in fact of basic 
importance. It is also of considerable interest at present, 





Angular diameters of 15 bright stars having a wide range of spectral 
pes have been measured with the stellar interferometer at 
Narrabri in Australia. The instrument is now being tried out on 
different kinds of stars including binaries. 


partly because the advent of computers has revitalized 
the study of stellar atmospheres, and partly because 
ultraviolet observations of hot stars from rockets have 
revealed unsuspected features of their spectra. 

The stellar interferometer at Narrabri is unique in 
being an intensity interferometer and therefore the pro- 
gramme represents an experiment, in the true sense of 
the word, in both physies and astronomy. The instrument 
is an optical analogue of an earlier radio interferometer?” 
which was developed at Jodrell Bank in 1950 to measure 
the angular sizes of the two most intense radio sources 
in Cygnus and Cassiopeiae. The principle is of some 
interest and at one time was a topic of active controversy. 
The controversy was precipitated by an experiment", 
carried out at Jodrell Bank, in which it was demonstrated 
that the time of arrival of photons at two spaced detectors 
is correlated when they are exposed to coherent light. 
The arguments against the theoretical and experimental 
basis of this experiment, and hence against the funda- 
mental principle on which the intensity interferometer is 
based, were eventually settled quite peacefully. They did. 
however, act as a useful stimulus to the general study of 
higher order coherence in optics and of the detailed 
equivalence of both wave and particle representations of 
optical fields. 

Briefly, the present instrument works as follows. The 
light from the star is received on two separated reflectors 
and is focused at each on to a photomultiplier. The 
fluctuations in the output currents of the two photo- 
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multipliers are amplified over the frequency band 10-120 
MHz and then correlated. It has been shown, both 
theoretically’ and experimentally*, that this correlation is 
a measure of the mutual coherence of the light at the two 
reflectors. In more familiar terms it is proportional to the 
square of the fringe visibility which would be observed 
with the same spacing by a classical Michelson inter- 
ferometer. It is therefore possible to find the angular 
diameter of a star from measures of correlation at different 
spaciugs between the two reflectors. 

The two principal advantages of this technique, as 
compared with Michelson’s interferometer, are, first, that 
it makes practicable the construction of an interferometer 
with the very high resolving power (~5x 10-* ^ of arc) 
needed to resolve a reasonable number of hot stars without 
meeting extremely diffieult, perhaps impossible, problems 
of mechanical precision; and, second, the measurements are 
entirely numerical and objective and, more importantly, 
they are not affected by atmospheric scintillation. The 
latter property, which at first sight is most surprising, was 
predicted theoretically’ and has been confirmed by experi- 
ment. These advantages stem from the fact that the 
“interference” of the two fields of light is carried out 
electrically, and one is concerned only to preserve the 
relative phase of fluctuations which are passed by the 
electrical bandwidth of the system. By contrast, in a 
Michelson interferometer one is concerned to preserve the 
relative phase of two signals at optical frequencies. Thus. 
very roughly speaking, the difficulties of building an 
intensity interferometer with extremely high resolving 
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power are reduced, by comparison with an optical inter- 
ferometer, in the ratio of the electrical bandwidth of the 
one to the optical bandwidth of the other. In terms of 
current practice this ratio is at least 1/1,000. Of course, 
one has to pay for these advantages and an intensity 
interferometer has a poor signal to noise ratio and is 
only suitable for hot and bright stars. In practice this 
means that one needs large, but relatively crude, reflectors 
and the technique is only suited to very bright and hot 
stars. Thus, although the Narrabri instrument uses very 
large reflectors, it is only capable of working on stars 
brighter than apparent magnitude +2 with spectral types 
earlier than about F5. tes 
The general layout of the installation at Narrabri is 
shown by the aerial photograph in Fig. 1. Light from a 
star is received by two large mobile reflectors, shown in 
greater detail in Fig. 2, which are mounted on trucks 
running on a cireular railway track 188 m in diameter 
with a gauge of 6 m. Each reflector is a paraboloid with a 
diameter of about 6:5 m and consists of a mosaic of 252 
small hexagonal mirrors. These mirrors have spherical 
curvature and are made of glass front-coated with 
aluminium and protected by silicon dioxide. Each small 
mirror is mounted on an adjustable three-point suspension 
and is adjusted in orientation individually. An unusual 
feature is that the mirrors are heated electrically to 
prevent the formation of dew, because they are not 
shielded either by a telescope tube or by a dome. Fhe 
converging beam of light from the whole reflector is 
passed through a system of lenses, which includes an 
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The general layout of the interferometer at Narrabri Observatory 
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interference filter (50 A bandwidth), and is focused onto 
a photocathode with a useful diameter of about 42 mm. 
The image of the star varies in size and shape with the 
attitude of the reflectors. It has an average size of about 
25 mm x 25 mm, which corresponds to an angular resolu- 
tion in the sky of about 8’ x 8’ of arc. The output currents 
of the two photomultipliers are carried by coaxial cables 
to the centre of the track where they are amplified in the 
band 10-120 MHz and multiplied together in a linear 
multiplier. The time-average of their cross-product, 
or correlation, is recorded by a printer every 100 s, 
together with a measure of the light flux received by 
each reflector. 

In operation the two reflectors move on the circular 
railway track so that their spacing, or baseline, is constant 
and normal to the direction of the star. The reflectors are 
each capable of three independent motions. They follow 
the star in azimuth by moving around the circle, in eleva- 
tion by tilting about a horizontal axis, and they rotate 
about a vertical axis on turntables so that, at all baselines, 
they are both looking in a direction parallel to the line 
from the star to the centre of the track. Their separation, 
or baseline, can be varied over the range 10-188 m. The 
motions of the reflectors are controlled by a combination 
of a central computer and a photoelectric guiding system 
on each truck. This latter complication is made necessary 
by inevitable small irregularities in the track. The 
guiding system acts by changing the elevation and turn- 
table angles transmitted by the computer and in practice 
the r.m.s. “pointing error” of the two reflectors, when 
moving, is about 1’ of are. In the centre of the track there 
is a control building which houses the electronic correlator 
and the computer. The equipment in this building is 
connected to the moving trucks by overhead cables which 
are supported by steel catenary cables attached at one 
end to small tenders drawn by the trucks and at the other 
to a mast in the centre of the track. The use of a cireular 
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The twin reflectors of the stellar interferometer at Narrabri Observatory. 


track and a completely symmetrical cable system ensures 
that the electrical paths from the two photoelectric 
detectors to the correlator are equal in length and under 
precisely similar physical conditions. The overall accuracy 
of the mechanical construction and the control system 1s 
such that, at all times, the difference between the path 
lengths of the light from the star to the two photoeathodes 
is less than 10 em. The electrical time delays in the two 
photomultipliers and in their associated cables are ad- 
justed to differ by less than 0-3 ns. Any loss of correlation 
due to differences in the arrival time of corresponding 
signals at the multiplier of the correlator is therefore 
less than about 1 per cent. 

The angular diameter of a star is found by measuring 
the correlation at different baselines and normalizing 
these results by the corresponding values of light flux and 
electrical gain. A theoretical curve is then fitted to the 
results by a computer which takes into account a number 
of complications such as the finite size of the reflectors. 
Observations are continued, usually at alternate long and 
short baselines, until the probable error in the final 
diameter is satisfactorily low. The total exposure time 
depends on the brightness of the star, the precision 
required, the clarity of the atmosphere and the choice of 
baselines. Roughly speaking, a total observing time of 
about 40 h is needed to measure a star of magnitude 
B= +1 with a precision of +5 per cent. Measurements 
are not made within 3 nights of full moon nor when there 
is much cloud or wind, and we have found that, taking 
everything into account, we can measure one star per 
month. 

The “instrumental” parts of the interferometer were 
made in Great Britain and arrived in Narrabri in January 
1962. For reasons of economy the instrument was never 
completely assembled before it was shipped and, partly 
for that reason and partly because of the comparative 
remoteness of the site, it took 2 years to install and develop 
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| stage where the main observing programme could be 
started with confidence. The first full-scale test was 
carried out in July 1963 on Vega (aLyr). Following this, 
a number of modifications were made and the observ- 
ing programme was started in June 1964. Four stars 
were measured in 1964 and then, after some minor 
improvement, these four stars were measured again in 
1965. The two sets of observations were found to be 
consistent and the main programme was therefore 
continued. 

The first and principal programme of the observatory 
is to measure the angular diameters of a sample of bright 
stars over as wide a range of spectral types as possible. 
The immediate objective of this work is to contribute 
towards a more precise and reliable scale of effective 
temperature (T'e) for stars of early spectral type. The 
measurements of size are combined with measures of the 
absolute monochromatic flux (f,) received from the stars 
to find the absolute monochromatic flux (F3) radiated by 
the stellar surface. These values of F3, which are based 
entirely on observation, ean be compared directly with 
theoretical models of the stellar atmosphere and, by 

calibrating the models, yield the effective temperature 
Te. Alternatively, the measured values of F; can be used 
to find Te by combining them with observations of the 
relative spectral energy distribution made either from the 
ground or from rockets. The rocket observations are, of 
course, essential in the case of the very hot stars where 
the majority of the radiation is ultraviolet. In carrying 
out this programme it is important to observe, as far as 
possible, single stars or at least stars whieh have only 
faint companions. We have therefore excluded all 
stars which, from optical evidence alone. are known to 
have bright companions. As a further safeguard, the 
interferometer itself is capable of resolving binary stars 
which, for one reason or another, have not been detected 
spectroseopically. It is interesting to note that out of a 
list of about twenty bright stars, believed to be single, we 
have already had to delete two which we have found to be 
binary. 

The first stage of this programme on single stars was 
completed in February 1967 and we have published? 
measurements on fifteen stars brighter than B=1-8 in 
the spectral range BO to F5. A tentative temperature 
scale was put forward with these results. It is too early, 
however, to diseuss the validity of this scale until other 
workers in the field have had time to analyse our results 
independently. Another result of this programme has 
been to test the theoretical prediction that the observed 
values of normalized correlation are not affected by 
atmospheric scintillation. We have analysed in detail 
some special measurements made on Sirius (xXCMa) and 
on a variety of other stars on 126 different nights. This 
work shows clearly that atmospheric scintillation has no 
significant effect on our measurements. 

A summary of the measurements on fifteen stars is 
shown in Table In column 3 we have shown bup, the 
apparent angular diameter of a uniform disk which is 
given directly by our measurements. In column 4 we 
have shown the actual diameter of the star Opp which is 
obtained by applying a small theoretical] correction for 
limb-darkening to our measured results. Finally, in Fig. 3 
we show the effective temperatures of the fifteen stars as 
a function of their colour index B-V, together with a solid 
line suggesting a scale of temperature. For a full diseussion 
of how these temperatures were derived from the measured 
angular diameters, reference must be made to theoriginal 
paper?. 

Our second, subsidiary, programme at Narrabri is to 
try out the new instrument on different types of objects. 
We have already made some observations of the well 
known binary star Spica (2Vir) and also of the bright star 
B Centauri whieh we have shown definitely not to be a 
simple single star, and we are currently engaged in 
developing a computer programme to interpret the rather 
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Table 1. LIST OF STARS MEASURED AT NARRABRI OBSERVATORY 
Angular diameter 
uniform disk Angular diameter 
Star Spectrum UD to d 
10° s of arc 

Cru Bo.51V 0-705 x 9 0.728 x 0-026 
yOri B210 ) 0-05 
eCMa B2 IL 4 0-05 
aPay B31V 0-08 0-06 
eOri B0 Ia 0-05 0-05 
aEri BSLV 0-07 0-08 
aGru Bay 0:07 0:07 
aLeo BV 0-07 0-07 
BOri B8 la 0-14 0:15 
aCMa ALV 0-10 0:10 
aLyr A0V 0-15 0:16 
aPsA ABV 0 0-14 
aCar FO 1-1 0-39 0-41 
aAql ATIV-V 0-14 OLS 
aCMi FSIV-V 0-35 0-39 





complicated results. We have also completed some 
observations of the Wolf-Rayet binary star y Velorum 
in which we measured the angular size of this remarkable 
star in the continuum and in a very bright emission line 
of carbon. Because the sensitivity of the interferometer is 
a function of the energy received per unit optical band- 
width, and not simply of the total light, it is possible to 
carry out measurements of angular size in the compara- 
tively narrow bandwidth of an emission line. 

In the immediate future we plan to extend our observa- 
tions on single stars to, perhaps, a further ten stars, 
making a total of twenty-five single stars in all. These 
additional observations will be designed to strengthen our 
data in the spectral range B0 to 40. Finally, we are 
examining the possibility of measuring the actual distribu- 
tion of brightness over the disk of a bright star in an 
effort to make a direct observation of limb-darkening, 
and also of observing the distortion in shape of a rapidly 
rotating star. 

In the past 5 years, since the interferometer arrived 
from Great Britain. we have carried out many quantitative 
tests of its signal to noise ratio, of the effects of differential 
delays in the two arms, and of the effects of atmospheric 
seintillation and so on, All the results have confirmed the 
early theoretical analysis® and we believe that the tech- 
nique is now well understood, The existing instrument 
has completed a major part of its original programme and 
has, we believe, made a significant contribution to stellar 
astronomy and in particular to the temperature scale of 
hot stars. In the next 2 or 3 years we hope to add sig- 
nificantly to this work as outlined here. The useful life 
of the instrument is obviously limited by its sensitivity, 
however, and any further extension of the programme--— 
to fainter stars, for example-—would involve major modi- 
fications. In the present instrument most of the light is 
wasted because the optieal bandwidth very much 
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greater (~ 10‘ times) than the electrical bandwidth. In 
principle it is therefore possible to redesign the instrument 
to improve its sensitivity by increasing the number of 
separate optical channels and by correlating correspond- 
ing pairs of channels simultaneously. In view of the 
redueed eost and size of modern electronic cireuits and 
their greater reliability, this proposal now looks quite 
attractive. For example. it looks relatively simple to 
redesign the instrument with sixteen optical ehannels, 
each quite narrow, and to gain a faetor of 4 in signal to 
noise ratio. Such a modest programme would lower the 
limiting magnitude by about 1-5 magnitudes and increase 
the number of observable stars by a factor of 8. Neverthe- 
less, such à modification to the existing instrument is a 
major task and would be expensive because it would 
involve, among other things. à complete reconstruetion 
of the refleetors to improve their optical performance. 
Thus, although we can see how the limitations of the 
existing instrument might be removed, we have no plans 
at the moment to extend the programme. Until the data 
on single stars have been analysed and diseussed by 
astronomers and astrophysicists at large, it will be too 
early to judge whether it would be worthwhile to extend 
the work. In the meantime, our programmes on peculiar 
objeets have started and we are interested to see what 
they reveal. 








The construction of the interferometer was financed by 
DSIR (UK), the Science Foundation for Research mio 
Physics within the University of Sydney and by the Air 
Force Office of Scientific Research (Office of Aerospace 
Research) of the USAF. The running costs have been 
borne by further grants from the USAF and by grants 
from the Australian Research Grants Committee, the 
Research Grants Committee of the University of Sydney 
and the Science Foundation for Research in Physica within 
the University of Sydney. The work has been carried out 
in collaboration with Dr J. Davis, Dr L. R. Allen, Mr J. M. 
Rome and Mr R. K. Outhred. The observatory is also 
indebted to Dr R. Q. Twiss, Dr D. M. Popper, Professor 
H. Messel and Professor E. P. Ney. 
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Climate versus Man and his Animals 


by 
R. E. MCDOWELL 


Department of Animal Science, 
Cornell University, 
Ithaca, New York 


Ir has long been recognized that in the north-south 30° 
latitudes of the world animal productivity is low compared 
with that usually considered satisfactory for the 307—50^ 
latitudes. In the N.-8. 30° latitudes the prevailing tem- 
perature, relative humidity and thermal radiation are 
often greater than the desired range for the comfort of 
man and his animals. As a result. man has tended to 
attribute the principal reason for poor animal performance 
to the direct impact of the extremes of the climatic condi- 
tions, The problems of providing environments for high 
animal produetivity would not be too complex if this were 
the ease. Unfortunately the indirect influenees of the 
climate often far overshadow the direct impact, and so in 
attempts to attain the desired level of animal performance 
all elements eontributing to the environment and their 
interactions must be considered. 


Environmental Variables 

Bonsma's diagram (Fig. 1) of the environment as a 
wheel depicts the complexity of the situations usually 
encountered'. "Temperature, through its direct and in- 
direct actions, is the most important spoke in the wheel. 
Except in extreme conditions the principal influences of 
the other faetors on the animal are indirect through their 
interactions. Light intensity or duration of photoperiod 
retards reproduction efficiency in some species, but the 
chief consequences are through the plants supplying the 
feed. Solar radiation contributes to temperature and the 
direct or reflected radiation may impart a significant 


If livestock productivity is to be improved the relationships between 
the animals and the environment will have to be better understood. 


amount of additional heat to the animal. Of equal or 
greater importance is its effect on food supply by hastening 
rate of growth and maturation of the plants. A low wind 
velocity (<5 km/h) creates problems for the animals in 
a hot. humid environment through reduced heat loss by 
convection. In either a hot dry or hot humid situation, 
high speeds (>35 km/h) cause discomfort. The level of 
humidity, particularly at high temperatures, is probably 
second to temperature in its influence on animals. Usually 
the altitude must exceed 3,000 m before it has à measur- 
able effect on animal performance. The condition of the 
soil usually expresses itself by creating imbalances in the 
nutritive quality of feeds; that is, low protein or in- 
sufficiency of required minerals. 

Conditions favourable for disease and parasitism are 
created direetly and by the interactions of the elementa of 
climate. These have direct effects on an animal and reduce 
its resistance to hyperthermia. An infestation of endo- 
parasites may be a principal reason for the animal develop- 
ing a long, rough hair coat. This retards heat loss which 
eventually brings about progressive degeneration of 
animals in a tropical environment. 


Indirect Influences 

The desirable thermal environment for most livestock 
is between 13^ and 18° C. Between 21^ and 28° C the 
wheel shows a small depression (Fig. 2). These tempera- 
tures create discomfort. for the animal, causing it to bring 
into action certain responses to counter the impaet. There 
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Elements of the environment which directly or indirectly influence the per- 


In this “wheel” man serves as the axle and his animals are the 
Man's management practices serve as the lubricant for rotation. 


The running 


surface represents the total envircnment held in shape by spokes typifying the influences 
of the various elements of the environment. The concentric lines show the interactions 


among the components, 


are then changes in behaviour, decreased food intake and 
less efficient performance. Nevertheless, the wheel will 
continue to roll although somewhat less effectively. In 
such circumstances the principal impact of the change in 
temperature is not through the direct action but rather 
through the interactions or indirect pathways which eause 
the wheel to collapse (Fig. 2). When the wheel breaks 
down, animal performance becomes submarginal in both 
efficiency and total productivity. 

Fluctuations in feed quantity and quality are not 
restricted to warm climates. Serious changes in feed 
supplies occur in all latitudes (Fig. 3), so in almost any 
environment native vegetation without improvement or 
proper management and without some supplementation 
of required nutrients cannot sustain a productive live- 
stock industry. Furthermore, the problems of poor 
nutrition and disease are often worsened by an excess of 
animals to be supported by the environment. 

When the seasonal changes in the environment are 
high, the returns from a livestock enterprise are un- 
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Fig. 2. The direct and indirect influences that 27°C or above ambient 

temperature may have on livestock in areas of the north-south 30 
atitudes of the world. 


(From ref. 1.) 


Table 1. ANIMAL AND PASTURE REQUIREMENTS TO PRODUCE FIFTY SALEABLE 
ANIMALS/YR IN THE TROPICS 
Cows 3 yr old and more 350 
No. of calves born/yr 122 
No, of animals 8 months old and more 766 
Total No. for all ages* 804 
Hectares of grazing land required 2,300 
Hectares/animal 8 months old and more 3 
Calving rate/yr (per cent) 35 
Calf losses up to 3 months of age (per cent) 20 
Animal losses 3-55 months of age (per cent) 20 
Average age at sale (months) 55 
Average weight at sale time (kg) 400 
Extraction rate (per cent) t 65 


This table is adapted from ref. 6. 
* No. of animals 8 months old and more plus 80 per cent of yearly calf 


crop. 
f Extraction rate = ratio of animals sold to all animals * months or 
older x 100. 


economic, as illustrated by the data for a beef enterprise 
in Table 1. In these conditions a large area of land and 
a high inventory of animals are needed to produce in a 
year fifty steers of the desired weight. The extraction 
rate (ratio of animals sold to all animals which are 8 
months and older x 100) of 6:5 per cent is very low 
compared with the 30-35 per cent considered to be satis- 
factory for much of the 307-50? latitudes. This results 
from a low yearly calving rate, high mortality (40 per 
cent or more 0-55 months), the need for retention of many 
females as replacements, the advanced age at which the 
animals are sold and seasonal fluctuations in growth 
rate (Fig. 4). The data in Table 1 and Fig. 4 portray a 
rather discouraging situation which is brought about 
largely by the indirect effects of the prevailing climatic 
conditions, 


Direct Effects of Environmental Elements 


If in a given situation measures are taken to alleviate 
the drastic impact of the indirect effects of climate, then 
a more precise estimate of the *'eosts" resulting from the 
direct influences on animals, that is, changes in tempera- 
ture and humidity, can be made. Fig. 5 shows the relative 
relationships of energy input to milk yield for three 
important groups of cattle—Zebus (Z), Zebu-European 
erossbreds (X) and Holsteins (H)—and tho influences of 
temperature, humidity and radiation on the potential 
lactation milk yield of these groups. This shows that, 
in hot, humid conditions (29-4 ET), the potential milk 
yield of Holsteins would probably be depressed about 
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Fig. 3. Seasonal fluctuations in quality and quantity of natural grass- 
lands in three latitudes: cold, New York (——); subtropical, southern 
Louisiana (-——); and tropical, lowlands of Colombia (-:—'—- ) The 
peak of each curve represents the period of highest. quality, and values 
for the other months are plotted as estimated deviations from the 
best period. The horizontal line (M) portrays the approximate break 
point in animal maintenance requiremenia and gains. (Adapted from 
ref. 5.) 


50 per cent, but the performance of crossbreds (X) and 
pure Zebus (Z) would not be seriously impaired. The total 
yield of the Holsteins would, however, still equal or exceed 
that of the other two groups, but the optimum efficiency 
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Fig. 4. Typical growth curve for cattle on unimproved tropical 
grasslands in areas with 4 month dry season. (Adapted from ref. 5.) 







60 per cent relative humidity for 200 days. Initially 
heat stress caused significant changes in all the physio-. 


logical responses measured, but eventually these responses - v 
returned to near the initial values or revealed a plateau at^ c. 


new levels. The most pronounced change in the physical 
appearance of the animals was the shedding of the hair 
coat twice, at about 35 days and at 60-80 days. The 
original coats were about 2-0 cm deep but decreased to 
0-5 em; thus coat shedding was an effective adaptate. 

A similar group was exposed to the same temperature 
and humidity regime for 95 days after exposure to the 
prevailing summer conditions. Rectal temperatures also 
increased rapidly, but instead of gradually returning to m. 
fixed level this group showed a rapid decline followed by 
marked fluctuations. The hair coat continued to grow 
for the first 30 days, but then remained stable. There was. 
some thinning of the hair during the test but no distinct, 
shedding as in the winter test. 
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Fig. 5. The influence of various levels of temperature, humidity and 
thermal radiation on the potential lactation milk yield and energy 
intake of Zebu (Z), Zebu-European crossbred (X) and Holstein D 
cows. The data are the yearly average yields achieved by selected herds 
of 100 or more cows of each type kept under excellent management 
regimes, °C represents temperature effects with relative humidity 
«50 per cent; TH, humidity > 60 per cent; and ET, the additional 
estimated effect of radiation. (From ref. 6.) 


These two experiments indicate that: (1) the stage of 
acclimatization of the animal is important in discerning 
the responses to high temperature conditions; (2) given 
time, cattle can develop adaptates which will largely 
restore certain physiological processes to near normal 
levels; and (3) gradual exposure to changes in environ- 
ment aids the development of adaptates. This demon- 
strates good attributes on the part of cattle to restore 
heat balance of the body under heat stress, but this is not 
the whole picture. Fig. 7 shows some depression in feed 
intake but also serious impairment of average daily gains 
for the two groups. Both groups were offered a high 
energy ration at the rate of 410 kg of total digestible 
nutrients (TDN) per 45-3 kg of body weight. This gave 
average weight gains of 0-81 kg/day before the onset of 
the heat stress. Neither group refused more than 5 per 
cent of the daily feed offerings and this occurred for only 
short periods. There was no indication of signifieant 
changes in digestibility of dry matter or rate of passage 
through the digestive tract, but in the early weeks the 
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Fig. 6. Average responses for certain physiological traits of six winter-acelimatized 


yearling Shorthorn heiters subjected to a constant air temperature of 32-2? C and 60 per 
cent relative humidity for 200 days. (From ref. 6.) 


utilizations of energy for gains were — 75 per cent in the 
winter group and --50 per cent in the summer group. 
The recovery to near the original level of gain of the 
"summer" heifers was much more rapid (75 against 170 
days). This indicated that the summer heifers were better 
prepared for the ehange in environmental conditions. 
Even the largest gain at 32° (0-7 kg/day) was 12 per cent 
below that of 177—21* C. 

In another series of experiments with twelve lactating 
Holstein cows? the efficiency of the utilization of digestible 
energy for milk yield was 60 per cent at 21° C, but after 
7 days at 32° C the efficiency was only 40 per eent and by 
the fourteenth day it was 31 per cent. The average daily 
consumption of digestible energy deelined about 16 per 
cent at 32° but the daily output of milk energy declined 
over 22 per cent; thus the cows continued to consume 
more energy than they needed for body maintenance and 
production under the heat stress conditions but gave 
poorer returns. 

The evidence is clear that the direct influence of high 
temperature results in reduced efficiency for productive 
processes. Another way of describing the situation is to 
say that in conditions of high temperature "chemical 
costs" for a unit of livestock product are higher than in 
cooler climates because a portion— dependent. on stage of 
adaptation and level of feeding—is siphoned off for the 
processes required to dissipate body heat. Thus it is 
obvious that the indirect and direct influences which are 
likely to occur in much of the N.-S. 30° latitudes make 
the unit cost of livestock products greater than desired in 
spite of the best adjustments the animals can make. 








Remedial Measures 

Availability of energy is usually the primary limitation 
which allows other forces to become major stress factors 
(Fig. 8). If the level of energy is increased, the performance 
of the individual will improve but the input of energy will 
reach a point of diminishing returns because of other 
factors aggravated by the climatic situation. The next 
limiting factor on performance is usually disease. The 
extent of the effects varies greatly among locations, but 
effective control of parasites is important in the efficient 
utilization of feed and the ability of animals to become 
adapted to tropical conditions, 

If measures are taken to control disease, high returns 
may be expeeted from inereased inputs of feed energy 
(Fig. 8. Because the commonly available forages in the 
tropies usually have a high fibre content, which increases 
the physical costs of digestion, it may often be practical 


to apply inputs to enhance the quality, that is, improved 
grasses and the removal of mature portions of the plants. 
If the extreme fluctuations in feed quality and quantity 
are alleviated by using partly stored feeds, this brings the 
animals into partial confinement where shade and cool, 
clean water would help efficiency of performance, These 
steps also help to alleviate the direct effects of the hot 
climate. Further possibilities for increasing output per 
unit of land and the quality of feed involve the use of 
complete or near complete programmes of stored feeding. 

The following general conclusions ean be made. (1) If 
any measurable degree of productive husbandry is to be 
attained with the cattle available today. 3,000 or more 
Mealories of feed energy must be provided/yr/animal 8 
months of age and over. (2) There is a close relationship 
between feed quality and performance, particularly in 
warm climates. (3) Steps to alleviate the indirect effects 
of the adverse conditions of a tropical environment will 
often help to reduce the extra work load on the animals 
or make it economically feasible to employ measures which 
will reduce the direct influences of climate. (4) The level 
of environment.-—referring to inputs of feed and manage- 
ment— which is economically feasible in a given situation 
will be important in determining the size and type of 
animal that will perform most effectively. (5) Within a 
given situation a knowledge of the loeal extremes in 
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Fig. 7. Rate of feed intake and average daily gains for groups of 

heifers preconditioned to cool (winter) and warm (summer) conditions 

before and during exposure to constant temperature conditions of 
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Fig. 8. Environmental variables that may influence milk yield to 
energy intake efficieney ratios for three breed groups—Zebus (4), 
Zebu-European crosses (X) and Holsteins (H). The hatched area 


shows the minimal annual required energy level to sustain a Zebu (Z) 
animal weighing 275-310 kg. This is a “survival type environment". 


climate, their extent and duration and the interaetions 
as they may influence the total environment are required. 


How to Measure Animal Suitability 


Another aspect of the problems of livestock production 
in the N.-S. 30? latitudes whieh needs re-examination is 
how best to determine or measure the suitability of 
animals. To hasten the selection process. and for economie 
reasons, it would be desirable to be able to identify the 
breed group and individuals or both which suffer least from 
a hot environment and to find them as early in life as 
possible. 

Environmental physiologists have previously concen- 
trated most of their efforts towards: first, identification of 
breeds or strains which showed the least shift in the heat 
balanee of the body when exposed to thermal stress, or, 
second, attempts to identify physiological and anatomical 
traits associated with the promotion of heat loss. Current 
knowledge shows several fallacies in these approaches. In 
the first approach, a high positive correlation was assumed 
between minimum shifts in heat balance and performance 
under thermal stress. Using this assumption, à number 
of indices for selection have been proposed*. The most 
prominent of the field indices was developed by Rhoad', 
the “Iberia heat tolerance test". In this index a co- 
efficient. of tolerance to heat stress was calculated from 
the difference between a recorded body temperature after 
a period of exposure to summer conditions and the tem- 
perature considered to be normal for the cattle. This 
procedure served to identify within- and between-breed 
group differences but, when the female's coefficient of 
heat tolerance was correlated with her birth, 6 month and 
5 yr body weights and the corresponding weights for her 
offspring. the relationships were too low to prediet per- 
formanee adequately. 

Criticisms of this and the other indices are the high 
costs of obtaining data and the fact that no consideration 
was given to males. The available indices may suffice 
for some degree of selection if only heat balance in 
the body is considered, but if the primary interest 
is productive performance they hold only limited 
promise. 









The second approach—attempts to find physiological 
and anatomical traits associated with heat loss —assumed 
that the phenotypie characteristies of certain b eed groups: 
constituted the chief factor in their suitability in hot 
conditions, and that a particular means of promoting heat 
loss in eattle was strongly correlated with performance. 
About the same time (1945-55), much attention was 
being given to the possibility that certain anatomical traite, 
such as skeletal dimensions, were sufficiently related to 
milk yield to warrant early identification of the most 
satisfactory animals. "This approach also fell short of 
expeetations because of the low correlations (0 to 4-028) 
between single characters and the more complex process. 
of milk yield. 

The two prineipal approaches to animal suitability can 
be elassed as measures of "physiological adaptability" 
which should favour heat adaptation, but the physiological 
conditions accompanying only minor shifts in heat balance 
under thermal stress may reduce the yield of the product 
sought so much that any economic advantage is entirely 
offaet. Performance traits are very complex and any 
trait the physiologist might suggest must help the animal 
to balance the factors involved in productivity better 
than it is already doing in expressing adaptation through 
total performance. The question then becomes: does not 
selecting for performance alone place sufficient emphasis 
on physiological adaptability ? At present this seems 
logical. for there are no satisfactory estimates of herit- 
ability available concerning the expected rate of genetic 
change in the physiological traits examined. The low 
correlations between ability to perform and tolerance to 
thermal stress suggest that livestock producers could not 
afford to give a single measure of heat tolerance à heavy 
weighting in a selection index. The near zero correlations 
also indicate that physiologieal adaptability would not be 
greatly impaired by seleetion for performance alone. 
Simultaneous selection for several traits retards the rate 
of improvement of any one trait. The time required and 
the costs involved in making major genetic changes in a 
group of livestock are also very important today. 

This does not imply that differences between breed 
groups with respect to suitability to warm climates should 
be ignored, but clearly productivity is the best. estimate of 
practical suitability. 

If productive livestock industries are expected in most 
areas of the N.-S. 30? latitudes of the world, the com- 
plexity of the environment must be appreciated and 
animals should be looked on as “biological machines” 
which have optimum operating efficiencies. When the 
machine is placed in an environment which deviates from 
its optimum, it should be recognized that the efficiency 
may be markedly reduced. When the animal must make 
use of adaptates to combat the impact of an adverse 
environment, the “physical costs” per unit of product are 
increased; thus economic efficiency decreases. It there- 
fore behoves the livestock producer to understand the 
physiological limitations of the available animals and 
the economies of losses in efficiency with changes 
in the environment. There should also be an aware- 
ness of the economic feasibility of providing the physical 
changes in the environment which will be needed for 
optimum performance. This ineludes recognition of 
reduced efficiency in function brought about by disease 
and parasitism. 

Methods for ascertaining the suitability of animals to 
tropical environments. that is, determined with primary 
emphasis on measures of productive adaptability instead 
of physiological adaptability, should also be redefined. 
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THE early receptor potential! (e.r.p.) is produced by light 
absorbed by rhodopsin?. It has two components: R,, 
which develops most rapidly, is "cornea positive", and 
R4, which develops more slowly, is "cornea negative, 
In contrast to other retinal potentials! the relationship 
between response amplitude and light intensity is linear 
and, except for the fact that rhodopsin is bleached, the 
e.r.p. is unaffected by previous or concurrent light adapta- 
tion. There is no measurable delay between the stimulus 
and the beginning of the response’, and although a 
variety of chemical treatments modify the e.r.p.8, it 
does not vanish even when the cell membrane has been 
damaged in ways which abolish all forms of nervous 
activity. It seems likely therefore that a chemical reaction 
produces the e.rp., and very few steps intervene 
between the absorption of light and the generation of 
the potential. 

Rhodopsin absorbs light and breaks down through a 
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The early receptor potential produced by light absorbed by rhodop- 
sin has two components. Of these R,, which develops most rapidly, 
is generated by chemical reactions involving prelumirhodopsin. R3, 
a later component, the waveform of which is calculated in the 
following article, is not directly generated by rhodopsin, and possibly 
develops in the surface membrane of the outer limb, as in inverte- 


sequence of chemical reaetions, the kineties of which have 
been studied*. It is possible that some of these might 
produce the e.r.p. direetly. This idea is made more likely 
by the observation that when the breakdown produets of 
rhodopsin are illuminated, rhodopsin is reformed by photo- 
reversal (see ref. 9 for references), and in these conditions 
potentials similar to R, and R}, but of opposite polarity, 
can be observed!e-!, 

It seems possible that the breakdown product respon- 
sible for the development of the e.r.p. could be deduced 
from the lag between the absorption of light and the 
growth of the response. The situation is, however, com- 
plicated by the fact that the voltages are distorted by the 
resistive and capacitative properties of the tissues. If 
retinas are treated with aldehyde fixatives the cell mem- 
branes become “leaky” and the tissue time constants are 
reduced. In these circumstances the recorded e.r.p. may 
correspond more closely to the time course of the generat- 
ing process and the underlying chemical reaction may be 
identified. This is the subject discussed here with special 
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reference to R, Some experiments of this nature have 
already been reported for R, (ref. 13) and are more 
completely analysed in this work. 


Characteristics of R; and Ra 

R, can be geen in isolation by fixing eyes in glutaralde- 
hyde", for this treatment abolishes R,. The simplified 
response then appears as a fast spike which approximates 
to the waveform of the flash, slowed by its passage through 
a low pass filter (with a time constant of 100-300 us) 
whieh may represent the residual tissue resistance and 
capacitance. The waveform and amplitude of R, are 
constant over the temperature range — 10^ to +10°C 
(ref. 13). Thus any underlying chemical reaction must he 
independent of temperature, cr so rapid that it must be 
effectively instantaneous by comparison with the 100- 
300 us time constant. Over the temperature range con- 
sidered, only the formation or decay of prelumirhodopsin 
fulfils this requirement and thus this is the only substance 
which could generate R,. Similar conclusions can be 
drawn from experiments on unfixed eyes at very much 
lower temperatures®. 
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On left: average response of seven fully tixed eyes, temperature 35° C, compared with the flash waveform. On right: analysis of the 


response into ita component potentials (solid and open circles). 


To investigate R,, experiments were performed on the 
isolated eyes of albino rats. The fixative used was 0-8 per 
cent w/v formaldehyde in M/10 sodium phosphate buffer, 
pH 7-0. This concentration of formaldehyde, lower than 
that used previously", fixed the eyes slowly. For examina- 
tion, eyes were removed from the solution and placed on a 
cooling stage. The stimulus was a brief, intense, xenon 
flash. Light was conducted to the eye by a fibre optie light 
guide. Wick electrodes, screened from the stimulus light, 
were used to record the e.r.p. The bandpass of the amplify- 
ing system was 1-50,000 Hz. Responses were displayed on 
an oscilloscope and photographed. Measurements were 
made from enlarged projections of the records. In order to 
improve precision the responses of seven experiments were 
averaged. Full technical details are given elsewhere!?:'*. 








Fig. 1 illustrates some of the results. At 35°C the 
unfixed tissue produces a large downward-going response 
(R,). This is decreased in amplitude and accelerated by 
fixation. At 5° C, the unfixed tissue produces an upward- 
going response (R,) and R, seems to have vanished. This 
observation, first reported by Pak and Cone’, suggests 
that the generating chemical reaction has also been 
arrested. At 5° C the decay of metarhodopsin T to meta- 
rhodopsin IT is so slow that, on the time scale of Fig. 1, 
metarhodopsin I could be considered effectively stable. 
On the basis of this (and other) evidence it has been 
suggested that this is the reaction which generates Rg. 
After fixation for 6 h, however, R, is still present at 5° C, 
and after 48 h it is larger than R,. In the fully fixed eye, 
the peak time of R, increases approximately three-fold 
for a temperature drop of 30° (from 200 to 500 us) and the 
amplitude decreases by approximately the same factor. 
This is very different from the responses observed in the 
unfixed tissue, and thus either the chemical reactions are 
greatly altered by formaldehyde or the influence of tissue 
time constants (removed by fixation) prevents assessment 
of the speed of the generating reactions in normal eyes. 
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The curves are calculated, with the time constants indicated, 


Experiments have been performed at intermediate 
temperatures, and an illustration is given in Fig. 1, 
which also indicates how the experiments were performed, 
successive responses being taken in sequence at different 
temperatures. The figure shows the reversible effect of 
heating. Note also the slight decline in successive re- 
sponses, which is caused by bleaching of rhodopsin by the 
stimulating light. From this decline, the effective light 
intensity in these experiments can be calculated". 


Calculating R2 

Figs. 2 and 3 show the averaged data and how they 
were analysed. The recorded e.r.p. consists of the algebraic 
sum of R, and R, Below 0? C the waveform of R, is 
identical for both glutaraldehyde and formaldehyde fixed 
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tissue’. It is therefore reasonable to suppose that the 
same is true at 5? C. If the size of the contribution of 
H, to the responses in Figs. 2 and 3 was known, R. 
could be accurately calculated. This has been done 
right-hand halves of Figs. 2 and 3, 
indieated by symbols. 


z 
in the 
where R, and R, are 
The size of R, which was used has 
been assumed to be that actually observed in previous 
experiments on retinas fixed with glutaraldehyde; the 
effect of changing the assumed amplitude on the size and 
shape of R, will be discussed. Because over the 
range in which it appears in isolation R, is unaffected by 
temperature, the same values have been used for both 
5° and 35? data. The effect. of modifying R, waveform on 
the calculated R, is also discussed, 

The curves in Figs. 2 and 3 are computed. They were 
derived in the following way. The simplest assumption is 
that the absorption of a quantum causes the instantaneous 
movement of charge which then leaks away through the 
tissues, The simplest representation of such a circuit is 
a generator in parallel with a low-pass filter. The wave- 
form of the response will be 

tr=ł 

V= = 

tz=0 
where V, is the recorded voltage, / At the 
measured in arbitrary units for small increments of f 
(time), and « the time constant of the filter. The wave- 
form of the stimulating flash was measured in 10 us 
intervals, and V, computed with various values of =<. 
This is the curve fitted to the values of R,. If 50 us, 
the early part of the response fits the curve. Changing + 
by +20 us destroys the fit. Later, the curve deviates 
froin the experimental points. This may be caused by 
error in measurement. of records (the voltages were very 
small) or by the development of a slower thermoelectric 
potential, which was suspected in previous work!, 

The assumptions made here can be elaborated. Light 
causes a sudden initial change in rhodopsin, but the 
erp. may be produced after the decay (over a measurable 
period of time) of prelumi, lumi or metarhodopsin. 
Evidently, for R, such a preliminary chemical reaction 
could only occupy a very short interval indeed, for the 
response peaks as though the chemical reaction occurred 
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instantaneously. But for R, things may be different. The 
equation deseribing R, would then be 


tot T. N 
EP Ape. (e-(-tÓin — ecüt-tàin) ] 
te=Q TiS Ta f 


Ve 


(2) 


(this is the well known formula for sequential radio- 
active decay; its physical significanee in the present 
context will be discussed). 

The theoretical response curves were calculated with the 
help of a digital computer for pairs of values of +, and +). 
The curves in Figs. 2 and 3 represent the best fit to the 
data. It can be seen that, if it is assumed that R, follows 
the simple exponential decay, a satisfactory fit can be 
achieved to the 5° data (the broken circles). At 35° the 
fit is even better. 

The effect of choosing different values for R, was 
investigated. At 5? C, amplitudes of R, can be chosen 
between 19 and 50 uV, and the resultant R, fitted by 
values of the equation which do not vary greatly from 
those given in the figure. (7, changes between 0 and 95 us 
and t, between 600 and 550 us.) Still smaller values of 
R, are most unlikely, for on the actual records the positive 
deflexion is approximately 7 uV. If R, is assumed to be 
larger than 50 uV, R, rises very steeply after à long 
delay, and falls, by comparison, very slowly. A complex 
equation would then relate light input to voltage output, 
and the linearity of response peak amplitude to light 
intensity would then be lost. Because R, is not tempera- 
ture sensitive up to about 20? C (ref. 13, and unpublished 
observations), it is quite plausible that the same holds up 
to 35° C. Any change would involve R, becoming faster 
or larger. Any large change in this direction, however, 
yields a calculated R, with a hump on the rising phase, 
which is most unlikely. At both temperatures therefore 
it is probable that the assumptions made about R, are 
correct, and that the caleulated waveforms are reasonably 
accurate. 





Implications 


If 7, is reduced to 0, the second equation becomes 
identical with the first. Thus for some of the theoretical 
curves, in Figs. 2 and 3, the physical models for R, and 
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R, are the same: the charge movement is instantaneous 
with the light flash. The most probable value for z, is 
about 20 us at 5^ C and the maximum 95 s. Note the 
upper limit of the bandpass of the amplifiers is so low that 
a 7, of 20 us could be an instrumental artefact. If we 
assume the time constant is introduced by the e.r.p. 
generator, the reciprocal of this value is the rate constant 
of any preceding chemical reaction: for eomparison, the 
rate constant of metarhodopsin I-II varies from about 
1.000 s-! at 20? C to about 1 s~ at 0° C (refs. 9 and 18). 
These values differ by many orders from the data on 
z, but were determined in normal retina or solutions of 
rhodopsin. The later part of the breakdown of meta- 
rhodopsin I (15 s-1 h after a flash bleach) is not accelerated 
by formaldehyde fixation of retinas? and we have also 
checked the rate constants of the more rapid transients. 
Outer limb suspensions were prepared in the usual way'* 
and fixed for 48 h in formaldehyde. The suspensions were 
then extracted with 4 per cent digitonin in M/10 phosphate 
buffer; formaldehyde (0-8 per cent w/v) at pH 7-0 was 
added to these solutions just before measurement, for 
formaldehyde slowly destroys rhodopsin in solution, 
although it does not affect rhodopsin in the rods. The 
solutions were placed in the cell of a microscopic flash 
photolysis apparatus!" very similar to one previously 
deseribed, and bleached with brief flashes. Experiments 
were performed at 25? C and 5* C. The transient changes 
in absorbance at 420 and 530 nm associated with the 
decay of metarhodopsin I were observed. The rate con- 
stants were, within an order of magnitude, similar to 
those already published!* and thus the e.r.p. time con- 
stants cannot be the result of an accelerated decay of 
metarhodopsin I, caused by formaldehyde treatment. 





Sites of Production of R; and R2 

Equation (2) deseribes the concentration of B where 

(ay? (Yt 
A — B — C 

The value of t, found would permit B to be prelumi or 
lumirhodopsin, but all later reactions are excluded. tz 
could possibly describe the rate constant of the decay of 
B. There is, however, no correspondence between the 
kineties of rhodopsin breakdown products and the ob- 
served values for c, An alternative and more likely 
hypothesis is that +, represents the time constant of the 






low pass filter, placed in parallel with the generator 
the voltage. But this time eonstant is greater for R, than 
for R, and, in the former case alone, the time constant Is 
temperature sensitive. Thus the two generators are 
connected across different circuits and cannot be produced 
at the same point in space. If one component is produced 
by a conformational change in rhodopsin molecules, the 
other is produced by changes in some other molecule. 
This is in agreement with earlier work? which suggested 
that R, was generated in the surface membrane of the 
outer limb, as also occurs in invertebrates? *!. All known 
chemical changes in rhodopsin (protonation, unmasking 
of SH groups, and so on) occur at à later stage in break- 
down than does the e.r.p.; yet by some means energy 
transfer from rhodopsin to other structures in the rod can 
oecur very quickly. 
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Do Low-energy Cosmic-ray Electrons indicate Very Heavy 


Primaries ? 


by 
KARL A. BRUNSTEIN 


Supernovae are the likely origin of cosmic ray nuclei. This is because 


beams of cosmic rays seem to contain nuclei heavier than iron in 


Department of Physics, 
University of Denver, 
Colorado 


Since the recent discovery of cosmic-ray electrons’ ?, 
there has been much experimentation to determine the 
energy spectrum of the beam and the relative positron 
arid electron components. The spectrum is now fairly well 
established in the energy interval from a few MeV to about 
50 GeV, the best evidence giving a simple power law 
spectrum dJ/dy=Ay-** in the energy interval so far in- 
vestigated, where y is the Lorentz factor (1 — [v/e]. 
(The published data are summarized in a paper by 
Abraham, Brunstein and Cline.) The proportion of 
electrons to positrons has been studied in the energy 








astrophysically significant quantities. 


interval from about 50 MeV to about | GeV (ref. 4) 
Further investigation is extending the energy limits of 
the spectrum, both at the higher and lower ends, and 
looking for time variations both on a long and a short 
term basis. It has also been established that the electrons 
carry only a few per cent of the total energy of the cosmic- 
ray beam. Their importance is not to be under-estimated, 
however. Because of their vastly different charge-to-mass 
ratio compared with nuclei, they are a valuable tool in 
the study of the origin of cosmic rays and in the study of 
solar modulation. 
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Fig. 1. The crosses give the IMP-A electron spectrum’? (3-10 MeV). 


The curve is a direct calculation of the knock-on spectrum using the 
theory previously described’. 


The theoretical approach to the cosmic-ray electron 
problem has centred chiefly around the question of 
whether these electrons are primary in origin, or are 
secondaries caused by interactions of the nuclear beam 
with the interstellar gas (refs. 5-9 and unpublished work 
of R. J. Gould and G. R. Burbidge). Refs. 5-8 deal with 
the production of electrons from proton-proton collisions 
by the resulting z—-4—-e decay chain. Refs. 3 and 9 
deal with the production of electrons through the knock-on 
process of the nuelear component with the interstellar gas. 

DeShong et al.‘ find electrons in much greater abundance 
than positrons. Because the z—p-»e hypothesis should 
lead to just the opposite result, this rules out this mechan- 
ism as a significant contributor to the electron beam. 

The knock-on hypothesis has been ruled out? because, 
even with post-aeceleration of the electrons produced in 
the collisions, the observed spectral shape of the beam 
cannot be well duplicated theoretically. Earlier work? 
on knock-on production dealt only with low energy 
electrons (3-10 MeV). This was an attempt to ascribe 
the electrons discovered with the IMP-A satellite detec- 
tor!* to the knock-on process, but it was shown in the 
theoretical development that the knock-on process led 
to a differential spectrum which was a factor of 5 or 6 
below the measured spectrum (Fig. 1). Post-acceleration 
of the Fermi type was then invoked as a possible mechan- 
ism to allow negative knock-ons to account for these 
observed low-energy electrons. 


Recent Developments 


Brunstein'! compares knock-on electrons observed at a 
balloon altitude of 5-5 g em- residual atmosphere with 
the galactic electrons observed by Cline, Ludwig and 
McDonald’ (see Fig. 2). The conclusion is that if the 
similarity in the spectra observed between the atmo- 
spheric knock-on and the galactic electrons is not co- 
incidental, then the knock-on calculations by Brunstein* 
and Abraham, Brunstein and Cline? are in error. The 
error, it is argued, must necessarily be in our knowledge 
of the nuclear beam or in the validity of the Bhabha 
knock-on cross-section.  Walker!*, using ground level 
cosmic-ray muons as a primary beam, found excellent 
agreement between theory and experiment for the cross- 
section at the energies we are considering here. Kearney 
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and Hazen’, however, found gross discrepancy between 
theory and experiment at electron energies greater than 
about 1 GeV. While this is not germane to the energy 
interval we have discussed so far, it may be significant in 
the overall cosmic-ray electron picture, and we shall 
return to a discussion of this shortly. 

The conclusion drawn from ref. 11, then, is that our 
knowledge of the nuclear beam is incomplete. Knowledge 
of the proton and alpha spectra is quite good, but only 
recently has charge resolution been good enough to 
resolve the beam, element by element, beyond helium. 
Most workers studying cosmic-ray nuclear composition 
in the past have had to classify the elements into charge 
groups. 

It is important to know the composition of the beam 
element by element because at a given y the production 
of knock-on electrons is proportional to Z?*. For example, 
at a given y, although iron nuclei may be much less 
abundant than protons, they are 676 times as effective 
as producers of knock-on electrons. Recent work (re- 
ported by F. B. McDonald and W. R. Webber, and by 
C. J. Waddington at the 1961 Kyoto Conference on Cosmic 
Rays and Earth Storm, and unpublished results of P. S. 
Freier and C. J. Waddington, and by O. Mathiesen et al.) 
has resolved the nuclear beam, element by element, up 
to nickel. ‘The relative contributions of these heavier 
elements as compared with hydrogen are tabulated in 
Table 1. The heavier elements, up to nickel, contribute 
as much as or more than the proton component. 

If, as a working hypothesis, we assume similar y spectra 
for all the elements, we can deal with the problem for 
protons and multiply by the knock-on electron production 
factor given in Table 1. This, of course, assumes there is 
no appreciable flux of nuclei heavier than the iron group. 
We shall come back to this extremely vital (and question- 
able) assumption shortly. It is enough to point out that 
the produetion faetor of 1-75 used in ref. 3 and ref. 9 is 
sufficiently less than the range 1-9-2-3 found in Table 1 
to give one incentive for investigating further the entire 
knock-on hypothesis. Furthermore, a private communica- 
tion from R. Ramaty shows that the rate of ionization loss 
of 5 MeV g-! em-? used in ref. 3 and ref. 9, taken from caleu- 
lations by Hayakawa and Kitao!!, is considerably too high. 
Ramaty calculates that the loss rate for electrons (minimum 
ionizing) should be about 3-4 MeV g em-?. This results 
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Fig. 2. Superposition of the differential energy spectra for electrons 

obtained with IMP-AP, and the balloon data taken at Sioux Falls 

at a residual depth of 5-5 g cm of air. I have argued'! that these 

balloon secondaries must necessarily be of knock-on origin and that, 

at these low energies, the target material is not important as long as 

Z is low enough for bremsstrahlung to be neglected. Hence the com- 
parison with galactic electrons is valid. 
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Table 1. RELATIVE CONTRIBUTIONS fZ OP ELEMENTS, UP TO NICKEL, TO 
THE KNOCK-ON FLUX, ASSUMING ALL NUCLEI HAVE y SPECTRA SIMILAR TO 


i PROTONS 
Z fz 
vd 1-000 
um 0-249 
E 0-001 
4 0-001 
5 0-010 
6 0-031 
7 0-020 
8 0-038 
9 0-004 
10 0-019 
11 0-004 
12 0-017 
13 0-007 
14 0-026 
15 0-007 
16 0-016 
17 0-002 
18 0-009 
19 fz (Z=16) 0-002 fz (Z=18) 
20 0-049 0-022 
21 0-001 0-005 
22 0-050 0-022 
23 0-048 0-022 
24 0-120 0-053 
25 0-076 0-034 
26 0-414 0-229 
27 0-031 0-014 
28 0-033 0:014 
28 28 
E fz-2:3 E fz-19 
Z=1 Z=1 


Fluxes for 9 < Z <19 are from unpublished work of P. S. Freier and C. J. 
Waddington. Unpublished results of O. Mathiesen et al. have given relative 
abundances for 1632528. I normalized where these ranges overlapped. 
At Z=16 and Z=18, six particles were detected, representing the best 
statistics in the region of overlap. Equivalent fluxes were determined using 
this normalizing procedure, both for Z=16 and Z=18. Both are shown. 


in an increase of about 50 per cent in the theoretical flux. 
He also shows that knock-on electrons caused by knock- 
on electrons give roughly another 20 per cent. So our 
production factor of 1-9-2-3 can be boosted to 3:2-3-9, 
reducing the original discrepancy between the observed 
and calculated knock-on theoretical spectra of 5 or 6 to 
about 3. We can then argue that at least a third of the 
observed low-energy electrons are of knock-on origin— 
again assuming no contribution from nuclei heavier than 
nickel. 


Heavier Nuclei and their Astrophysical Implications 


The synthesis of elements beyond the iron group can 
be ascribed to two possible processes, the s process and 
the r process. In the s process, seed nuclei capture 
neutrons and emit gamma radiation. This process requires 
convection between the various layers of the star, an 
idea which is not widely accepted. The chief characteristic 
of the process which interests us here is its 10*-10° year 
time scale, a slow process. According to ref. 15, the s 
process should be chiefly responsible for nuclei in the 
range 23<A<46. A preprint from O. Mathiesen et al. 
indicates that s process stars are not the injectors of 
particles into the cosmic-ray beam through some kind of 
post-accelerative mechanism. The r process builds nuclei 
heavier than iron by neutron capture. The chief difference 
between the r and & processes for our purposes is their 
time scales, the r process being extremely rapid (10-100 s 
to build elements up to Cf?9* from iron) Burbidge, 
Burbidge, Fowler and Hoyle!* therefore suggest super- 
novae, specifically type I, as the site of the r process. 
There is, in addition, a p process, thought to occur in 
supernovae of type IL, which is presumably responsible 
for the proton-rich elements. These are rare and thus are 
not of consequence to our discussion. 

How abundant are elements heavier than the iron group 
in the cosmic-ray beam? The question is essentially 
unanswered. According to Fowler et al.'*, the abundances 
for Z > 40 are not significantly different from the universal 
abundances. For Z>48, however, Volodichev et al.“ 
find a flux more than 2 orders of magnitude larger than 
that found by Fowler et al. On the other hand, Fowler 
et al. find evidence that the cosmic-ray beam is very rich 
in elements with Z: 83. If, compared with universal 







abundances, the beam is rich in elements heavier than 
iron, we ean then tentatively conclude that the r process 
is essentially responsible for cosmic-ray nuclei, and that: 
supernovae are the likely origin. This, of course, precludes 
the argument that heavier nuclei are more favourably 
accelerated to an extreme degree by some Fermi-type 
process. There is no theoretical evidence that heavier 
elements should be more favourably accelerated in the 
Fermi process. Furthermore, astrophysical evidence does 
not support the hypothesis that cosmic rays can be 
ascribed to Fermi acceleration in interstellar space. 

From these arguments there must be a significant flax 
in the cosmic-ray beam of nuclei heavier than iron. This 
heavy component could then account for the discrepancy 
between theory and experiment of a factor of 3 in 
the electron spectrum. In view of the Z? dependence of 
the knock-on cross-section, a very low flux of heavy 
nuclei relative to protons is required to make up the 
difference. 


Further Physical Considerations 

Abraham, Brunstein and Cline? failed to consider that 
at the higher energies the nuclear beam traverses in- 
sufficient interstellar material for the knock-on flux to 
reach equilibrium. Fig. 3 graphically illustrates this. 
Fig. 4, taken from Kearney and Hazen", shows there is a 
possibility that the knock-on flux plays a part at higher 
energies in spite of the objection given here, however. This 
is highly speculative and is included merely for the sake 
of completeness. The higher-energy electrons could well 
be primaries, but the low-energy electrons under diseus- 
sion are not likely to be primaries. As discussed by 
Brunstein and Cline", if the electrons traverse 2:5 g em-* 
of hydrogen subsequent to injection, they would have to 
be 30 times more abundant at corresponding values of 
Yinitiat to be comparable in intensity with the protons at 
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Fig. 3. The way in which the cosmic-ray knock-on intensity reaches 

equilibrium as a function of the amount of hydrogen traversed by the 

nuclear beam. The calculations? have dEjd.X — 5 MeV g` em-*, a value 

much too large. Equilibrium would be achieved more quickly for & 
lower dE/d X. 
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Fig. 4. The figure and caption are from ref. 13. The experiment may have 

a bias of 2, so the discrepancy of nearly an order of magnitude at 2 GeV 

may represent a disagreement of 4 or 5, These electrons are primarily 
knock-ons (Kearney, private communication). 


the yanal (or observational y). Even if 2:5 gem? is a 
considerable over-estimate, this is still a very strong argu- 
ment against the low-energy electrons being primaries. 
For example, an electron observed to have y= 5:5 would 
have y=30 at its origin, whereas an observed proton 
with y= 5-5 would have started with essentially the same 
value. The electron-proton intensity ratio at the source 
for y= 30 would be greater than 30, given the observed 
ratio of unity at the solar system'*. This is most im- 
plausible. Tt is hard to visualize an acceleration mechan- 
ism that would lead to a charge inequality of 30: 1 on a 
velocity basis. One would have to argue that the electron 
and nuclear beams were of vastly different spectral shape 
to keep the source electrically neutral. The observations 
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indicate strong similarity in the speetral shapes of the 
electron and proton beams!*, 

Finally, solar modulation may not seriously depress 
the flux of these low rigidity particles'®. They may follow 
the field lines quite freely, and we need not consider 
this effect to any eonsiderable degree in the present 
diserepaney of 3 between the measured electron flux 
and the theoretically predicted flux based on our present 
knowledge of the nuclear composition of the beam. 

We conclude from the evidence and &rguments pre- 
sented that there is reason to believe that nuclei heavier 
than iron do exist in the cosmic-ray beam in astro- 
physically significant numbers. If this should prove 
correct, low-energy cosmic-ray electrons ean most likely 
be attributed to the knock-on process. 'lhe implieation 
that cosmie rays are from catastrophic events such as 
supernova explosions, based on their chemical composition 
as well as on the energy balance argument*, is of more 
vital importance. The further implieation is that r 
process elements are synthesized in supernova explosions, 
& question which is not yet answered. 

This work was supported by a US National Science 
Foundation grant. 
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Defective Repair Replication of DNA in Xeroderma 


Pigmentosum 


by Normal skin fibroblasts can repair ultraviolet radiation damage to 


J. E. CLEAVER 


Laboratory of Radiobiology, 
University of California Medical Center, 
San Francisco, California 


DNA by inserting new bases into DNA in the form of small patches. 
Cells from patients with the hereditary disease xeroderma pig- 
mentosum carry a mutation such that repair replication of DNA is 
either absent or much reduced in comparison to normal fibroblasts. 
Patients with xeroderma pigmentosum develop fatal skin cancers 


when exposed to sunlight, and so the failure of DNA repair in the 
skin must be related to carcinogenesis. 


AERODERMA pigmentosum is a rare hereditary disease, 
possibly caused by an autosomal recessive gene, in which 
the skin is extremely sensitive to sunlight or ultraviolet 
light*?. After slight exposure to sunlight the skin develops 
symptoms which are similar to those seen after chronic 


exposure of normal skin to X-rays! and include frequent 
skin tumours. Death of patients with this disease usually 
oceurs in early life from metastatic carcinoma. The disease 
does not appear to be caused by the accumulation of 
photosensitive compounds sueh as haematoporphyrin in 


NATURE, VOL. 218. MAY 18. 1966 


the skin^*, but by some other defect. In bacteria, muta- 
tions in genes which control repair mechanisms result in 
increased sensitivity to radiation*, and so xeroderma 
pigmentosum could. for example, be caused by a similar 
kind of mutation in man. 

I have investigated some effects of ultraviolet light on 
skin eultures from three patients with this disease, one 
with the hereditary disease ataxia telangiectasia, and one 
normal healthy individual. In ataxia telangiectasia there 
is a tendency to develop lymphoma or leukaemia. An 
assay method was used to determine whether the mutant 
and normal skin cells could perform repair replieation 
after irradiation with ultraviolet light or X-rays. Repair 
replication is a form of DNA replication in whieh small 
numbers of bases are inserted into DNA moleeules as 
replacement for damaged bases that have been excised*-*. 
This form of replication has been found in pleuropneu- 
monia-like organisms (PPLO)' bacteria’, Tetrahymena" 
and mammalian cells, and seems to be a widespread 
repair mechanism. 

Primary monolayer skin cultures were prepared from 
biopsies and grown in Eagle's minimum essential medium 
(Grand Island Biological Co.) supplemented with 15 per 
cent. foetal ealf serum, and all incubations were at 37^ C 
in the dark. Subdued lighting was used during experi- 
ments because of the known sensitivity of xeroderma 
pigmentosum cells in vivo. The use of very carefully 
controlled lighting conditions to avoid photoreaetivation 
was not neeessary beeause this repair mechanism is 
usually absent from mammalian ecelis!!:!2. For irradiation, 
cultures were rinsed once in Earle's balanced salt solution. 
drained, and then exposed to ultraviolet light at room 
temperature. The ultraviolet source was a 15 W germicidal 
lamp which gave light of predominantly 2537 À wave- 
length at an incident dose of 10 erg/mm?/s. After irradia- 
tion, medium containing *H-thymidine (*H-TdR, 10y Ci/ 
ml., 17 Ci/mmole) or *H-bromodeoxyuridine (?H-BUdR, 
20 uCifml, 1-2 Ci/mmole, 5 pg/ml.) was added to the 
cultures whieh were then returned to 37? C. After 3 h 
of ineubation the medium was removed, the cultures 
were washed with 0-15 M saline-0-015 M sodium citrate, 
pH. 1-0. and prepared for autoradiography or CsCl equi- 
librium density gradient analysis. Coverslip cultures 
were fixed for 15 min in acetic acid-ethanol (3 : 1 v/v). 
rinsed in 70 per cent alcohol, air dried, and autoradio- 
graphs were prepared with Kodak N7'B3 liquid emulsion. 
After exposure for | week the autoradiographs were 
developed with D19, fixed, and stained through the 
emulsion with Giemsa. For density gradient analysis the 
cells were suspended in saline citrate and lysed with 1 
per cent sodium dodecyl sulphate and subjected to three 
rapid freeze-thaw cycles. The lysate was then incubated 
with 0-5 mg/ml. of pronase for 1-2 h at 37? C and de- 
proteinized twice by shaking with an equal volume of 
ehloroform-amyl aleohol (24: 1). No attempt was made 
to avoid shearing, and the final solution contained frag- 
mented DNA. The final lysate was diluted to about 5 ml. 
with citrate-saline and exactly 45 ml. of lysate was 
added to 5-9 g of CsCl (Harshaw. optical grade). The 
resulting solutions were centrifuged at 37,000 r.p.m. for 
36 h at 20° C with the SW 40 fixed angle rotor in a ‘Spinco’ 
model L centrifuge. After centrifugation twenty drop 
fractions were collected using an automatic drop collector 
and absorbance or optical density measurements were 
made at 2600 A. Selected regions of the density gradients 
were pooled, dialysed to remove CsCl and rebanded in the 
SW 40 or the SW 39 swinging bucket rotor. Rebanding 
in the SW 39 rotor was carried out with 3:0 ml. of the 
dialysed lysate added to 3-9 g of CsCl and centrifugation 
at 37,000 r.p.m. for 48 h. This rotor gave narrower band 
widths and smaller band separations than the SW 40. 
Radioactivity determinations in 10 ul. or 0-1 ml. samples 
from each fraction were made with a Packard ‘Tri-Carb’ 
liquid scintillation spectrometer with a water miscible 
scintillation mixture!*. 






Density Gradient Experiments 


To determine whether the skin cells could perform 
repair replication *H-BUdR was used to distinguish be- 
tween normal semiconservative replication and repair. 
The basis of the method is that *H-BUdR substitutes 
for thymidine during DNA replication such that normal 
semiconservative replication produces hybrid density 
DNA with ?H-BU in the newly synthesized strands. If 
repair replication oceurs, with the insertion of *H-BUGR 
into DNA in the form of small, infrequent. "patches", then 
the DNA will be labelled with tritium but will be of normal 
densityt*9, Because DNA replication is inhibited by 
irradiation! a low rate of DNA replication in the 
presence of ?H-BUdR might result in the formation of 
molecules with small amounts of terminal *H-BU. These 
molecules would have a density only slightly greater than 
normal DNA and would eonsequently band at or near the 
normal density position. To avoid the formation of such 
molecules the eultures were grown for 2 h in unlabelled 
BUdR (5 pg/ml.) immediately before irradiation to begin 
the formation of hybrid DNA. This ensured that sub- 
sequent semiconservative DNA replication with 3SH-BUdR 
only resulted in the formation of hybrid density DNA. 
After irradiation, cultures were incubated in H-BUdR 
for 3 h and then collected for density gradient analysis. 
The density gradient profiles obtained from normal skin 
cultures and from xeroderma pigmentosum cultures are 
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—A —. Counts of °H; ----, absorbance at 2600 A. 
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Fig. 2. Density gradient profiles, with SW 40 rotor, of DNA from 


xeroderma pigmentosum skin cells grown for 2 h in BUAR (5 ug/ml), 
irradiated with ultraviolet light and labelled for 3 hin *H-BUdR (20 
&Ci/ml., 5 ug/ml), Top, control, no ultraviolet light; centre, 200 erg/mm? 
of ultraviolet light; bottom, 1,000 erg/mm? of ultraviolet light. Horizon- 
tal bar in region of normal density marks fractions collected for rebanding 
(see Fig. 4). —A—, Counts of SH; ----, absorbance at 2600 A. 


shown in Figs. 1 and 2, respectively. With inereasing doses 
of ultraviolet light the amount of tritium in the hybrid 
region is reduced because of the inhibition of semi- 
conservative replication!^i5, In normal cultures (Fig. 1) 
there is a significant amount of tritium in the normal 
density region (the region of peak absorbance) and a 
clearly defined peak of tritium at normal density after 
1,000 erg/mm*. Similar profiles were obtained from the 
cultures of ataxia telangiectasia. In the profiles from 
xeroderma pigmentosum, however, there appears to be 
insignificant amounts of tritium and no definite peaks of 
the isotope in the normal density region. The normal 
density DNA fractions from each gradient were pooled 
and rebanded and the gradient profiles from the rebands 
are shown in Figs. 3 and 4. For the normal skin cultures 
DNA molecules labelled with tritium reband at normal 
density at both 200 and 1,000 erg/mm?, and some tritium 
is also found at hybrid density in the control and at 
200 erg/mm?. The hybrid density tritium in the reband 
was caused by contamination between the hybrid and 
normal density fractions in the initial density gradient!®.16, 
Buch contamination was not detected in the 1,000 erg/mm? 
reband because the hybrid band had only a low concentra- 
tion of tritium in the initial gradient at this dose. In the 
ease of the xeroderma pigmentosum rebands there is 
clearly an insignificant amount of tritium at normal 
density, and peaks of tritium activity at hybrid density 
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positions only. Similar profiles were obtained wi th'eultures 
from each of the three patients. In the xeroderma pig- 
mentosum profiles the separation between hybrid density 
and normal density DNA is reduced by irradiation (Figs. 
2 and 4). This reduction may be a result of either reduced 
Substitution of BU for thymine after irradiation, or a 
rate of DNA replication that is so slow that the DNA 
lengths made with BU were shorter than the lengths of 
the molecules extracted from the cells, 
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Fig. 3. Density gradient profiles, with SW 39 rotor, of DNA from normal 

density regions of gradients in Fig. 1. Top, control, no ultraviolet light; 

centre, 200 erg/mm* of ultraviolet light; bottom, 1,000 erg/mm? of ultra- 

violet light. — O-—, DNA standard labelled with "C-TdR; —A—, 
Counts of *H; - - -- , absorbance at 2600 À. 
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Fig.4. Density gradient profiles, with SW 40 rotor, of DNA from normal 
density regions of gradients in Fig. 2. Top, control, no ultraviolet light; 
centre, 200 erg/mm? of ultraviolet light; bottom, 1.000 erg/mm? of ultra- 
violet light. — O—, DNA standard labelled with “C-TdR; —A—. 
counts of °H ; - - - - , absorbance at 2600 A. 
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The observed incorporation of *H-BUdR into normal 
density DNA in the normal skin cultures must have 
resulted. from the insertion of *H-BUdR at infrequent 
intervals. along unhybridized DNA molecules, such that 
the density was not affected. Such insertion is the charac- 
teristic feature of repair replication in bacteria and mam- 
malian cells*!*, The absence of any *H-BUdR-labelled 
DNA molecules of normal density in the profiles from 
xeroderma pigmentosum cultures shows that either repair 
replication does not occur in cells from these individuals, 
or that the amount of repair replication is much less than 
in normal fibroblasts and is below the resolution of the 
method. 


Autoradiographic Experiments 

The failure of cultures from xeroderma pigmentosum 
to perform repair replication is further exemplified by the 
following autcradiographic experiments. Cultures were 
irradiated with various doses of ultraviolet light, labelled 
with ?H-TdR for 3 h and then fixed and processed for 
autoradiography. The proportion of cells labelled in each 
culture is shown in Table 1. With all doses of ultraviolet 
light the labelling index was 100 per cent in the cultures 
of normal skin and of ataxia telangiectasia. In the cul- 
tures from cases of xeroderma pigmentosum the labelling 
index was unchanged by ultraviolet irradiation in auto- 
radiographs exposed for 1 week. In each case where the 
labelling index was 100 per cent, the cell population con- 
sisted of a fraction of very heavily labelled cells, with the 
rest of the cells lightly labelled. The fraction of cells 
heavily labelled was approximately the same size as the 
fraction of labelled cells in the corresponding control 
cultures. The heavily labelled cells in irradiated cultures 
consequently represent cells that were in the S phase at 
the time that *H-TdR was available, whereas the lightly 
labelled cells were in other phases (G,, G, and mitosis). 


Table 1. LABELLING INDICES OF HUMAN SKIN FIBROBLASTS INCUBATED 
FOR 3 H IN "H-TdR AFTER VARIOUS DOSES OF ULTRAVIOLET LIGHT 
100 500 1,000 
Control  erg/imm*  erg/mm?  erg/mm? 
Normal 41:2% 100% 100% 100% 
Ataxia telangiectasia 28-196 100% 100% 100% 
Xeroderma pigmentosum (5 yr 
old male)* 24:296 25:3% 24:695 21-496 
Xeroderma pigmentosum (9 yr 
old female)* 190% 23-2% 21-095 15:095 
Xeroderma pigmentosum (29 
yr old male)t 22-296 28-996 29-295 26:095 


The dose of *H-TdR was 10 4Ci/mL, 17 Ci/mmole. Five hundred cells 
were stored for each labelling index. Exposure was for 1 week. 

* Sibling showing xeroderma pigmentosum with neurological complica- 
tions, the DeSanctis-Cacchione syndrome. 

t Patient with xeroderma pigmentosum but mentally normal, 


'The increase in labelling index after ultraviolet irradiation 
was observed first by Rasmussen and Painter™ in HeLa 
cells and subsequently deseribed by them in a number 
of different cell types’. In this study the increase in 
labelling index after ultraviolet irradiation occurs in 
normal skin cells and in ataxia telangiectasia, both of 
which also show repair replication (Figs. 1 and 2). Neither 
an increase in labelling index nor repair replication was 
detected after ultraviolet irradiation of any of the xero- 
derma pigmentosum cultures. This correlation between 
repair replication and the increase of the labelling index 
to 100 per cent, after irradiation with ultraviolet light or 
X-rays, holds for many cell types". The incorporation of 
3H-TdR into DNA during G, Ga and mitosis consequently 
represents the same process as repair replication. Repair 
may also occur during the S phase but this would be 
obscured by the large amounts of ?*H-TdR incorporated 
through normal DNA replication. 

Some information can be obtained on the kinetics of 
repair by counting the grains over the lightly labelled 
cells and the results of such grain counts are summarized 
in Fig. 5. The grain count is a linear function of the log 
(dose), as already reported for HeLa cells’, which means 
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Fig. 5. Mean grain counts over lightly labelled G, and Ga cells after 
incorporation of *H-TdR (10 uCi/ml., 17 Ci/mmole) for 3 h after various 
doses of ultraviolet light. A, Normal skin cells; @, xeroderma pigmen- 


tosum; © , background over area equivalent to cell nucleus, Fifty celle 
were counted for each mean. 


that the amount of *H-TdR incorporated increases rapidly 
with dose at small doses, but more slowly with large 
doses. Because thymine dimers are formed in DNA by 
ultraviolet light and are presumed to be a major part of 
the biological damage in micro-organisms”, the data of 
Fig. 5 can be used to estimate the number of bases 
inserted into DNA during repair replication as a function 
of the number of dimers. A dose of ultraviolet light of 
100 erg/mm? converts approximately 0-05 per cent or 
1:5x 10° of the DNA thymines to dimers!*, of which 
about half are excised from mammalian cells**. At this 
dose there was a mean of thirty-seven grains per nucleus 
over G, and G, cells after 7 days’ exposure, and if the 
autoradiographie efficiency for the detection of tritium is 
approximately 5 per cent (ref. 21), thirty-seven grains 
represents the incorporation of 1-3 x 10* thymidine mole- 
cules. Approximately twenty thymines are therefore 
inserted into DNA for each dimer excised. Because about 
30 per cent of bases in mammalian DNA are thymine”, 
then for each dimer excised from mammalian DNA some 
seventy nucleotides are inserted in a repaired region. 
This estimate, although nothing more than an order of 
magnitude in view of the inherent assumptions, may be 
compared with the corresponding estimates of twenty 
nucleotides per dimer in E. col; TAU bart, 300-400 
nucleotides in E. coli K 12 (ref. 22) and 5,000 nucleotides 
per dimer in T'etrahymena?*, 

Two forms of xeroderma pigmentosum were studied in 
these experiments; one showed only skin sensitivity and 
the other showed additional neurological complications 
(the DeSanctis-Cacchione syndrome— growth failure, 
microcephaly, mental retardation and hypogonadism). 
To ascertain whether there were differences between these 
two forms of the disease, autoradiographs, prepared as for 
Table 1, were exposed for periods longer than 1 week. 
After 6 months of exposure, autoradiographs from 
patients with the DeSanctis-Cacchione syndrome still 
showed no radiation induced change in the labelling 
index. In autoradiographs from the patient with xero- 
derma pigmentosum without complications, however, the 
labelling index was 100 per cent after 4 weeks’ exposure 
and the average grain counts over lightly labelled cells 
were twenty-seven (at 100 erg/mm?), twenty (at 500 erg/ 
mm?) and nineteen (at 1,000 erg/mm*). The grain counts 
over lightly labelled cells in fibroblasts from normal 
individuals were 136 (at 100 erg/mm?) and 204 (at 1,000 
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erg/mm*). These latter values are estimated from the 
autoradiographs made after 1 week of exposure (Table 1). 
Fibroblasts from patients with xeroderma pigmentosum 
without complications may consequently be able to per- 
form some repair replication that is only 10-20 per cent 
of the amount that occurs in normal fibroblasts. This 
amount was below the level of detection in the density 
gradient experiments. 

The results presented here show that fibroblasts from 
normal human skin can perform repair replication after 
irradiation. with ultraviolet light. In fibroblasts from 
patients with xeroderma pigmentosum, repair replication 
occurs at a much reduced level or is completely absent. 
Because the repair of damage caused by ultraviolet light 
in DNA involves many enzyme mediated steps?*. including 
those of the recognition of damage. excision, insertion of 
new bases and the final joining of single stranded inter- 
ruptions in the DNA chain, the skin sensitivity in xero- 
derma pigmentosum could arise from one of several 
enzyme deficiencies. The DeSanctis-Cacchione syndrome 
could, for example. be caused by a defect in recognition. 
exeision or repair replieation enzymes. Xeroderma pig- 
mentosum without complications eould be caused by a 
defect in the repair replication enzyme or to only limited 
exeision. The precise enzyme defect in this disease cannot. 
however, be precisely determined at present. 

The experiments described here have numerous implica- 
tions, as well as the identification of the molecular basis 
of this ill-understood human disease and the consequent 
hopes for treatment. One implication is that DNA 
repair is more than of merely academie interest in radio- 
biology. Because the failure of repair in xeroderma pig- 
mentosum results in death during early life, individuals 
with this disease are at an evolutionary disadvantage. 
The converse may then be inferred; the ability to repair 
DNA is an evolutionary advantage because we experience 
continual irradiation with ionizing and non-ionizing 
radiation. 

One of the prominent clinical symptoms of xeroderma 
pigmentosum is skin cancer which develops frequently 
after exposure to sunlight. One might speculate exten- 
sively on the correlation between carcinogenesis and the 
inability of xeroderma pigmentosum cells to repair damage 
to DNA. Alterations in the DNA from ultraviolet light 
or sunlight that remain unrepaired might change the func- 
tions of DNA and render surviving cells malignant. 
Alternatively. tumours might develop beeause of an over- 
compensation on the part of surviving cells which pro- 
liferate in the skin to replace those killed by ultraviolet 
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light or sunlight. Whatever the connexion between DNA 
repair and carcinogenesis, it is not simply that the in- 
ability to repair lesions in DNA makes a cell become 
malignant. This much is clear because some malignant 
cells repair DNA damage, for example, HeLa cells? 
as do cells from patients with ataxia telangiectasia. 
Further studies of xeroderma pigmentosum. and similar 
hereditary skin diseases, are obviously nec ssary and may 
be useful in elucidating the role of DNA and repair 
mechanisms in careinogenesis, 

I thank W. Reed for supplying the patients, J. Melnyck 
for establishing the cultures, R. B. Painter. H. M. Pate 
and R. E. Rasmussen for discussion and encouragement, 
and G. Thomas for technical assistance. I also thank 
the patients and their parents for willing co-operation 
in these experiments. 
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Puzzle of the Coiled Coils in the a-Protein Paramyosin 
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Tse helical polypeptide chains in a-proteins are generally 
supposed to be coiled eoils^?, and some recent investiga- 
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X-ray diffraction studies of the protein in filaments of molluscan 
muscles suggest that a model is needed with different symmetries 
for the polypeptide backbone and for the side chains. 


tions have been concerned with the problem of whether 
there are two or three chains in these structures. Com- 
parison of intensities in the equatorial and near-equatorial 
regions of the X-ray diffraction patterns from keratin and 
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paramyosin with those caleulated from model structures 
favours a two-strand coiled coil**. The model structures 
considered do not take account of scattering from ordered 
arrangements of the side chains, for little is known of the 
amino-acid sequence. Using the anterior byssus retractor 
muscle of Mytilus edulis (ABRM) and the white adductor 
of Crassostrea anqulata (OWAM) we have made measure- 
ments on the X-ray diffraction pattern given by the 
yosin filaments and found that there are serious 
deficiencies in the coiled coil models hitherto proposed. 
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Fig. 1. X-ray diffraction pattern obtained from the white adductor 


muscle of the oyster Crassostrea angulata, fixed in glutaraldehyde and 
soaked in sea water (photographed wet). Fibre normal to beam. 


With improved techniques, the most important of which 
is the use of a toroidal mirror for focusing’, we have 
photographed the X-ray diffraction pattern from OWAM 
and other mollusean muscles on fine grained film. De- 
pending on the method of specimen preparation used, 
the diffraction pattern is either crossed by a high-angle 
intermolecular interference pattern or not. (The diffrac- 
tion pattern from living molluscan muscle shows only 
poorly developed maxima corresponding to the packing 
of the molecule.) Fig. 1 shows a photograph from 
OWAM fixed for 2-5 h in glutaraldehyde (2-5 per cent at 
pH 7-0 in sea water). Neither on the equator nor on the 
near-equatorial layer line (associated with the piteh of 
the coiled coil) is there any trace of an interference 
maximum. This allows the layer line spacing and width 
to be observed with some precision. The former is con- 
stant along the layer line at 68-69 A except at the outer 
extremity, where overlap between layer lines and equator 
makes the measurement meaningless. It will be seen that 
the width in the fibre-axis direction increases with P?*, 
the distance (in reciprocal space) from the fibre axis, and 
the layer line is fairly sharp at the point nearest to the 
meridian to which it ean be followed. We take this to 
mean that the scattering groups lie on à helix the pitch 
length of which is constant for a good many periods, but 
that the radial and azimuthal co-ordinates of the groups 
are subject to some disorder. It is therefore meaningful 
to speak of the pitch of this helix: if the polypeptide 
chains form a two-strand coiled coil the pitch would be 
twice the layer line spacing and so would be about. 140 Á. 
The average peptide residue translation along the z 
(fibre) axis for an z-helix bent into such a coil would be 


cos (arctan 2zr,/P) x 1-5 A 


where P is the pitch, rẹ the radius of the major helix 
and the residue translation of an undistorted -helix is 
1:50 A. Taking 55 A for r, (ref. 3) this gives 1-457 A 
for the average residue translation in a coiled coil, and we 
would expect to observe a meridional reflexion with this 
spacing. Instead, we find with living, fixed or dried 
muscles, or muscles containing acetone (as well as with 
a-keratin), a reflexion of spacing 1:485 + 0-005 A (see 
later). This reflexion is well clear of the position predicted 
for diffraction by a coiled coil. The possibility that the 
residue translation of a straight x-helix is sufficiently in 
excess of 1:50 A to explain the discrepancy cannot really 
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be seriously entertained. Our results cannot therefore 
be interpreted directly in terms of a two-chain coiled 
coil, in whieh the helix axis is clearly inclined at too great 
an angle to the z axis. This particular difficulty would be 
less serious if a three chain model were adopted, for then 
the pitch would be 3 x 70= 210 A. 

We now consider our measurements of meridional 
reflexions in the 1-5 and 51 A regions. In the case of 
a-keratin, it has been known for some time that the ratio 
of these reflexions is not exactly 7/2, as it should be for 
the simple coiled coil model*. (A simple coiled coil is à 
helical arrangement of units, each of which contains seven 
peptide residues.) Fraser, MacRae and Miller* suggest 
that the apparent discrepancy may be caused by over- 
lapping (unresolved) off-meridional reflexions near the 
1-486 A are and this may be so in keratin. Attention has 
already been drawn to the existence of a similar diserep- 
ancy in the X-ray diffraction pattern from paramyosin’, 
where the disorientation of the chains is insufficient to 
admit the validity of the explanation suggested for 
x-keratin. We have made extensive measurements of the 
meridional reflexions in the 1:5 A region using museles 
in all the conditions specified here and find that the re- 
flexion has a spacing of 1-485+0-005 A, many results 
lying within 1-484 and 1-486 A. (The figure 1-475 A 
given in ref. 7 has not been verified, and is probably in 
error. Because of its low intensity, it is difficult to measure 
this reflexion.) The spacing of the strongest meridional 
reflexion near 5-1 A varies between 5:065 and 5:087 A 
for dry muscle, and between 5:12 and 5:14 A for the various 
kinds of specimens mentioned here. The measurement in 
the 5-1 A region is subject to a small uncertainty, for in 
that region the diffraction pattern is crossed by inter- 
ferenee fringes spaced at intervals 1/720 À-' along the 
z* axis (ref. 7), and the peak intensity of the molecular 
transform may not coincide with the maximum of the 
fringe pattern. The resulting error is always less than 
0-5/720 A~. It may be noted that in the diffraction 
pattern from musele fixed with glutaraldehyde, two 
maxima of equal intensity are found with spacings 511 
and 5:16 A, and the spacing corresponding to the peak of 
the molecular transform is the mean of these two. In 
other cases, one peak is clearly dominant. Allowing the 
maximum error, the spacings in the 51 A region range 
from 5:084 to 5:157 A, which leads us to expect a meri- 
dional reflexion of spacing somewhere between 5:084/3:5 
and 5:157/3:5, that is, between 1:453 and 1-476 A. Our 
finding of values between 1:48 and 1:49 A indicates a 
departure from the geometry of a simple coiled coil and 
is probably to be interpreted in terms of different sym- 
metries in the polypeptide backbone and in the side chains. 
The result does not depend on how many strands are 
supposed to be in the rope. 

When dried OWAM is soaked in aqueous acetone 
(which may subsequently be replaced by acetone) pro- 
nounced interference maxima are seen on the equator and 
near-equatorial streaks (Fig. 2). The spacings correspond 
to a near tetragonal arrangement of units containing an 
unknown number of polypeptide chains; with 25 per 
cent acetone the packing is almost exactly tetragonal, 
with a=27-9 A (Fig. 3). It is evident that there are 
systematic absences on both the equator and the first 
layer line (of spacing 70 A). The A aud k indices are 
shown in Fig. 3, but the / index for the layer line is not 
known. The equatorial absences show that the units 
A and B are identical in projection on the ab plane, A 
consistent explanation of the layer line absences is obtained 
if it is assumed that B differs from A only in à € axis 
translation of 70/2=35 A. Thus, if the units consist of 
two-strand parallel ropes, with the strands related by a 
dyad axis, c will be 70 À and the cell will be body centred. 
In this ease, the layer line will have /=1, and reflexions 
appear only when h+k+l is even. If, on the other 
hand, two-strand antiparallel ropes are present, ¢ will be 
140 A, the layer line will have /=2 and the chain dis- 
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Fig. 2. X-ray diffraction pattern from an oyster white adductor muscle, 
dried, soaked in aqueous acetone followed by acetone (wet), Fibre 
normal to beam. 


placement will be ¢/4. The two-strand antiparallel rope, 
however, has a near-repeat of half the pitch length and its 
structure amplitude is very like that of the corresponding 
parallel rope in the region considered. In consequence, 
only the even layer lines appear and the systematic 
absences occur for the same A and k values for both 
structures. These considerations (which take no account 
of the sequence of side chains) show that the absence of 
certain reflexions does not allow us to decide between a 
parallel and an antiparallel arrangement. (We are 
indebted to Dr R. D. B. Fraser for a discussion which 
clarified this matter.) As regards the number of chains 
in the unit cell, one of dimensions given here containing 
two two-stranded ropes (that is, four polypeptide chains) 
would have a protein density of only 0-66 g/ee, which 
represents a rather open packing and suggests inter- 
molecular attractions of a rather special kind, or perhaps 
that the number of chains in the rope is more than two. 

The general distribution of intensity for muscles in 
all the conditions investigated strongly suggests a common 
diffracting unit, with varying degrees of inter-unit order. 
It is interesting that in living specimens of the anterior 
byssus retractor and the posterior adductor muscles of 
Mytilus edulis the weak sampling of the equatorial and 
near-equatorial layer lines indicates a primitive unit cell 
of side about 19 Å. The forces which in acetone-containing 
muscle produce a body-centred cell by displacing some 
chains relative to others do not operate in this way in the 
living muscle nor, of course, in material fixed with 
glutaraldehyde. 

Experiments with frog's semitendinosus muscle demon- 


Fig. 3. 


reflexions omitted), 6, Tetragona 
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strate that treatment of dried specimens with aqueous 
acetone changes the order in the material, as shown by an 
X-ray diffraction pattern with interference maxima on the 
equatorial and near-equatorial layer lines. The maxima 
are, however, not as pronounced as those shown in Fig. 2. 

There is some reason for thinking that the spacing of 
the near-equatorial layer line depends on the fluid 
permeating the musele. It is difficult to make sufficiently 
accurate measurements of that layer line, and special 
techniques are being developed for dealing with this 
problem (unpublished method of A. E.). One promising 
technique is illustrated in Fig. 4. A gelatine relief image 
of an X-ray photograph is made, using the well known 
method based on the fact that when gelatine sensitized 
by potassium dichromate is exposed to light it becomes 
insoluble (the carbon process). An interferometric 
arrangement is then used to produce Fresnel interference 
fringes which constitute a contour map of the gelatine 
relief, each fringe being a line of constant thickness and 
hence of constant optical density in the original X-ray 
photograph from which the relief was made. The posi- 
tions of maximum intensity (especially in the 5-1 A 
meridional region) are very precisely indicated. 

Our conclusions are as follows: (1) measurements of 
the near-equatorial streak seem to indicate a pitch length 
which could exclude a two-strand coiled coil of the con- 
ventional type for paramyosin filaments in glutaralde- 





Fig. 4. Isopho:es (lines of constant intens!ty) in X-ray fibre diffraction 

pattern from an oyster white adductor muscle in 50 per cent aqueous 

acetone, Fibre tilted 8-57 to record 5-1 A reflexions (top). The ring 
is from molybdenum disulphide (6-15 Å). 


a-27.9 À-: 
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a, Reciprocal lattice rotation diagram for an o white adductor muscle in 25 per cent aqueous acetone (small angle meridional 
unit cell corresponding to a (looking down the molecular axis). 
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hyde-fixed muscle (though this does not exclude other 
two-strand arrangements) and (2) in living, in dried, in 
acetone-containing and in glutaraldehyde-fixed muscle 
the relation between the spacings of the two large-angle 
meridional reflexions is not what is expected for a simple 
coiled coil (two or three-strand, parallel or anti-parallel). 

We suggest that it may be necessary to develop a model 
with different symmetries for the polypeptide backbone 
and for the side chains. Such a structure is known to 
occur in a gel of poly-y-benzyl-r-glutamate swollen with 
dimethylformamide and other liquids*. Fig. 5 shows an 
X-ray diffraction photograph of this material with a 
strong near-equatorial streak. This streak is attributed 
to the arrangement of the side chains, because the presence 
of a strong meridional are of spacing 1:50 A (not shown in 
Fig. 5) shows that the «-helices are straight and not coiled. 
We do not, of course, suggest that the near-equatorial 
streak seen in the diffraction patterns from muscle 
originates from the kind of structure present in the 
synthetic material. In muscle, however, it seems possible 
and indeed likely that side chain interactions affect the 
diffraction pattern to such an extent that the structure 
cannot be deduced from a model which takes no account 
of this. 

Finally, we wish to point out that our observations 
refer to the paramyosin filaments in whole molluscan 
muscle, and we draw no conclusions about the structure 
of the protein paramyosin in solution. 

We thank Sir John Randall for facilities and Mr A. 





Fig. 5. X-ray diffraction pattern from oriented fibres of poly-y-benzyl- 
L-glutamate containing benzene, 
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thank Mr J. Squire for the photograph reproduced in 
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THE successful radiation of reptiles into arid environ- 
ments has demanded adaptations to reduce the amount of 
both respiratory and cutaneous loss of water. Although 
it has gradually become accepted that rates of loss of 
water for animals in an artificial, dry environment relate 
to the availability of water in their normal environment', 
there have been almost no studies of the water balance of 
burrowing reptiles. An early abstract stated that the 
skins of burrowing forms were more permeable to water 
than those of non-burrowing species*. Bogert and Cowles? 
showed that differences in rates of loss of water in two 
burrowing species correlated well with differences in the 
amount of moisture in their preferred habitats. These 
authors also reported that dehydrated specimens gained 
weight when placed in moist sand, and attributed this to 
water absorption through the skin. Hecht* has cited 
the work of Bogert and Cowles supporting the idea that 
high rates of loss of water were characteristic of certain 
worm-lizards (rhineurine Amphisbaenia). Some amphis- 
baenian species range into the Kalahari and through the 
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Loss of water to completely dry, flowing air has been measured in 
ten species belonging to five families of burrowing snakes and 
amphisbaenians. The marked differences in water loss confirmed 
estions that the loss correlated with differences in the 
amount of moisture in the habitat rather than the size of the animal. 


deserts of Somalia and central Arabia where high rates of 
loss of water would be distinctly disadvantageous. The 
problem posed by the reports of dermal water permea- 
bility and the geographie distribution prompted the 
study reported here. 

Loss of water to completely dry, flowing air has been 
measured in ten species belonging to five families of bur- 
rowing snakes and amphisbaenians (Fig. 1). Compressed 
air was dried by passing it through-one silica gel and two 
‘Drierite’ (CaSO,) columns, the last of which was weighed 
before and after each run. The dry air stream was passed 
through an aluminium coil immersed in a water bath and 
then split into three equal fractions. These fractions were 
passed into 1 l. Florence flasks which were used as 
desiccation chambers. The inflow tube to each flask 
extended almost to the bottom of the flask to promote 
flushing. The air flowing out from the top of each flask 
was passed through a separate ‘Drierite’ cylinder and then 
through a flowmeter. A 40 l. aquarium maintained at 
27°+1° C was used as a water bath for both the tempera- 
ture control coil and the three Florence flasks which were 
shielded so that the animals could not see movement in 
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the room. The flow through each flask was always main- 
tained at 320 cm?/min. 

All runs were made during the daylight hours of an 
artificial photoperiod maintained at 13 h daylight. 
Animals were weighed at the beginning and end of each 
run. Calculations of the rate of water loss were based on 
the total change in weight of the animal over the entire 
experimental period [mg water loss (g body weight)-! h-1]. 
Intermediate weighing of the ‘Drierite’ tube, made every 
15 min during the first 2 h and every 30 min thereafter, 
allowed us to check the constancy of weight loss with 
time, When unusual activity of the animal or voiding of 
urine or faeces was observed, the run was discarded so 
data for loss of water presumably approximate resting 
rates. A snake weighing 150 g, Lampropeltis doliata, was 
run ten times to determine the variability of the readings. 
The coefficient of variation of these runs was 15 per cent 
(071 +003 mg:g-t-h-1). 


10* 
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10? 10! 10* 10° 
Body weight (g) 
Fig. 1. Log-log plot of the rate of water loss against body weight. 
Amphisbaenia: Amphisbaenidae: (1) Amphisbaena alba; (2) A. caeca; 
(3) Blanus strauchi; (4) Monopeltis capensis; (5) Rhineura floridana. 
Trogonophidae: (6) Diplometopon zarudnyi; (7) Trogonophis wiegmanni. 


Serpentes, Typhlopidae: (8) Typhlops platycephalus; (9) T. punctatus 
(see text); Aniliidae: (10) Cylindrophis rufus. Boidae: (11) Eryz conicus. 


Bentley and Schmidt-Nielsen have shown that the 
chief route by which water is lost in reptiles is through 
the skin’. The slope of a plot of weight against rate of 
loss of water should therefore reflect the decreasing ratio 
of surface; mass with increasing weight. In an intra- 
specific comparison the rate of water loss does reflect the 
changing surface area. In the experiments reported here, 
the slopes of the water loss and surface area curves are not 
statistically different. In the snake Elaphe climacophora 
the regression line of water loss has the slope — 0-40 4- 
0-04 (N — 23) while the surface area regression line has a 
slope of — 037 (unpublished observations of Gans. 
Krakauer and Paganelli). 

Because the results presented in Fig. 1 do not represent 
& single species, the data can be interpreted in two ways. 
It is unlikely that there is a single population with no 
regression of rate of loss of water with weight. The data 
are better interpreted as indieating the existence of a 
widely separated high and a low group, each showing a 
deerease in weight-specifie loss of water with increasing 
size. The exaet slopes of the high and low groups are of 
doubtful significance because one is again dealing with a 
heterogeneous sample. 

The species which were compared differed in size, but the 
very marked differences in water loss were clearly neither 
size dependent nor did they correlate with classification 
(Fig. 1). They reflect primarily the ecology of the species 
and thus confirm the basie conclusions of Bogert and 
Cowles. The species of Amphisbaena (points numbered 
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land 2 in Fig. 1), Rhineura, Cylindrophis, and the partieu- 
lar Typhlops (points numbered 5, 10 and 8 in Fig. 1) 
sampled are all forms of the humid sub-tropics and tropies 
and show high rates of loss. In contrast the Blanus 
(southern Turkey), Monopeltis (South Africa), Diplo- 
metopon (Saudi Arabia), T'rogonophis (Maroc), and Eryx 
(desertie Pakistan) (points numbered 3, 4, 6. 7 and 11 in 
Fig. 1) have rates of loss that are almost one order of 
magnitude lower. Large differences within genera are 
apparent. Typhlops platycephalus falls within our high 
loss group, while T. punctatus (sensu latu) (point 9 in 
Fig. 1) has losses equivalent to those of the desert species. 
The rate of loss of water for the last species was deter- 
mined in still air, yielding similar values but greater 
variability than those with flowing air (unpublished 
observations of Taub, Paganelli and Gans). 

Exact comparison with values of water loss cited in the 
literature is not always possible beeause of differences in 
technique. The data for the low group are, however, in 
agreement with many of the values found for reptiles 
living on the surface, Diurnal desert lizards and snakes 
have slightly lower rates than these!^^, Semi-arid and mesic 
forms have rates similar to our low group*, while several 
aquatic and semi-aquatic crocodilians, lizards and turtles? 
have higher rates of loss. In contrast, members in our 
high group lose water at rates higher than those previ- 
ously reported for terrestrial reptiles. Indeed, they 
overlap the range of values reported for frogs*, a fact 
which suggests that reptiles which burrow in moist 
soils may have been able to relax their permeability 
barriers. 

Those forms with high rates of loss of water were 
tested for their ability to absorb water through the skin. 
We confirmed the observation of Bogert and Cowles that 
dehydrated animals gain weight when placed in moist 
sand, but weight gain occurred only when the mouth 
was in contact with the moist sand. When only the 
animal's body was covered with moist sand or even a 
wet sponge, and the head was restrained in a dry atmo- 
sphere, the animals continued to lose weight. Their 
weight showed a slight loss or remained steady when the 
head was exposed to saturated air; no weight gain was 
ever observed unless the mouth was in contact with moist 
soil (or specimens were permitted to drink). Such results 
suggest that gain in weight of burrowing Squamates 
placed in wet sand oceurs by intake of the water entrained 
between the sand grains, either by capillary flow between 
the edges of the jaws or by pick-up with the tongue. 
(Sand swallowing has not been noted.: 

These results agree with those of Bentley and Blumer’, 
who showed that the desert lizard. Moloch horridus. 
drinks rather than absorbs water in contact with the skin. 
The question of uptake of water through the skin is not 
completely answered, because Tereafs and Schoffeniels 
have recently reported uptake through the skin of six 
species of lizards!*, They found no uptake in any of the 
eight speeies of snakes examined. 

We thank Dr Robert Harvey, Miss Susan Johnson and 
Mr Arthur Sherrod for assistance. This work was sup- 
ported by a grant from the US National Science Founda- 
tion to C. G. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Accretion of Solid Hydrogen Mantles 
by Grains in OB Associations 


Tue absence of detectable emission nebulae is a feature 
characteristic of many clusters and associations*?. Among 
such associations is Cygnus OB2, which contains several 
hundred OB stars and ~ 100 Ma of dust in circumstellar 
shells, but no H II region**. Assuming a normal gas to 
dust ratio, the association must contain ~ 10! Ma of 
interstellar hydrogen which should give rise to an H II 
region with an emission measure ~ 105—105. 

The lack of detectable Ha radiation cannot be attributed 
to excessive interstellar obscuration. If the association is 
optically thick with respect to H radiation, it must also 
be optically thick with respect to radiation in the stellar 
continuum. The absence of excess thermal continuum 
emission at em wavelengths in this region of the survey 
by Pike and Drake‘ also points to the absence of a heavily 
obseured H IT region. 

Tt seems highly unlikely that circumstellar shells 
around newly formed stars contain only dust and no 
hydrogen. On account of the strong frictional coupling 
between gas and dust, a mechanism could not exist for 
either the selective ejection or falling in of gas relative to 
the dust. 

In conditions of normal hydrogen density, the time for 
the growth of an HII region to the initial Stromgren 
radius is ~10 yr. Cygnus OB2 is present on the BD 
charts and has therefore been in existence for over 100 yr. 
Indeed the masses of the OB stars extend over a range 
such that the dispersion in the times at which they 
contracted to the main sequence must be z10' vr; 
furthermore, the age of a typical OB cluster is ^ 105—10* 
yr; so the possibility that the stars are too young for the 
growth of an H II region must clearly be ruled out. 

It seems to us that, in spite of a normal hydrogen 
content, the growth of an H II region has been inhibited 
in some way. 

The hydrogen in the protostar cloud before the contrac- 
tion of the central star must have been largely molecular. 
Gaseous H, however, would be dissociated very quickly-— 
in a timescale < «10 yr (ref. 5) when the central star 
reaches a temperature ~104°K. The situation may be 
quite different if the molecular H, was able to condense 
as solid H, mantles on graphite grains in the protostar 
eloud. 

Before the formation of hydrogen mantles nu/ng s; 10". 
Thus coating the grains could reduce the number density 
of hydrogen aggregates by a factor ~10'*. The average 
optical cross-section per particle, however, increases from 
that of the H atom, —6x 10-8 em? at the Lyman limit 
to the blocking cross-section of the enlarged grain 
—3x10-em*. Thus the total optical cross-section per 
unit volume for hydrogen is reduced by a factor 2 x 10°. 
If 8 is the probability that a photon incident on a grain 
releases a hydrogen atom, then the rate at which ionized 
H atoms are produced by photon capture is reduced by a 
factor ~8/2x 10? after the accretion of the hydrogen 
mantles. Photons absorbed by grains of solid H, will 
probably produee excitation of defects and re-radiation 
in infrared bands. The probability of a direct photo- 
dissociation would be eonsiderably less than unity. With 
80-05, which seems reasonable, the rate of production 
of ionized hydrogen is reduced by ~ 4 x 10' and the growth 
time of an H II region is increased to ~ 4 x 10° yr. 

The question now arises as to whether the conditions 






prevalent in the protostar cloud are favourable for th 
formation of solid hydrogen, and whether such grains are 
stable against evaporation after the central star is formed. 

The densities in circumstellar clouds)? and in dense 
H II regions® indicate that the density in the protostar 
cloud will be ng z 10* em? and hence ngoz 10-5 em ?. A 
unit optical depth in the visible and ultraviolet spectral 
regions may thus be achieved in a distance given by 
ng Ql: 1, where ng is the grain density and Q is the optical 
cross-section per grain. With ng z 10-* em", Qa 1-5 x 1o 
cm? we have 1<0-2 pe. The interior of a cloud of radius 
10 pe, which is typical of the radius of an OB association, 
may thus be completely shielded from stellar radiation in 
the wavelength range 1000-8000 À. The energy density 
of radiation in the interior may be somewhat less than the 
mean interstellar radiation field whieh corresponds to an 
effective black-body temperature of ~ 3° K. 

A crucial quantity with regard to molecule formation 
and mantle growth is the grain temperature T, Hoyle 
and Wickramasinghe’? have recently argued that weakly 
bound impurity atoms in a grains lattice eould make the 
grain temperature in a typical H. II cloud as low as 3° K. 
Temperatures as low as 3* K may be attained with even 
greater ease by grains in the denser protostar clouds 
considered here. The question then arises whether the 
relatively high densities present here may permit the 
recombination of 2H to H, on grain surfaces and finally 
result in the growth of solid He mantles. 

It has been shown recently by Knaap et aL5 that the 
2H —H, recombination through physical absorption pro- 
cesses requires grain temperatures < — 8" R. 1f o this 
condition is satisfied reeombination should readily take 
place, and it may be assumed that every H atom arriving 
at the grain leaves as an H, molecule. The rate of H, 
formation per unit volume is therefore 

/3kT^ 


~ ny noray ) 
myu” 











EAS emo? x t (1) 
where ng is the hydrogen density and T refers to the 
kinetic temperature. The conversion of all H.—H, takes 
place in a time + given by 
£BRT SEE 
Tim ngona } 


(2) 
X mu-^ 


7S2x 108 yr. 

The condensation of a mantle of molecular H, requires 
that the pressure of the ambient H, exceeds the vapour 
pressure of solid hydrogen at the temperature of the grain. 
The pressure of H, (expressed as a number density at the 
equilibrium temperature) in equilibrium with solid H, is 
set out in Table 1. 





Table 1. VAPOUR PRESSURE OF H, OVER SOLID HYDROGEN 
T CK) nu (Cm?) 

20 3-38 x 10% 
18 1-93 x 10° 
16 O72 x P” 
14 4-06 x 1059 
12 

10 

9 

8 

d. 

6 

5 

i. 

2 2-61 x Tote 


‘These values have been calculated from equation (2) of 
Barber and Horsford® which is consistent with experi- 
mental results?-1? for T> ~ 9-55 ^K. The extrapolation to 
lower values of T' is likely to be correct, at any rate to 
within faetors of order unity. It is seen that condensation 
can take place provided nu, > ~ 10? cm-? at grain tempera- 
tures T42;3 °K*. We have already pointed out that such 

*'The vapour pressure formula employed in the present calculation is 
strictly appropriate for liquid hydrogen, The difference between liquid and 


solid is unimportant here because the heat of fusion of the solid is much 
smaller than the heat of evaporation of the liquid. 
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grain temperatures are quite likely in the protostar clouds 
which we consider. It is reasonable to assume that weakly 
bound impurity atoms such as He are trapped throughout 
the accretion process, so that Tọ is always maintained at 
the low value of ~3°K. 

Assuming that the ratio of the number of C atoms in 
graphite grains to the number of H, molecules in the 
cloud is ~ 10-3, the maximum size of an H, mantle may 
be ~10= em. The rate of growth of the mantle is 


dr nas (kT my S12 ef 
rie wane dry m) (3) 
dt s \ 2m 
so that the timescale for growth to ~ 10-1 em is 
8 ¢ 2n wn 
t~ 10+ (Le) 4 
Hs \kPmu, e 


With 7100 °K, sz:0-1 g com, ng,ac5 x 10° cm, we 
have t~ 8 x 10? yr. 

The gravitational collapse time at this density is 5 x 105 
yr. The situation then is that all the hydrogen in the 
protostar cloud becomes deposited on grains in a time- 
scale which is shorter than the gravitational collapse 
time. The initial stages of contraction of the central 
protostar would therefore proceed in conditions where 
the cloud is entirely in the form of solid particles with a 
high opacity at long wavelengths, If this hypothesis is 
correct, considerable modifications may become necessary 
to current theories of star formation. 

The way in which the protostar cloud breaks up into a 
central star and a circumstellar shell of comparable mass 
is still obscure. We shall assume that the contracting 
central star sweeps up all the grains interior to the shell, 
leaving an almost empty region between the star and the 
circumstellar shell. 

When the central star reaches a temperature ~ 101 °K 
the grains near the star will begin to evaporate. The rate 
of evaporation is given by equation (3) where nu, is the 
vapour pressure of solid hydrogen at the temperature of 
the grain. As Table 1 shows, the crucial issue is again the 
grain temperature. If T, falls below 3° K by a very small 
margin, say 0-2? K, the grains will be quite stable against 
evaporation for timescales as long as ~ 10° yr. 

The temperature of the grain is determined by the 
balance between the rate of absorption of stellar energy 
at visible wavelengths and its re-radiation at very long 
wavelengths. The temperature of a black body placed at 
^ pe from a star with Tr^ 10! °K and RR» is 
close to 3° K. The temperature of grains in a circumstellar 
shell of radius 1 pe may therefore be 3° K or less provided 
the grains have optically active bands at sufficiently long 
wavelengths’. Such grains may be quite stable against 
evaporation. If the photons from the star are absorbed 
by the grains in such a way as to excite the defect oscilla- 
tors direetly without producing vibrations in the crystal 
lattice, then the grain will be stable against evaporation 
at much closer distances to the star. 

N. C. WICKRAMASINGHE 
Institute of Theoretical Astronomy, 
University of Cambridge. 
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Galactic Discontinuity 
near I" — 140° 


Reppisu' has suggested that there is a major discontinuity 
in the stellar and interstellar features of the galaxy at 
AI= 140°. The evidence comes from large changes in the 
space densities of Wolf-Rayet stars, dust-ombedded OB 
stars and globules, in the rotation with wavelength of 
the position angles of interstellar polarization of starlight, 
and in the distribution of the position angles of the 
polarization of the radio emission. These interstellar 
features appear to rule out the apparent termination of 
the Perseus Spiral Arm as the cause of the discontinuity?, 
a conclusion supported by an absence of a discontinuity 
in the surface density of neutral hydrogen at this longi- 
tude’, 

Two alternative possibilities may be invoked to account 
for the discontinuity; either it represents the sudden 
onset of a real deficiency of stars in the anti-centre 
quadrant or it is a consequence of high obscuration by a 
nearby dense interstellar cloud. We wish to point out that 
there are indeed indications of a change in the properties 
of the interstellar obscuration at about longitude 140°, 

The interstellar reddening programme carried out at 
this observatory during the past few years'~* has provided 
systematic data on the wavelength dependence of inter- 
stellar obscuration in the range 3400 Á-8500 À for a 
number of galactic regions in longitudes 80° «/H « 216°. 
The accuracy of the mean extinction law derived for each 
of the selected regions has been greatly improved by 
comparing a large number of pairs of similar reddened and 
unreddened stars, and it has been possible to resolve small 
differences in the extinction laws that exist for different 
galaetie regions. 

It is well established that the extinetion curve in the 
wavelength range 3400 Á-10000 A can be best repre- 
sented by two straight lines intersecting at 4300 A (refs, 
4 and 9-11). The extinction curves derived for all the 
galactic regions studied show this feature, but the ratio 
of the slopes of the two lines, that is to say, the ratio of 
the slope of the extinction curve in the ultraviolet relative 
to that in the blue-visible, is not invariant. Over a large 
galactic region from Cygnus to Cepheus-Cassiopeia, the 
change in the value of this ratio, if any, is very small, but 
a significant change occurs close to the longitude I = 140° 
(Table 1). 

It appears that between Cygnus and Monoceros the ratio 


UV slope 
BV slope 


indicating that there are possibly two types of interstellar 
reddening laws. The Cygnus reddening law would be 
representative of the majority of stars between the Cygnus 
and Cassiopeia regions, while the Perseus reddening law 
would be representative of the majority of stars in the 
anticentre regions, 

These results are corroborated by recent interstellar 
polarization observations by K, Serkowski (unpublished). 
He shows that the correlation between the variation in 
UV slope 


BV slope 
polarization relative to extinction is very weak, but that 
there is a good correlation between the regional variations 
in the wavelength dependence of interstellar extinction 
and polarization. The dependence of py/py (the ratio of 
the polarization in the visible spectral region to that in 
the blue) on galactic longitude shows that the smallest 


of the extinction curves assumes two values, 


the ratio of the extinction curve and the 





Table 1 

Region ni UV slope 

BV slope 
Cygnus RO? 0-64 + 0-08 
Cepheus 104° 0-57 + 0-04 
Cassiopeia 114^ 0-61 x 0:04 
Perseus 135° 0:46 + 0-03 
Monoceros 216° 0-52 + 0-03 
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values of py/py are observed in Cygnus and Cepheus- 
Cassiopeia; for longitudes 140°</11<216° the ratio is 
higher than that in Cygnus, although the largest value 
of pe/py is found in Sagittarius. 

There are two possible explanations to account for the 
variation of the extinction curves. At a given wavelength 
the cross-sections of interstellar elongated particles 
(aligned by a magnetic field) are different for different 
orientations; it has been predicted!?? that the ratio 
UV slope 
BV slope 
the angle of viewing and that this dependence would be 
related to polarization relative to extinction, Observation 

«has not confirmed these predictions. The other possibility 
‘is that the composition and size distribution of interstellar 
dust grains could be different for different parts of the 
galaxy. If the relative number of large particles is in- 
creased, it is to be expected that a decrease in the ratio 


of the extinction curve would be dependent on 


VATUTO of the extinetion curve will be related to the 
shift of the maximum polarization towards longer wave- 
lengths and to an increase in the value of the ratio of 
total to selective absorption. Some confirmation of these 
predictions is afforded by our results and those of 
Serkowski. 
MeCuskey!* has found that the obscuration in the anti- 
centre region is not very high and has concluded that there 
is a real deficiency of stars there. But he assumed a ratio 
of total to selective absorption R= Av/En.v close to 3. 
A much higher value of R, or the addition of much grey 
obscuring matter in an anticentre cloud, would lead to 
underestimation of the total obseuration. This in turn 
would cause the distances of the stars to be overestimated 
and produce a spurious reduction in star density in the 
region. It may be significant that the volume density of 
stars derived by MeCuskey drops suddenly at IH = 1407, 
the contours of equal surface density being almost radial 
to the Sun at this galactic longitude. This is true even 
for F0—F5 stars within 500 pe. 
A high value of R, or grey obscuration, implies a cloud 
of particles with large sizes, and this may indieate that the 
grain temperature in the cloud is very low so that grains 
that were initially small have grown into large agglomera- 
tions. Such a low temperature has interesting con- 
sequences in terms of the formation of molecules and the 
fragmentation and condensation of the cloud. 
A discontinuity at [f= 140^ has been found to occur 
sharply in the apparent distribution of OB stars’ and to 
be inclined at about 45° to the Galactic Equator. A survey 
of a region 2° in radius centred on IH = 140°, bil -60, and 
ineluding UBVI photometry and polarization measures 
of all stars in the region brighter than about B=16, is 
being undertaken at this observatory. 
M. T. BRÜCK 
J. G. IRELAND 
K. NANDY 
V. C. REDDISH 
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BL Lac identified as a Radio Source 


I wisu to draw attention to the fact that a new position 
(2,550: 22h 00m 388-9 097, 8,,,,— + 42^ 02" 09" + 9") and 
optical identification! of the radio source V AO 42.22.01 
(ref. 2) determined with the Algonquin Radio Observatory 
150 ft. telescope places it coincident with the irregular 
variable star BL Lac. BL Lac was discovered by Hoff- 
meister’, and varies from the thirteenth to sixteenth 
magnitude with fluctuations of large fractions of a mag- 
nitude in a few dayst. A finding chart is published by 
Hoffmeister*; the position of the variable in the chart by 
Semakin‘ seems to be slightly in error. Examination of a 
glass copy of the National Geographie Society and Palomar 
Observatory Sky Survey at the Dunlap Observatory 
shows marginal nebulosity about the star. The optical 
properties of this object combined with its radio polariza- 
tion and unusual microwave spectrum! make it out- 
standingly interesting. 
Joun L. SCHMITT 

David Dunlap Observatory, University of Toronto, 
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Cosmological Significance of 
Time Reversal 


A RECENT attempt by Stannard! to explain the apparent 
overthrow of parity in the long.lived kaon experiments 
suggested the possibility of an unseen component of the 
universe in which matter was of opposite time sense to 
that in the observable universe, 

Beginning with this idea, a cosmological model with 
interesting symmetry properties suggests itself. Drawing 
on the well known model of Hoyle, a newly created particle 
of matter is followed as it is gradually accelerated by the 
cosmological expansion of the universe. I am suggesting 
that at some point in this acceleration the particle under- 
goes a transition in time sense and that simultaneously 
the other two parameters of the CPT theorem of particle 
physics, that is, parity and charge, will also be con- 
jugated. For example, an electron with time sense +1 
and parity even will become a positron with time sense 
— l and parity odd. According to Stannard’s treatment, 
this particle, having reversed its time sense, will no longer 
interact with partieles of a positive time sense and there- 
fore will no longer be detectable in the part of the universe 
consisting of matter with a positive time sense. 

Let the particle be embedded in a system which is 
undergoing a gravitational collapse; furthermore, let all 
particles in this system undergo the CPT reversal at 
nearly the same time, that time being coincident with the 
occurrence of the Schwarzschild singularity, that is, the 
point at which the limiting radius, R= GM/C*, is reached. 
Seen from outside the collapsing system, there will be no 
effect, but the mass inside the singularity, rather than 
being lost or excluded from the universe as was necessary 
in previous treatments of collapse, is merely shifted from 
one phase of the universe to another. With the occurrence 
of time reversal the gravitationally contained mass 
reverses from a contraction to a violent expansion; this 
expansion takes place in a Minkowski space which is the 
conjugate of that in which the contraction occurs. 

CPT reversal inside a gravitational singularity is 
believed to be a relevant issue for at least two reasons: 
(1) it is felt that the unique "closed-system" environment 
of a collapsed system is more likely to be conducive to 
such a reversal than any other environment; (2) it is felt 
that gravitational collapse is an inevitable and cosmo- 
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logically very significant event in the dynamic character 
of mass in the universe. 

Consider a galaxy being accelerated away from an 
observer under the general cosmological expansion, With 
what mass will the system be observed to be gravitation- 
ally cohesive ? It seems reasonable that, although the 
members of the galaxy are at rest relative to each other. 
an observer with whom the galaxy is in relative motion 
will see them gravitate according to their relativistie mass. 
A compensating time dilation will also be involved and 
this will prevent any inerease in the observed acceleration 
whieh they show for each other; however. this only 
applies in the directions perpendieular to the veloeity, 
for along the direction parallel to the velocity a contraction 
of space exactly compensates the time dilation. This 
indicates that such a galaxy, assuming an initial spherical 
distribution of mass, will become, relative to a distant 
observer, more and more disk-like and dense as it 
approaches the speed of light. As the density of the disk 
increases it would seem that a phenomenon not dissimilar 
to the spherical gravitational collapse of Schwarzschild 
will inevitably commence, This phenomenon depends on 
the relative velocity, and thus the position of the observer, 
and it is one which is obviously reciprocal, that is, a 
second observer, who was on the collapsing galaxy, would 
observe the galaxy, of which the first observer was a part. 
to be undergoing collapse. 

The following picture emerges. (1) Matter is being 
created or transferred to the observable universe (which 
at any position is one-half of the total universe) which 
maintains a constant density. (2) The universe appears 
to be in a state of expansion and matter, which attains a 
relative velocity near that of light. is observed to pass 
through a gravitational singularity at which time it 
undergoes a complete CP'T reversal. (3) After the reversal, 
the singularity commences the time reversal 
of gravitational contraction (that is. 
gravitational expansion) and continues 
back to the pre-galaetie stage. (4) This 
process continues until at some time, 
determined by the probability of the 
transition and coinciding exactly with the 
rate of matter transferral necessary to 
maintain a constant density in both time- 
sense sectors of the universe, the particles 
from the singularity revert to their original 
time sense, thus (1). This re-entry process 
would observationally be similar to the 
matter creation of Hoyle. 

The advantages of such a theory are 
apparent. (1) It is no longer necessary to 
think of the entropy of the universe as a 
quantity asymmetrical with respect to 
time reversal, for indeed it is now con- 
stant and the idea of the universe ultimately 
“running down" is not required. — (2) 
Quasi-stellar objects can be rationalized in 
terms of the tremendous output of energy 
from the collapse process. According to 
Schwarzschild’s spherical model, half the 
mass of the system is radiated in this 
process. Their apparent non-uniform dis- 
tribution in the universe is accounted for 
by their observational nature, thus saving 
the credibility of the cardinal cosmological 
principle of homogeneity. (3) The pre- 
ponderance of matter over antimatter in 
the observable universe is counter-balanced 
by the preponderance of the latter over 
the former in the non-observable, time- 
reflected universe, adding another note of 
symmetry to the model. (4) An observer 
anywhere in the universe (even inside what 
Earthbound astronomers will term quasars 
or beyond this in the time-reversed phase 
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of the universe) will be confronted with the same 
general physical picture of the universe. (5) The paradox 
presented by the apparent approach of galaxies to the 
velocity of light due to the cosmological expansion, with 
the ultimate demand for infinite energy expenditure, is 
hereby avoided; before ultimate velocity is reached, the 
accelerating matter is excluded from that phase of the 
universe in which it is subject to the cosmological expan- 
sion. (6) The model contains essential elements of both 
steady state and big-bang cosmological models. 

With respect to observational work reported on quasi- 
stellar objeets, it is interesting to note that (a) their 
puzzling luminosity—velocity distribution could be a result 
of non-spherical galaxies going into collapse in various 
orientations, and (b) a quasar might be observed to 
expand at a velocity greater than the speed of light 
because the phenomenon might first occur at the dense 
core of a galaxy (creating an observable quasar with small 
angular dimensions) and then progress to the edges, 
although there would be no propagating wave exceeding 
the classical limit. 

Kary MurLIS 
Department of Biochemistry, 
University of California, Berkeley. 
Received February 21; revised April 24, 1968. 
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Ordovician Conodonts from New Zealand 


Untm recently only Devonian conodonts have been 
known from New Zealand', but Ordovician conodonts 
have now been discovered in the north-western part of 
the South Island. They seem to be the most southerly 
Ordovician conodonts yet recorded. 


Fig. 1. Map of South Island showing the position of Nelson Province, 
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Fossiliferous Ordovician strata in New Zealand are 
known only from the South Island. With the exception 
of the small Alfred River occurrence’, they are limited to 
the Preservation Inlet and north-west Nelson areas (Fig. 1). 
A lower Palaeozoie age was suggested for some limestones 
near Geraldine, but subsequently an upper Palaeozoic 
age has been favoured’; digestion of samples from the 
limestones yielded no eonodonts. 

'The Ordovieian conodonts were recovered by digestion 
with acetie aeid of limestone samples from three areas 
(Fig. 1) in the north-west part of Nelson Province: 
Thompson Creek (grid reference ,$3/925025). Mount 
Patriarch (519/922132) and the Takaka River valley 
(several localities). The three areas lie near the western, 
southern and eastern extremities of outcrops of Ordovician 
limestones in north-west Nelson. Because of the scarcity 
of other fossils, especially graptolites, in these limestones 
and closely associated strata, a precise age for the top or 
base of any of the limestones is rarely known. Previously 
all such limestone was termed Mount Arthur Marble and 
was considered to be Upper Ordovician®. Conodonts 
appear to be valuable in testing this hypothesis. 

No compound conodonts are known from Mt. Patriarch. 
This could be because of metamorphic destruction of 
compound forms, but may have stratigraphie significance, 
for the trilobite Dionide hectori Reed from an horizon 
near the Mt. Patriarch limestone resembles Pseudo- 
hysterolenus from the Tremadocian of Argentina. 

The fauna from Thompson Creek is the richest in 
number of species and specimens, and was extracted 
from a little-metamorphosed limestone which also contains 
trilobites and brachiopods. It includes Scolopodus, 
Drepanodus, Oneotodus, Acontiodus. Coelocerodontus ef. 
trigonious, Oistodus spp. (among them O. ef. venustus), 
Falodus ef. prodentatus, Prioniodus cf. alatus, Prioniodina 
cf. macrodentata, Ozarkodina, Periodon aculeatus, ? Para- 
cordylodus and *0epikodus. A Llanvirnian to Caradocian 
age is suggested by Oistodus cf. venustus and Periodon 
aculeatus*. Although P. aculeatus is commonest in late 
Llandeilian?, its common  associates—Haddingodus and 
Pygodus?-—have not yet been identified in New Zealand. 
Doubtful representatives of both Paracordylodus and 
Oepikodus suggest that the fauna is no younger than early 
Caradocians*-!, —Falodus cf. prodentatus (with a sinuous 
basal margin and subdued anterior denticles) and abundant 
Scolopodus suggest a Llandeilian age. Taken together 
these arguments suggest that the Thompson Creek lime- 
stone is Llandeilian (or possibly Llanvirnian), not Cam- 
brian as previously suggested. Detailed taxonomic work 
should permit refined overseas correlations; it may also 
permit recognition of conodont multi-element taxa and 
some appraisal of the dispersal of conodont-bearing 
organisms on a world-wide seale. 

From Hailes Knob (513/203536) in the Takaka River 
valley, the conodonts are poorly preserved but include 
compound forms. The fauna includes Scolopodus, Prio- 
niodina ef. macrodentata, Ozarkodina, Cytroniodus cf. 
complicatus and, most important of all, Belodina. In 
lacking Oistodus cf. venustus and periodon aculeatus this 
fauna is probably Ashgillian as previously concluded™ or 
possibly late Caradocian. It should be noted that the fauna 
from Hailes Knob was extracted from a boulder from an 
unknown horizon in the thick limestone sequence there™. 

In summary, the fauna from: the Thompson Creek 
limestone appears to be significantly older than that from 
the boulder from the Hailes Knob limestone, and the 
Mt. Patriarch fauna may be the oldest of the three faunas. 
This preliminary survey suggests Ordovician limestones 
of diverse ages in north-west Nelson. rather than simply 
of Upper Ordovician age. 

It is possible to make some preliminary comments on 
the geographic affinities of New Zealand Ordovician 
conodonts. Two principal faunal provinees are currently 
recognized!* in the distribution of early Ordovician 
conodonts-—the North American mid-continental province 
and the European provinee. Early Ordovician faunas 
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from Western Australia?! and Thompson Creek have 
distinet European affinities, especially in the presence of 
Oepikodus, Gothodus and possibly Paracordylodus. Lind- 
strom! considered the similarities between Europe and 
Western Australia remote and a further hint of a complex 
faunal distribution is to be found in the report!" of an 
Upper Arenigian fibrous conodont from western New South 
Wales (Australia). Recently the East Australian Upper 
Ordovician conodonts have been shown to havets" 
affinities with those from the North American mid- 
continental faunas; these affinities appear to be indicated 
for the Upper Ordovician fauna from Hailes Knob, where 
Belodina is present. Thus it seems that Australasian 
Ordovician eonodont faunas conform to an interesting 
pattern. Recent information?! concerning South-East 
Asian faunas adds little to this discussion. 

I suggest that certain conodonts migrated between the 
North American mid-continent on one hand and the 
Australasian (and perhaps European) areas on the other 
hand in about Caradocian time. Marked changes have 
previously been noted? in the geographic distribution of 
certain fossil groups (for example, trilobites, corals, 
graptolites) in about mid-Ordovician time. This may 
imply some climatic change. It has been suggested*s:%4 
that an Ordovician pole was near 165° E., 15? N., but no 
evidenee from New Zealand sheds light on the relative 
position of the latter to the pole. Runcorn® suggested a 
palaeolatitude of 20? for eastern Australia which Spjeld- 
naes?? considered to contain tropical faunas. The sparsity 
of New Zealand Ordovician shelly fossils may be attributed 
to extensive obliteration by severe metamorphism to 
which most Ordovician rocks in New Zealand have been 
subjected. Any full analysis of New Zealand Ordov ician 
faunas must await their description. 

I thank various colleagues for their advice and the New 
Zealand University Grants Committee and the Victoria 
University of Wellington for financial support. I also thank 
Mr R. Cooper for limestone samples from Thompson Creek, 

A. J. WRIGHT 
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Age of Raised Beach Deposits of South- 
western Britain 


For many years there has been a divergence of opinion 
coneerning the age of the raised beaches which underlie 
glacial and periglacial deposits on the coasts of the south- 
ern Irish Sea Basin and the Bristol Channel. After the 
work of George!, Zeuner? suggested that the widespread 
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raised beaches of south Wales and southern Ireland 
were formed during the last Interglacial. According to 
this view the beaches should be of the same age as the 
Eemian deposits of Continental Europe and the Ipswichian 
of south-east England?. On the other hand, many authors 
have assigned the beaches to the great interglacial 
(Hoxnian). Mitchell! suggested that many beaches 
beneath an altitude of 100 ft O.D. were formed at this 
time, and this interpretation has also been put forward by 
Stephens* with reference to the south-west peninsula of 
England; Martin* with reference to the east coast of 
Ireland; and Synge?:* with reference to the Lleyn Penin- 
sula and west Wales. More recently, Bryant? has applied 
the same dating to the raised beaches of south-west 
Ireland, Bowen!* to the Patella beach of Gower, and 
Stephens and Synge" have re-stated their views in a more 
comprehensive form. 

There is considerable stratigraphie evidence from west 
Wales favouring the dating of the raised beaches as repre- 
sentatives of the last interglacial (Fig. 1). The beaches 
lie at the base of a drift succession (my unpublished obser- 
vations) consisting of sandy loams and blown sand, 
thin upper head and rubble-drift, outwash sands and 
gravels, calcareous Irish Sea till and local tills, thick main 
head and raised beach with erratic boulders and pebbles. 

The whole of this succession rests on an ancient wave- 
cut platform’. The drift sequence of west Wales is 
repeated, with small modifications, around all the coasts 
of south-western Britain. Probably an “early” glaciation 
(responsible for the introduction of erratics) occurred 
between the cutting of the raised beach platform and the 
deposition of the raised beach, and Farrington! has 
suggested that there was a periglacial phase of head 
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formation immediately preceding the formation of the 
beach in southern Ireland. The beach cannot therefore 
be assigned with any confidence to the same stage as the 
raised marine platform of the area. More precision 
can be given to the dating of the beach as a result of the 
radiocarbon dating of the Irish Sea till and its associated 
deposits in south-western Britain. 

On the basis of a series of radiocarbon dates it is sug- 
gested that the last glaciation of the Irish Sea occurred 
within the past 30,000 years"). If the glacial drifts of 
the area are of main Würm age, then it seems entirely 
reasonable to assign the underlying thick head to the early 
and middle stages of the Würm, and the raised beach to 
the last (Ipswichian) interglacial. This dating can be 
supported on the following grounds. 

(a) If the raised beaches are assigned to the earlier 
Hoxnian interglacial, why are there no traces of Ipswichian 
sea levels in south-western Britain? Stephens and Synge! 
state that there are "no marine deposits known" for the 
Ipswichian in the coastal areas of south-east Ireland, south- 
west Wales and south-west England. Mitchell! accounts. 
for this on the grounds that the highest Ipswichian sea level 
was not significantly higher than present sea level. This. 
hypothesis must, however, be questioned, for it is based 
largely on the low level of Ipswichian marine deposits in 
south-east England. In this area tectonic depression is. 
known to have been active over a long period of timet, 
and it is quite possible that Ipswichian marine deposits 
formed above present sea level may be found beneath 
sea level at the present day. 

(b) In spite of the objections levelled against correla- 
tions of marine features on strictly altitudinal grounds, 
there is no reason why Ipswichian beaches should not occur 
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Some raised beach localities in west Wales. At all the sites examined, beach deposits lie directly beneath periglacial head which is probably of 
9, Raised beach localities; ©, localities with associated organic remains. 
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at broadly similar altitudes in areas of stable coasts. it 
may be no coincidence that the highest interglacial beach of 
west Wales occurs at an altitude of just over 30 ft. O.D., 
while West and Sparks! have argued for an Ipswichian 
transgression to 25 ft. O.D. on the south coast of England. 
Again, Fairbridge!*, in summarizing world-wide evidence 
for eustatic changes of sea level, refers to a maximum 
Eemian sea level of about 10 m (33 ft.) above present 
sea level. On the other hand, it is quite possible that true 
storm-beaches of this interglacial may be found well 
above this altitude, with loeal anomalies resulting from 
differential fetch, tidal range and coastal morphology in 
various areas. 

A new site which may have a bearing on the age of the 
raised beach has recently come to light at West Angle, 
Pembrokeshire. Here there is a drift sequence where a 
cemented raised beach close to high water mark is overlain 
by a suite of sands, silts and clays which attains a thickness 
of 6-8 ft. Above a large unconformity there is a red gravelly 
deposit which may be fluvio-glacial outwash or til. This 
is overlain by thin head and sandy loam’. From its 
stratigraphic position the gravel seems to have been 
deposited during the main Wiirm glaciation of the area 
by the Irish Sea glacier, while the cemented raised beach 
can be safely correlated with the other raised beaches of 
west Wales. The drift stratigraphy at the site indicates 
that the raised beach and the overlying sands, silts and 
clays are closely related in age; passing upwards from the 
undisturbed raised beach there is a sandy deposit with 
raised beach pebbles and head which itself grades upwards 
into white sands and silts, bright grey silts, and then 
dark grey clay. The raised beach was clearly deposited 
close to high water mark (possibly at a time when head 
formation was still active), while the layers above formed 
in tidal estuarine conditions. At this site there 
therefore seems to be a relatively comprehensive record 
of an interglacial marine transgression, during which sea 
level may have risen at least to 20 ft. O.D. 

The sands and silts at West Angle contain abundant 
organic remains, of which small wood fragments, leaves 
and pieces of marine mollusca are the most noticeable. 
A pollen sample from near the base of the succession, just 
above the raised beach, has been examined by Dr I. G. 
Simmons. From a preliminary study it seems that the 
constituent pollen grains are characteristic of an inter- 
glacial estuarine environment. Quercus (35 per cent of 
total tree pollen), Alnus (43 per cent of total tree pollen) 
and Corylus (42 per cent of tree pollen) were the dominant 
constituents of the sample, with Pinus only moderately 
represented (13 per cent of tree pollen). Non-tree pollen 
accounted for 85 of the 343 pollen grains counted, with 
Gramineae, Cyperaceae and Filicales moderately well 
represented, but with a variety of lesser plant pollen often 
indicative of littoral conditions (for example, Cheno- 
podiaceae and Armeria). At the time of the deposition of 
the lower sands and silts in the sequence the vegetation 
of the area seems to have been a mixed oak-alder forest 
with pine and hazel, with salt-tolerant plants close to 
the water's edge. 

No conclusions can yet be reached concerning the age 
of this pollen sample, although it seems to represent a 
fully temperate interglacial stage rather than an inter- 
stadial. Comparison with the Irish interglacial deposits 
from Gort and Kilbeg may prove useful in the future. 
These deposits have been assigned by Watts? to the 
Hoxnian interglacial partly on the basis that they underlie 
drifts of supposedly Riss age. If, however, the drifts at 
Gort and Kilbeg are of Würm age, then it is quite possible 
that the underlying interglacial deposits are of Ipswichian 
age. 

From the evidence at West Angle it can be suggested 
that the cemented raised beach dates from an early phase 
of the last interglacial, while the overlying sequence of 
sands and silts represents the marine transgression toward 
the peak of the interglacial. As yet it is difficult to corre- 
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late these deposits with Ipswichian events elsewhere. _ ce 


Already, however, there is evidence for two distineb — 
phases of raised beach formation in Jersey (ref. 2 and 
personal communication from D. Unwin) and South 
Devon?! during the last interglacial, and the raised beaches 
of the Scilly Isles?? permit a similar interpretation. When 
more is known about the sea level movements of the last 
interglacial, it may be possible to assign the beach associa- 
tions of individual sites to specific phases of the 
interglacial. 

I suggest that Zeuner? was correct in assigning 
most of the raised beaches of south-western Britain to 
the last interglacial. Further analyses of pollen samples 
from West Angle are being undertaken, and attempts 
are being made to date some of the organic material from 
the sand and silt series by the radiocarbon method. This 
work will subsequently be reported in greater detail. 

I thank Dr I. G. Simmons and Mr R. H. Squires for the 
preliminary analysis of the West Angle pollen. sample, 
and Mr. A. Lockery for the mechanical analysis of estuarine 
silts from the site. 

B. S. Jouw 
Department of Geography, 
Science Laboratories, University of Durham. 
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Pulsars and a Possible New Test of 
General Relativity 


Tue recent discovery of rapidly pulsating radio sources! 
with a remarkably uniform periodieity suggests the possi- 
bility of testing a general relativistic effect involving the 
orbital motion of the Earth and the gravitational field of 
the Sun. 

Hoffmann and Sproull? have pointed out that the 
difference in the general relativistic effect on terrestrial 
clocks of the solar gravitational potential at perihelion 
and aphelion amounted to a frequency shift of order 
3-3x 10-°. Furthermore, this frequency shift, far from 
being essentially nullified by the relativistic centrifugal 
effect at perihelion and aphelion, was actually augmented, 
so that a total general relativistic relative frequency 
shift of order 4-9 x 10-” could be expected after the first 
order Doppler effect had been subtracted. 

While such a frequency shift is large compared with the 
accuracy of modern atomic clocks, there seemed no way 
to detect it, because to do so an extra-terrestrial frequency 
standard was needed, against which to compare the 
frequencies of terrestrial clocks over a period of six 
months. The only reasonable extra-terrestrial standards 
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were spectral frequencies of solar or other stellar atoms, 
and the sharpness of the spectral lines was inadequate. 

With the discovery of the pulsars, the situation may 
have changed. Already, Hewish et aL, in their first 
report}, have remarked that by observations extending 
for a year it should be possible to test the constancy of 
Ne to about one part in 3x 108. This corresponds to an 
accuraey of 3 x 10-5, which differs from the general relativ- 
istic effect of 5 x 10-19 by only about an order of magnitude. 

One can reasonably expect inereased precision in the 
measurement of the N, of pulsars, and also a shortening of 
the time period over which measurements must be made 
to achieve this increased precision. It is also possible 
that other pulsars will be discovered that have even 
greater uniformity of periodicity than do those already 
known. The discovery of pulsars therefore raises the 
possibility of a new test of the general theory of relativity. 

In principle, the method would be to look for residual 
periodie variations, having a period of one year, in the 
apparent N, of pulsars, N, being apparently greatest at 
perihelion and least at aphelion and the difference amount- 
ing to about 1 part in 2x 10*. The interpretation would 
be that the pulsars had stable frequencies and that the 
terrestrial clocks also had stable frequencies, but that the 
solar eurvature of space-time and the centrifugal effect. 
of the Earth's orbital motion gave rise to an annually 
varying “red-shift” that made terrestrial clocks, when 
compared with the pulsar rhythms by means of light 
signals, appear to go more slowly at perihelion than at 
aphelion. 

Note added in proof. Drake? has indicated a present 
accuracy of one part in 108 in ten days with the likelihood 
of increasing this by perhaps two orders of magnitude, 
The experiment thus appears feasible. 

BANESH HOFFMANN 
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Semiconductivity of Magnus' Green 
Salt Analogues 


Ir has been suggested! that the chains of metal atoms 
found in the crystal lattices of many square planar d$ 
metal complexes might provide a path for electron trans- 
fer, detectable as semiconductivity. When reporting 
the polarized crystal spectra of Magnus’ green salt 
(Pt(NH,),PtCl,, MGS) and its analogues!, we briefly 
noted an attempt to measure the electrical conductivity 
of & single crystal of MGS from which it was concluded 
that the room temperature resistivity of the compound 
was extremely high. Since then two other measure- 
ments on MGS have appeared?3, which show that its 
conductivity is eonsiderably higher than we suggested. 
In an effort to discover whether enhanced electrical con- 
ductivity is indeed associated with the presence of elosely 
spaced metal atoms in this type of compound, we have 
now examined the range of substances related to MGS by 
replacement of the NH, with various alkylamines. Tt is 
known that such replacement both increases the Pt-Pt 
distance (ref. 2 and personal communication), and returns 
the visible and ultraviolet spectrum to a form more closely 
resembling that of K,PtCl, (refs. 5 and 6). Our study 
confirms that MGS is an ohmic semiconductor and shows 
a clear relationship between conductivity and spectro- 
scopic behaviour among the series of compounds. 

The powdered compounds were compressed into pellets 
under pressures of 2,000 pounds/square inch and mounted 
between two flat nickel disk electrodes. DC conductivities 
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were measured by applying a potential between 0 and 70 
V across the pellet and a standard resister in series, and 
measuring the potential across the resister with a vibrating 
reed electrometer (EIL Vibron 33Cj. The apparatus 
was electrically shielded and evacuated to 10-* torr. At 
least two pellets of each compound were examined. 

MGS and Pt(NH,),PtBr, both showed an approximately 
ohmic relationship between current (i) and applied poten- 
tial (v). The other compounds which had detectable 
conduetivities at room temperature obeyed the relation- 
ship i — v^, h varying between 1-0 and 1-2. The conducting 
compounds behaved as semiconductors between 230° K 
and 330° K, and the activation energies E calculated from 
the expression R=AeE/kT are given in Table 1. The 
specific resistances in the table are mean values calculated 
at 50 V applied. Although they are of value in comparing 
members of the series, they should not be regarded as 
absolute values: these, and any anisotropy in the con- 
ductivity, can only be obtained from single ervstal 
measurements. 








Table 1. ELECTRICAL CONDUOTIVITY OF MAGNUS' GREEN SALT ANALOGUES 





Pt-Pt distance Specific 
(where | resistance Activation 
available) A R em) energy (eV) 
PHNH PECL d +R x IO 0:37 
Pt(CH,NH,),PtCl, 5 13 x 108 0:35 
Pt(C,H,N H,),PtCI, - >10 
K,PtCl, tl >5x 10" 
PtUN H,)sPtBry r 2-6 x 108 0:37 
P CH,NH.),PtBr, 331? 9-9 x 10° 0:54 
Pt(C,H,NH;),PtBr, 13x 10 0-63 
Pt(én-C,H;NH,),PtBr, >2x 10" 
Pt(n-C,H,NH,),PtBr, > 2x Foie 
K.PtBr, >5x 10" 
Ni(DMG), 3:25* »1x10'* 
Pd(DMG), 3-268 > Hx 108 
Pt(DMG), 3:23* 22x10* 


In compounds of the MGS type the square planar 
anions and cations alternate along the columnar stacks. 
The interactions between anions and cations, which 
account for the shifts'® in the visible and ultraviolet 
absorption bands of the anions relative to K,PtCl, and 
K,PtBr, must also be the origin of the electrical con- 
ductivity, and a number of possible models for intermole- 
cular charge transfer or band formation have been 
considered'-*, ‘Trends in the spectral shifts and con- 
ductivity behaviour roughly parallel one another. For 
example, the intense out-of-plane polarized band 
occurring at 345 kK in MGS occurs at 341 kK in 
PtCH,HN,)PtCl, at 39-8 kK in Pt(C,H,NH,),PtCl, 
and at 43:5 kK in K,PtCl, (ref. 7). Usually, however, 
the shorter the Pt-Pt distance the lower the energy of the 
absorption bands and, likewise in the bromo-series, there is 
an increase in specific resistance and activation energy 
with increasing Pt-Pt distance until in Pt(n-C,H,NH,), 
PtCl, the conductivity is immeasurably small. 

As expected, K,PtC), and K,PtBr, do not conduct 
appreciably. In these compounds not only are the 
Pt-Pt distances large but the chain structure consists 
only of anions. Structurally analogous to the potassium 
salts are the three dimethylglyoximate complexes included 
in Table 1, which also have immeasurably high room 
temperature resistances, In Pt(DMG), the Pt-Pt distance 
is the same as in MGS, which suggests that alternate 
"donor-aecepter" pairs may be an important struetural 
requirement for semiconduetivity in this unusual class of 
solid. 

We thank the British Petroleum Company for support- 
ing this work. 
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Role of Monolayers in Retardation 
of Evaporation 


Tue effect of certain monolayers in reducing evaporation 
of liquids has led to much speculation about the mech- 
anism and the reasons for differences in effectiveness 
between different monolayers'. The effect has usually 
been attributed either to an alteration in the aceommo- 
dation coefficient of water or to an activation energy 
barrier to diffusion through the monolayer?. Mass transfer 
aeross interfaces is usually governed by molecular diffusion 
through a stagnant fluid layer next to the interface? and 
the rate v often obeys the simple equation 

D 


Uv 


(1) 





where D is the diffusion coefficient of the transferring 
substance, w is the thickness of the diffusion layer, and 
C, and C are the concentrations at the two surfaces of 
the diffusion layer. 

It is surprising that no attempt seems to have been 
made to relate the effects of monolayers on evaporation 
with ehanges in the gaseous diffusion layer, even though 
studies of other phenomena such as liquid-liquid extrac- 
tion’, retardation of circulation in falling drops*, damping 
of waves and ripples* and changes in solute concentration 
at interfaces? indicate that monolayers can exert a large 
influence on the properties of fluid layers near the interface. 

The steady state rate of evaporation of water was 
measured in a room maintained at 20+ 1° C and 50+ 3 per 
cent relative humidity. The rate was measured by the 
rate of loss of weight using an analytical balance weighing 
to 0-0001 g. By using a series of narrow tubes of height 
10-0 em and diameter 2:2 em it was expected that con- 
vection would be eliminated inside the tubes, and the 
diffusion barrier could thus be varied by filling the tubes 
with water to different heights. In Fig. 1 

20-0 L 





the rates are plotted against the reciprocal 
of zx. The straight line relationship is in 
good agreement with the model on which 
equation (1) is based. From the slope, using 
equation (1), the diffusion coefficient of 
water vapour in air at 20° C was calculated 
to be 0-26 em? s. This value agrees well 
with the quoted value* of 0-239 em? s^! at 
8? C and is used in the calculation of x for 
the experiments in Table 1. Values of C, 
and C were obtained from tables’, C, being 
the equilibrium vapour concentration of pure 
water at a temperature measured in the 
water and as close to the surface as possible. 

The steady state rates of evaporation 
were also measured with and without 
hexadecanol monolayers in a variety of 
eonditions of forced convection (Table 1). 
For these experiments shallow dishes of 
height 1-6 cm and diameter 9-0 em were 
used. A small excess of hexadecanol crystals 
was placed on the surface in each case to 
maintain the monolayer at its equilibrium 
spreading pressure. The forced air cireula- 
tion was produced by a variable speed 
electric fan placed at a distance of about 
2 m from the dishes. 
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Fig. 1. Evaporation rate against reciprocal of height of still air column. 

The hypothesis that hexadecanol acts by influencing 
the thickness of the stagnant layer was tested by meas- 
uring the temperature gradient near the surface, using 
thermistor beads connected in a bridge circuit with a 
galvanometer and a reference thermistor bead immersed 
in a thermostat bath controlled to +0-005° C. It was 
expected that the molecular diffusion gradient should 
correspond closely to the thermal conduction gradient. 
For these experiments, large aluminium trays 30 em 
square were used. The probes were placed near the centre 
of the tray and their distances from the surface measured 
with a cathetometer. The sensitivity of the galvanometer 
was 1 scale division = approximately 0-002° C. An estimate 
of the effective thickness of the stagnant layer was made 
by extrapolating the two linear portions of the tem- 
perature—distance curve as shown in Fig. 2. 

From the results in Table 1, it is seen that hexadecanol 
has no effect on the evaporation rate when the latter is 
controlled by a thick diffusion layer. Where the liquid 
surface is exposed to air currents, the percentage retarda- 
tion of evaporation by the hexadecanol increases markedy 
with increasing velocity of air circulation. The close 
agreement between the thicknesses of the stagnant layer 
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Fig. 2, Effect of hexadecanol on temperature gradient near water surface in 


eonditions of mild air circulation. 
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Table 1, EFFECT OF MONOLAYERS ON EVAPORATION RATE IN VARYING 
CONDITIONS OF CONVECTION 
% Redue- zem rcm 
T v tion by (ealculated (from 
Conditions (g enës) mono- from equa- temp. 
layer tion 1) gradient) 
Tube with No monolayer 3-59 x 10-7 
62cm air Hexadecanol 3:59 x 10°? 0 
column 
Natural No monolayer 1-65 x 10-4 1-30 12tr01 
Convection — Hexadecano! 1:40 x 10-5 15 1:55 1:6+01 
Mild air No monolayer 3-72 x 10-6 0-56 O-6,+ 01 
circulation Hexadecanol 2-35 x 10-5 37 0-90 0:9; £ 0-1 
Moderate No monolayer 1-49 x 10-5 0-12 <0-2 
air Serum albumin 1-49 x 10-5 0 0-12 
circulation Hexadecanol 4-00 x 10-6 67 0-42 03,201 


caleulated by the two independent methods confirms that 
the hexadecanol monolayer acts by resisting the reduction 
of the stagnant layer thickness by the air currents. The 
temperature gradient measured in the water phase (Fig. 2) 
obviously reflects the presence of convection currents. 
The measurements are not sensitive enough to detect the 
stagnant layer in the water phase, which therefore must 
be at least an order of magnitude less in thickness than 
in the gaseous phase. A comparison of a serum albumin 
monolayer, which is characterized by a very high surface 
visco-elasticity and low surface compressional modulus”, 
with hexadecanol, which has a high surface compressional 
modulus, suggests that the latter is the important 
factor in dissipating eddy currents near the interface, 
thus producing thicker diffusion layers. 
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Application of the Gunn Effect in 
Electron Spin Resonance Measurements 


THE standard method of making electron spin resonance 
measurements is to mount the specimen in a cavity which 
is resonant at the microwave measuring frequency and 
which is energized by a separate klystron oscillator. 
Electron spin resonance in the speeimen is detected by 
means of the changes which are caused in the reflexion 
coefficient or the transmission coefficiont of the cavity. 
A review of these methods is given in ref. 1. 

In the field of nuclear magnetic resonance the measuring 
frequencies are in the radio-frequency region rather than 
the microwave region. Measuring methods analogous to 
those given may be employed, with the specimen 
mounted in an inductor which forms part of a resonant 
circuit energized by a separate rf oscillator. On the other 
hand, there is another type of measuring technique which 
is widely used in situations where the highest resolution is 
not required. This involves incorporating the specimen 
coil in the tank circuit of an oscillator operating in such a 
mode that the level of oscillation is sensitive to changes 
in the Q factor of the tank circuit. These self-oscillating 
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detection systems fall into two principal categories, de- 
pending on whether they employ a conventional oscillator 
circuit operating in marginal conditions, or the more recent 
Robinson? arrangement in which the tank circuit is fed 
through a high impedance from a voltage limiter or 
alternatively? from a pair of transistors acting as a cur- 
rent switch. 

The great advantages of a self-oscillating detection 
system are that the oscillation frequency is automatically 
equal to the resonance frequency of the tuned circuit 
containing the specimen, and that it responds only to 
changes in the imaginary component of the susceptibility 
of the specimen, changes in the real component being 
automatically compensated by slight shifts in the oscilla- 
tion frequency. Setting-up is therefore very simple; also 
a continucus frequency sweep can easily be introduced 
because there are no tracking problems, 

Until recently it has not been practicable to build self- 
oscillating deteetors for the microwave region because of 
the lack of suitable devices. The recent availability of 
Gunn diodes, however, has made it possible to construct 
a Robinson oscillator for the X-band region, and such 
an oscillator has been built in this laboratory, It consists 
of a resonant cavity in No. 16 waveguide, with one end 
closed by a normal short-circuit and the other by a 3 mm 
brass post incorporating a Plessey Gunn diode. The 
specimen is mounted at one of the points of maximum 
microwave magnetic field. Microwave power is coupled 
out past the post into an HPA hot-carrier diode detector, 
connected to a standard Brookdeal low-noise amplifier 
and phase-sensitive detector. 

The signal/noise ratio from this system is compar- 
able with that from an electron spin resonance spectro- 
meter of conventional design, although it can be built 
for a small fraction of the cost. Setting-up is incomparably 
easier because no adjustment at all is necessary when a 
Specimen is introduced into the cavity; the oscillation 
frequency automatically shifts to allow for the perturba- 
tion caused by the specimen, and the system is always in 
the absorption-sensitive mode. 

It seems likely that this technique (which is the subject 
of a patent application) will enable spin resonance to be 
used to a much greater extent than it has been in the 
past in process control and routine industrial measure- 
ments. It is also applicable to other situations where on- 
line measurements of microwave absorption are required, 
for instance, in the control of humidity. Details of the 
construction of the cavity, and a detailed evaluation of 
the sensitivity, will shortly be published. 
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Temperature Dependence of Adsorption 
Isotherms of Primary Alcohols at the 
Liquid-air Interface 


Ty this communication, we report data on the temperature 
dependence of surface pressure as a function of concentra- 
tion for butan-1-ol, hexan-1-ol, and octan-1-ol in aqueous 
solution. The results are presented in Figs. 1-3. 

Surface tension was measured at 10? C, 25° C and 40? C 
by the drop volume method, using a stainless steel tip. 
The results had a reproducibility of at least 0-06 dyne 
cm, except at 40° C for high concentrations of octan-1-ol, 
for which the reproducibility was at least 0-1 dyne em~. 
The volume of the Agla micro-syringe at different tempera- 
tures was determined using mereury; the diameter of 
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the tip was measured with a micrometer. From the 
values so determined, the surface tensions of aleohol 
solutions and water were calculated using the correction 
formula of Harkins and Brownt. Our values for the 
surface tension of water at different temperatures are 
compared with those of Harkins? (Table 1). 


Table 1. SURFACE TENSION (DYNES CM") 


Temperature (°C) This work Harkins 
10 74-22 74:32 
20 72-81 72-80 
25 72-08 72-02 
40 69-65 69-61 


Water was prepared by distilling laboratory distilled 
water, first from alkaline KMnO, and then from very 
dilute phosphoric acid. The vapour from the last stage 
was passed through a centrifuge to remove spray. The 
final condensation was made using a quartz condenser. 

Aleohols (puriss grade) were supplied by Fluka, and 
their purity was checked by gas liquid chromatography 
and ultraviolet spectroscopy. They all contained a trace 
of water. In addition, the following impurities were found 


Two impurities of about 0-2 per cent each 
0-2 per cent hexanol 
No impurities detected 


Hexan-1-ol 
Oetan-1-01 
Butan-1-0l 


Surface tension measurements for one concentration 
(0-4023 mole/1,000 g water) of butan-l-ol were made at 
10? C, 25? C and 40? C using a standard chemical sample 
(99-92 per cent pure) from the National Physical Labora- 
tory. The results agreed within experimental error with 
the data obtained using Fluka butan-1-ol. 

The behaviour of the surface pressure-concentration 
(1-C) plots is interesting (Figs. 1-3). For butan-l-ol at 
high concentrations the 7-C curve for 10° C lies below those 
for 40? C and 25? C; that is, for a given concentration, 
surface pressure is highest at 25^ C and lowest at 10^ C. 
For octan-1-ol, however, the r-C curve at 10° C lies above 
those at 25? C and 40? C. 5-C data have also been obtained 
by us for pentan-l-ol and heptan-l-ol (both 99-9 per 
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Fig. 1. Aqueous butan-l-ol. Abscissa: concentration, mole/1,000 g 
waterx10: O-, 10°; , 25°: -O, 40°. Ordinate: surface pressure, 
dyne cm. 
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Fig. 2. Aqueous hexan-1-0l, Abscissa: concentration, molef1,000 g 
water x 107; -O, 10; ©, 25°; e 40°, Ordinate: surface pressure, 
dyne em. 
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Fig. 9. Aqueous octan-1-ol. Abscissa: concentration, mole/1,000 g 
water x10: -O, 10°; ©, 25°; Q 40°. Ordinate: surface pressure, 
dyne cm. 


cent pure), and the behaviours of the n-C plots for 
pentan-l-ol, hexan-l-ol and heptan-l-ol at 10° C form 
a smooth transition between those of butan-l-ol and 
octan-l-ol. When surface tension (v) is plotted against 
concentration, the y-C plots for different temperatures (T) 

: : A 
do not cross. In the quasi-saturated region, however, 2 
deereases markedly as temperature increases. 
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Fig. 4. Aqueous butan-L-ol. Abscissa: activity, mole/1,000 gx 10: 


O^ 10°; O, 25°; ~ 40°, Ordinate: surface pressure, dyne cm-t, 





Activities have been caleulated from the data of 
Knight? using an infinitely dilute solution of butan-1-ol 
as the reference state. Although the method used to cal- 
culate the activity coefficients of butan-l-ol is not very 
accurate, it is clear that the observed behaviour of the 
7-C plots (and the y-C plots) is not caused by deviations 
from unity by the activity coefficients calculated in this 
way (Fig. 4). 

The limiting values of A, the area/molecule, were 
caleulated to be 28-30 Å? and thus the values show good 
agreement with those found by Hommoelen*. They were 
not very temperature dependent. 

The results of Posner, Anderson and Alexander? are 
incomplete, but where comparisons are possible they do 
not agree with ours. This may be the result of a variety 
of causes, including possibly the fact that their aqueous 
solutions of aleohols had been acidified. A partial analysis 
of our results shows that the crossing of the adsorption 
isotherms in the quasi-saturated region can be interpreted 
in terms of the interaction energies of the aleohol molecules 
in the adsorbed phase. This analysis has been made by 
deriving the statistical thermodynamie equation for a 
model in which the alcohols are adsorbed on a water 
surface from aqueous solution where the "mole fraction” 
of the water component in the bulk aqueous phase is 
indistinguishable from unity. The model is analogous to 
the adsorption of a single component from the gas phase 
to a solid surface. Ful details of this and other work will 
be published elsewhere. 

We thank the Chemieal Society for a grant towards 
the purchase of chemicals. One of us (M. R. N.) thanks the 
Science Research Council and Unilever Ltd for a senior 
research award. 
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Rotation of Imidazole in the Solid State 
and its Significance in deciding the 
Nature of Charge Migration in 
Biological Materials 


THERE is now a substantial, if not altogether unambiguous, 
body of evidence that the mode of charge migration in 
certain proteins! and carbohydrates is predominantly 
protonie and similar, in certain respects, to that occurring 
in ice? and potassium dihydrogen phosphate*. The mech. 
anism is, in essence, reminiscent of the familiar® Grotthuss 
process in which there is a systematic switching, or trans- 
lational jumping of the protons within the intermoleeular 
(that is, external) hydrogen bonds. 

To maintain a net flow of charge along the direction of 
the electric field, it is usually necessary for individual 
molecules, after they have transferred a proton, to 
undergo rotation so as to be suitably disposed for the 
next proton to be accepted. Fig. 1, which is based on a 
notion first formulated by Riehl et aL, illustrates this 
point for imidazole in particular. (It is not significant 
that the recently determined’ crystal structure of 
imidazole at — 150° C indicates that, along the a or b 
axes of the monoclinic structure, the alignment of con- 
tiguous molecules is not exactly as Riehl envisaged. But 
it is interesting that the intermolecular N .... N separa- 
tion distance is unusually small—-2-86 A compared with 
an average value’ for hydrogen-bonded nitrogens of 
3-07 Å—and therefore likely to favour facile proton 
tunnelling, as postulated by Riehl.) The feasibility of 
protonie migration in imidazole and other materials 
of biological importance depends on the likelihood of 
molecular rotation, about at least one of two possible 
axes, in the condensed state (Fig. 1). 

Measurements of nuclear magnetic relaxation times 
were made on imidazole using pulse techniques. The high- 











field measurements involved standard proeedures!?, 
whereas the low-field measurements were accomplished 
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Fig. 1. Schematic illustration of why, in order to maintain the current 

flow, the neutral imidazole molecule must rotate, as a protonated 

species, after it has transmitted the proton to the adjacent molecule. 

æ., Neutral molecules in H-bonded array; b, molecule (1) protonated, 

translation of proton from (1) to (2); e, molecule (2) protonated, but 

neutral molecule (1) must now rotate about the Y or Z axis so as to be 
in a position to receive the next incoming proton. 
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Fig. 2. Spin lattice relaxation time T, against (1,000/T) in fields of 


6,000 G (O) and 50 G (A) for imidazole. 


using the field-cycling method of Ramsey and Pound" 
In addition to the results shown in Fig. 2, a zero-field 
measurement at 20? C yielded a relaxation time of about 
25. This value, when substituted in the Slichter and 
Ailion'4 equation for the spin-lattice relaxation time, T: 





gives a correlation time + of about 1 s (p is a measure of 
the randomness of the dipolar field following motion, and 
is taken to be 0-5; Hy and H, are the local and applied 
fields, respectively). 

Fig. 2 summarizes the results obtained with purified 
imidazole. The activation energy of rotation is 3-7 
kealories mole-!, typical of values for molecular rotation 
in general. At room temperatures, the rate of rotation is 
extremely slow, and is approximately 1 e.p.s. 

The question now arises as to whether such a sluggish 
motion is consonant with a protonie mechanism. If the 
observed mobility of the charge carriers is significantly 
greater than that estimated on the basis of 1 c.p.s., the 
model proposed by Riehl must be abandoned.  Unfor. 
tunately, the direct measurements of the mobility have 
not been made for imidazole, but rough estimates ean 
be extracted from the d.e. conductivity measurements 
reported by Brown and Aftergut!’. (These workers 
assumed that the conduction in imidazole is electronic.) 
The specific conductivity, c, for polycrystalline imidazole 
falls in the range 10-/* to 10-1 ohm-! em-!, bearing in 
mind that c = N qu, where N is the concentration of 
charge carriers, g the electronic charge, and y the carrier 
mobility, and assuming that all molecules ean act as 
proton transmitters (so that N10?! cm), p 1075 to 
10-4 em?s- Va, This estimate is not far removed from 
the observed* proton mobility in potassium dihydrogen 
phosphate. 

Iu the overall process of protonie migration in imidazole, 
it is reasonable to assume that the molecular rotation of 
l ep.s. is slower than the intermoleeular migration, and 
that rotation is rate-determining. Even if the rotation is 
completely incoherent, the estimated velocity of motion 
of the protons per unit field (that is, the mobility) would 
be 10-—10-* em? s-! V-! (because the average distance of 
separation between individual molecules is about 5 A). 

It is therefore apparent that, even if only 1 in 109 
molecules (that is, total density of 10!5 em-?) were par- 
tieipating, the Riehl model would be sufficient to account 
for the reported conduetivity of the solid in terms of 







protonie migration. More reliable data on condueti 
and mobility are clearly required. ; 
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Estimation of Work Function of 
Photosensitive Dyes from their 

Polarograms, Electronic Spectra 
and HMO Calculations 


WE have previously defined the quasi-Fermi level gr 

and the hyper-redox potential Enyper of a molecule as 
follows! 

Ely + Eho A 

Er = eee (4) 


a 
"hyper 


+C (2) 


= E, + LE max A Ee, 


where gj, and gz, are the lowest vacant and the highest 
occupied electronic energy levels of the molecul> caleu- 
lated by the HMO method (Hückel approximation 
method)? E, and Emax are its polarographic half-wave 
reduction potential and excitation energy, and © is 
constant. It was found that the difference in power of 
spectral sensitization of the photographie process among 
various dyes could be explained by the values of their 
eq- and Enyper. 

The physical meanings of epr and Kuper however, 
must be examined to make the foregoing relation clear. 
According to Nelson?, Fermi level sx and work function 
9 of dye crystals are given as follows 


giv + Eno 


- (3) 
2 


— oO = £p o— 


We have also pointed out the analogy between epp and 
er of dyes before!. sr of a molecule is therefore thought 
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Table 1, QUASI-FERMI LEVEL, BYPER-REDOX POTENTIAL AND WORK FUNCTION 
OF PHOTOSENSITIVE DYES 


— eg F" Enyper eget EVER 

Dyes (eV) (Ves S.C.E.) | (eV) (eV) 
Methylene blue 4-96 0:63 51 52 
Thionine 519 0-55 50 
Phenosafranine 5:01 0-55 50 50 
Rose bengal 4-42 0-02 45 
Erythrosin 4:43 0-11 46 4-64 
Eosin | 4-42 0-13 46 
Malachite green 0:35 48 4:86, 4:6 
Crystal violet 0-40 4-9 48 
Rhodamine B 012 46 4:45, 4-6 
Acridine orange 4:60 0-18 47 
Pyronine G 4-74 0-40 49 
Capri blue 4:95 0-56 5-0 
Acriflavine 477 0-36 48 
Quinocyanine 4-38 0-09 46 
Quinocarbocyanine 4-29 — 0-06 44 4-55 
Quinodicarbocyanine 425 -- 0-05 4-4 
‘Thiacyanine 4-38 — 0-06 44 
Thiacarbocyanine 4:30 — 0-02 45 
Thiadicarbocyanine 4:39 0-00 P5 


* Values given by equation (1)!-2, 
t Values given by equation (5). 


to correspond to ey of the crystal. The values of g,.p of 
photosensitive dyes in photographie emulsion calculated 
by means of the HMO method!:? are given in Table 1, in 
comparison with those of e» of the dye crystals obtained 
by measuring the contact potential difference1-*, Agree- 
ment between them is satisfactory. When data of the 
ionization potential Ip and electron affinity E4 of dyes 
are available, eg» and ep are thought to be given as 
follows 


— pp nm — gp om go m ———— 5 (4) 

The relation of equation (2) to equations (1), (3) and 
(4) implies a linear correlation of Eye Of dyes with 
their e-r, er and 9 values. In Fig. 1, the values of Ever 
of photosensitive dyes are plotted against their ep. The 
straight line in Fig. 1 shows the following relation between 
these values. 


9 = Ey + ME max + 45 (5) 


Ej is in volts with respect to a saturated calomel electrode, 
9 and Emax are in eV. 

Fig. 1 and equation (5) make it possible to estimate q 
of dye crystals from their E,,4. Values of o of photo- 
sensitive dyes given by equation (5) are listed in Table 1, 


9 (eV) 





P 


max 
Eu. 7 
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Fig. 1. Relationship between work function and hyper-redox potential 

of photosensitive dyes. The substances referred to are: (1) methylene 

blue; (2) phenosafranine; (8) malachite greent; (4) malachite green*; 

(5) erystal violet; (6) erythrosin; (7) rhodamine B®; (8) rhodamine Bt; 
and (9) 2,2'-quinocarbocyanine. 
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showing good agreement with the reported values!-. 
When both the reduction potential, Efa, and the oxida- 
tion potential, E95, of a molecule are available, Eiye 
should be as follows 


(6) 





and É,,,4; of a molecule in equation (6) is also thought 
to be related to its 9. 

We have found that the quasi-Fermi level and hyper- 
redox potential of a dye molecule defined earlier! corre- 
spond to the work function of the dye erystal, whieh can 
thus be estimated from its polarogram, electronic spec- 
trum and HMO calculations. 
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Computer Programs for Crystallography 


Two computer programs, DSPIN and LSQRS, have been 
written to carry out the routine tasks of indexing sets of 
observed d-spacings in terms of known unit cells and of 
refining unit cell parameters rapidly, accurately and pain- 
lessly. The programs have been so written that the 
computer does as much of the computation and job 
organization as possible, and hence simplifies the work of 
the user in preparing the input data. 

Program DSPIN indexes observed d-spacings against 
known unit cells and comprises a main-program, to handle 
input and output routines and to perform the aetual 
indexing, with sub-routines to caleulate the permitted 
d-values for the given cell. Program LSQRS uses double 
precision. arithmetie to refine unit cell parameters, by 
a least squares method involving the derivation of Qeale 
with respeet to a*, b*, c*, cos a*, etc., depending on the 
crystal class, and uses the complete matrix for the solu- 
tion. "They are available in FORTRAN versions for 
large (having stores holding more than 16 K words) and 
small machines, and in EGTRAN for KDF 9. 

The primary input to both programs is a list of observed 
d-spaeings presented either in À, or as 20 values, or Bernal 
chart or cartesian co-ordinates from single erystal photo- 
graphs for conversion to À values, together with the 
Miller indices in LSQRS. Test unit cells are specified by 
their axial parameters in À and their interaxial angles in 
degrees. The crystal class, in LSQRS, is given by a single 
number code, 1-7, and the full space group, in DSPIN, 
by its symbol in International Tables, 1, with an initial 
letter to denote the erystal class. Thus an orthorhombic, 
Pnma cell would be given as OPNMA. The use of a simple 
alphanumerie code for specifying the space group transfers 
to the computer the task of setting up its own internal 
codes for controlling the produetion of the lists of per- 
mitted d-values, and relieves the user of the often onerous 
task of looking up or working out complex code sets, as 
required in other programs. 

Program LSQRS provides refined unit cell parameters 
and, optionally, standard deviations for these and inter- 
mediate stages in the caleulation. Program DSPIN lists 
the possible indices for the observed spacings, together 
with the differences between observed and calculated 
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values, and, separately and very importantly, the spacings 

which could not be indexed in terms of the given cell. 
Full details and program decks can be obtained from 

the author. The work was carried out under a grant from 

the USAF Office of Scientific Research, and the author 

wishes to thank the staff of the Computation Center, the 

Pennsylvania State University, for their help throughout. 
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BIOLOGICAL SCIENCES 


Translocation in Protein Synthesis : 
A Hybrid Structure Model 


PornvrEPTIDE chains are synthesized on 70S ribosomes 
which are composed of two macromolecular sub-units, 


Luc 

i Site of peptide 
: synthetase 
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peptide 
site 










the 308 and 50S particles'?. It is the 305 ribosot 
which carries the messenger RNA‘ while the 508 ribosorr 
has as one of its component proteins the peptide syn- 
thetase*5. The formation of a peptide bond occurs between - 


a peptidyl-sRNA*-5 and an amino acyl-sRNA* yielding - 2 


a longer peptidyl-sRNA and a free sRNA molecule, This 
reaction (Fig. LA) is catalysed by the peptide synthetase. 
The order in which amino-acyl-s-RNAs are introduced 
into the ribosome is determined by the messenger RNA, 
Tt is usually assumed that the 705 ribosome must, before 
the formation of a peptide bond, have two sites: a 
peptide, or p site, capable of holding a peptidyl-s RNA, 
and an amino-acid, or a site to hold the amino-acyl- 
sRNA, Just after peptide bond formation the new 
peptidyl-sRNA must reside in the amino-acid site, as 
shown in Fig. 1B. In order to repeat the cycle of peptide 
bond formation, the peptidyl-sRNA is assumed to be 
translocated from the amino-acid site to the peptide site, 
with the concomitant advance of the messenger RNA 
through the 305 ribosome (Fig. 1). The whole process of 
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Fig. 1. General scheme for protein synthesis. Peptide bond formation taking place in A is followed 


by a translocation of the peptidyl-sRNA in B—C. 
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peptide synthesis is catalysed by at least three enzymes! 
and requires guanosine triphosphate (GTP)15«16, 

When bound to a 708 ribosome, a peptidyl-sRNA may 
react with puromycin, an antibiotie which mimics an 
amino-acyl-sRNA. This leads to the release of a free 
SENA molecule and the formation of a peptidyl-puro- 
mycin", If the peptidyl-sRNA does react with puromycin, 
the polypeptide and the 3'-OH end of the sRNA molecule 
must reside in the 50S peptide site. It is the polarity of 
the chemical reaction catalysed by the peptide synthetase 
which defines the peptide and amino-acid sites on the 
505 ribosome. If we assume that there is a single peptide 
synthetase which cannot rotate during the interval be- 
tween the formation of successive peptide bonds, the 505 
peptide and amino-acid sites cannot change in their 
function. As far as the 50S ribosome is concerned, the 
ability of the peptidyl-sRNA to react with puromycin is 
the only experimental test available to determine whether 
the peptidyl-sRNA is in the 50S peptide site. 

The mechanism of chain initiation in E. coli has been 
extensively studied recently. The initiating formyl- 
methionyl-sRNA e is bound, in the presenee of an appro- 
priate messenger RNA or trinucleotide, to the 30S 
ribosome. This requires initiation factors? and probably 
GTP'*?*, A 50S ribosome then joins the 30S ribosomal 
complex and the complex is now presumably ready to 
accept the next amino-acyl-sRNA. It is clear that GTP 
is required in order to bind formyl-methionyl-sRNA x to 
70S ribosomes at 5 mM magnesium ion concentration and 
that, once bound, this initiator sRNA will reaet with 
puromycin to yield formyl-methionyl-puromycin?!-, In 
this case the formy!-methiony! residue must be in the 508 


Path 1 


50S 


308 


Path 2 





Schematic diagram of the hybrid site model. 
mediate structures containing hybrid sites are B and C. 2 : e mer : t 
linear motion. the model could equally be drawn with a rotational axis nearer (or inside) the ribosome. 


Fig. 2. 
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p site. If, however, the GTP analogue, 5’-guanylyldi- 
phosphonate (GMP.PCP)?5 is used instead of GTP, the 
formyl-methionyl-sRNA p is bound to ribosomes but now 
cannot react with puromycin?*5, This suggests that the 
hydrolysis of GTP is associated with a conversion of 
formyl-methionyl-eRNA x from a state in which it is un- 
reactive towards puromycin to a state in which it is 
reactive. This conversion is probably similar to that found 
earlier with 708 ribosomes carrvmg polyphenylalanyl- 
sRNA. In this case part of the polyphenylalanyl-sRNA 
could react with puromycin; another part, however, 
required supernatant enzymes and GTP to convert it to 
an active statet. It is known, however, that GTP is not 
required for the actual formation of a peptide bond**, 

Formyl-anethiony--sRNA g can be bound to ribosomes 
with two triplets, AUG and GUG?**, This unusual form 
of degeneracy in the recognition of an sRNA (ef. ref. 28) 
indicates that the sRNA y; binds to a 305 ribosomal site 
which is different. from that in which other sRNAs bind. 
Other sRNAs must bind to the 305 amino-acid site and 
hence we presume that the formyl-methionyl-sRNA» 
binds to the 30S peptide site. Whether the 3058 ribosome 
has many sRNA binding sites is unknown but, because 
there are many different proteins present, several of which 
appear to be present in single molar amounts per 305 
particle (ref. 29 and personal communication from A. 
Tissiéres), it is unlikely that the 30S ribosome has many 
identical sRNA binding sites. To summarize, it seems 
likely that there are at least two sites on this particle, 
in one the recognition of an amino-acyl-sRNA occurs {a ` 
site) and in the other (p site) recognition of the peptidyl- 
sRNA or initiator sRNA. 











The overall translocation is shown by a broken arrow (A — — —> D); possible inter- 
Although. for simplicity. the relative movement of the two sub-units is shown as à 
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Translocation of the peptidyl-sRNA from the amino- 
acid site (30S a, 505 a) to the peptide site (308. p, 505 p) 
can be imagined to take place in two steps, with the 
formation of an intermediate structure containing a 
hybrid amino-acid-peptide site. There are two different 
possible hybrids which are shown in Fig. 2. B and C. 
These hybrid structures possess either a 30S peptide site 
and. a 505 amino-acid site (30S p, 50S a) in path l, or a 
(305 a, 508 p) site in path 2. Of these two different paths 
for translocation, I prefer path 1 in which a (30S p, 50S a) 
site exists. This structure has the advantage (over the 
other hybrid structure) that recognition of an amino-aeyl- 
sRNA can occur earlier in the 30S amino-acid. site. 
Furthermore, it could explain some of the observations 
deseribed here concerning chain initiation at 5 mM mag- 
nesium ion concentrations. The formyl-methionyl-sRNA r 
binds to the peptide site of the 30S ribosome (with 
initiation factors and probably GTP): addition of a 50S 
ribosome would form a complex analogous to structure B 
in Fig. 2. Hydrolysis of the GTP would be associated 
with the conversion of B to D in Fig. 2, thereby converting 
the formyl-methionyl-sRNA s from a state in which it 
cannot react with puromyein to one in which it can. 
When formyl-methionyl-sRNAy is bound to ribosomes 
with either of the trinucleotides AUG or GUG at 10 mM 
magnesium ions, this sRNA directly enters a puromycin 
sensitive state in the absence of initiation factors and 
GTP. This suggests that in these conditions the forinyl- 
methionyl-sRNAr directly enters the (30S p, 50S p) site 
on @ 705 ribosome, as proposed earlier?9:?!, 

The principal advantage of passing through a hybrid 
structure such as those shown in Fig. 2 is that the un- 
wieldy problem of translocation can be taken in two steps. 
That is, only one part of the peptidyl-sRNA and messenger 
RNA complex need be moved at one time, the other fixed 
end acting, in a sense, as an anchor. Furthermore, some 
relative movement of the two ribosomal sub-units is 
suggested by the universal existence of two separable 
particles making up a 70S ribosome. 

I thank Dr F. H. C. Criek and several colleagues for 
helpful discussions, and Drs Crick and S. Brenner for 
eriticizing the manuscript. 

M. S. BRETSCHER 


MRC Laboratory of Molecular Biology, 
University Postgraduate Medical School, 
Hills Road, 

Cambridge. 


Received April 26, 1968. 


t Littlefield, J. W., Keller, E. B., Gross, J.. and Zamecnik, P. C.. 7. Biot. 
Chem.,217, 111 (1955). 


* Tissiéres, A.. and Watson, J. D., Nature, 182, 778 (1958). 

?"lakanami. M., and Okamote; T., J. Mol. Biol., 7, 323 (1963). 

* Traut, R, R., and Monro, R, E., J. Mol, Biol. 10. 63 (1964). 

* Monro, R. E., J. Mol. Biol., 96, 147 (1967). 

5 Gilbert, W.. J. Mol. Biol., 6, 389 (1963). 

? Bretscher, M. S., J. Mol. Biol., 7, 446 (1963). 

? Bretscher, M. S.. J. Mol. Biol., 12, 913 (1965). 

* Hoagland, M. B., Stephenson, M. L., Scott, J. F., Hecht. L. 
Zameecnik, P. C., J. Biol. Chem., , 281, 241 (1958). 

u Berg, P., and Ofengand, E. J., Proe. US Nat. Acad, Sei, 44, 78 (1958). 

? Brenner, 8., Jacob, F.. and Meselson, M.. Nature, 190. 576 (1961). 

H Gros, F., Hiatt, H., Gilbert, W., Kurland. C. G., Riscbrough, R. W., and 
Watson, d. D., Nature. 190. 581 (1961). 

*3 Watson, J. D.. Budi. Soc. Chim. Biol.. 46. 1399 (1964). 

"Lueas-Lenard, J., and Lipmann, F., Pree, US Nat. Acad. Sei. $5, 1562 
(1966), 

Keller, E, B.. and Zameenik, P. C.. J. Biol. Chem.. 221, 45 (1956). 

44 Nishizuka. Y., and Lipmann, F., Pree. US Nat. Acad. Sei., 55, 212 (19060. 

U Yarmolinsky, M. B., and De La Haba, G., Proc. US Nat. Acad. Sei., 45. 
1721 (1959). 

5 Stanley, jun., W. M., Salas, M., Wahba, A. J., and Ochoa, S., Proc. UN 
Nat. Acad, Sei.. 56, 290 (1966). 

'* Hille, M. B., Miller, M, J., Iwasaki, K., and Wahba, A. J., Proe, US Nat, 
Acad, Sei., 58. 1652 (1967). 

? Mukundan, M. A., Hershey, J. W. B., Dewey, K. F.. 
Nature. 217, 1013 (1968). 

?!: Anderson, J. S.. Bretacher, M. S.. Clark, B. F. C., and Marcker, K. A.. 
Nature, 215, 490 (1967). 

ae SUNT Sarkar, S., and Thach, R. E., Proe, US Nat. Acad, Sei., 88. 1638 

967). X "s 








i., and 





and Thach, R. E.. 





23 Anderson. J. S., Dahtberg, J. E., Bretseher, M. S., Revel, M., and Cli 
B. F. C., Nature, 216. 1072 (1967). 

35 Leder, P., and Nau, M. M., Proe, US Nat. Acad. Sei. 88, 774 L967). 

?5 Hershey, J. W, B.. and Monro, R. E., J. Mol. Biol., 18, 68 (1966). 

35 (lark, B. F. C., and Mareker, K. A., J. Mol. Bíol., 17, 394 (1966). 

2: Ghosh, H. P., Soll, D., and Khorana, H. G.. J. Mal. Biol., 88, 275 (1067) 

s Crick, F. H. J. Mol. Biol., 19. 548 (1968), 

3 Traut, R. R., Moore, P. B., Delius, H., Noter, H.. and Tissiéres, A., Proc. 
US Nat. Acad. Sci., 57. 1294 (1967). 

35? Bretscher, M. S.. Cold Spring Harbor Symp. Quant. Biol.. 31, 280 (1960. 

5! Bretscher, M, S.. and Marcker. K. A.. Nature, 211, 380 (19665. 





Heterogeneity in Genetic Control of 
Phenylalanine Metabolism in Man 


A HEPARINIZED blood sample was obtained from the ante- 
eubital vein just before the noon meal from twenty-five 
unrelated normal adult subjeets and eighteen parents of 
eleven phenylketonurie probands, After deproteinization 
(plasma : picric acid, 0-427 N, 1:5 v/v). centrifugation 
and removal of the picric acid from the supernatant on 
*Dowex-2 x 8' resin, a volume of the filtrate equivalent to 
0-416 ml. of original plasma was applied to a 22 em column 
of spherical resin of 13g particle size and 7.5 per cent 
cross-linkage (Beckman-Spinco spherieal resin, P435). 
Elution. at 50 ml./h. was performed on a modified Beck- 
man-Spinco amino-acid analyser at 65° C with pH 425 
sodium citrate buffer, 0-2 N, with respect to sodium?!-*, 
This procedure elutes tyrosine and phenylalanine as two 
discrete peaks at 51 and 55 min, respectively. The mean 
error of the method is +2-1 per cent and X17 per cent 
for tyrosine and phenylalanine, respeetively; the recover- 
ies are 100—103 per cent and 97-101 per cent, respectively, 
for the concentrations 0-01 to 0-20 umoles (ref. 2). 

The variations within one subject at 1200 h were 
measured on 6 consecutive days; the values (mean + S.D.) 
were: 0-050+ 0-006 mM phenylalanine and 0-050 + 0-004 
mM tyrosine with a phenylalanine : tyrosine (P : T) ratio 
of 10+006. Variation within individuals was then 
measured in normal and heterozygous subjects (Table 1). 
There is overlap in the values for phenylalanine con- 
centration in plasma for the two groups; this has been 
seen before*-^, Although the mean tyrosine value for 
heterozygotes was slightly lower than for normal subjects 
(Table 1). the two populations were not significantly 
different. Calculation of the P : T ratios from the mill- 
molar values, however, distinguishes heterozygotes from 
normal subjects reasonably well (Fig. 1 and Table 1); 
Perry et al.*^* have corroborated this observation usmg 
different methods of analysis. 

Discrimination of heterozygotes from normal subjeets 
can be further improved if the P : T ratio is plotted against 
the equivalent mM concentration of phenylalanine in 
plasma (Fig. 2). Thus the biochemical phenotype de- 
termined by a single test correlated correctly with the 





Table 1, PHENYLALANINE AND TYROSINE CONCENTRATIONS (mM) AND THE 
EQUIVALENT P : T RATIO IN SINGLE VENOUS PLASMA SAMPLES OF NORMAL 
ADULT SUBJECTS AND OF PHENYLKETONURIC HETEROZYGOTER 








Controls 
(n= 25) 
Phenylalanine (mM) 
Median 0.048 
Mean 0-050 
S.D. 0-008 
Range 0-039-0-070 0051-0 10 
Tyrosine (mM) 
Median 0-050 (045 
Mean 0-051 004177 
S.D. 0-011 O13 
Range 0-036-0-080 0-030-0-086 
P:T ratio 
Median 0-995 pb51 
Mean 0-960 roli 
SD, 0-114 0-013 
Range 076-111 102-238 


The plasma samples were drawn at noon, hefore eating. 
* Comparison of heterozygotes with normal value: 
(540, P «0-001. 
No significant difference between normals and heterozygotes. 
p comparison of heterozygotes with normal value; Students £ fest. 
t=664 P< 0-001, 


Student's 7 fest, 
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presumed genotype in forty-two of the forty-three sub- 
jects. One heterozygote was classified wrongly (false 
negative) on the first test, but was reclassified correctly 
on a second occasion. We also identified the predicted 
six heterozygotes among nine sibs of five phenylketonuric 
probands. 

The distribution of the P : T ratio in our normal adult 
subjects is not gaussian (Fig. 1). This may indicate that 
polymorphie enzymes eontrol phenylalanine metabolism 
in man; this possibility is now being investigated. If 
polymorphism can be demonstrated, it will be in keeping 
with current views on normal genetic variation in man’. 

Heterozygotes for atypical forms of hyperphenyl- 
alaninaemia were also investigated (Fig. 3). The 3 yr old 
proband of family 1 is one of three "phenylketonurie" 
sibs, each of whom has the “classical” biochemical pheno- 
type, but whose nutritional tolerance for phenylalanine 
is two or three times greater than expected’. Nonetheless, 
the parents (Fig. 3) of these patients exhibit the typical 
heterozygous phenylketonurie phenotype. 

Three families (2-4, Fig. 3) contain five children between 
the ages of 1 and 7 yr each of whom has persistent modest 
hyperphenylalaninaemia on a normal diet (about 0-5 mM; 
normal children, < 0-061 mM (ref. 9)), which is not accom- 
panied by any abnormality of urinary phenylalanine 
metabolites or by clinical symptoms. Family 2 is Anglo- 
Saxon, family 3 is Greek and family 4 is Italian; the 


| 25 normal subjects 







18 phenylketonuric 
heterozygotes 


t=5.0, p < 0.001 





Number of subjects 
~ 


2-05 


125 145 165 1-85 225 245 


Ratio of phe to tyr 


0-65 0-85 1-05 


Fig. 1. Ratios of phenylalanine : tyrosine in normal and heterozygous 
phenylketonurie subjects calculated from a single sample of venous 
blood taken at 1200 h. 


Ratio of phe to tyr 
- 
t^ 


190 


08 





56 


0-07 
Plasma phenylalanine (mM) 


0-05 0-09 


Fig. 2. Discrimination obtained between normal subjects (@) and 

phenylketonuric heterozygotes (©) when phenylalanine values (mM) 

are plotted against the equivalent P:T ratio. Dotted lines define 

tange of normal population. Anow joine two values from one hetero- 
zygote. 
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2-0 


m 
e 


Ratio of phe to tyr 


zu 
e 





0-5 
0:01 0:03 0-05 0:07 0-09 0-180 0:220 
Plasma phenylalanine (mM) 
Fig. 3. Disposition of values obtained from parents of probands who 


have forms of hyperphenylalaninaemia which are not typical of "clas- 

sical” phenylketonuria, Section 4 of graph defines range of normal 

values; section B defines lower limits of range for phenylketonurie 
heterozygotes (from Fig. 2). 


proband in each case was detected in the newborn period 
The proband of the remaining family (family 5, Fig. 3) is 
a West-Indian negro infant who had postnatal hyper- 
phenylalaninaemia (about 0-5 mM), which disappeared 
at 4 months; only the mother of this infant could be 
tested. In each of these four families (2-5) the phenotype 
of the parents (Fig. 3) differed from that for “classi- 
cal" phenylketonurie heterozygotes. 

These findings suggest that an unidentified event, 
independent of phenylalanine hydroxylation, accounts 
for the unusually high phenylalanine tolerance in the 
atypical phenylketonuric members of family 1. The 
observations of non-phenylketonurie hyperphenylalan- 
inaemic families (2-5) suggest that the cause of impaired 
phenylalanine metabolism is both genetically, and pheno- 
typically, different from that responsible for hyperphenyl- 
alaninaemia in “classical” phenylketonuria. Our findings 
thus indicate that numerous alleles control phenylalanine 
metabolism in man. Others have used different types of 
data!*:!! to develop similar conclusions. 
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Saccharopinuria : a New inborn 
Error of Lysine Metabolism 


During the routine screening of mentally retarded persons 
in: Northern Ireland for amino-acid disorders with the 
aid of paper chromatographic techniques, a patient was 
discovered who excreted large quantities of lysine, 
citrulline, histidine and an unidentified amino-acid in her 
urine, 

The patient was a girl aged 22, whose performance in a 
full-scale WAIS intelligence test was recorded as 67. 
Apart from her small stature, 4 ft. 9 in., there was nothing 
of note in her general appearance. No history of fits was 
elicited but she had an abnormal electroencephalograph. 
There are six half siblings in the family (the father 
of the propositus is not known). Her siblings and her 
mother are of normal intelligence and show normal 
amino-acid excretion patterns. 

Further investigation of the patient’s urine with an 
ion exchange quantitative amino-acid analyser confirmed 
that lysine and citrulline were present in large concentra- 
tion, and that what was thought to be a large quantity of 
histidine on the paper chromatogram was actually made 
up of homocitrulline and histidine. Homoarginine and 
aminoadipie acid were also found to be present. 

An examination of the literature with particular refer- 
ence to studies of lysine biosynthetic pathways suggested 
that the unidentified amino-acid might be saccharopine!. 
Identification of the patient's unknown amino-acid com- 
ponent as saecharopine was made possible by a gift of 
the pure substance from Dr Darling (Denmark). 

When the pure substance was added to the patient's 
urine and analysed on the ion exchange column, the 
original unidentified peak was intensified. It is also note- 
worthy that the unknown urinary component and pure 
saccharopine both give ninhydrin derivatives which show 
uniquely high light absorption at 440 my in comparison 
with other a-amino-acids. Further evidence of identity 
was the superimposition of saccharopine and the unknown 
spot when the urine was examined by paper chromato- 
graphy in two other different solvent systems. 

In the serum, saccharopine and homocitrulline were 
present in small quantities. The concentration of lysine 
was increased to 4—5 times the normal level and that of 
citrulline was similarly raised. The unknown compound, 
identified here as saccharopine, also appeared in high 
concentration in the cerebrospinal fluid. 

Fig. 1 indicates the possible routes of lysine degradation 
in man. It is thought that the pathway through pipecolic 
acid and aminoadipie acid is the main pathway?. 

Recent work with neurospora, yeasts and animals has 
suggested alternative routes for lysine metabolism in 
man. Observations in patients with hyperlysinaemia have 
shown two of these pathways to function in man but to 
be of minor importance only. Thus homocitrulline and 
homoarginine were demonstrated in increased quantities 
in the urine of adults given a lysine load? and both have 
been reported in the urine of hyperlysinaemic patientst-*. 
e-N-Acetyl-r-lysine was suggested to be the first step in 
lysine metabolism by Paik and Kim', and was found to 
be present in patients with hyperlysinaemia and in healthy 
individuals after a lysine load*-*. The pathways given here, 
however, only aecount for a small quantity of ingested 
lysine. 

Saecharopine was first isolated from brewers’ yeast! 
and has been shown? to be a precursor of lysine in yeast. 
There is evidence? that the first step of lysine degradation 
by rat liver mitochondrial preparations is a reaction with 
a-ketoglutaric acid to produce saccharopine (N(r-glutaryl- 
2.n.lysine)) If this is so, it would seem that the sugges- 
tion* that pipecolie acid is on the chief degradative 
pathway is incorrect. 

Perhaps even more striking than the discovery of the 
excretion of saccharopine is the finding of excess citrulline 
in this patient. 






Proteins Homocitrulline Homoarginine —- 


Lysine 


e-N-acetyl-L-lysine 


Saccharopine M 


Pipecolic acid 


A*-Piperidine- | 
2-carboxyhe acid 


x-Aminoadipic-3-semialdehyde 
«-Aminoadipie acid 
a-Keto-adipic acid 


Glutaric acid 


Fig. 1. Schematic summary of known lysine pathways. 


It is interesting in this connexion that work by Borsook 
(as stated by Meister’) suggested that lysine nitrogen is 
used to some extent for the formation of citrulline and 
arginine. Also it has been noted? that the enzyme respon- 
sible for the synthesis of ¢-N-acetyl-L-lysine reacts with 
L-ornithine better than with lysine and suggests the 
possibility that c-lysine acylase may be identical with 
ornithine transcarbamylase. Certainly in this newly dis- 
covered disorder there appears to be some connexion 
between lysine and citrulline metabolism. 
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Effects of Sinus Nerve Stimulation on 
Activity of Phrenic Motoneurones 


Ir is well known that stimulation of arterial pressure 
receptors causes a depression of respiration’. Little is 
known, however, about the site of this depression, that is, 
whether it is effected on interneurones in the brain stem, 
on phrenic motoneurones, or on both. A clue to this 
problem was provided during an investigation of the 
central connexions of the carotid sinus nerve in the cat. 
In these experiments we have observed that a single 
maximal electrical stimulus to the sinus nerve can inhibit 
spontaneous activity in the phrenie nerve. ome of the 
properties of this depression of phrenie nerve activity are 
described here. 

Cats were anaesthetized with a mixture of 100 mg/ml. 
of allobarbitone and 400 mg/ml. of urethane, 0-6 mL/kg 
administered intraperitoneally, supplemented when neces- 
sary with small (5 mg/kg) intravenous doses of sodium 
pentobarbitone. A traeheal cannula was inserted and. 
after the full operative procedure, the cats were paralysed 
with gallamine triethiodide (5-10 mg/kg) given intra- 
venously and artificially ventilated with a mixture of air 
and oxygen. The arterial blood pressure and the end-tidal 
Po0,, which was kept between 28 and 30 mm of mercury, 
were eontinuously recorded on a Grass polygraph. Two 
types of experiments were performed. In one, spontaneous 
discharges were recorded from the central cut end of one 
phrenic nerve. In the other, intracellular recordings were 
made from phrenic motoneurones, the cervical spinal cord 
having been exposed over the third to sixth segments by 
a laminectomy. The intracellular potentials were recorded 
through micro-eleetrodes filled with either 0-6 M potassium 
sulphate or 1-2 M potassium citrate. The ipsilateral 
phrenie nerve was stimulated antidromically to locate 
phrenie motoneurones, and spontaneous discharges were 
monitored from the contralateral phrenic nerve. In both 
types of experiments, the right sinus nerve was left intact 
and stimulated with pulses lasting 50-100 us delivered 
through bipolar chlorided silver electrodes. The miero- 
electrodes were coupled through a cathode follower to an 
oscilloscope from whieh potentials could be photographed. 


















10 ms 





Fig.1. Effects of stimulation of the sinus nerve on spontaneous inspira- 

tory discharges recorded from the phrenic nerve. 4, Control phrenic nerve 

discharge; B., single shock to ipsilateral carotid sinus nerve; C, single 

shock to contralateral carotid sinus nerve. Time scale applies to all 
records, 
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Fig.2. Excitatory and inhibitory potential changes produced in phrenic 
motoneurones by stimulation of the sinus nerve. The upper record in 
each case is the intracellular record, and the lower record is the activity 
recorded from the contralateral phrenic nerve, The records were 
obtained as follows: 4, During expiration; B, during inspiration: 
C, during expiration; D. during suppression of CRDPs (see text), The 
voltage calibration to the right represents 4 mV in 4, B and C, and 
10 mV in D, Time scale is 10 ms and applies to all records, 





The phrenie nerve discharges were recorded through bi- 
polar platinum wire electrodes and presented on another 
beam of the same oscilloscope. All cats were rigidly fixed 
in a metal frame. 

The inhibition of phrenic nerve discharges by stimula- 
tion of the sinus nerve is shown in Fig. 1. Inhibition 
appeared after a latency of 10-25 ms, lasted for 10-40 ms, 
and was evoked from both the ipsilateral and contra- 
lateral carotid sinus nerves. Similar effects were seen on 
recording from single fibres in the phrenie nerve. Stimuli 
of a higher intensity sometimes caused a burst of activity 
preceding the depression, and similar bursts could also be 
evoked during the intervals between the spontaneously 
oceurring inspiratory discharges that oceur in the phrenic 
nerve. 

Intracellular recordings made from phrenie moto- 
neurones while the phrenie nerve was discharging spon- 
taneously and rhythmically showed that a single maximal 
shock to the sinus nerve during expiration evoked an 
excitatory post-synaptie potential (EPSP) and was asso- 
ciated with a burst of action potentials in the contra- 
lateral phrenie nerve (Fig. 24). During inspiration, the 
same stimulus to the nerve evoked an EPSP followed by a 
repolarization which was associated with depression of 
spontaneous action potentials in the contralateral phrenic 
uerve (Fig. 2B). In some cells, the EPSP produced by 
sinus nerve stimulation was large enough to evoke action 
potentials, and the repolarization following the EPSP 
was associated with suppression of the rhythmic discharge 
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of the motoneurones. This repolarization could have been 
caused either by depression of central drive or by direct 
inhibition of the motoneurones. Occasionally, à maximal 
stimulus during expiration evoked a smaller inhibitory 
post-synaptic potential (IPSP) similar in time course to 
that-seen when the stimulus was applied during inspiration 
(Fig. 2€). The infrequent occurrence of IPSPs and their 
smaller size may have been a consequence of the fact that 
the cells were already hyperpolarized through central 
respiratory drive potentials (CRDPs), as shown for inter- 
costal motoneurones?. Recordings made when the CRDPs 
had been suppressed by hyperventilation of the cat 
showed that IPSPs were evoked with no associated 
EPSPs (Fig. 2D). These IPSPs had a latency and time 
course similar to the inhibition of phrenic nerve dis- 
charges. Thus the IPSPs began after a latency of 
10-25 ms, reached a peak in 10-20 ms, and decayed during 
a further 40-60 ms. ‘The IPSPs with the shortest latencies 
occurred when there was no preceding EPSP. 

Candidate interneurones for the inhibitory pathway 
are found among the various types of cells that can be 
evoked in the brain stem on stimulating the sinus nerve. 
Some of these cells discharge at short latency (2-4 ms) 
and at frequencies up to 1,000/s following a single shock 
to the nerve (ref. 3 and our unpublished work). It is 
possible that certain of these cells are inhibitory inter- 
neurones to the phrenie motoneurones, but the inhibition 
may be mediated by effects on brain stem respiratory 
neurones, whieh could aet to inhibit both medullary 
inspiratory neurones as well as phrenic motoneurones 
(compare ref. 4). 

'These experiments demonstrate that electrical stimula- 
tion of the sinus nerve causes both excitatory and in- 
hibitory responses in phrenic motoneurones. The sinus 
nerve is known to carry chemoreceptor and baroreceptor 
afferent fibres (compare ref. 1) and it is possible that the 
former is responsible for excitation and the latter for 
inhibition. 
inhibition to low intensity stimuli, and excitation to high 
intensity stimuli, delivered to the nerve. 

This work was supported by grants from the National 
Heart Institute and the US Office of Naval Research. 
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Persistence of Excitation Contraction 
Coupling in *Slow" Muscle Fibres after 
a Treatment that destroys Transverse 
Tubules in “Twitch” Fibres 


A TREATMENT that disrupts the structure of the transverse 
tubular (T) system in skeletal "twiteh" fibres has been 
shown to uncouple membrane excitation from contrac- 
tion**. Muscles were held at resting length and bathed 
in 400 mM glycerol in Ringer for 1 h. After that, when 
muscles were returned from glycerol-Ringer to ordinary 
Ringer, the “uncoupling” oeeurred'. In twitch fibres 
subjected to this treatment, action potentials and pas- 
sive electrical properties were modified in a way con- 







This is perhaps supported by the relation of 





sistent with the destruction of the T system??. In "slow? ^ 
fibres of the frog, the T system is present but reduced in 
extent, and the triads formed by apposition of the T and 
the sarcoplasmic reticular systems are not developed? >, 
Thus a treatment that uncouples excitation from contrac- 
tion in “twitch” fibres by disrupting the T system might 
not work in slow fibres. 

Whole iliofibularis muscles (from R. temporaria and 
R. esculenta) were subjected to the glycerol-Ringer transi- 
tion treatment of Howell and Jenden! which we have 
outlined. In some experiments iliofibularis muscles were 
separated into "tonus" and “‘non-tonus’ portions by 
dissection. Two sartorius muscles of R. esculenta were 
examined as a control. Muscles were examined before 
treatment and | h after the transfer from glycerol 
Ringer to normal Ringer. Excitation contraction coupling 
was tested in two ways. Muscles were mounted for iso- 
metric tension recording and exposed to 86 mM K* in a 
solution containing CH,SO,~ so that the normal [K] [CH 
product of the Ringer used (310 mM?) was manta 
We also recorded isometrie tension in whole muscles 
resulting from repetitive nerve stimulation. In these 
experiments the eighth and ninth spinal nerves were 
stimulated separately, beeause it has been shown that 
most slow fibre motor innervation comes from the ninth 
nerve’. Finally, two micropipettes and standard recording 
and stimulating equipment were used to examine the 
electrical properties of single fibres in treated musele 

In the six whole iliofibularis muscles ed the ehange 
from glycerol-Ringer to ordinary Ringer abolished the 
phasic contracture produced by high K* (Fig. 14). This 
component is attributable to twitch fibres. After treat- 
ment. the maintained contracture, attributable to "slow" 
























Fig. L 
bar. Upper tracing before transfer from glycerol-Einger to ordinary 
Ringer. lower tracing 1 h afterwards, Note the absence of a phasic 
component and the longer relaxation time after treatment, E, Contrac- 
tions in response to nerve stimulation ai 40/s. Right side, eighth nerve 
stimulation. Left side, ninth nerve stimulation (both during period of 
solid bar, ns). Upper traces, before transfer, muscle in glycerol-Ringer. 
Lower traces, L h after transfer. 
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Fig. 2. Identification of two electrically distinct fibre types in R. 
temporaria iliofibularis tonus bundle after transfer from glycerol- Ringer 
to ordinary Ringer. Right-hand traces from three fibres classed as twitch; 
left-hand side from three fibres classed as slow. A, Current—voltage rela- 
tions determined by direct plot of steady state current. (ordinate, positive 
current upwards, calibration dots 1 x 10-* A) against membrane potential 
(abscissa, hyperpolarization to left, calibration dots 10 mV ) Resting 
potentials: 75 mV for right-hand, 48 mV for left-hand. B, S.j.p.s 
produced by nerve stimulation in a slow fibre (resting potential 50 mV) 
and aetion potential produced by nerve stimulation in a twitch fibre 
(resting potential 83 mV). C, Responses to hyperpolarizing current 
pulses in two fibres, one twitch and the other slow. 


fibres, was still present, its amplitude varying between 70 
per cent and 130 per cent (mean 83 per cent) of that before 
treatment. In the two control sartorius muscles there was 
no response to high K* after treatment (see ref. 1). The 
non-tonus bundle portions of iliofibularis muscle that gave 
a purely phasic contracture before treatment gave no 
response after treatment, while the tonus bundle portions 
lost the phasic component of their response, but gave 
normal or slightly reduced maintained contractures. Thus 
the treatment seems to have a differential effect on excita- 
tion contraction eoupling in twitch fibres. The treatment 
has little effect on the amplitude of the maintained con- 
tracture, but does produce an increased half-time of 
relaxation after washing (mean 440 s, range 240-650 s) 
compared with that before treatment (mean 96 s, range 72— 
130 s). 

It might be thought that twitch fibres in the tonus 
bundle of the iliofibularis musele would be affected by the 
transfer from glycerol-Ringer to ordinary Ringer in such 
a way as to contribute to the maintained contracture 
recorded after treatment. Responses to repetitive nerve 
stimulation, however, provide additional evidence that 
only slow fibres retain excitation contraction coupling 
after treatment. Before treatment, or with the preparation 
immersed in glycerol-Ringer, repetitive stimulation of 
either eighth or ninth nerves produced strong contraction 
of the muscle (Fig. 1B, top traces) After treatment, 
stimulation of the eighth nerve elicited no contraction 
(Fig. 1B, right side, lower trace), while stimulation of the 
ninth nerve produced a slow response (Fig. 1B, left side, 
lower trace). The slowly declining part of the response 
appeared to be as large as before treatment. 

In normal frog iliofibularis muscles, two classes of fibres 
can usually be distinguished by electrical means. Slow 
fibres have large electrical time constants, are multiply 
innervated, produce slow junctional potentials (s. )-p.8) 
when their motor nerve is stimulated, have relatively low 
resting potentials, and show increasing membrane resist- 
ance with hyperpolarization*-*. Twitch fibres have rela- 
tively small electrical time constants, are usually singly 
innervated, produce action potentials when their motor 
nerve is stimulated, have high resting potentials and show 
deereasing membrane resistance with hyperpolarization. 
On these criteria, we found essentially normal twitch 
fibres in the tonus bundle of all treated muscles, but in 
agreement with the results of Gage and Eisenberg? these 
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fibres appeared to have smaller time constants than 
before treatment and gave action potentials to nerve 
stimulation with little or no contraction (Fig. 2). We also 
found a proportion of fibres with the properties of slow 
fibres (Fig. 2). Thus the treatment did not seem to 
change the electrical properties of these fibres. 
lt is not yet known what effect the transfer from gly- 

cerol-Ringer to ordinary Ringer! may have on the struc- 
ture of slow fibres. It is clear, however, that the treatment 
does not uncouple membrane excitation from contraction 
in slow fibres, but does in twitch fibres. Thus our results 
are consistent with the idea that the T system plays little 
part in the initiation of excitation contraction coupling in 
“slow” muscle fibres of the frog. 
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Relaxation of Mammalian Smooth 
Muscles by Visible and Ultraviolet 
Radiation 


SuooTH muscle of isolated mammalian arteries in a state 
of active tonie contraction will relax when exposed to 
light*-*. Other types of mammalian smooth muscles are 
insensitive to light or much less sensitive than vascular 
smooth muscle. When other types of smooth muscle are 
treated with nitrite ion (an ion which increases the photo- 
sensitivity of rabbit aortic strips'), they, too, become 
very sensitive to light. This report deals with the effects 
of ultraviclet and visible radiation on non-vaseular smooth 
muscle, especially after treatment with NaNO,. 


Na NO2 i04 


A T 
t1 


ACh 10/8 
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ACh 7x10°8 


Fig. 1, Effect of radiation on tone induced by acetylcholine chloride 
in rabbit stomach smooth muscle before and after addition of sodium 
nitrite. Isotonie recording. Initial tension was 4 g, Concentrations in 
g/ml. A, A smooth tonie contraction was induced by acetylcholine 
chloride (ACh), Irradiation with ultraviolet light for 1 min (arrows) 
had no effect. Sodium nitrite caused a complete loss of tone. B, Tone 
was re-instituted in the same muscle strip, with nitrite still present, by 
increasing the concentration of ACh. Ultraviolet radiation now caused 
a loss of tone during irradiation.. which was reversible at the end of 
irradiation. 
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The isolated smooth muscle preparations we used in- 
cluded circular strips from the corpus of the rabbit 
stomach; longitudinal strips from the duodenum of the 
rabbit, dog and cat; Taenia coli from the guinea-pig 
colon; strips from the rabbit urinary bladder; and strips 
from the uterus of a rabbit which was not pregnant. They 
were suspended under various tensions (l-4 g) in a 
cylindrical, quartz muscle chamber, immersed in a dis- 
tilled water, constant temperature bath set at 37+0-5° C. 
The medium in the chamber was Krebs bicarbonate 
solution, gassed with 95 per cent O,:5 per cent CO,. 
The constant temperature bath was fitted with a quartz 
window in the optical path from the source of radiation 
to the muscle strip. Strips were usually orientated with 
the serosa or outermost surface towards the source of 
radiation. Sources of radiation were a 100 W tungsten 
microscope lamp (Bausch and Lomb), an ultraviolet 
mereury vapour hand lamp of the type used to read 
chromatographs (Burton Co.), a high intensity mercury 
are lamp (Bausch and Lomb) and a xenon high pressure 
are lamp (Hanovia). The last source of illumination was 
used in conjunction with a Bausch and Lomb grating 
monochromator which allowed variation in intensity and 
wavelength of illumination*. 

Muscle contractions were recorded isotonically with a 
light lever and isometrically with an RCA transducer 
tube. Strips contracted spontaneously or were stimulated 
with drugs or with brief pulses of alternating current 
applied through Ag-AgCl wire electrodes at the base and 
centre of the strip. Concentrations of all drugs are 
expressed as g/ml. of the salt. 

When smooth muscle strips from rabbit stomach were 
in a tonie state induced with a stimulating drug such as 
acetylcholine ehloride, intense visible or ultraviolet radia- 
tion had no effect. When the strips were treated with 
sodium nitrite (10-* g/ml.) and returned to the initial level 
of tone by adding more stimulating drug, they responded 
with a relaxation during exposure to radiation (Fig. 1). 

The relaxation during irradiation of some strips, 
especially in the presence of high concentrations of stimu- 
lating drugs after treatment with sodium nitrite, was 
followed by a transient contraction when irradiation 
ended. This phenomenon, termed post-irradiation stimu- 
lation. is shown in Fig. 2. 

When strips of rabbit stomach smooth muscle were 
stimulated electrically at a fixed frequency to produce 
phasie contractile activity, little or no detectable fall 
either in amplitude of each stimulated contraction or in 
basal tone level was obtained even when the muscle was 
illuminated with intense ultraviolet or visible radiation 
(Fig. 34). When strips were treated with sodium nitrite 
(10-4) there was no fall or only a small one in the basal 
tone. The strips treated with nitrite responded to irradia- 
tion with a decrease in amplitude of contraction (Fig. 34) 
and showed post-irradiation stimulation at the end of 
radiation. Although atropine sulphate reduced the con- 
tractile response to electrical stimulation, it did not inter- 
fere with the relaxation of tone during irradiation or with 
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Fig. 2. Post-irradiation stimulation in rabbit stomach smooth musele, 

Recording was isotonic. Tension on muscle strip was initially 4 g. 

Tone was induced with ey hrine (10-* g/ml.) in the presence of 

sodium nitrite (10-* g/ml.). The height of drug-induced tone above the 

initial basal tone level is shown. Arrows indicate irradiation for 1 min 
with white light from the tungsten microscope lamp. 
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Fig. 3. Effect of radiation on phasic contractions induced electrically 
in rabbit stomach smooth muscle. Isotonic recording. The initial 
tension was 4 g. A, A.C. stimulus: 60 Hz; 6 V; 1s duration; fre- 
quency of 4 min. Arrows indicate exposure to ultraviolet radiation 
from the hand lamp. Sodium nitrite (10 * g/ml.) was added at the point 
shown and exposure to ultraviolet radiation resulted in a partial in- 
hibition of contractile amplitude. ^ Post-irradiation stimulation is 
apparent. B, Stimulus voltage was reduced to 1:4 V. Nitrite was still 
present, C, Same stimulus voltage asin A. Atropine sulphate (10-* g/ml.) 
was added to the bathing fluid, At "Elec, Off" stimulus vol and 
illumination were stopped (arrow). Stimulus voltage was not turned 
on again. 


post-irradiation stimulation (Fig. 3C). This indicates that 
post-irradiation stimulation is not cholinergically mediated. 

The nitrite sensitization to light of stomach smooth 
muscle preparations was reversible, and gradually dis- 
appeared after the nitrite was washed out. 

The most effective wavelengths for photo-relaxation of 
stomach strips, treated with nitrite and in tone induced 
by drugs, were in the ultraviolet range below 340 mu. 
Qualitatively, this agrees with the work of Furchgott et 
al2 on the action spectrum for the photo-relaxation of 
rabbit aortic strips. The degree of photo-relaxation was 
determined at various radiation intensities over a 25-fold 
range. The stomach smooth muscles sensitized with nitrite, 
like untreated aortic strips?, gave results which fit a curve 
for the hyperbolic equation: R=(RsJ)/(K +1) in which 
R is the relaxation in g, J is the intensity of the incident 
radiation, K is a constant with dimensions of intensity, 
and Ry is a constant representing the ‘maximal relaxation 
possible" in g, which is approached when J greatly 
exceeds K. 

Like rabbit stomach smooth muscle, duodenal smooth 
muscle of the rabbit, cat and dog, and uterine smooth 
muscle from rabbits which were not pregnant, were in- 
sensitive to irradiation before treatment with NaNO, 
nitrite. After treatment with NaNO, (10-*) all of these 
muscles became highly sensitive to visible and ultraviolet 
radiation. Fig. 44 shows the response of the spontaneously 
active uterine smooth muscle before and after nitrite 
treatment. Fig. 4B shows the unusually large response to 
light of isolated longitudinal smooth muscle from the 
rabbit duodenum. 
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Fig. 4. Photo-relaxation of uterine and intestinal smooth muscle 
treated with nitrite. Isotonie recording. The initial tension was 4 y. 
A, Uterine smooth muscle from a rabbit which was not pregnant. 
lsotonie recording. The effect of ultraviolet radiation from the hand 
lamp before and after the addition of sodium nitrite (10-* g/ml), Expo- 
sure to radiation is shown by the arrows. B, Rabbit intestinal smooth 
muscle. Two examples of loss of tone when irradiated for 5 & with 
ultraviolet light from the hand lamp. Sodium nitrite was present 
in à concentration of 10-* g/ml. ime course of record as in A. 


Guinea-pig Taenia coli and rabbit urinary bladder 
smooth muscles showed some photosensit ivity before treat- 
ment with nitrite, but less than that shown by aortic 


strips. After pretreatment with nitrite the sensitivity 
to radiation inereased, so that profound photo-effects 
occurred, 


A variety of pharmacological agents was tested to 
determine whether any interfered with the response to 
light of preparations sensitized with nitrite. The agents 
included dibenamine. pyribenzamine, bretylium, atropine, 
hexamethonium, dichloroisoproterenol and nitroglycerine. 
None of these significantly altered the photo-relaxation 
effeet in any smooth muscles or post-irradiation stimula- 
tion in stomach smooth muscle. 

It appears that the smooth muscles of the gastro- 
intestinal tract, urinary bladder and uterus contain no 
endogenous photosensitive material or much less than 
does the smooth muscle of rabbit aorta. All the smooth 
muscles studied seem to contain some material which 
may be a precursor to a photosensitive material, however. 
By some reaction nitrite ions seem to convert this pre- 
cursor to the photosensitive material. A proposed scheme 
is 


-- - relaxation 


where P' is the preeursor material, P is the photosensitive 
material formed from P'. and P* is the photoactivated 
produet of P which initiates a reaction which leads to 
relaxation of the muscle. "There is evidence that indicates? 
that the photosensitive material induced by nitrite pre- 
treatment differs in its action spectrum from the endo- 
genous photosensitive material in vascular smooth muscle 
(unpublished results of R. F. Furchgott). 

The detailed mechanism for relaxation by photo- 
activation of a photosensitive material (either endogenous 
or induced by nitrite) is still not clear. Studies on the 
effect of light on the electrical properties of smooth muscle! 
have provided evidence that light alters the permeability 
properties of the cell membrane. The alteration leads to 
a decrease in the ability of the muscle to maintain tonic 
and phasic activity. 
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Respiratory Function and Thermal 
Acclimation in Tropical Invertebrates 


Ir has been reported! that some cold blooded animals 
show an increased respiratory quotient when exposed to 
high temperatures. We have investigated this pheno- 
menon and other aspects of exposure to higher tempera- 
tures in connexion with thermal acclimation in molluses 
and arthropods. Among the Mollusea we have used two 
Species of Gastropoda eommon in the irrigation canals 
of the cotton growing country near Khartoum, both of 
them vectors of bilharzia; they are Biomphalaria pfeifferi 
(Dunker) and Bulanus truncatus (Audouin). Crustacea 
were represented by the terrestrial woodlice (Isopoda) 
Periscyphis jannonei Arcangeli and Metoponorthus pruino- 
sus (Brandt), insects by the day-active desert beetle 
Adesmia antiqua Klug and by the night-active desert 
beetle Ocnera hispida VForskàl, and arachnids by the 
scorpion Leiurus quinquestriatus (Hemprich and Ehren- 
berg). and by the camel spider (Solifugae) Galeodes 
grantae Pocock. In the latter two species juvenile animals 
were used; the others were adults. The snails and wood- 
lice were supplied with food at all times except when the 
measurements were being taken; the beetles and arach- 
nids, which can survive more than 6 months’ starvation 
in the laboratory, were unfed. Measurements were made 
on individual animals after acclimation first at 20° € and 
then at 34^ C, each for 48 h. measurements being made 
at the same two temperatures by Warburg manometry. 
It was thus possible to compare the effects of acclimation 
with these two temperatures in measurements made on 
the same individuals. 

While the different species showed widely different 
levels of respiration they had several features in common. 
Oxygen consumption measured at 20°C was in all in- 
dividuals about 10 or 15 per cent lower after acclimation 
at 34° C than after acclimation at 20° C, but the respiratory 
quotient was about the same, lying in the range 0-8 to 0-9. 
Measured at 34° C, oxygen consumption was about 30 per 
cent lower in animals acclimated to this temperature than 
in animals acclimated to 20° C. Expressed another way, 
the oxygen consumption was about four times greater at 
34^ C than at 20° C for animals acclimated to the higher 
temperature but about five times higher for animals 
acclimated to the lower. Measured at 34° C, the respiratory 
quotient for animals acclimated to this temperature was 
the usual 0-8 to 0-9, but for animals acclimated to the 
lower temperature it was in the range 1-1 to 1-25. This 
was true of all species. 

It is clear that 48 h aeclimation to a temperature of 
34° C leads to a lower oxygen consumption than in animals 
acclimated to a lower temperature, for the whole range of 
temperatures to which these animals are likely to be 
exposed. The effect is more marked at higher tempera- 
tures and tends to reduce the disparity in respiration 
which would otherwise exist between the different seasons 
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of the year. It is also apparent that exposure to a much 
higher temperature than that to which they are acclimated 
leads to a brief period when the respiratory quotient is 
greater than 1-0. This, however, disappears with acclima- 
tion, and after 48 h exposure to the higher temperature 
the respiratory quotient is back to the normal level, 
below 1-0. The high respiratory quotient of cold blooded 
animals at a high temperature is thus only a transient 
phenomenon appearing on their first exposure, and 
characteristic of animals not yet acclimated to a higher 
temperature. 
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Anion Uptake by the Apical Region 
of Seminal Wheat Roots 


A COMPREHENSIVE understanding of nutrient uptake by 
plant roots demands a knowledge of variations along the 
root. Although it is generally accepted that the region 
immediately behind the growing tip has relatively greater 
uptake than other parts of the root’, we have found that 
even in this apical region there are variations in uptake. 
that the patterns of uptake in this region differ for dif- 
ferent anions and that there are differences between ions 
in the maintenance of uptake along the root. 

Wheat (variety ‘Gabo’) was grown for 2 weeks in aerated 
plant nutrient solution? with twenty plants per 20 l. of 
solution. Intact plants were used throughout this in- 
vestigation to avoid the large decrease in uptake which 
ean occur on root excision', Before uptake of phosphate 
the roots were immersed for 2 h in 5x 10-* M caleium 
sulphate and the uptake was carried out in a solution of 
5x10- M ealeium sulphate and 5x 10-5 M potassium 






dihydrogen phosphate at pH 6-7 with 3? P-orthophosphate: 
at 400 uCi/l. (below 5x 107 M). For uptake of chloride, 
the pretreatment was the same and the uptake was per- 
formed in 5x10-* M ealeium sulphate and 2x iüc* M 
potassium chloride at pH 65 with 3*Cl.ehloride at 100 
uCifl. For sulphate uptake the roots were pretreate 
5x104 M calcium chloride for 2 h before placing 
5x10 M calcium chloride and 5x 10 M potas 
sulphate at pH 7-4 and *S-sulphate at 10 mC/L 

each anion the uptake period was 15 min because we 
found that during this time translocation to the shoots 
was less than 5 per cent of the uptake. The distribution 
of radioisotope along roots therefore indicated essentially 
the positions of ion entry. Moreover, part immersion of 
roots in radioactive solutions has shown a negligible 
movement of phosphate, chloride and sulphate to that 
part of the root immediately above the point of immersion. 
After washing for 5 min in running tap water to remove 
free-space anion, the roots were severed from the shoots, 
lightly blotted, and mounted on à continuous strip of 
4 em wide Whatman No. | chromatography paper by 
means of cellulose tape for phosphate and chloride and 
by thin polyethylene sheeting (1-1 mg/em?, “Handiwrap’, 
Dow Chemical Co., USA) for sulphate. This polyethylene 
sheeting reduced sulphur-35 counts by 26 per cent com- 
pared with 40 per cent for cellulose tape. Redist ribution 
of ions was prevented by drying the roots for 30 min at 
50 C. 

Radioactivity was measured by passing the mounted 
roots through a gas flow chromatogram scanner and 
recorder (Nuclear Chicago ‘Actigraph ry. Throughout 
this study the collimator width was 3 mm to give identieal 
resolution for the three anions. Counting range. integro- 
tion time constant and chart speed were adjusted for each 
anion to give maximum sensitivity and resolution. . 

The patterns of uptake in the apical 7 em shown m 
Fig. l are actual scans of roots seleeted as typical of the 
ten replieate roots scanned for each anion. Each root used 
for Fig. 1 was seanned at least five times and similar 
patterns were obtained each time. Potassium eyanide in 
the pretreatment and uptake solutions inhibited uptake 
of each anion by more than 95 per cent, which indicates 
that ion absorption by the roots was metabolically 
mediated rather than a result of the adsorption of anions 
by root tips?. 
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Fig. 1. Uptake of phosphate, chloride and sulphate by the apical 
was 15 min and collimator width 3 mm; counting range (0-10), 


7:5 em/íh 





7 em of 14 day wheat roots grown in plant nutrient solution. 
integration time constant and scanning speed 


30 emih 





6 


7 em o i 


. Uptake time 
are shown for each anion. 


686 


In the patterns of anion uptake shown in Fig. 1 there 
are three important features to be noted. 

(1) With each anion two major peaks occurred, A at 
4-7 mm from the apex and B at 20-30 mm from the apex, 
separated by a zone of lesser but still appreciable uptake. 
The major peaks were significantly different from the 
trough with each anion in these experiments, but in other 
experiments, although the two distinct peaks always 
oeeurred, the intermediate trough was not so clearly 
defined. Detailed microscopic observations of longitudinal 
sections showed that the first vascular elements were 
differentiated 1-5 mm from the tip and mature xylem 
cells oceurred at 5 mm; cortical cell elongation was 
complete 8 to 10 mm from the apex. These results refer 
to the influx of the anions studied and do not indicate the 
sites from which translocation to other parts of the plant 
oecurs) 5, 

(2) Ratios of the heights of the first peak (4) and the 
second peak (B) along individual roots showed that with 
phosphate the peaks were almost identieal in height 
(B/A 1-05, S.D. 0-12) and not significantly different by 
t test. of differences along individual roots. With chloride, 
the second peak was almost double the first (B/A 1-92, 
S.D 0-26, significantly different at the 0-1 per cent level). 
but for sulphate the first peak was the major peak (B/A 
0-74, S.D. 0-18, the differenee between the two peaks 
being significant at the 2 per cent level). 

(3) Relatively high phosphate uptake occurred over the 
whole 7 em behind the apex, but the uptake of chloride 
and especially sulphate declined more steeply. The ratios 
between the height of the scan 5 em behind the apex and 
the height of the second peak for the ten replicates were: 
phosphate 0-87, S.D. 0-18; chloride 0-65, S.D. 0-13; sul- 
phate 0-24, S.D. 0-09. The phosphate and sulphate up- 
takes are striet comparisons because both were studied 
at a concentration of 5x 10-95 M whereas the chloride 
concentration was 2x10- M. Counts of radioactivity 
of extracts of different root segments showed that the 
low sulphate uptake along the root as shown by the root 
scanning technique was real and not caused by self. 
absorption by the root. 

These differences in the uptake of each anion some 
4 to 7 em behind the apex have also been shown with 
plants grown in soil* and must influence exploitation of 
nutrients in soils by plant roots. 

Plants grown in phosphate deficient solution and soil 
had a higher uptake in the apical region than plants 
grown in eomplete plant nutrient solution or amended 
soil, but the overall pattern of uptake along the roots was 
similar. 

Without more information on active uptake of anions 
by wheat root cells it is premature to explain the reported 
differences between anions in terms of different duration 
of their pumps located in plasmalemma and/or tonoplast. 
The differential control of uptake along the root is a 
pertinent field for study and detailed analyses of uptake 
mechanisms in roots must recognize the differences in 
uptake of anions within quite short distances along the 
root. 

We thank the Rockefeller Foundation for a grant from 
which the chromatogram scanner was purchased. 
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Chloride Efflux along Pinus radiata 
Roots 


PREVIOUS investigations of differences in nutrient uptake 
along plant roots occurring during short intervals of time 
have recorded sites of influx, but to obtain net flux it is 
also necessary to study efflux'. This has been done in 
current studies of ion uptake along roots of Pinus radiata 
seedlings, and findings on the loss of chloride at different 
parts of the root are presented here. This seems to be 
the first such study with inorganie ions. Qualitative and 
semi-quantitative studies of organic exudates?-* have 
variously reported the zone of elongation of roots, sites 
of lateral emergence and older parts of roots to be the 
most important areas of loss, 

Sterile seedlings of P. radiata were grown aseptically 
in large tubes plugged with cotton for 4 weeks in quarter 
strength complete nutrient solution? supplemented with 
*eCLehloride at 40 uCi/l. to give a final concentration of 
4x10-3 M chloride. Before studying sites of chloride 
loss, the roots were washed in running tap water for 
10 min to remove free-space chloride. The roots were 
unbranched. 

The method used to detect sites of efflux was similar 
to that by which MeDougall! studied carbon-14 exudation 
from pulse labelled roots of wheat seedlings. The root with 
top attached was placed between two strips of 4 em wide 
Whatman No. 1 chromatography paper moistened evenly 
(250 per cent moisture) by spraying with complete plant 
nutrient solution (quarter strength) with no chloride. 
The paper strips and root were held between polyethylene- 
covered foam plastie on a hardboard base and the plants 
were then placed in a moist chamber. For the first 6 h 
they were in light (21? C, 2,000 lumens/sq. ft.), for the 
next 12 h they were in the dark (15:5? C) and for the final 
6 h they were in the light phase. Previous studies had 
shown that a “dark” effect on chloride efflux occurred 
only after 24 h continuous darkness. 

After efflux, the positions of the roots were marked, 
the papers were dried and the distribution of radio- 
activity was recorded with a gas flow chromatogram 
seanner-reeorder. The distribution of residual radioactive 
chloride in the root was obtained with the scanner- 
recorder by the method described by Bowen and Rovira’, 
The method has a resolution of more than 2mm. There 
was a high correlation between areas under the scans 
taken at various places along the root and direct counts 
on digests of the corresponding portions of the root, thus 
establishing the validity of the method for chloride. The 
chromatography paper and cellulose tape absorbed 22 per 
cent of the emissions and an appropriate correction was. 
applied in calculating the results. 

Efflux from each of twelve roots during 0-1 min, 0:4 h 
and 4-24 h was examined. All plants behaved similarly 
and scans from one plant are shown in Fig. 1. Scans of 
the duplicate papers for each root were almost identical. 

The lack of activity on the papers after | min con- 
firmed a microscopic examination which showed that the 
method did not damage root cells and thus cause a 
spurious efflux. Roots of some other plants (for example, 
tomato) may be damaged by similar treatment. Counts 
of the efflux papers at varying distances from the root 
position showed that activity declined rapidly away from 
the root and none was detectable 3 mm from the root in 
the 4 to 24 h samples. 

A relatively low concentration and a uniform distri- 
bution of chloride in the apical 2-3 em of all roots (the 
“apical region") were followed by a sharp rise in activity 
in older parts (Fig. 1, iw). In most plants, efflux was 
relatively uniform between 0-5 and 3 em from the apex, 
and the "apex" data of Table | were obtained from the 
scans of all roots at a zone 1-5 to 2 em from the root tip 
(a in Fig. 1). Similar data on older parts of the root were 
obtained from a representative region approximately 6 to 
8 em from the tip (b in Fig. 1). The chloride (as indicated. 
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Table 1. CHLORIDE EFFLUX ALONG P. radiala ROOTS 


Collection time 
4-24 


Efflux* (c.p.m. above background) 
Apex* 


108 , S.E. 264  S.E. 
Base* 154" 20 218 ^18 
Percentage efflux* 
Apex* 2-9, S.E. T2t S.E. 
Base* 25705 33 "06 


* See text for details. 
n ni Difference between apex and base significant at 1 per cent level (t test of 
differences). Means of twelve plants. 


by radioactive chloride) initially at various parts of the 
root was calculated from the sum of the residual activity at 
that position in the root and twice the efflux, because efflux 
was to two papers simultaneously. Although loss from 
the apical 3 em was usually slightly less than that from 
other parts over the first 4 h, the tendency was reversed 
in the 4-24 h period (significant at 10 per cent level). 
The rate of chloride loss declined in all parts of the root 
in the 4-24 h period, but this was much less marked in 
the apical 3 em of the root. The loss as a percentage of 
the ehloride originally present in different parts of the 
root ("percentage efflux") over the first 4 h was slightly 
greater for the apical region than for other parts of the 
root, and very mueh higher than from other parts in the 
4-24 h period (significant at the 1 per cent level). 
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Fig. 1. Patterns of loss for (i) 0-1 min; (ii) 0-4 h; and (iii) 4-24 h; 


and (iv) distribution of chloride in the same root after 24 h efflux. All 

scans were made with 1-5 mm collimator width on detectors, Vertical 

scales are c. p.m. for full scale deflexion (10 units); for (i), (ti) and (it) 

this was 500 c. p.m., and for (iv) 15,000 c.p.m.; a and b indicate positions 

of efflux measurements for “apical” (1-5-2 cm) and older regions of root 
{ak 8 om), respectively, The arrow marks the recorded reading. 







In another experiment (eight plants) in 0-24 h 
pereentage loss from the apieal 3 em was 18-3 per cent 
while that from the basal portion was 8-2 per cent. This 
difference was significant at the 0-1 per cent level. 

Studies on redistribution of ehloride in the plants 
during the experimental period, and on the loss of chloride 
from excised roots (to be reported elsewhere) showed that 
the more sustained efflux from apical portions was not 
primarily eaused by the movement of chloride there from 
other parts and that the markedly higher percentage loss 
of chloride from the apical region had its origin there. 
The data are consistent with a greater cytoplasmic pool 
of chloride relative to a vacuolar pool in the apical region 
than in older parts of the root, and a greater efflux of 
chloride across the plasmalemma than across the tono- 
plast, rather than a different permeability to chloride at 
different parts of the root. 

The results indicate that because the relative lose from 
apical portions of the root is quite different from that 
from other parts of the root and is up to approximately 
20 per cent in 24 h, a study of efflux at different parts of 
roots is necessary to a critical interpretation of many 
nutrition experiments. 

The chromatogram scanner used in this study was 
purchased with a grant from the Rockefeller Foundation. 
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Naming of Groups with Normal 
Colour Vision 


Owe of us has described the heredity of normal colour 
vision!. In a publication on colour vision and its defects, 
the other? has diseussed the parallelism between the 
symptoms of deuteranomaly and protanomaly and 
stressed particularly the bimodality which is seen in 
almost all of the colour assessments of the two groups. 
It is often the case that comparable colour judgments 
or colour experiences in deuteranomaly are connected 
with a longer wavelength, and in protanomaly to a 
shorter one. A few examples can be mentioned. Rubin? 
found that the spectrum locus of pure yellow is at 583 
nm for deuteranomals and at 563 for protanomals; for 
"balanced" orange his respective values were 612 and 
590 nm and for pure green they were 520 and 502 nm. 
Chapanis* noted a similar bimodality of the locus of 
maximum desaturation in the spectrum of the red and 
green anomalies at about 500 nm in deuteranomaly 
and at about 490 nm in protanomaly, while Jameson and 
Hurvich? found the same type bimodality in the wave- 
length discrimination curves of these subjects ün the 
locus of their maximum sensitivity to the change of 
wavelength). Even their maxima of light sensitivity 
show this bimodality (see, for example, ref. 6). Clearly, 
deuteranomaly and protanomaly are independent defects 
of either a red or a green sensory process. They are merely 
subtypes of a single defect of red and green colour vision 
and possibly depend on two kinds of mutation at the same 
chromosomal locus™*. 
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Further data of Rubin?, and more recent results of 
Riehards* and one of us*, have shown that there is a 
bimodal distribution of the locus of pure spectrum green 
which divides into two clearly separable subtypes those 
with normal colour vision. According to Rubin's figures the 
spectrum locus of pure green is at 514 nm for a majority 
with normal colour vision, while for a minority this locus is 
at 525 nm. In view of this fact, it seemed more likely that 
this bimodality of colour assessment in normal colour 
vision parallels the bimodality in the red and green eolour 
anomalies which we have just discussed. One of us? 
has suggested that individuals whose pure green spectrum 
locus is at or near 525 nm—at a longer wavelength locus— 
be called "d-normals", and those with that locus at 
514 nn t a shorter wavelength loeus—"p-normals", 
while the other** preferred the even more explicit 
terms  "deuteropia" (or D-trait) and "protopia" (or 
P-trait), on which we then both agreed. We both 
anticipated that our deuteropes would parallel, in other 
respeets, the behaviour of deuteranomals (or vice versa), 
while protopes would parallel protanomals. We even 
anticipated that deuteranomals might be quasi submutants 
of the D-trait, and protanomals of the P-trait. 

When we studied the Rayleigh matches of our two 
groups with normal vision with the anomaloscope, we 
obtained results contrary to our expeetations. Our 
so-called "deuteropes" (those whose pure spectrum green 
occupies a longer wavelength locus) need relatively more 
red to produce a Rayleigh match, while our "protopes" 
(the majority whose pure spectrum green occupies a shorter 
wavelength locus) need relatively more green. This is 
an interesting but entirely unexpected finding. Obviously, 
things are not as simple as we anticipated. 

The fact that those normal individuals whose pure 
spectrum green occupies a longer spectrum locus need 
relatively more red to produce a. Rayleigh match stands 
on its own merit. But we are now not sure that it was 
wise to mark these individuals with the deuteropia label, 
and similarly the same holds for the other group. Possibly 
Richards? was wiser when he simply referred to the two 
subtvpes of normals as "group I" (individuals whose 
pure speetrum green oceupies a shorter speetrum loeus) 
and "group II" (the others). We feel that we shall do 
better by accepting Richards's suggestion and use neutral 
and non-committal designations at least until we have 
learned more about the possible correlation between the 
two groups of normals and the two subtypes of red and 
green colour anomaly. 

We propose the neutral —preliminary-—names C, and 
G, (instead of P and D) for the two genes. We might 
provisionally give the same names to the properties, 
corresponding to the groups respectively with the green- 
point around 515 and 525, and thus eorresponding to 
Riehards's? "group D" and "group Il". Our two Gs, 
however, do not allude to the word "group" but to 
"green", as B, and B, in the following letter allude to 


, 


“bhie”. 
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Heredity of Two Normal Types of 
Colour Vision 


I wave deseribed! two groups of males with normal colour 
vision (diagnosed using the anomaloseope), but with two 
different. "greenpoints"——that is, two different points on 
the spectrum at which they see pure green. Moving from 
the yellow-green side, the subjeet can tell where the 
yellow disappears and. moving from the other side, he 
can tell when the blue in the blue-green disappears. The 
two different groups cf normal males have their green- 
points at 515 and 525 nm (nanometer= 10-? m). I have 
deseribed a technique which makes it possible to confirm 
this bimodal greenpoint and have assumed that it depends 
on two sex-linked normal mutants, which I called P 
and D. They should now be called G, and G, (sce preced- 
ing communication). Three genotypes would be expected 
in females: G,/G,. G,/G, and G,/G,; in fact. I found three 
phenotypes, Ga. Gi and Gs, a hypothetical G,, group 
giving intermediate reactions. This hypothesis of in- 
heritance was confirmed in investigations of families 
(Tables 1 and 2 in ref. 1). 

I have now found a corresponding bimodality for the 
bluepoint. The anomaloscope slits through which light 
passes are arranged in such a way that monochromatic 
light from different parts of the spectrum can be studied. 
Moving from the green-blue side. the subject ean tell 
when the green disappears and he ean see pure blue. 
From the other side he can tell when the violet or lilac 
(or dark blue) disappears and he again sees pure blue, 
The two groups of males have their bluepoints at. 487 and 
479 um. There is a very clear difference in the individual 
perception of colour at these two points. We have found 
two similar groups in females together with an inter- 
mediate group with a bluepoint at 483 nm, so I have put 
forward a hypothesis for the inheritance of the bluepoint 
similar to the theory concerning the greenpoint: two 
genotypes and phenotypes in males called B, and B,, 
and three genotypes in females B,/B,, B,/B, and B,/B, 
with the phenotypes B, B,, and Ba. This hypothesis 
has been confirmed in investigations of families (Tables 1 
and 2). 

I now postulate two pairs of mutants in the X chromo- 
some, so that the question now is whether there is ceoss- 
ing over between them.  Double-heterozygotie mothers 
(heterozygous both in the greenpoint property (Gha) and 
in the bluepoint property (B,,)) must present two different 
genotypes: G,B,/G,B, (that is, with G, and B, in the same 
chromosome) or G,B,/G,B,. The first will (without cross- 
ing over) bear G,B, sons and G,B, sons. It might also 
be possible to discover the genotypes inherited by daugh- 
ters from their mothers if the genotype of the father is 
known. Family 24 has the following genotypes 















G,B, x G,B,/G,B, — G,B, + G,B, + GB, + G.B,/G,B, 


The double-heterozygotic mother has two G,B, sons and 
one G,B, son, so her genotype must be G,B,/G,B,. The 
daughter has inherited G,B, from her father and, because 
she is doubly heterozygotic, she has GB, from her mother 
(as has the third brother). so there is no crossing over. 

In this way I have tested twenty-two families with 
double-heterozygotie mothers who eaeh have more than 


"Table 1. B DIAGNOSES FOR MOTHERS AND THEIR SONS 


Mothera y: Sons T 
1 * 

22 By 36 

32 By 38 19 

18 Bas 29 


‘Table 2. B DIAGNOSES FOR PARENTS IN GROUPS AND THRIR DACOHTERS 


Parents Daughters 
Bu By Bay 

18 Bx By 25 
18 B,x By 14 16 

6 Bx Ba 10 

2 Bx By, 3 
12 Ex Bis 16 8 

7 B,x By 9 
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one child. Altogether I have tested and diagnosed fifty- 
nine children as to their phenotype and genotype in the 
way described here. If my diagnoses are correct. I found 
one case of crossing over out of fifty-nine-—that is. 1-7 per 
cent. 

One case of crossing over does not necessarily mean 
that the two loei are in different genes or different cistrons, 
for many examples of intra-cistron erossing over are 
known. But it might be that they are two neighbour 
eistrons. Cases are often described in which the genes for 
closely connected properties—for example, the genes for 
three or four enzymes working in succession in a synthetic 
proeess—are localized in succession as neighbours in the 
ehromosome. The fact that the mutants for colour blind- 
ness influence both the bluepoint property and the green- 
point property implies that the first supposition is correct, 
namely that the genes for these two properties are placed 
in one cistron. The fact that the Gs and Bs occur inde- 
pendently is in aecordance with the theory of two neigh- 
bour cistrons. Independent of these two theories, it is 
important to notice that if these properties are to 
be used in mapping the human X chromosome, it is 
possible to use both the G: females and the B 
females as well as the double-heterozygoties for this 
purpose, and to assume—-as a first approach that the 
two loei are placed in one cistron. 


Gerora H. M. WAALER 








Institute of Forensic Medicine, 
Rikshospitalet. 

Oslo 1, Norway. 

Received March 27, 1968. 

1 Waaler, G. H, M., Nature, 215, 406 (1967). 


Detection, Estimation and Radiological 
Significance of Silver-110m in 

Oysters in the Irish Sea and 

the Blackwater Estuary 


‘Tur Fisheries Radiobiological Laboratory of the Ministry 
of Agriculture, Fisheries and Food conducts extensive 
monitoring and research programmes in United Kingdom 
coastal waters! to measure the extent and significance of 
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contamination of the marine environment resulting from 
radioactive waste discharges and from fallout from nuclear 
weapon tests. Oysters (Ostrea edulis) are occasionally 
sampled in the vicinity of the UKAEA spent-fuel re- 
processing factory at Windscale as part of this programme; 
these are freeze-dried after removal of the shell, and their 
radioactivity is measured by gamma spectrometry. The 
gamma spectrum of oysters collect ed in June 1967 is 
shown in Fig. 1, in which the gamma photons associated 
with radioisotopes in the Windscale discharge can easily 
be identified: 0-14, 0-51, 0-62, 0-66 and 0-75 MeV from 
cerium-144 (and 141), ruthenium-106 (and 103), caesium- 
137 and zireonium-95/niobium-95. Two further gamma 
photons can, however, be seen at 0-89 and 1:12 MeV. 
The 1-12 MeV photon was ascribed to the presence of 
zine-65, which is a neutron activation product from zine 
impurity in the magnox cladding of spent fuel elements, 
and which is known both to be present in the liquid dis- 
charge from nuclear power station cooling ponds and to be 
reconcentrated to a high degree in oysters. 

We thought that the 0-89 MeV photon was due to 
silver-110m, and this was confirmed by a chemical separa- 
tion of silver. A 30 g sample (equivalent to approximately 
170 g wet oyster flesh) was wet-ashed in the presence of 
about 0-4 g of silver nitrate to act as carrier, using first à 
mixture of nitric acid and hydrogen peroxide (50 per cent) 
and subsequently a mixture of nitric and perchloric acids 
to complete the destruction of fatty residues and other 
less readily oxidizable organie matter. The dry inorganic 
residue was then warmed with 1 N nitric acid and filtered, 
The precipitate, containing silver chloride and small 
amounts of siliceous material, was washed with | N 
nitric acid and extracted several times with dilute 
ammonia solution (5 N) to dissolve out the silver chloride 
as a complex amine. Finally, the silver chloride was 
recovered by acidifying the ammoniacal solution with 
nitric acid, filtering, washing and drying at 110^ C. 

The gamma speetrum of this precipitate is shown in 
Fig. 2 together with that of a pure silver-110m standard 
obtained from the Radiochemical Centre, Amersham, and 
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confirms the presence of silver-110m in the sample. 
Furthermore, by re-counting after 6 months, we obtained 
an approximate value of 250 days for the half-life of the 
0-89 MeV gamma-photon in the original sample. This is in 
Eood agreement with the accepted value of 253 days for 
sSilver-110m. 

Table 1 gives the concentrations of the more important. 
gamma-emitting radioisotopes, including | silver-110m, 
present in the oysters. These concentrations are, of course, 
of trivial radiological significance especially when com- 
pared with those in the critical material in this discharge 


situation, Porphyra seaweed, where concentrations of 
ruthenium-106 range between 92 and 324 pCi/g wet 
weight? 


Table 1, CONCENTRATIONS OF GAMMA-EMITTING RADIOISOTOPES IN THE 


FLESH OF OYSTERS FROM THE IRISH SEA, JUNE 1967 
Isotope Concentration 
(pCi/g wet weight) 
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Table 2, CONCENTRATIONS OF RADIOISOTOPES IN THE FLESH OF OYSTERS 
FROM THE BLACKWATER ESTUARY 
Tsotope Concentration (pCi/g wet weight) Outfall 
Outfall 3 mile 3 mile 

55We 0-79 0-067 12 
Co 0-35 0-031 12 
“Zn 43:1 444 9:7 
nem A gy 0-88 0-070 54 
Cg O17 0-041 3-6 


Silver-110m from fallout has been reported in oceanic 
and coastal organisms? but at concentrations usually very 
much lower than found in these oysters. 'lheir source of 
silver-110m is probably the discharge from the Windscale 
factory, because the radioisotope has been positively 
identified during pilot plant operation of the new separa- 
tion process (unpublished work of J. W. R. Dutton at 
Windseale in 1961, and personal communication from 
F. J. Woodman, 1968) and it is also known to arise in 
effluents from the cooling ponds of nuclear power stations. 

Silver-110m has also been identified and measured in 
oysters from the Blackwater Estuary, adjacent to the 
nuclear power station at Bradwell-on-Sea in Essex. The 
radiological implications of the diseharge of radioactive 
effluent. from this station have recently been reviewed? 
and it was concluded that the rate of discharge is limited 
by the reconcentration of zinc-65 in the flesh of the oysters 
which are farmed commercially in the estuary. It is 
therefore interesting to compare the two radionuclides 
zinc-65 and silver-110m in this situation: the concentra- 
tion factor for silver-110m in the flesh of the oyster relative 
to seawater can be derived from the known concentration 
factor for zine in this environment? by adjusting the latter 
in proportion to the relative levels of zinc-65 and silver- 
110m in the discharged effluent and in the oysters sampled 
adjacent to the point of effluent discharge. In this way the 
differences in the dispersion of the two radionuclides, 
which may bear importantly on their concentrations in 
oysters at more distant points, may be ignored. Thus 


55Zn in effluent 


Hom Ag j ste 
CFumAg=CF Zn x A8 in oyster 
i Zn in oyster 
and inserting typical data obtained by this laboratory we 

have 
0:38 pCi/g z 
4T.6 pCi/g 


49-4 pCi/ml. 


= 25 x 105 — o 
ee, 1-07 pCi/ml. 





=: 92 x 104 


A second important comparison that can be made is 
that of the relative dispersion of the radionuclides: data 
exist® whieh relate the concentration of zine-65, cobalt-60 
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and caesium-137 in oyster flesh to distance from the point 
of effluent discharge, but a similar estuarine coverage for 
silver-ll0m in oyster flesh is not yet available. It is, 
however, possible to compare the concentrations of all 
these radionuclides (and additionally iron-55) in oysters 
from layings at the cooling water outfall with their eon- 
centrations in oysters from the nearest commercial bed, 
& third of a mile distant from the outfall. Table 2 shows 
that zine-65, with cobalt-60 and iron-55, is very much 
restricted in its dispersion compared with both caesium- 
137 and silver-116m. 

Silver-110m is 3-3 times more radiotoxie than zine-65 
(ref. 7), but this difference is almost offset by the greater 
concentration factor for zinc in the flesh of oysters, so 
that, although at Bradwell zinc-65 is the more important 
radionuclide because of its much higher concentration in 
the effluent (almost 50 times greater than that of silver- 
110m), the two nuclides are of almost equal importance 
per curie released. 

Furthermore, it is possible to envisage situations where 
widespread dispersal in the environment would lead to a 
greater rate of return of radioactivity to man, in which 
case silver-110m would be potentially the more hazardous 
radionuclide. 
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Inhibition of y-Ray-induced 
Degradation of E. coli B.; DNA by 
Infection with TI, T2 and T4 
Bacteriophage 


THE breakdown of DNA in bacteria in response to ionizing 
radiation has received much attention!-. This breakdown 
is mediated by an enzyme or system of enzymes whieh 
has not yet been fully characterized. We have investi- 
gated the effect of DNA degradation on parental DNA 
of T1 bacteriophage within the infected cell in radiation 
conditions which usually break down host DNA. No 
release of DNA into the acid soluble trichloroacetic acid 
(TCA) fraction oceurred even with previous exposure of 
the phage to heavy doses of ionizing radiation. This led 
us to speculate that bacteriophage 7'1 infection inhibited 
radiation-induced DNA degradation. 

The following experiments describe how the attach- 
ment of bacteriophages T1, T2 and T4 to actively degrad- 
ing E. coli B,., is effective in completely inhibiting this 
host enzyme system within a few minutes of attachment. 

E. coli Bs, (Hill) has been used in these studies because 
radiation doses of 20 krads or greater induce the break. 
down of about 90 per cent of the DNA in a representa- 
tive culture. The DNA of a bacterial culture is labelled 
by growing the cells in a medium composed of Roberts’s 
C-minimal salts, 0-5 per cent glucose, 0-5 ug/ml. of 
UC-thymine (specifie activity 30 Ci/mole) and 250 ug/ml. 
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Fig. 1. A, Breakdown of E. coli Bs, DNA in conditions of T1 phage 
infection. V. No radiation, no phage; ©, radiation alone; @, radia- 
tion of infected bacteria; x, radiation of bacteria, phage added at 
10 min. B, Inhibition of DNA breakdown in Escherichia coli Be, with 
irradiated 71 bacteriophage, O, Radiation of bacteria alone, no phage; 
€. radiation of bacteria, heavily irradiated phage added at 10 min. 


of deoxvadenosine at 37? C (ref. 9). When the cell con- 
centration reaches about 10? cells/ml. the cells are removed 
from the radioactive medium by centrifugation at 6,000g 
for 8 min, resuspended in phage attachment medium 
(0-80 per cent Difco nutrient broth + 0-5 per cent NaCl), 
and grown for another 10 min at 37? C to "chase" the 
radioactive label. Samples (10 ml.) of labelled cultures 
were transferred to irradiation vials and cooled to 0^ C. 
Samples were bubbled with O, for 1 min before irradiation 
in à source of cobalt-60. All samples received an absorbed 
dose of 26:5 krads and were kept at 0° C throughout the 
irradiation. The irradiated cultures were quickly warmed 
to 37? C in previously warmed test tubes (vigorously 
bubbled with air) and 0-5 ml. samples were assayed for 
cold TCA insoluble radioactive counts as a function of 
time after warming. The TCA precipitates were collected 
on ‘Millipore’ filters and counted on a gas flow counting 
system (Nuclear Chicago model D47). 

Stocks of bacteriophage T1 were grown in H medium’; 
T9r* and T4 wild were grown on E. coli B and maintained 
in phage attachment medium at 4^ C. Preparations were 
partially purified by a differential centrifugation procedure 
(8,000g for 10 min to remove cell debris, then 20,000g for 
90 min to pellet the phage). 71 phage was further purified 
by gel filtration on ‘Bigel P-200' (Calbiochem). The 
phages were resuspended slowly for at least 6 h and stored 
at 4° C in phage attachment medium. (Bacteriophage 
T4 am B22 was provided by Dr 8. Person.) 

T?r* ghosts were prepared by suspending 0-1 ml. of 
T2r+ phage (more than 10! phage particles/ml.) with 
0-2 ml. of 3 M Na,SO,. After 2-5 mm at room tempera- 
ture, 4-8 ml. of cold distilled water was rapidly pipetted 
into the phage suspension. The efficiency of ghost produc- 






tion was quantitatively determined by relative plaque — 


forming ability and qualitatively checked by electron — e 


mieroseopy. 

Fig. 1A shows the effect of adding T1 phage at a multi- 
plicity of infection (MOI) of three to a bacterial culture 
which had been exposed to 22-5 kr of radiation. The 
process of degradation is halted, as can be seen. The 
inhibition process is not lost if the T1 phage preparation is 
irradiated in 1-6 per cent nutrient broth to a 10 per cent 
phage survival value. This suggests that phage attach- 
ment is the inhibiting process. Phage which had been 
broken by sonication to a viability of 0-1 per cent and 
which cannot undergo attachment did not produce the 
inhibition of degradation. Fig. 2 shows the effect of T4 
wild type phage (MOI- 5) added to irradiated bacterial 
samples 0 min, 7 min and 18 min after samples had been 
re-warmed to 37? C. It can be seen that the host enzyme 
system is inhibited within 3 min of addition of the phage. 
Experiments using lower multiplicities of infeetion 
indicate that the attachment of one phage to a degrading 
bacterial cell is sufficient to inhibit this process. We have 
inactivated this phage function (ability to shut off host 
cell degradation) with y-rays and determined a Da, of 
430+40 krads. This value is three to four times the Day 
for inactivation of plaque forming ability carried out on 
the same samples and corresponds to the reported value 
for the inactivation of host killing ability of 72 or T4 
phage. 

Fig. 3 shows the effect of T4 am B22 (gene 43 contains 
a triplet specifying an amber codon resulting in defective 
phage DNA synthesis) on the radiation-induced degrada- 
tion in E. coli B,.,. There appeared to be a short inhibi- 
tion of the initial degradation and then a secondary break- 
down of the host DNA proceeding at a much faster rate. 
This secondary process is clearly seen in Fig. 4, where the 
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Fig. 2. Effect of T4 wild phage (MOI-3) on degradation of DNA in 


E. coli Bs, exposed to 26-5 krads; x — *, phage added at 0 min; O= O, 
phage added at 7 min: [j—Li, phage added at 18 min; and @--@, 
normal breakdown of DNA without phage. 
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Fig. 3, € 9. Elfect of T4 am B22 phage (MOI 3-5) on degradation of 
DNA in Æ. coli Bs- exposed to 26-5 krads; x -— x , normal breakdown of 





DNA without phage; -[1. effect of T4 wild phage (MOT 3-5) added 
at 8 min, and effect of 74 am B22 phage added at S min. 
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Fig. 4. Breakdown of host DNA in unirradiated E. coli Bs, after infec- 
tion with bacteriophage T4 wild (MO13) ( x — x jand 74 am B22 (MOI 3) 
(@— @) at time zero. 
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Fig. 6. Effect of T'2r* phage and T2r^ ghosts on degradation of DNA 
in E. coli Be, exposed to 26:5 krads; x — x, normal breakdown of 
DNA without phage; $— €, effect of T2r* phage (MOI 3) added at 
10 min; C—O. effect of T2r* ghosts (MOT 3) added at 10 min. 
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release of host labelled DNA from the TCA insoluble 
fraction was measured as a function of time after infection 
of unirradiated E. coli B,., with bacteriophage T4 wild 
and T4 am B22. Reincorporation of host degraded DNA 
into the phage DNA is remarkably efficient. 

To determine whether or not this phage inhibition was 
mediated by an early phage protein we carried out a 
similar experiment in the presence of 50 ug/ml. of chloram- 
phenicol with phage 74 wild and T4 am B22 (Fig. 5). 
This concentration of chloramphenicol was found to have 
an inhibiting effect on the radiation-induced degradation 
(control) but infection with T4 wild or T4 am B22 was 
still effective in shutting off this host enzyme. The fact 
that there is no secondary breakdown with phage T4 am 
B22 is an indication that protein synthesis was effectively 
inhibited. The phage inhibition mechanism was then 
associated with either the process of attachment or 
injection of the phage DNA into the host. 

To distinguish between these phage functions bacterio- 
phage 7'2r* were osmotically shocked to release the DNA 
and smaller components from the phage heads. The 
ghost preparation used was made up of less than 5 per 
cent infectious phage as measured by relative plaque 
forming ability. These ghosts were attached to degrading 
E. coli Bg. cells (MOI=3), and Fig. 6 shows that 7T2r* 
phage ghosts appear to be just as effective as viable 
phage in inhibiting this cellular function. Phage ghosts 
that had been treated with DNase showed no loss of this 
inhibiting ability. The effective action of the DNase was 
checked on salmon sperm DNA in parallel experiments. 
We have concluded from these studies that the process 
of attachment of the phage to the cell is effective in 
inhibiting this cellular function. 

T-even bacteriophage ghosts are known to inhibit 
certain enzyme functions within the bacterial cell and 
have the ability to kill the host!?. The molecular mechan- 
ism of the inhibition has yet to be elucidated, but cellular 
functions affected by phage ghost attachment as well as 
colicine attachment are thought to be associated with 
the membrane. Experiments by Lehman and Herriott™ 
show that T2r* ghosts rapidly inhibit host cell RNA 
synthesis and affect host DNA and protein synthesis to 
a much lesser extent. Experiments by Khesin et al.!5 tend 
to confirm this rapid effect of T2 ghost attachment on 
RNA synthesis. 
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Effect of Anti-epidermis 
Antibodies on Autografts and 
Allografts in Rats 


We describe here the rejection of rat skin autografts by 
rabbit and chicken anti-rat skin sera, and the enhancing 
effeet of the same sera on rat allografts. 

Chickens and rabbits were immunized repeatedly with a 
preparation of cells from rat skin. The first injection was 
given intravenously in saline, and the next four were 
given subcutaneously at four different sites with complete 
Freund’s adjuvant at 10 to 14 day intervals. The sixth 
injection was given subcutaneously without Freund's 
adjuvant. One week after the last immunization, the 
animals were bled and sera were stored at — 20^ C until 
used. 

Adult male rats of a strain developed at the Hebrew 
University were used. After shaving, a circular piece of 
skin 3 em in diameter was cut with the aid of a “punch”. 
After fat and paniculus had been removed, the skin was 
incubated at 6? C in 5 ml. of rabbit or chicken anti-rat 
skin serum for 20 h. After incubation the skin graft was 
transplanted to the back of the original donor at a new 
site. The grafts were kept in place with a gauze bandage 
covered with polyethylene glycol ointment and fixed with 
‘Band Aid’ adhesive tape, which was painted with a 
saturated solution of picric acid to prevent the rats eating 
it. Each rat was kept in a separate cage. Bandages were 
removed on the fifth day after the operation. The results 
of these experiments are summarized in Table 1. 





(Table 1. EFFECT OF ANTIEPIDERMIS HETEROANTIBODIES ON AUTOGRS EPS 


IN RATS 
Autografts incubated in No, of rats No, rejected’ No, accepted 

Normal rabbit serum 10 ü 10 
Rabbit anti-rat skin serum 10 x ae 
Rabbit anti-rat skin serum 1/2 5 4 i 
Rabbit anti-rat skin serum 1/4 5 3 2 
Rabbit anti-rat skin serum 1/8 5 1 4 
Rabbit anti-rat skin serum 

absorbed with rat skin 5 ü 5 
Normal chicken serum 10 ü 10 
Chicken anti-rat skin serum 10 3 T 
Chicken anti-rat skin serum 1/2 5 1 4 


* Parts of the grafts only. 


All autografts took perfectly for the first 6-7 
rejection started on the sixth or seventh day and in some 
cases advanced very slowly and was not complete until the 
fourteenth day. A graft was considered to be rejected only 
when it was completely necrotic. 

The reason for the rejection of the autografts, which 
seemed to be in perfect condition for the first 6-7 days. 
may be a change of antigenicity brought about by the 
heteroantibodies attached to the tissue, that is, grafts 
became, in a sense, heterografts. A similar finding 
has been reported after the incubation of mouse auto- 
grafts with a purified allogenic RNA’. and the findings 
with renal allo-autotransplant rejection may be similar*?, 

It is not clear why different results were obtained with 
the rabbit and chicken sera. Titres of antibodies as well 
as avidity of antibodies may well be responsible for the 
different effects. It is known that chicken sera do not 
bind any other than avian complement^. 

Contrasting results were obtained in another series of 
experiments in which skin allografts from blaek areas of 
hooded Lister rats were incubated in rabbit and chicken 
anti-rat skin sera and, after 20 h of ineubation at 6" C, 
were transplanted to the backs of adult local white Hebrew 
University strain rats. To prevent the production in the 
rats of anti-rabbit or anti-chicken antibodies the recipients 
were given intraperitoneal injections of 3-5 ml. of normal 
rabbit serum or normal ehieken serum. These injections 
were given at the time of the operation and were sometimes 
repeated on the fifth post-operative day. Resulta of these 
experiments are summarized in Table 2. 

The enhancing effect of the heteroantibodies on the 
survival of skin grafts might be explained as resulting 
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ENHANCING EFFECT OF ANTI-EPIDERMIS HETEROANTIBODIES ON 
ALLOGRAFTS IN RATS 


Table 2. 


Donor rat Recipient rat Mean survival 
strain Strain No. Treatment time and range 
Hooded Lister Hebrew Normal rabbit 
University 10 serum 9 8-11 
Hooded Lister Hebrew Rabbit anti-rat 
University 5 skin serum 15 13-17 
Hooded Lister Hebrew Normal chicken 
University 10 serum 9 8-11 
Hooded Lister Hebrew Chicken anti-rat 
University 5 skin serum 19 17-25 
Hebrew Hebrew Normal chicken 
University University 10 serum 145 11-19 
Hebrew Hebrew Chicken anti-rat 
University University 5 skin serum — 20-60* 


* Two of the rats have perfect allografts 60 days after grafting and are still 
under observation. 


from binding of these antibodies to antigens of the grafts. 
It has been demonstrated in other systems that the coating 
of antigens by specific antibodies ean depress or even 
abolish subsequent cell-mediated immune reactions 
towards the coated antigens®:*. 
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Conformation of Epicuticle on 
Keratin Fibres 


Tue epicuticle of keratin is the thin outer membrane which 
is raised on the surface of fibres as sacs by treatment with 
chlorine water! (Fig. 1). The Allwórden sacs are produced 
by the dissolution of material underlying the semi- 
permeable epicuticle, which generates an osmotic pressure 
and stretches the membrane?. 
Fragments of membranes have been isolated?, and 
analysis* shows that they consist of 5 per cent lipid, 4 per 
cent ash and 78 per cent protein, which has an amino-acid 
composition similar to that of cuticle. Because of this 
unexceptional composition, it is surprising to find, in 
agreement with others^'" that the epicuticle is still 
intaet in Merino wool even after severe treatments with 
alkali, acid, oxidizing and reducing agents and enzymes. 
Our results concern the controversy over whether 
epicuticle is a continuous external membrane covering 
the whole of the fibre?.*-" but possibly folded under the 
scale edges*, or whether it is discontinuous in the sense 





Photomicrograph under phase contrast of a Merino fibre treated 
with saturated chlorine water. 


Fig. 1. 
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Fig. 2. Phase contrast photomicrograph of a Merino fibre heated at 

100° € in formic acid for 1 h and gently agitated to loosen the cuticle, 

The fibre was then washed with water and treated with saturated chlorine 

water to produce Allwórden sacs, shown on partially detached cuticle 
cells at A. 





Fig. 3. Photomicrograph under phase contrast of a cuticle cell shown 
edge on, with an Allwórden sac produced by treatment with saturated 
chlorine water (see also ref. 10). 


that each cuticle cell is covered by a separate mem- 
brane!?-1?, These studies have been made on a wide range of 
keratin fibres, 

Treatment of wool with formic acid at room temperature 
causes dissolution of material from the cell membrane 
complex, and cuticle fragments are liberated by con- 
current shaking or ultrasonication!?-", Treatment at 
100° C for 1 h followed by gentle agitation detaches 
partially or completely whole cuticle cells from keratin 
fibres. A Merino fibre treated in this way and subsequently 
immersed in chlorine water is shown in Fig. 2. There are 
Allwórden sacs on partially detached cuticle cells. In 
Fig. 3 the sac is fully developed on a detached cuticle 
cell, and covers an area which would be underneath 
the next overlapping cuticle cell in the intact fibre. The 
sac always occurs on only one side of the cuticle cell, for 
reasons which will be discussed in a subsequent paper. 
The occurrence of Allwórden sacs on partially and com- 
pletely detached cuticle cells shows unequivocally that the 
epicuticle covers each cuticle cell separately and therefore 
cannot be regarded as continuous over the whole surface 
of the fibre. 

Separated intact cuticle cells have been prepared from 
Merino and Lincoln wool, human hair, seal guard hair, 
kangaroo fur, platypus guard hair and platypus fur. 
Allwórden sacs of the type shown in Fig. 3 were produced 
in all cases, even though Allwórden saes are not readily pro- 
duced by chlorine water treatment of many types of 
intaet fibres because of much overlapping and variation 
in shape of cuticle cells. The fact that the epicuticle mem- 
brane can always be observed by separation of the cuticle 
cell before treatment with chlorine water shows that it 
covers each cuticle cell separately on all keratin fibres. 
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Lipids and Phospholipids 
in Blood Coagulation 


THERE is conflicting evidence on the nature of the phos- 
pholipid which contributes to the acceleration of clotting 
i recalcified plasma!-*. Microsomes are a principal 
source of chorion intracellular thromboplastin? and we 
have found! that a chloroform extract of chorion micro- 
somes behaves in a procoagulant fashion similar to the 
platelet substitute of Bell and Alten’. We find similar 
activity in chloroform extract of freeze-dried whole 
chorion homogenate. 

Chloroform extracts of human chorion homogenate or 
brain dried with acetone and diluted with methanol 
(1:1) at 0° C give a precipitate and supernatant. The 
precipitate from brain has two parts, one chloroform 
soluble, the other insoluble and unreactive so that it can 
be disregarded. A chloroform extract of chorion homo- 
genate or acetone dried brain can be resolved into two 
chloroform soluble fractions: supernatant (fraction 1) 
and precipitate (fraction 2). 

When they are incubated separately for 30 min at 37° C 
with dilute, buffered, platelet-free, non-contact citrated 
human plasma in non-contact plastic or siliconed glass 
tubes, fractions 1 and 2 are inert on recalcification. Com- 
bined in equal parts they become thromboplastic (Table 
1) The activity of the combined fractions is similar to 
that of the thromboplastin from which they are derived. 

The chloroform extract of brain and fractions 1 and 2 
&re unstable. After 4 h in saline at room temperature 
they develop clot-promoting activity (Table 2). 

Spontaneous activation has always been greater with 
fraction 2 than fraction 1 signifying that fraction 1 is 
contaminated with traces of fraction 2. 

Even in chloroform, after 24 h at 4° C, brain extract 
and fractions 1 and 2 show instability, generating both 


Table 1. CLOTTING ACTIVITY OF HUMAN CHCRION AND BRAIN EXTRACTS 
; Clotting times in min 

mg/ml.: LO 0:5 01 0:05 0-01 
. Chorion 
Homogenate 5 — 7 — 15 
Chloroform extract 13 — 27 — 36 
Fraction 1 16 4 28 — oo 
Fraction 2 æ a 37 33 33 
Fractions 1 and 2 combined 6 6 8 10 12 
Control time 32 

Brain 

Acetone dried brain 2 — 2 — 4 
Chloroform extract oo 40 22 18 8 
Fraction 1 29 29 23 27 29 
Fraction 2 15 12 16 27 29 
Fractions 1 and 2 combined 3-5 3-5 5:5 8 19 


Control time 29 


Table 2. CLOTTING ACTIVITY OF EXTRACTS OF BRAIN 
Clotting times in min 
05 1 


mg/ml.: 10 0-05 09-01 
Chloroform extract 2 28 11 $ 4 
Fraction 1 24 13 11 li 13 
Fraction 2 ii 5 8 il 18 


Control time 32 


Table 3. CLOTTING ACTIVITY OF EXTRACTS OF BRAIN 
Clotting times in min 
05 oi 5 


mg/ml.: 10 0:05 0-01 
Chioroform extract 43 24 9 B 4 
Fraction 1 14 13 ii 1i 14 
Fraction 2 a oo 17 22 20 
Fractions 1 and 2 

combined 7 5 10 9 14 


Control time 30 


procoagulant and inhibitory activity. Nevertheless, 
recombination of fractions 1 and 2 leads to the develop. 
ment of marked clot promoting aetivity (Table 3). 

In & comparable system using contacted plasma and 
untreated glassware, activity is much reduced even in the 
most active extracts. We deduce that chloroform 
extracts owe the greater part of their activity to the pro- 
vision of an alternative for the contact phase of activation, 
and that activation is supplied by free fatty acids, as in 
the experiments of Nossel*. Long chain fatty acids possess 
antithromboplastic and thromboplastie activity*. This 
provides an explanation for the observed release of both 
inhibitory and clot promoting activity. 

Water soluble thromboplastins extracted with lipid 
solvents retain most of their activity’, which is never- 
theless attributable to fatty acids combined with protein. 
Comparable model water soluble thromboplastins can be 
made by combining pure proteins with long-chain fatty 
acids. 

We have also re-examined the phospholipid problem 
analytically. Only one chromatographically homogeneous 
constituent of a chloroform extract of brain is active in 
recombination tests. Isolated by thin-layer chromato- 
graphy on silica gel G, this constituent gave reproducible 
Rr values in the following solvent systems: chloroform/ 
methanol/water, 65 : 25 : 4, 0-46; diisobutyl ketone/acetic 
acid/water, 80: 50:7, 0.30; ehloroform/methanol/7 N 
ammonia, 60:25:4, 0-34; chloroform/methanol/acetic 
acid, 100 : 25:8, 0-48. 

The biologically active component is unreactive for 
amino-groups, tertiary and quaternary bases, carbo- 
hydrate or phosphate, but is revealed on the chromato- 
gram by charring with 50 per cent sulphuric acid at 180° C, 
After alkaline and acid hydrolysis chromatography showed 
ninhydrin positive components, at least four fatty acids, 
two apparently unsaturated, phosphate and possibly a 
sugar. Our phospholipid has been demonstrated in brain, 
cell homogenates and microsomes and is a contaminant 
of all commercial phosphatides examined including phos- 
phatidyl ethanolamine, serine and inositide prepared from 
natural sources, all of which are very complex mixtures. 
After chromatographic purification, neither phosphatidyl 
ethanolamine, serine nor inositide shows any clot promo- 
ting activity alone or on recombination. 

When the phospholipid is examined chromatographically 
on paper by the method of Ballance and Crombie™ in 
90 per cent acetic acid equilibrated with liquid parafin" 
it remains unchanged. After recombination or by spon- 
taneous activation it liberates four fatty acids with Rr 
values of 0-0, 0-09, 0-16, 0-24. Corresponding values were 
for stearic acid 0-07, palmitic and oleic acid 0-16, myristic 
and linoleic acid 0-24. On recombination it also develops 
procoagulant activity as shown by clotting tests. We 
conclude that part of the procoagulant activity of throm- 
boplastins is caused by the presence in them or the release 
from them of fatty acids, which act as contact activators. 
In a fully non-contact platelet-free clotting system they 
reveal their full potential. Otherwise the procoagulant 
effeet is inversely proportional to the completeness of 
prior contact activation. The phospholipid procoagulant 
is neither phosphatidyl ethanolamine, serine nor inositide, 
but a distinct compound chromatographically defined. 
In conventional clotting tests, fatty acids are released 
from it simultaneously with the development of pro. 
coagulant activity. 

Our results support the view of Maefarlane! that 
enzyme activity has an important function in the pre- 
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liminary stages of thromboplastin formation and our 
views** concerning the participation of fatty acids in 
the natural clotting process. 
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Acute Intravascular Haemolysis 
and Platelet Behaviour 


ADENOSINE diphosphate (ADP) or adenosine triphosphate 
(ATP) injected intramuscularly or infused intravenously 
into rabbits reduces platelet adhesiveness measured on 
glass bead columns'. Furthermore, ADP inhibits the 
thrombocytopenia induced in rabbits by intravenous 
injections of collagen or thrombin?. Tt seemed worthwhile 
to determine whether similar effects could be obtained 
by releasing into the blood stream some of the body’s 
stores of these nucleotides. Erythrocytes contain appre- 
ciable concentrations of ADP and ATP, so we decided to 
produce haemolysis in the rabbit by the intravenous 
infusion of water, and to study its effects on platelet 
behaviour. Platelet adhesiveness was reduced, and the 
thrombocytopenic activities of collagen and thrombin 
were much inhibited. 

We used female rabbits (2-5 kg) of the New Zealand 
White strain. They received neither anaesthetics nor 
anticoagulants. 

Collagen extract was prepared by homogenizing 1 g of 
collagen (tendon, Sigma) with about 20 ml. of ice-cold 
sterile saline free from pyrogen for about 2 min in an 
electric tissue grinder. The container was kept in ice 
water throughout the homogenization. Several such 
homogenates were made, and they were then bulked and 
centrifuged. The opalescent supernatant was decanted 
and the volume adjusted with saline to give an extract 
equivalent to 30 mg of collagen/ml. This method of 
preparing collagen extract is much less tedious and time 
consuming than that described earlier?, although the 
thrombocytopenic activity of the extract is somewhat 
lower. 

Thrombin (‘Pure’, Koch-Light) was dissolved in saline 
to give a solution containing 20 NIH units/ml. 

Platelet counts were determined electronically? on 
duplicate samples of blood drawn from an ear artery 
through disposable needles into polystyrene tubes con- 
taining dipotassium ethylenediamine tetraacetate, while 
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Fig. l. Effects of an intravenous infusion of water (0-29 ml/min) on 
platelet count (6), platelet adhesiveness (x) and plasma haemoglobin 
(V) in the rabbit, 


platelet adhesiveness was measured on blood by a modi- 
fication! of Hellem's glass bead method‘. 

Plasma haemoglobin levels, used to indicate the degree 
of haemolysis, were determined by a benzidine method? 

In the experiments on platelet adhesiveness the initial 
value for each rabbit was determined on three or four 
samples of blood taken from an ear artery just before the 
infusion. Plasma haemoglobin values were also determined 
on these samples. Water (“water for injection", B.P.) 
was then infused at a constant rate through a No. 14 
hypodermie needle into à marginal ear vein and platelet 
adhesiveness and plasma haemoglobin values were de- 
termined in duplicate at intervals during the infusion and 
afterwards. Fig. 1 shows the results of a typical experi- 
ment with an infusion rate of 0-29 ml./min. In about 
15 min, platelet adhesiveness was reduced from 60 per 
cent to 30 per cent, at which level it remained throughout 
the rest of the infusion. The plasma haemoglobin value 
rose steadily, indicating a constant rate of haemolysis. 
From the blood and final plasma haemoglobin values we 
calculated that less than 1 per cent of the erythrocytes 
had been lysed. 

The effects of different infusion rates in reducing plate- 
let adhesiveness were compared by infusing rabbits with 
water at rates of 0-07, 0-15 or 0-29 ml/min. Platelet 
adhesiveness and plasma haemoglobin values were de- 
termined before and 30, 60 and 90 min after the infusion 
began. The final reductions in platelet adhesiveness for 
the three rates of infusion were approximately 25, 35 
and 50 per cent, respectively, the corresponding per- 
centages of haemolysis being approximately 0-1, 0-3 and 
0-9 (Fig. 2). 

In the collagen experiments, rabbits were injected 
intravenously with collagen equivalent to 60 or 100 mg/kg, 
and some of them were infused intravenously with water 
at 0-29 ml./min from 1 h before they received the collagen 
until 20 min afterwards. Platelet counts were determined 
immediately before administration of collagen and 5, 10 
and 20 min later. Comparison of the curves relating plate- 
let eount with time for rabbits infused with water and 
injected with collagen, or injected with collagen only, 
showed that the infusion decreased the thrombocytopenia 
without changing the time of maximal fall (5 min after 
collagen) or the recovery rate. The effects of infusing 
water at 0-29 ml./min on the percentage reductions in 
platelet count 5 min after administration of collagen are 
shown in Fig. 3. Collagen alone in doses of 60 or 100 
mg/kg reduced the count by 35 and 44 per cent, respec- 
tively, but after infusion of water these values were 
reduced to 20 and 29 per cent, respectively. 

To study the effects on thrombocytopenia induced by 
thrombin, each of five rabbits was injected intravenously 
with thrombin (15 u/kg) at 1000, 1130 and 1500 h, and 
infused with water at 0-29 ml./min from 1030 h for 1 h. 
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Platelet.eounts were determined immediately before each 
injection of thrombin and at approximately 5 s intervals 
during the first minute after the injection. The group 
mean maximum percentage reductions of platelet count 
after the first, second and third thrombin injections were 
55+3 (S.E.), 2947 and 52-6, respectively. Control 
experiments on rabbits injected with thrombin at the 
times stated but not infused with water showed that the 
fall in count after the second thrombin injection did not 
differ significantly from those after the first and third 
injections. 

Tt seems clear from these experiments that intravascular 
haemolysis in rabbits inhibits the affinity of platelets for 
glass and the thrombocytopenic activities of collagen and 
thrombin. 

It is known that some erythrocytes are ruptured when 
blood is passed through a column of glass beads, and pre- 
sumably it is the release of erythrocyte nucleotides that 
causes some of the platelets to be retained within the 
column. This could explain why in rabbits parenteral 
administration of ADP or ATP, or an intravenous infusion 
of water, reduces platelet adhesiveness measured on glass 
beads: rupture of erythrocytes by the beads in the normal 
way will liberate further ADP, but the platelets are unable 
to respond. 

Harrison and Mitchell* have suggested that "in the 
in vitro systems used for measuring platelet adhesiveness 
the platelets are acting as an indicator of red cell behaviour 
and that the abnormal platelet stickiness demonstrated in 
various conditions may relate to red cell abnormalities". 
We agree with this view and our results suggest that red 


150 
8 
= 
uw 100 
= 
5 
3 . 
$ 
$ 
g 
i 
a 50 
E 
L4 
= 
aA 
0 
a 
a 
y 
t 
2 10 
Ca 
£ 
m J 
= 20 
Li 
E x J 
= 30 
Z 
E x 
- 
ios . 
3 . 
£ 50 
e 
60 
0 30 69 90 
Minutes 
Fig. 2. Effects of intravenously infusing water at different rates 


(@—@, 029 ml/min; x—x, 0-15 ml/min; Y—V, 0-07 ml/min) 
en platelet adhesiveness and plasma haemozlobin in rabbits: three or 
four rabbits per infusion rate. 


50 


40 


30 


Per cent reduction in platelet count 


10 





10 80 100 
Collagen (mg/kg) 
Inhibition by water of the thrombocytopenia measured 5 miu 


Fig. 3. 

after intravenous injections of collagen in rabbits. @, Collagen 

only; x, collagen after an intravenous infusion of water (0-29 ml./màis 

for 1h) The numbers in brackets refer to the number of experiments, 
Vertical lines indicate standard errors. 


cell abnormalities might affect platelet behaviour in vive 
and hence thrombogenesis. 
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Equivalence of Light and ATP in 
Photokinesis of Rhodospirillum rubrum 


HorrMANN-BERLING! has demonstrated that in models 
of isolated flagella of trypanosomes and spermatozoa 
movement in vitro is caused by external application of 
ATP. The degree of movement correlates with the 
concentration of ATP. The same effect of ATP on isolated 
flagella of bacteria has been observed by Jahn and Bovee*. 
Chelating agents or SH compounds and ATPase inhibit 
the activity of movement of the flagella?. n hving 
organisms, however. an equivalent effect has not yet 
been shown. 

The following experiments were carried out with the 
purple bacterium Rhodospirillum rubrum. To measure 
the kinesis, that is. the average speed of the bacteria, the 
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The acceleration of the movement, shown in the dose- 
response curve of kinesis, depends on time (Fig. 3). In 
the first minutes of the experiment the kinesis is not 
markedly increased by ATP. This is consistent with 
Clayton’s results‘. In anaerobic conditions with weak 
light he eould not detect any effect of ATP on the speed 
of the movement after 10 min. In the sample containing 
10-* M ATP, a continuous inerease of the speed has been 
found during 30 h. On the other hand, the speed in the 
control sample, kept in pure inorganie medium, remained 
the same. This suggests that the supplied ATP acts in 
the ATPase system of the flagella, equivalent to the 
in vitro experiments. 

In living organisms, ATP is supplied by different phos- 
phorylation processes. The production of ATP is inhibited 
by DNP and other uncouplers. In accordance, kinesis is 
markedly inhibited by increasing concentrations of DNP 
(Fig. 4). On the other hand, the photophobotactie reac- 
tion values are not influenced. Obviously, the uncoupling 
effect by DNP inhibits the production of ATP and thus 
decreases the activity of the flagella. 

The light absorbed by tho photosynthetic apparatus, 
on one hand, and the externally applied ATP on the other 
has the same effeet on the kinesis. This is shown in 
Table 1. Whereas in light ATP (10-3 M) is more or less 
ineffeetive because saturation is reached, the speed of 
movement in the dark is significantly increased to about 
the same level as in the light. Thus light and ATP are 
equivalent in their ability to accelerate the movement 
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Fig. 1. Kinetics of the photophobotactie accumulation. is, Saturation V 
level of photophobotactic reaction; ty time in which the half saturation 
level (2) is reached; a, slope of the linear part of the curve. 
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Fig.3. Effect of 10? M ATP on the speed of movement in dark (—-O-—). 
Control (- — & --). Abscissa, hours after application; ordinate, speed 
in relative units (V). 
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Fig. 2. Effect of ATP on the speed of the movement in dark (—O—) 
and photophobotaxis (- — @ — —) expressed as percentage of the control, a 
Abscissa, molarity of ATP: ordinate, reaction-value of photophobotaxis 

(Rp) and photokinesis (Re). 
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field were used. The kinetics follow the equation t=a 

(1—e-V!) (Fig. 1) where « is the optical density in the 50 

homogeneous suspension, 7 the optical density in the light- 40 

trap. t the time after the beginning of the experiment » 

and V the average speed of the individuals (= kinesis). S 

During the experiments, the organisms were kept in 20 


anaerobic conditions, in inorganic medium and continuous 
dark. After 12 h in these conditions and with added A'TP, 
the kinesis was inereased and was markedly faster at the 





higher concentrations of ATP (Fig. 2). The dose-response c 10-1 10-* i0 E E 
curve for the phototactic reaction values proves that photo- ! ne N 
phobotaxis is not significantly influenced by ATP. Thus Fig. 4. Effect of DNP on photokinesis (—O—) and photophobotaxis 


there is no correlation between kinesis and phobotaxis. 
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Abscissa. molarity of DNP; ordinate, reaction-value of 
photophobotaxis (Rp) and photokinesis (R,). 
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Table I. EFFECT OF 10° M ATP ON THE SPEED (RELATIVE UNITS) OF THE 
MOVEMENT IN LIGHT AND DARK 


Control 197 M ATP 
200 Lux 62 68 
Dark 41 70 


and the photokinetic effect of light must be produced by 

an additional energy supply from photophosphorylation. 
W. NuLTSCH 
G. THROM 

Department of Botany, 

University of Marburg. 

Germany. 
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APPLIED SCIENCES 


Sensitive Microbiological Detector 
for Air Pollution 


THERE is an extensive literature on the photochemical 
reactions involved in the produetion of smog, which is 
reviewed in refs. | and 2. Early investigations of this 
problem'-* revealed that at extremely low concentrations 
the oxidative eonstituents could damage the leaves of 
certain plants, and that differences in the leaf damage of 
plants at specified stages in their development could be 
used to eharaeterize various types of smog oxidants*-*. 
Went? contrasts the vulnerability of the photosynthetic 
cells in a leaf, which must operate by gaseous diffusion 
in very low carbon dioxide gradients between the free air 
and the cell contents, with the relatively protected 
position of the corresponding cells in the human respira- 
tory system. He points out the advantages of exploiting 
the sensitivity of plant cells to give warning that the 
tolerance levels in pollution are being exceeded. 

The growth of E. coli can be inhibited by the oxidative 
constituents of the at&mosphere!?11,5; E. coli!- and bio- 
luminescent organisms (Photobacterium phosphorescens)' 
have been used to test the biological activity of a pollutant 
atmosphere. 

The presence of pollutants in very low concentrations 
can be demonstrated by the microthread technique’. 
Particles containing single bacterial cells are generated 
by a modified Henderson! apparatus from a suspension of 
E. coli strain MRE 162 and “BG” (B. subtilis var. 
‘Niger’) spores. The aerosol is passed over spider "escape 
line" held on a stainless steel frame and some particles 
become attached. The “frame” of spider threads with its 
captive aerosol is a sensitive test for air pollution and 
can be placed wherever it is wanted. Because the gener- 
ated particles contain single cells of E. coli the organism 
is in direct contact with the oxidative substances in the 
surrounding air and is very susceptible to their action. 
The survival of the E. coli can be determined after a 
given period by immersing the "frame" in a suitable 
collecting fluid, agitating to detach the E. coli and “BG” 
from the threads, and plating on tryptone agar after the 
appropriate dilution. The survival of E. coli is expressed 
as the E. coli/BG@ ratio found on the culture plates taken 
from the captive aerosol divided by the corresponding 
ratio present in the suspension sprayed. Full details of 
this process are given m ref. 15. In the conditions of 
these experiments we found no evidence of loss of viability 
among the “BG” spores in the captive aerosol. With 
other phytotoxicants it might prove necessary to use à 
radioactive tracer, but radioactive iodine compounds are 
unsuitable for this purpose because we have found that 






iodine is lost froin small particles when they are exposed : 
to an atmosphere eontaining oxidant. 

We chose as our "smog" component the class E phyto- 
toxicant?*, This was generated in a 20 m* chamber in 
the dark. Ozone was produced by passing oxygen over 
2-OZ 4 W Philips lamps and this gave an equilibrium 
value of 2-6 parts per hundred million (p.p.h.m.) as de- 
termined by an ‘Ozomat’. Care was taken to prevent the 
escape of any ultraviolet light into the chamber, and the 
air in it was fanned continuously and maintained at 25° € 
and 90 per cent relative humidity. When equilibrium 
had been attained an excess of 2-pentene at à concentra- 
tion of 1 part per million (p.p.m.) was added. The 
‘Ozomat’ reading fell rapidly and equilibrium was re- 
established below 60-5 p.p.h.m. of ozone as would be pre- 
dicted from the rate of its generation and the kinetics 
of the reaction. 

We found that there was a powerful germicidal effect 
on the E. coli with decay rates of more than 20 per cent 
per minute. Similar results were obtained with 2-hexene, 
2-heptene and 2-octene. Olefine at 1 p.p.m. in pure àir 
does not affect the survival of E. coli. In pure air the decay 
rate of a single cell aerosol of E. coli 162 under the condi- 
tions used does not exceed a few per cent per hour. In 
pure air the decay produced by 0-5 p.p.h.m. of ozone is 
negligible. 

The experiments of Arnold" indicate a half-life of 6 min 
for the ozone-pentene complex, the precise nature of which 
remains undefined in spite of much investigation'. Because 
the ozone output from the lamps was 0°25 p.p.h.m. min! 
the concentration of complex present at equilibrium eot ild 
not have exceeded 2 p.p.h.m. This suggests a sensitivity 
of the order of 1 part per thousand million for the micro- 
thread method as a detector of pollution, which is beyond 
the present limits of analysis. 

The complex exerts an extremely rapid germicidal 
action at very low concentrations and is itself rapidly 
removed. This suggests that a possible use of the material 
would be to suppress airborne non-sporulating bacteria 
and viruses in special environments where rapid kill 
rather than long term efficiency is required-—for example, 
when burns are being dressed. 

We thank Dr P. J. Lawther of the MRC Air Pollution 
Unit for the loan of the chamber, and Dr S. G. Perry of 
the Research Department, Esso Petroleum Company, 
and Mr P. R. Morris of the Chemical Inspectorate, 
Ministry of Defence, for help and advice. 

H. A. 
L. P. 
Mierobiological Researeh Establishment, 
Ministry of Defence, 
Porton, 
Salisbury, Wilts. 
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Population Size, Natural Selection 
and the Genetic Load 


How great a genetic load can a population tolerate ? This 
subject has recently been discussed by several authors!-5, 
We believe that a most important point can be stated 
briefly: because most organisms produce far more offspring 
than are necessary to maintain a constant population 
density, and because population densities remain, very 
roughly, constant, many individuals die before they are 
mature; it does not matter whether they die of starvation, 
aceidents or from genetie ailments; the population can 
still maintain itself. It is not so much that there is a 
genetie load which might threaten the species, but that 
there is an ecological load, resulting from density 
regulation, which because it must, as Darwin noted, 
produce natural selection, gives rise to the apparent 
genetic load. A population will be able to tolerate what 
seems to us a considerable genetic load, without being, 
on that account, in any danger of extinction. The genetie 
load is, for the most part, merely an expression of the 
faet that not all genotypes are equally viable when the 
population becomes crowded. Many individuals have to 
die in the process of density regulation, and if those 
which die differ genetically from those which survive, we 
will observe a “genetic load". This is the crux of the 
Malthus-Darwin concept of selection. This does not of 
course apply to genetic conditions which are markedly 
disabling at all population densities; there must be a 
decided limit (although a fairly high one, for the dead 
individuals simply leave more food or space for others, 
which otherwise would die) to the number of these which 
a population can contain. We suggest the term “loaded” 
for this last kind of selection. 

It is quite possible that many of the biochemical 
polymorphisms of Drosophila pseudoobscura! are main- 
tained by density-dependent natural selection—some 
genotypes, probably homozygotes, are less viable than 
others when the population is crowded, and it has been 
shown? that this could maintain polymorphisms at 
perhaps a thousand loci. 

We must distinguish between density-dependent and 
frequency-dependent selection. If the organism con- 
taminates its environment and if the contaminant is 
removed at a constant rate, then the denser the population 
the greater the amount of contaminant. If some geno- 
types suffer more than others from the contaminant, then 
this component of natural selection is purely density- 
dependent. If the fitness of a genotype depends entirely 
on its frequency relative to other genotypes, irrespective 
of population density (as with assortative mating or 
Batesian mimicry within moderate limits of population 
density), then selection is purely frequency-dependent. 
Both kinds of selection can maintain polymorphism®:’, 

It is probably commoner for selection to be both 
frequency and density-dependent. If the densities of 
different genotypes are limited by different factors in the 
environment, then the fitness (rate of survival and repro- 
duction) of a genotype will depend on its density. The 
density of a genotype is a direct function of its frequency 
and of the density of the population, so that selection is 
dependent on both these two variables. Kojima and 
Yarbrough* misleadingly call this type of selection 
“frequency dependent". Perhaps it should be called popu- 
lation-dependent. 

Levene’s® much quoted model of differential selection 
in different “niches” can be conceived as an elaborate 
kind of population-dependence. Models have been 
suggested in which a certain percentage of the population 
survives*-*; if the survivors tend to be heterozygous at 
more loci than are those which die, these loci remain 
polymorphic. Because the percentage surviving depends 
on population density, these models correspond with our 
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density-dependent selection. In general the fitness of 
any genotype can be described by the equation 


W = ky + ke + fig) + Jela) + fid) + fold) figd) — 


where the ks are constants, f(q) is a function of gene (or 
genotype) frequency, f(d) is a funetion of population 
density, and i and c indicate, respectively, that the function 
is unique to that genotype or is shared by all genotypes 
in the population. (To make the equation completely 
general, we should include all the produets of the f( ) 
terms.) Then £j is the loaded selection, Jila) fd) and 
Ji(q.d) are the frequency-dependent, density-dependent and 
population-dependent parts of selection, feld) represents 
density-dependent population control and Je(q) represents 
gene-frequency-dependent population control (which will 
probably often be zero). 

The great increase in variability observed in the 
butterfly Melitaea aurinia while the population was 
expanding" was probably, as Ford suggests, an indication 
that density or population-dependent selection had been 
much reduced, allowing survival of extreme phenotypes 
and an increase in numbers. The viability of bar genotypes 
in Drosophila varies with population density". Harding 
et aL? have shown selection in Phaseolus lunatus which 
is certainly frequency-dependent and may also be density- 
dependent. 

Selection which is frequency-dependent produces little 
or no genetic load at equilibrium, but does produce a 
genetic load at other gene frequencies. Density -dependent 
selection never produces a "genetic load" in the ecological 
sense (although it will do so in terms of human values), 
for selection acts only when the population has to be 
"thinned" in any case because it is becoming too dense. 
Although other forms of selection no doubt maintain some 
polymorphisms, we suggest that the majority must be 
maintained by population-dependent selection, with a 
small residue of “loaded” selection, and that this is how 
Drosophila pseudoobscura, and no doubt other species, 
can be polymorphic. The populations would be in no 
danger if they became inbred. 

Loaded selection, frequency density and population- 
dependent selection do not, ipso facto, maintain poly- 
morphism; but all of them can do so, in complete accord 
with the facts of genetics and ecology. In saying this, we 
are re-stating the arguments of Cain and Sheppard!3.14 
and of Darwin. In view of the mounting importance of 
eugenic as well as demographic problems for man as a 
species, we think it of great importance to understand 
the relations between these various causes of death. 

We thank all those who discussed these problems at the 
meeting of the Population Genetics Group at Birmingham 
in January 1968, 


J. R. G. TuRNER 
M. H. WILLIAMSON 


Department of Biology, 
University of York. 
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BOOK REVIEWS 


PUGWASH AT TEN 
Pugwash—the First Ten Years 


History of the Conferences of Science and World Affairs. 
By J. Rotblat. Pp. 244. (London: Heinemann Educa- 
tional Books, Ltd, 1967.) 365. net. 


Tux tragic bombing of Hiroshima and Nagasaki was the 
culmination of the application of natural knowledge to the 
destruction of human life during the Second World War. 
It demonstrated that another world war could decimate 
the human race and, through fall-out from nuclear 
weapons, could harm its inheritance. Moreover, it could 
destroy the basic machinery of civilization and set back 
cultural development for a generation or more. 

There were many among those who worked on the 
development of new weapons of war who became acutely 
aware of the significance for mankind of the misuse of 
science in armed conflict. The revolting possibilities of 
chemical and biological warfare, as well as the destructive 
power of nuclear explosives, were multiplied enormously 
by the new means of delivery of these diabolie weapons 
by rocket, against which there could be no effective 
defence. And this was but the beginning of what science 
could and would make possible in wars of the future. The 
actual use of nuclear weapons against the civilian popula- 
tions of two Japanese cities provided the initiative for 
action, by men of science, to make known to all the grave 
threat to mankind. Their voices prompted the Prime 
Minister of Britain to fly to America to consult with the 
President about what could be done to ensure that man 
did not commit suicide. 

Universal awareness of the peril among statesmen 
and all persons of sensibility did not halt the accelerating 
arms race. Rather, it created an atmosphere of fear in 
which Russia and Britain rapidly emulated America in 
the production of nuclear weapons, so that peace might 
be preserved through the dubious expedient of the cer- 
tainty of immediate retaliation in kind in the event of 
nuclear attack. 

By the early 1950s, the unlim:ted power of thermo- 
nuclear weapons had been demenstrated by both the 
United States and the Soviet Union; the range of rockets, 
and methods of guiding them to their destinations, had 
been developed greatly, the cold war was gaining momen- 
tum and disaster appeared imminent. 

Bertrand Russell, who had given much thought to these 
questions and had spoken vigorously about them, both 
in the House of Lords and in broadcasts, composed a 
manifesto which began: ‘In the tragic situation which 
confronts humanity, we feel that scientists should assemble 
in conference to appraise the perils that have arisen as a 
result of the development of weapons of mass destruc- 
tion...” 

After describing the nature of the perils the manifesto 
ended: “There lies before us, if we choose, continual 
progress in happiness, knowledge and wisdom. Shall we, 
instead, choose death, because we cannot forget our 
quarrels? We appeal, as human beings, to human 
beings: remember your humanity, and forget the rest. 
If you can do so, the way lies open to a new Paradise; 
if you cannot, there lies before you the risk of universal 
death". 

The manifesto, and a draft resolution calling on the 
governments of the world to acknowledge the futility of 


w 


war and to find peaceful means for the settlement of- 
disputes between them, was signed by Einstein two days | 
before his death and by nine other Nobel prizemen and 
prominent scientists. It became known as the Russeli- 
Einstein manifesto, received considerable publicity, and 
did much to reawaken the consciences of men of science 
throughout the world. 

Russell was adamant that the conference ealled for in 
the manifesto should be organized and run independently 
of any existing institution, as an absolutely neutral 
undertaking. He sought the help of C. F. Powell and 
Joseph Rotblat, who had signed the manifesto, and of 
E. S. Burhop. A plan to hold such a conference in India 
was upset by the Suez crisis, but a standing offer from 
Mr Cyrus Eaton, a Canadian-born industrialist in Cleve- 
land, USA, to finance a gathering at Pugwash, his birth- 
place in Nova Scotia, enabled a conference to be arranged 
there in July 1957. Mr Eaton, though providing all the 
expenses of participants, left it entirely to Russell and 
his colleagues to organize the conference as they saw fit. 
Letters of invitation were sent by Russell to sixty-four 
scientists, of whom twenty-two assembled in Pugwash, 
seven from USA, three each from the Soviet Union and 
Japan, two each from the United Kingdom and Canada, 
and one each from Australia, Austria, mainland China, 
France and Poland. 

The conference discussed the radiation hazards resulting 
from the use of atomic energy in peace and in war, the 
control of nuclear weapons, and the social responsibility 
of scientists, in plenary sessions and working committees. 
Participants lived together and talked eontinuously with 
one another. On some matters they reached full agree- 
ment rapidly, on others after considerable diseussion, 
while divergent views in some areas could not be recon- 
ciled without much more protracted consideration. A 
statement issued at the conclusion of the conference, 
which incorporated the reports of the three working com- 
mittees, was adopted by all but one Canadian and one 
American, who abstained. 

In this way the Pugwash movement was born. The 
meeting was most stimulating and remarkably successful, 
considering the wide range of nationalities present. It 
defined areas of agreement and of divergence between 
participants, who were present às individuals rather than 
as representatives of their governments and who, in the 
absence of publicity, were able to speak openly and freely 
about the social implications of science. It demonstrated 
that men of science, sharing a common discipline, could 
discuss questions outside their areas of work, rationally 
and objectively, despite extreme differences in political 
background. In order that the dialogue should continue, 
it was decided to organize further such discussions. A 
continuing committee was set up for this purpose, with 
Bertrand Russell as chairman and Powell and Rotblat 
from the United Kingdom, Rabinowitch from the United 
States, and Skobeltzyn from the Soviet Union as members. 

In his book, Joseph Rotblat, the primary organizer 
of the first and all subsequent Pugwash conferences, who 
is now secretary general, tells the story of the birth and 
later work of the Pugwash movement. He gives details 
of the sixteen conferences held up to September 1966, 
reprinting as appendices the reports of working com- 
mittees and statements issued by each. He shows how, 
while preserving its interest in the technical problems of 
disarmament, discussion has shifted gradually towards 
more emphasis on the elimination of the causes of war, 
particularly the immense differences in standards of living, 
education and opportunity between the rich and the poor 
nations. Whereas, at the first conference, there was 
present but one social scientist, a lawyer, at the most 
recent conferences natural and social scientists have 
participated in approximately equal numbers. 

Rotblat is able to point to real achievements, notably 
the discussions which influenced the acceptance of the 
ban on the testing of nuclear weapons in the atmosphere. 
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Equally, he indicates where much further discussion is 
necessary to reconcile differences. The rift between the 
Soviet Union and China, and the rapid growth of tension 
between China and the United States, led to the with- 
drawal of China from all but the earliest conferences, but 
continuing efforts are being made to persuade Chinese 
scientists to attend. With this unfortunate exception, 
the Pugwash meetings continue to receive the blessing 
of both East and West. 

The singular success of these unofficial conferences has 
been due, almost entirely, to the unflagging zeal and 
persistence of Joseph Rotblat. He has served as secretary 
general in a purely voluntary capacity and without any 
paid assistance. He has either himself raised most of the 
funds required to finance travel by participants, or has 
persuaded, bullied or cajoled others into doing so. He 
has kept the continuing committee in existence and 
functioning, doing almost all the real work himself, 
Without his sustained and selfless effort, Pugwash would 
now be but a memory. This book is therefore a record 
of personal achievement as well as of Surprising inter- 
national accord. He deserves the gratitude not onlv of 
all men of science, but of all mankind, for what has been 
done by Pugwash, for what it can do in the future and 
for this fascinating record. M. L. OLIPHANT 


RADIATION PROTECTION 


Principles of Radiation Protection 
A Textbook of Health Physics. 
J. E. Turner. Pp. xix+622. (New York and London: 
John Wiley and Sons, Tne., 1967.) 125s. 

CONSIDERING the potential hazards, the atomic energy 
industry, both military and civil, has a fine record in 
protecting its personnel from the effects of ionizing 
radiations. This record owes a great deal to those charged 
during the last war with the establishment of principles 
and procedures for radiation control during the develop- 
ment of the atomic bomb, and subsequently organizing 
training programmes for those having to exercise control 
over the much more widespread peaceful uses of atomic 
energy. 

One of the editors of this book, Dr Morgan, was one 
such person, and this book is based on the training 
programme developed by him and his colleagues at the 
Oak Ridge National Laboratory. Sixteen of the nineteen 
contributors owe allegiance to this laboratory and versions 
of several chapters have been issued separately to their 
students in the past. Changes of literary style between 
chapters can add variety to a long book, but the reviewer 
experienced minor annoyance at the use of three different 
methods of literature citation in the first three chapters. 
Overlap of content between chapters is minimal. 

After a long introductory chapter on the history of 
damage and protection from ionizing radiation, nearly 
one half of the book is devoted to nine chapters dealing 
with aspects of radiation dosimetry. The treatment is 
detailed, thorough and authoritative, and covers the 
interaction. of radiations with matter, the units in which 
ionizing radiations are measured (freely quoted from 
publications of the International Commission on Radia- 
tion Units and Measurements), many methods of detec- 
tion and measurement, and the dosimetry of sources both 
outside and inside the body. 

Other chapters deal with the biophysical and biological 
foundations of radiation effects on living tissue, assess 
our present knowledge of the exposure of man to radiation 
and discuss the maximum permissible levels of radiation 
to which man may be exposed. The book ends with 
sections on health physies instruments and the prevention 
of criticality accidents. 

Most of the book is written by physicists for physicists. 
The main title is more appropriate than the sub-title, ‘A 
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Textbook of Health Physics", as the book deals 
principles rather than the details of operational radiat 

hazard control. The content of the book is supplemented 
by more than 800 literature references and there are nearly 
300 questions with which the reader can test his under- 
standing of the text if he feels so inclined. With the 
exception of the first four figures, which contain some 
numbers which cannot be deciphered with certainty even 
with a magnifying glass, the illustrations and general 
production of the book are excellent. J. R. GREENING 


RADIATION AND CELLS 
The Radiobiology of Cultured Mammalian Cells 


By M. M. Elkind and Gordon F. Whitmore. Pp. xvi+615. 
(New York and London: Gordon and Breach, Seience 
Publishers. Ine., 1967.) $13.50. 

Tuis book includes the following chapters: “Survival 
Cell Theory”; “Jn vitro Survival Curves"; “In vivo 
Assay Systems”; “The Influence of Chemical and Physieal 
Factors on Survival"; “Recovery from Radiation 
Damage”; “Effects of Radiation on Division and 
Growth"; "Chromosome Damage and Other Cytological 
Effects"; and “Biochemical Effects (DNA, RNA and 
Protein)". There are also appendices dealing with cell 
culture techniques. 

The authors confine themselves more or less strictly 
to the subject matter defined by the title of the book. 
Radiation chemistry, which must underlie radiation 
biology, is not diseussed, no doubt partly because there 
is stilla conceptual gap between the radiation chemists and 
the radiation biologists which is only slowly being bridged. 

The authors’ intention is that this book should supply a 
didactic base for the student and at the same time a critical 
review for the active researcher. It is hardly necessary 
to stress the importance of the subject or, in these days 
of the information explosion, of the validity of the authors’ 
aim. Both authors are leading workers in their subject 
and this, together with the very fact that the volume is 
written by only two authors instead of being a collection 
of articles by different workers, helps the volume to be as 
analytical and critical as intended. It is a thoroughly 
scholarly work, and will prove to be an excellent textbook 
for those researching in the field, whether new or experi- 
enced workers, 

The preface to the book is dated January 1965, and there 
are several references to work published in 1965. The 
publication delay of this (and of course many other 
scientific books) does seem to be quite unnecessarily long. 
It would be unreasonable to expect a six hundred page 
book to be published and distributed to the publie within 
a few hours, like the report of a budget or a football 
match, but although a year or two may be all right for a 
novel, it is surely much too long a time for a critical 
review of an active field. Could not the publishers of 
scientifie books devise methods for publishing books 
within a few weeks or at most a couple of months where 
necessary ? 

The price of this book is very reasonable for such a 
high quality work and will no doubt assist it to find its 
way to the desks of the active researchers for whom it is 
intended. A. J. SWALLOW 


CANCER RESEARCH 


Methods in Cancer Research 


Vol. 2. Edited by Harris Busch. Pp. xvi-- 720. $34; 
272s. Vol. 3. Edited by Harris Busch. Pp. xvi+ 755. 
308s. (New York: Academic Press, Ine.; London: 


Academic Press, Inc. (London), Ltd, 1967.) 


FOLLOWING on from vol. 1 (morphology. transplantation, 
metastasis and careinogenesis), vol. 2 deals with tumour 
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unology, toxohormone, cell fractionation, histo- 
emistry and enzymology. Vol. 3 is mainly concerned 
with various aspects of nucleic acid and protein biochemis- 
try, concluding with two chapters on chemotherapy. 
Both volumes will, I am sure, be of great use to workers 
in the cancer as well as other fields, but one is foreed to 
think twice about recommending books that cost 2723. 
and 308s., respectively. For volumes of this price one 
is forced to examine critically where space is not used to 
full advantage. One major improvement would have been 
better eross-indexing between chapters which would have 
produced an appreciable saving of space. This is particu- 
larly true in the case of cell fractionation methodology. 
In addition to the comprehensive reviews given in the 
specialized chapters in the second volume, a great deal 
is repeated elsewhere. Thus, Bodansky and Schwartz 
devote twenty pages of their article in tumour enzymology 
to methods of cell fractionation. Similarly, it is an 
expensive luxury to have two complete chapters on nucleoli 
(vol. 2 and vol. 4 to be published) as well as an appreciable 
amount of detail in the RNA chapter (vol. 3). The space 
could have been better used for other articles. One sur- 
prising omission is that there is nothing on isotope 
methodology. Also on the point of indexing, the subject 
index at the back of the books is very incomplete. Of 
five topies ehosen at random from the text, three were not 
in the index. 

What is the function of these volumes ? In the preface 
to vol. 2 the editor stresses their use as methodological 
treatises and, by and large, this has been achieved. In a 
way, they provide the literary analogue of the research 
"kits" sold by many commercial firms. Thus the chapter 
on “Histochemical and Cytochemical Methods" (vol. 2) 
is simply a collection of recipes that workers with virtually 
no knowledge of cytology could follow. As research workers 
increasingly find the need to cross older frontiers of 
methodology these volumes will greatly help in this 
diversification. When delving into a new research 
area, one of the hardest parts in getting the project off 
the ground is to decide which method and which modifica- 
tion one should use. "This is especially true of the RNA 
field and the chapter on this topic almost makes it seem 
easy. Similarly, anyone working with human tumours 
will, at some stage, encounter the problem of the time 
gap between removal of the specimen from the patient 
and the start of experimentation; the discussion by 
Shonk and Boxer (vol. 2) will greatly help. 

Review articles on tumour enzymology are particularly 
hard to write and to read because the statement that 
"more people work on cancer than people who have 
cancer” could be paraphrased to "more people work on 
tumour enzymes than there are enzymes in tumours". 
Fortunately, some cohesion is at last coming into this 
field as illustrated by the article on "Molecular Correlation 
Concept" (vol 2). I was also interested to see that, in 
considering which enzyme should be studied, the authors 
of the chapter on the “Enzymology of Solid Human 
Tumours” (vol. 2) put the relevance to cancer at the top 
of the list followed by the availability of suitable metho- 
dology. All too frequently these priorities are reversed. 

In conclusion, they are good books if you can afford 
them. R. J. B. Kine 











NUTRITIONAL BIOCHEMISTRY 


Newer Methods of Nutritional Biochemistry 

With Application and Interpretations. Vol. 3. Edited 
by Anthony A. Albanese. Pp. xv+527. (New York: 
Academic Press, Ine. : London: Academic Press, Inc. 
(London), Ltd, 1967.) 148s. 


Ir the word “methods” is taken to imply that this is a 
practical book, then the title is somewhat misleading; the 
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book deals rather with the findings of the application of 
new methods of investigation. : 

This is the third volume of what amounts to a series of 
monographs dealing in detail with some of the more impor: 
tant topics in the nutrition field. These monographs are 
particularly useful because they collect together informa- 
tion that is scattered through a wide variety of medical, 





chemical, biochemical and nutrition journals. Not all 
are equally useful, as one or two tend to be butterfly 











surveys of recent publications rather than dise 
For example, one article deals with 422 references in 47 
pages. These, however. are the exeeptions and the only 
real criticism that can be levelled against the publication 
is the discontinuous approach. True, the editor states 
in the preface that a serious effort was made in the third 
volume to include areas not previously covered, but this 
merely underlines the oddity of discussing “Jn miro 
Protein Utilization" in volume 3. “Utilization of Dietary 
Proteins” in volume 1, “Utilization of Essential Amino- 
acids by Man" in volume 2, and "Biological Quality of 
Dietary Proteins" in volume 4. Nor does it excuse the 
conglomeration of topies in volume 3. ineluding vine, 
folates, lipoproteins. proteins and adrenocorticoster- 
oids. 

Apart from this criticism most of the articles themselves 
are not only useful but excellent, eaeh being written by à 
specialist in his own field and intended to bring the reader 
up to date. For example, the chapter on "Folates m 
Human Nutrition" (the biochemistry of folie acid was 
dealt with in volume 2) deseribes briefly the derivatives 
and sources as baekground information and more fully 
with biochemical function covering the recent work 
since the larger reviews published in 1963, and then dis- 
cusses the requirements of human beings at various 
stages of development and in disease and the effeets of 
folate deficiency. Similarly the chapter on “In vitro 
Protein Evaluation" covers chemical seore and enzymatic 
and microbiological methods, and then. as the author 
states that this is his main interest, there follows s 
valuable diseussion of the pepsin digest-residue amino-acid 
index. 

This is an extremely useful book for both nutritionists 
and biochemists. A. E. BENDER 











VITAMINS 


The Vitamins 

Chemistry, Physiology, Pathology, Methods. Voi. L 
Second edition. Edited by W. H. Sebrell, jun., and Robert 
S. Harris. Pp. xiii 570. 200s. Vol 6. Edited by 
Paul Gyorgy and W. N. Pearson. Pp. xii-- 338. 136s, 
Vol. 7. Second edition. Edited by Paul Gyorgy and 
W. N. Pearson. Pp. xiv+354. 163s. 4d. (New York: 
Academic Press, Ine.; London: Academic Press, Inc. 


(London), Ltd, 1967.) 


Durie the past decade The Vitamins has been of 
immense value to many scientists working on various 
chemical aspects of these fascinating biologically active 
compounds. The standard of the first volume of the 
second edition augurs well for the remaining volumes, 
and one ean forecast with some confidence that the new 
edition will be as sought after as its predecessor. Indeed. 
the treatise is now made even more comprehensive by the 
addition of two volumes, now reviewed, on methods of 
measurement and assay. 

Volume 1 is concerned with vitamins A and C; two- 
thirds of the volume cover all aspects of the chemistry, 
biochemistry, physiology, pathology and pharmacology 
of vitamin A; the occurrence, distribution and biosyn- 
thesis of the vitamin A active carotenoids are also con- 
sidered. The remaining two hundred pages deal equalls 
exhaustively with ascorbie aeid. 
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As a reference book eovering the classical era of investi- 
gations on these two vitamins, this volume cannot be 
faulted; experts in the field present authoritatively and 
clearly the basic information available up to 1964. It is 
only rarely that a reference for 1965 is encountered, so it 
appears that there has been a rather greater delay than 
usual these days between the completion of the manu- 
script and the publication of the volume. In spite of all 
the carefully compiled information, one is struek most 
forcibly by the enormous gaps that, with one outstanding 
exception—vision—still exist in our knowledge of the 
mode of action of vitamin A at the biochemical level. 
The same comment applies to ascorbic acid. There is 
here a great challenge to young biochemists, and the 
problems are clearly spelled out in chapters on “Bio- 
chemical Systems (Vitamin A)" by O. A. Roels, “Effects 
of Vitamin A Defieieney in Animals" by T. Moore, and 
"Effects of Ascorbie Acid Deficiency in Animals" by G. C. 
Chatterjee. In an edited volume some variation in 
standard of coverage is inevitable, but in this case the 
editors have clearly done an excellent job in keeping 
authors as close to their brief as is humanly possible 
when dealing with scientists. Overlap is well controlled 
S OER the same diagram appears on pages 242 and 

50. 

If vitamin A-active carotenoids are to be considered 
together with vitamin A in later editions, they should be 
given fuller coverage than in the present volume; in this 
case it is so scant and out of date as to be occasionally 
misleading. In the ascorbic acid section some of the more 
modern aspects are not discussed in sufficient detail. 
For example, one is tantalized by the statement that “thin 
layer chromatography is also being tried out in ascorbic 
acid studies”. One wonders with what success, especially 
as three references are added to this statement. These 
are minor points and this book will take its place as a 
worthy first volume of the new edition of The Vita- 
mins. 

Volumes 6 and 7 began life 15 years ago as the well 
known and well tried Vitamin Methods. They now 
become the final volumes in the second edition of The 
Vitamins. This is a “take-over” which is logically justified. 
Volume 6 begins with an introductory chapter on 
"Animal Assays” by C. I. Bliss and P. Gyorgy and an 
excellent and detailed chapter on “Statistical Methods in 
Biological Assay of the Vitamins" by C. I. Bliss and C. 
White, and then continues to deal with each fat-soluble 
vitamin in detail. All these sections are thorough, critical, 
well informed and well documented. The chapter on 
vitamin A is perhaps not quite so up to date as the other 
chapters, but all the major assay procedures are fully 
described. Only methods for 8-carotene are described in 
detail and little information is given on the separation 
and assay of other vitamin A-active carotenoids. It is 
significant that the chapter on vitamin E by R. H. 
Bunnell is sufficiently up to date to describe the appliea- 
tion of GLC techniques to assays of this vitamin and its 
congeners. 

Volume 7 has been designed on a similar pattern to 
volume 6. It begins with an excellent, concise introduetory 
chapter on “Principles of Microbiological Assay" by W. N. 
Pearson, and this is followed by expert discussions of all 
aspects of assaying water-soluble vitamins. A final chapter 
is concerned with ‘Clinical Evaluation of Malnutrition” 
by W. A. Krehl. 

When one considers the three volumes together, one 
is lost in admiration for the hard work which the editors and 
contributors have put into compiling these three authorita- 
tive volumes and which will be invaluable to investigators 
dealing with any of the multi-disciplinary aspects of 
vitaminology. The production of the books is up to the 
publishers’ usual high standards and they will undoubtedly 
stand up to the continual use they are likely to be sub- 
jected to both inside and outside the laboratory. 

j T. W. Goopnwix 
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NMR PROTON SHIFTS 
NMR Band Handbook 


By Herman A. Syzmanski and Robert E. Yelin. Ppi 
xiv--432. (New York and Washington: IFI/Plenum, 
1968.) $40. 


Tuis book is an indexed list of the proton shifts in about 
1,200 organic compounds, and, as a typical compound 
appears several times in the list in respect of each of its 
distinct proton environments, the list contains 4,800 
entries. The material in the volume is a compilation of 
the data contained in the NMR Spectra Catalog of Varian 
Associates and Sadtler Research Laboratories, and from 
NMR Spectral Data of an American Petroleum Institute 
research project. 

A single page of the book consists of twelve entries of 
the list, each entry displaying the structural formula of 
the compound with the protons labelled, the shifts referred 
to the labelled protons, and a coded description of the 
proton environment to which the entry is specifically 
related. The proton environment code, which determines 
the ordering of the entries, is that used in the NMR 
Spectra Catalog of Varian Associates. It starts with a 
number designating one of the twenty-one main chemical 
groups and subsequent upper and lower case letters refer 
to nearby subgroups and sub-subgroups, respectively. 
The actual spectral pattern to which the shifts relate is 
indicated by a type number. The categories are designed 
to be rather broad, and the possibility of discrepancies 
between what is predicted and what is actually obtained 
is admitted. In the light of this, it is unfortunate that no 
examples of spectra are given in the book. Two indexes 
are provided: the first is an index of molecular formulae, 
subheaded into compounds with a list of appropriate 
codes; the second is an index of proton shifts in numerical 
order (p.p.m.), again with the proton codes of the environ- 
ment which produced them. 

The book contains valuable information to aid the 
determination of structure by providing easy access to 
data from compounds with features comparable to those 
of structures which may be proposed. The analyst is also 
well served for identifying a compound from chemical 
shifts. A few minor irritations were evident—the usage 
"comprise" for “compose” in the introduction; C,H, 
appearing in the molecular formula index but not in the 
body of the book, the fold-out sheet showing proton and 
peak codes being placed before the indexes rather than 
after them. The major irritation, however, is the price, 
whieh, for & book of this size, eontaining merely a collec- 
tion of existent data, makes the prospect of purchase by 
individuals more than somewhat forbidding. But clearly 
the handbook will prove a valuable tool for groups 
working in the field it covers. P. A. ALLINSON 


NUCLEAR MAGNETIC RESONANCE 


Progress in Nuclear Magnetic Resonance Spectroscopy 
Vol. 2. Edited by J. W. Emsley, J. Feeney and L. H. 
Sutcliffe. Pp. vii--269. (Oxford, London and New York: 
Pergamon Press, Ltd, 1967.) 90s. net. 


Advances in Magnetic Resonance 

Vol.2. By John S. Waugh. Pp. xii--269. (New York : 
Academic Press, Ine.; London: Academic Press, Inc. 
(London), Ltd, 1966.) $12.00. 


Guide to the NMR Empirical Method 
A Workbook. By Roy H. Bible, jun. 
(New York: Plenum Press, 1967.) $9.50. 


In 1953, the first textbook exclusively devoted to nuclear 
magnetic resonance (Andrew: Nuclear Magnetic Reson- 


Pp. xi4- 305. 
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ance) was published. For many years it remained the 
only book. In marked contrast to this situation, the past 
few years have seen the appearance of a large number of 
texts devoted to this branch of spectroscopy. In my 
opinion, this has been quite excessive and there has been 
a great deal of duplication. This has arisen largely from 
the publicity associated with the technique and from an 
unnecessary absence of co-operation between publishers. 
The situation is illustrated by the appearance of two 
review series (as listed here). Although, in principle, the 
Academic Press series could incorpcrate electron spin 
resonance and therefore cover a wider range than the 
Pergamon texts, in practice the latter field has (so far) 
received scant coverage (except in so far as certain basic 
theory is common to both nuclear and electron resonance). 
In the light of this, one might imagine that a co-operative 
production of a single series would adequately cover the 
subject of nuclear magnetic resonance; compare the 
situation with the comparatively large field known as 
“chemical physies" where a single review series has been 
adequate. 

The Pergamon volume comprises five independent 
“chapters” (of near equal length): "Chemical Shift Cal- 
culations”, by D. E. O'Reilly; "High Resolution Nuclear 
Magnetie Resonance in Partially Oriented Molecules". 
by A. D. Buckingham and K. A. MeLauchlan; “Nuclear 
Magnetic Resonance of Paramagnetie Systems", by E. 
de Boer and H. van Willigen; “The Calculation of Line 
Shapes by Density Matrix Methods", by R. M. Lynden- 
Bell; and “The Cause and Calculation of Proton Chemical 
Shifts in Non-conjugated Organic Compounds". by R. F. 
Zürcher. The first four chapters are genuine review 
articles; the fifth, on the other hand, describes an original 
and interesting experimental investigation of (a) intra- 
molecular factors influencing chemical shifts in rigid 
cyclic systems, and (b) solvent effects. In no sense is 
there overlap with the first chapter, which deals clearly 
and systematically with quantum mechanical calculations 
of chemical shifts, chiefly in small molecules. The second 
chapter describes the theory. method and results of a 
recent, development, which has given a new boost to the 
non-analytieal side of nuclear magnetic resonance. In 
the third chapter is presented a mixture of a readable 
description of typical experimental results for para- 
magnetic species and a more difficult section on the 
application of density matrix formalism to electron 
transfer kineties. Like the fourth chapter, exclusively 
devoted to the use of density matrices in magnetic 
resonance, treatment of this subject will probably be too 
condensed for most readers. The general production of 
the book is commendable; each chapter is clearly sub- 
divided and a list of contents is given. It is a pity that 
modern (SI) units have not been used. for example, Hz 
rather than c/s, J rather than erg or cal. 

The Academic Press publication has four sections: 
“Sensitivity Enhancement in Magnetic Resonance", by 
R. R. Ernst; “The Chemical Shift and Other Second- 
order Magnetic and Electric Properties of Small Mole- 
cules”, by W. N. Lipscomb; ‘Theory of the Chemical 
Shift", by J. I. Musher; and "Nuclear Relaxation in 
Hydrogen Gas and Liquid", by J. M. Deutch and I. 
Oppenheim". The first section is considerably longer 
than the others, occupying about half of the book. This. 
however, has permitted the author to present a delight- 
fully clear account of his subject, Taking the Pergamon 
and Academie Press publications together, this article 
must take first prize for clarity. The second section is 
principally a description of the caiculation of magnetic 
susceptibilities, shielding coefficients and spin-rotational 
constants for diatomic molecules using SCFLCAO wave- 
functions. The third section develops the theory of 
chemical shift in an authoritative fashion and indicates in 
an interesting and critical way how this has been applied. 
The well known ring-current theory for aromatic systems 
is strongly criticized and the whole philosophy of eal- 
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culating chemical shifts is questioned. As with the 
second section (with which there is no significant overlap), 
there is a good balance of material between appendices 
and remaining text. The fourth section is a quantitative 
treatment of the Oppenheim-Bloom theory of nuclear 
spin relaxation, particularly as applied to assemblies of 
hydrogen molecules, with and without inert gas con- 
taminants. 

The text by R. H. Bible is aimed at a completely 
different audience from the other two volumes. Whereas 
the latter are directed at the magnetic resonance spectro- 
scopist interested in the fundamentals of his subject, the 
former is intended for the organie chemist wishing to use 
high resolution nuclear magnetic resonance to analyse 
his produets. The book presents some hundred 'H 
speetrograms on left pages. On corresponding right 
pages are then given (a) other known information (in- 
cluding integrated band intensities). and (b) à small 
number of questions to be answered by the reader. The 
spectra are subdivided into nine sections, at the beginning 
of each of which is a list of references taken from standard 
texts. Answers to the problems are presented in some 
detail towards the end of the book. Cross-referencing and 
indexing are very good. There are several other texts 
which adopt this kind of approach to the teaching 
of applied nuclear magnetic resonance (either in 
this field alone or together with other branches of 
spectroscopy). 

This book can be recommended to organic chemusts 
wishing to use nuclear magnetic resonance in chemical 
analysis, but not wishing to delve deeply into theoretical 
fundamentals. J. LEE 





ORGANOHALOSILANES 


Organohalosilanes 

Precursors to Silicones. By R. J. H. Voorhoeve. Trans- 
lated from the Dutch. Pp. xiv+423. (Amsterdam, 
London and New York : Elsevier Publishing Company, 
1967.) 145s. 


THERE is a trend to produce larger and larger monographs 
on smaller and smaller subdivisions of chemistry. Here 
is a classical example. In 423 pages the author covers. 
with little deviation, the subject of halogenosilanes. That 
such a specialist topic justifies a whole book to itself is. 
however, amply illustrated by the quotation of nearly 
two and a half thousand literature references in the 
text. 

The bulk of this volume is taken up by a very full 
diseussion of the direct synthesis of the organohalogeno- 
silanes, which are of such immense importance to the 
silicone and related industries. In addition, adequate 
aceounts are given of what is known of the kinetics and 
mechanisms of these processes. 

A chapter on the physical and chemical properties of 
organohalogenosilanes forms a commendable résumé of 
interesting organosilicon compounds obtained by way of 
these intermediates; and the closing chapters on industrial 
and analytical aspects of the field are particularly readable 
and interesting. 

While the book is a "must" for organosilicon chemists, 
it deserves note from a wider body of readers. Thus, for 
example, organometallic chemists exploring the now rapidly 
expanding field of metal-to-silicon bonds will find a wealth 
of useful material here. 

The book is virtually devoid of typographical errors: 
the references are made easy to find by a note at the base 
of each page; and a very good subject index makes for 
easy information retrieval. 

The author (and translators) are to be complimented on 
producing such a readable account of such an involved 
topic. Epwarp W. ABEL 
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PALMY ACCOUNT 


The Oil Palm (Elaeis guineensis Jacq.) 

By C. W. S. Hartley. (Tropical Agriculture Series.) 
Pp. xiv+ 706--100 plates. (London : Longmans, Green 
and Co., Ltd, 1967.) 1265. net. 

IT is, indeed, no exaggeration to describe the oil palm as a 
peculiar plant with a most curious history. Mr Hartley 
has done great service in assembling a mass of information. 
hitherto published in widely scattered journals, bearing 
on the oil palm, its environment and productive capacity. 

Although the natural habitat of the oil palm appears. 
on balance, to be the forest fringes close to the rivers of 
West Africa, it is difficult, if not impossible, to identify 
with certainty any areas of truly wild palms, but such, if 
they exist, are likely to occur in the lowlands within a 
very few degrees of the equator. The long association 
of this plant with man has made it a prominent feature of 
vegetation in the more densely populated areas, where it 
has served to meet man’s need for edible oil. wine and 
materials for roofing and fencing. Man, more than any 
other natural factor, has caused it to spread. 

Small quantities of palm oil entered European trade in 
the sixteenth and seventeenth centuries, but it was not 
until after the suppression of the slave trade and the 
development of industry in western Europe that the trade 
grew and became firmly established. Even so, the produc- 
ing areas in West Africa from which the traders drew 
their supplies were virtually unknown to the merchants 
until the beginning of the twentieth century. 

In the late nineteenth century, as with rubber, the 
British and Dutch administered territories in the Far 
East began to take an academic interest in the plant, but 
it was not until well after the establishment of commercial! 
rubber estates that oil palm plantations were started, first 
in Sumatra and later in Malaya and Africa. The inter-war 
years saw a steady increase in production of oil of a 
consistently high quality from the Congo, Sumatra and 
Malaya. After the Second World War, largely as a result 
of the work of the West African Institute for Oil Palm 
Research, the quality of oil from Nigeria, always by far 
the largest producer, competed on more or less equal 
terms. At the present time, Malaysia is once again making 
a notable contribution to the large scale production of 
a relatively modern crop, planting oil palms on both 
estates and blocks of smallholders’ land as an alternative 
crop to rubber. 

The remarkable development shown by the oil palm 
industry during the course of the past 60 years, from its 
earlier dependence on groves of semi-wild trees to carefully 
planned production, has been the outeome to a very large 
degree of the research programmes commenced in the 
early stages by commercial and government organizations. 
In his account of how and why this took place, Mr Hartley 
has achieved an excellent balance between the reporting 
and diseussion of purely technical data and providing a 
most readable account of current practices in the field. 
In this he has been helped by a clear style of writing, with 
short and concise sentences, presenting no conceivable 
diffieulty to those whose mother tongue is not English. 
The figures are well drawn and reproduced on a generous 
scale. Like the tables, they are well integrated with the 
text, but not so the plates. Of 100 illustrations reproduced 
in colour or in black-and-white, only a dozen or so are 
specifically referred to in the text, and the value of the 
remainder is therefore very much reduced. This is a 
pity, as the photographs are so often excellent. Plate 10 
does not appear to illustrate the topie discussed on pages 
75-76, and I would suggest that control measures for 
wild pig (page 603) should be similar to those recommended 
for poreupines rather than elephants, even at the loss of 
much fun. 

The publishers have achieved a high standard of produc- 
tion in this volume, in which typographical errors are 
happily very rare. Excellent printing, a useful index 
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and a wealth of references to original published work 
combine to ensure that it will become a most valued book 
in the hands of all those connected with the improvement, 
growing and economics of the oil palm. H. K. Asusv 


GEOLOGY OF DURHAM AREA 


Geology of the Country between Durham and West 

Hartlepool 
(Explanation of One-Inch Geological Sheet 27, New 
Series.) By D. B. Smith and E. A. Francis. With con- 
tributions by M. A. Calver, A. H. Edwards, G. D. Gaunt, 
R. K. Harrison and J. Pattison. (Memoirs of the Geo- 
logical Survey of Great Britain —England and Wales.) 
Pp. xii 354-418 plates. (London: H.M. Stationery 
Office, 1967.) 605. net. 

THis big memoir is the first comprehensive account of 
the geology of a district whieh contains important 
mineral resources, especially coal, and is of great interest 
scientifically. Such sheet memoirs of the Geological 
Survey are the most important primary sources of 
accurate and detailed information about the rocks and 
minerals of the country. This information is needed for 
practical, scientific and educational purposes. Its pre- 
sentation must be a compromise between these needs, 
but the primary aim should surely be the practical one 
of giving a detailed geological account of the natural 
resources so that these can be used to the best advantage. 

A vast amount of information, especially strati- 
graphical and palaeontological, on the Coal Measures is 
summarized effectivelv here. Data are derived from more 
than a thousand shafts and boreholes and from extensive 
mine workings. This information is of great importance 
in relation to the mining of coal. The most readable and 
interesting part of the memoir concerns the Permo- 
Triassic rocks. Here we have a vivid account of the 
initial desert deposits, the great sequence of evaporite 
cyeles from the Zechstein sea, with shell banks, algal 
reefs, reef aprons, lagoonal deposits, anhydrite and so 
forth, and the burial of these by later deposits. Some of 
these rocks are extensively quarried for lime, aggregate 
and flux; the information about them is also important 
in searching for gas in the North Sea. 

The description of the structure of the district is brief 
but clear, and is illustrated by good stratum contour 
maps. As a source of precise structural data, however, 
this chapter is inadequate. There is, for example, no 
systematic information about the hade of the faults. 
The stratum contour and isopachyte maps are on different 
seales so that it is tedious to correlate or analyse the 
information. 

Pleistocene and Recent deposits are spread over much 
of the district. The account of these seems somewhat 
disconnected, partly because the deposits are difficult to 
interpret, but it is interesting. 

For many practical purposes one would need informa- 
tion which is not supplied in this memoir. To utilize 
sands and gravels one wants grain size analyses. For 
many purposes one wants to know the depth to bedrock, 
and isopachyte maps are needed to show this. The quaint 
idea survives that petrographie descriptions of igneous 
rocks should be published but none of coals or their 
associates. There is no geotechnical information about the 
rocks of the district. One could surely expect to obtain 
quantitative data on such physieal properties as porosity, 
erushing strength and liquid and plastie limits of the 
deposits. 

The role of the sheet memoir, with its arbitrary limits, 
seems to need further consideration. Certainly for educa. 
tional and many scientific purposes the regional guides 
are more useful, though they might be better still if 
expanded. Scientific problems seldom stop at sheet 
boundaries and are best dealt with elsewhere. As an 
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explanation of the map this part;icular memoir is too 
long and as a reference source cf all the geological 
information needed for practical purposes it falls short. 
Tt also seems desirable to consider again the desirability 
of publishing the maps in a pocket with the memoirs. 
'Too often the memoirs are used ineffectively, for example, 
in libraries, because the maps are not there. More atten- 
tion might be drawn to the 6 inch : 1 mile maps. These 
are not mentioned in the list on the dust jaeket and the 
reference in the preface to the page where they are listed 
is ineorreet. They are very valuable maps which could 
be more widely used. R. M. SHACKLETON 


MACHINE TRANSLATION 


Machine Translation 
Edited by A. D. Booth. Pp. ix 529. 
North-Holland Publishing Company, 1967.) 


(Amsterdam: 
1805. 


SomE years ago, machine translation (MT for short) 
was regarded as one of the more important and promising 
applications of computers. However, promise was not 
backed up by performance, and gradually, as public 
interest waned, MT disappeared from view. Indeed, one 
would have been inclined to describe it as dead were it 
not for the appearance of this volume, like Petrouchka's 
ghost defiantly shaking its fist at an unbelieving world. 
The volume includes contributions from all the currently 
active groups in the field, and shows the state of develop- 
ment of the subject around 1965, when most of the articles 
were written. I was immediately struck by the fact that 
most. of the groups here represented have been active in 
MT from its inception, displaying a product loyalty 
stronger than is usually found in the computer field. 

The papers in this volume cover a wide range of topics, 
from highly detailed accounts of specifie projects to more 
general surveys of the work of some groups. 

Although interesting, the paper by M. Levison on the 
computer in literary studies is out of place, for it is not 
concerned with MT. Also, the paper by K. H. V. Booth 
on machine aided translation with a post-editor has an 
inappropriate title, for it is concerned chiefly with statisti- 
cal studies of the frequency of oceurrence of word com- 
binations as an aid to efficient translation. The paper 
includes extensive tables obtained by an analysis of 
extracts from the Canadian Hansard. No attempt has 
been made by the editor to arrange the papers in functional 
groups. If there is any common factor to be discerned in 
these papers it is the importance of predictive methods of 
analysis and the use of a statistical approach to pick out 
commonly related groups of words. But in the main 
there are no broad conclusions to be drawn, save perhaps 
that nobody has so far got anywhere near a completely 
automatic translation system. The paper most likely to 
interest the lay reader is that by V. H. Yngve on MT at 
MIT, 1965. The other papers are of interest only to 
specialists: indeed, the whole volume will be required 
reading for anyone starting research in MT. But the 
lay reader or computer man who wants to know what 
MT is about will have to look elsewhere. 


D. W. BARRON 


University News 


Mr B. C. Leighton, King’s C ^ Hospital. Medical 
School, London, has been appointed to the chair of ortho- 
donties tenable at that school. 





Dr S. Gregory. University of Liverpool, has been 
appointed to the second chair of geography in the Univer- 
sity of Sheffield. 
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CORRIGENDUM. In the communication "Formation of 


and P. G. Clay (Nature, 218, 355; 
lines of Table 2 should read: 
1-46 

5 1-43 
Average 1-494. 0-05 


ga 


0-97 
0-96 
0-98 + 0-08 


Erratum. In the communication “Structure of Chymo- 
trypsinogen B compared with Chymotrypsinogen A and 
Trypsinogen” by L. B. Smillie, A. Furka, N. Nagabhushan, 
K. J. Stevenson and C. O. Parkes (Nature, 218, 343; 
1968) the sentence beginning on the seventeenth line of 
the second paragraph should read: "High-voltage electro- 
phoresis on paper has been the principal means of peptide 
purification in this work, giving low yields, and so con- 
siderable importance has been attached to the isolation 
of the appropriate overlapping sequences". ‘The second 
sentence of the fifth paragraph should read: “Tt has been 
shown that the autolytie cleavage of the leucine-13 to 
alanine-14 peptide bond in chymotrypsin B does not 
oceur". In Table 1 the three amino-acid sequences are 
shown in the order Chymotrypsin A. Chymotrypsin B. 
Trypsinogen. Ref. 22 is a manuscript in preparation and 
not in the press. 





CORRESPONDENCE 


New Name for the Kilogram 


Sig,—C. W. Allen discussed a new name for the kilogram 
in his letter published in Nature (218, 209; 1968). If a 
new name for kilogram is required beginning with “q”, 
why not adopt the Portuguese name for kilogram whieh is 
quilo ? 

Yours faithfully, 


M. Ferros 
Amancay, 
Colwinston, 
Cowbridge, Glamorganshire. 


Biosatellites are a Waste of Money 


Sig,— Your leading article (217, 899; 1968) contained 
a number of errors of fact and a number of misinterpreta- 
tions. The article attempted to make a case that NASA 
was proceeding with a Biosatellite Programme whieh was 
not supported by the scientific community, and that the 
results so far are of little value. We would like to address 
ourselves to these points and ignore the unpleasant insinua- 
tions which, even if answered. would contribute little to 
scientific understanding. 

Early in NASA's history, American scientists urged 
that biological research be conducted in the space environ- 
ment because space flight offered two conditions un- 
obtainable in laboratories on Earth. One. of course, is 
sustained weightlessness, and the other is the absence of 
cyelie disturbances associated with the rotation of the 
Earth. 

The establishment of the Biosatellite Programme was 
recommended by the Space Science Board of the National 
Academy of Seiences-National Research Council. 

A large number of bioscientists were notified of the 
opportunity to propose experiments and almost 200 
scientists submitted proposals for experiments ta be 
carried in the Biosatellite Programme. The experiments 
to be flown were selected on the recommendation of panels 
of outstanding specialists throughout the scientific com- 
munity. 

Approximately half a year after the first successful 
Biosatellite flight, in response to numerous requests for 
information on the results. a symposium was held at. the 
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National Academy of Sciences to present preliminary 
results of the mission. 

Significant scientific results were reported at this sym- 
posium. For example. one set of Biosatellite II experi- 
ments concerned the interaction of radiation and weight- 
lessness. 

Previous observations, both by the USSR and US, in 
flights of biological material had revealed greater effects 
of radiation than would have been expected from studies 
on Earth. These prior observations were not rigorous 
enough to be satisfactory. So the Biosatellite IT experi- 
ments were designed to explore this phenomenon under 
very earefully controlled conditions. An onboard radia- 
tion source was used to give an exact, predetermined 
radiation dose. Organisms of thoroughly known sensitivity 
to radiation were used for the study. 

The results presented at the symposium showed con- 
vineingly that there is an interaction between radiation 
and one or more factors encountered in flight. This inter- 
aetion, depending on the organism used, varied between 
inereasing the effects of radiation fourfold to decreasing 
the effect slightly but significantly. 

The comment in Nature on March 9 stated that vibra- 
tion encountered during the launch of Biosatellite 11 was 
greater than anticipated. This is not true. Preflight 
control experiments subjected samples to forces up to 
more than two times greater than experienced during 
the flight. Perhaps your correspondent was misled by the 
conservative statements of scientists who did not want to 
claim—despite these controls—that they were certain 
that vibration played no part in the effects observed. 
Furthermore, the proposals for extensive post-flight con- 
trol experiments do not imply repudiation of the results. 
The desire of scientists to refine and re-refine their in- 
vestigations is a matter of rigour, not repudiation. 

Another set of experiments was designed to study the 
biologieal effects on simple organisms of weightlessness 
alone. One result. was partial confirmation of a simulation 
method used by botanists for more than a century. This 
classical simulation method consists of rotating plants on 
a ehnostat so that, over a period of time. the force of 
gravity affects the plants in opposing directions approxi- 
mately equally. The Biosatellite experiments indicate 
that in already developed plants elinostat. rotation prob- 
ably influences the distribution of intracellular con- 
stituents in the same way that we ightlessness does. 

Now there is need to go on to determine the intimate 
effeets of weightlessness on organisms that are not ordin- 
arily oriented to gravity in a single direction. It is known 
that changes in body structure and composition occur in 
higher animals in orbital flight. In 1969 a primate will 
fly in Biosatellite to help clarify these phenomena. The 
third series of Biosatellite flights planned for 1970 or 1971 
will explore the biological effects of weightlessness using 
rats, human tissue cultures, and also plants that will go 
through a full life eyele from seed to seed, in space. 

Findings from the Biosatellite experiments have stimu- 
lated à number of new investigations to resolve provocative 
D ccs like the following: 

Not all of the responses of plants—in-flight and 
E control on elinostats—- were consistent. Phere 
were cytological differences in the wheat seedling grown 
in ihe spacecraft compared to the clinostat controls. 

The pepper plants that developed in orbit were much 
uu in re-establishing a normal orientation than the 
chnostat controls. Does this mean that in the difference 
between balanced gravity and weightlessness there are 
vet-to-be-discovered factors of biologics al significance ? 

3. Comparisons of flight and clinostat data have led to 
research to sharpen the parameters of elinostat design. 
What. precisely, are the peculiarities of various axes of 
rotation? What. precisely. are the interactions that 
iu govern the selection of a rotation rate ? 

- The observed synergism of radiation and weightless- 
ness has stimulated intensive radiobiological studies using 
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clinostats. Additional studies explore the effects of 
vibration and acceleration in combination with radiation. 

5. Scientists are requesting additional  Biosatellite 
flights with an onboard centrifuge to provide Ig controls 
in the same environment with the weightlessness experi- 
ments. 

In addition. to its bioscience mission. the flight of 
Biosatellite I1 had a purpose of engineering qualification 
of the spacecraft for future research. All of the telemetry 
available was utilized for spacecraft qualification purposes. 
Experiments had to be complete in 3 days, and examina- 
tion after recovery was the sole means of data collection. 
Nevertheless, the experiments aboard Biosatellite II were 
remarkably sophisticated with precise environmental 
control and with automated laboratory procedures oecur- 
ring in space. 

The question of whether the 21-Day Mission im 1970 or 
1971 should be altered in the light of Biosatellite IL results 
was diseussed at length by our Space Biology Sub- 
committee immediately following the symposium. In 
this discussion it was brought out. that the opportunity to 
studv the growth and reproduetion of human tissue in 
weightlessness (perhaps with the addition of a radiation 
source) is a natural follow-on to Biosatellite II results, 
and one of considerable urgency for human flight. 

'The seed-to-seed plant experiment. will evaluate many 
factors in the role of gravity in plant growth and develop- 
ment, rather than only the two simple parameters studied 
in Biosatellite H. 

The 21-Day Mission includes multiple-purpose studies 
with rats. This will be the first closely controlled experi- 
ment to learn what happens to biological rhythms when 
a "day" shrinks from 24 h to about 90 min. In addition, 
the rat experiments will include the most careful investiga- 
tion to date of changes in body composition and body 
structure during space flight. 

The experiments in the planned series of Biosatellite 
missions were selected originally to supplement rather 
than reinforce one another. Together they constitute a 
fairly broad survey of the effeets on biological systems 
postulated for space flight. 

One final point we would like to make is that the cost 
of space research is high because it involves the work of 
many people. Space bioscience experiments involve bai 
only biologists but physieal scientists, engineers and : 
great many people responsible for production and Bron: 
tion of the flight systems. ‘There is no escaping this cost 
because there is no way to ascertain the biological effects 
of the space environment other than to conduet biological 
expermme nts in space. 

Sincerely, 
Orr E. REYNOLDS. 
Director Bioscience Programs. 
Office of Space Science and Applications. 
Joun E. NAUGLE, 


Associate Administrator for 
Space Science and Applieations. 





National Aeronautics and 
Space Administration, 
Washington, DC. 


The leading article of which Drs Reynolds and Naugle 
complain argued that the results of the Biosatellite H 
experiments were inconclusive and not worth the ex- 
penditure of $50 million. It is good to learn of the ways 
in which Biosatellite TT has suggested new experiments, 
but the statement now that vibration during launching 
was not excessive does not explain why it has been 
necessary to repeat the control experiments. Estimating 
the value of a set of experiments like these is necessarily 
a subjective process, but the symposium in Washington 
left many sceptics unconvinced.— Editor, Nature. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 20 


UNIVERSITY OF Loxpon (at the Wright-Fleming Institute, St Mary's 
Hospital, London, W2). at 5 p.m.--Dr P. J. Lachmann: “The Role of 
Complement in Disease Processes" (Third of four Almroth Wright Lectures).* 


GEOLOGICAL Society OF LONDON (Engineering Group joint meeting with 
the Institution of Civil Engineers, at Burlington House, Piccadilly, London, 
WL), at 5.30 p.m.—Informal Discussion on "3 fetrication and the Classifica- 
tion of Unconsolidated Sediments”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2). 
at 5.80 p.m.—Mr A. W. Rudge and Mr T. Pratt: "Novel Techniques for 
Beam Steering and Compensation of Distortionin Large Reflector Aerials”. 


ROYAL INSTITUTION (at 21 Albemarle Strees, London, W1), at 5.30 p.m. 
—Professor G. Porter, FRS: “Molecules in Motion" (Leeture for Sixth Form 
Pupils from Schools in London and the Home Counties. To be repeated on 
May 21, 22 and 23.) 

UNIVERSITY OF LONboN (in the Gustave 
London, Gower Street, London, WEI). at 5 
in Geophysical Fluid Dynamics".* 


— IxsrITUT FRANCAIS DU ROYAUME-UNI (at Queensberry Place, London, 
SW7), at 8.15 p.m.— Programme of French Scientific Films.* 











Tuek Theatre, University College 
.38 p.m.--Dr R. Hide: “Topics 





Tuesday, May 21 


,, LABORATORY ANIMAL SCIENCE ASSOCIATION (in the New Meeting Rooms, 
Zoological Society of London, Regent's Park. London, NW1), at 10 a.m.— 
Symposium on “Embryological Abnormalitie: 


UNIVERSITY OF LONDON (in the Edward Lewis Theatre, Middlesex Hospital 
Medical School, Cleveland Street, London, W1), at 5 p.m.—Dr Margaret 
Ward Orsini (University of Wisconsin): “The Sequence of Events in Implan- 
tation in a Comparative Series: Hamster, Rabbit, Ferret, Sheep"'.* 


ROYAL INSTITUTION, Library Circle (at 21 Albemarle Street, London, W1), 
at 5.30 p.m.—Mr James Lawrie: “Sir Richard Gregory, Bt. FRS”. 


UxivERSIPY OF LONDON (in Mechanical Eagineering Lecture Theatre A, 
Imperial College of Science and Technology, London, SW7), at 5.30 p.m.— 
Professor J, Brown: “Aerials, Optics and Electronics” (Inaugural Lecture).* 


Wednesday, May 22 


. UNIVERSITY or LONDON (at the Royal Postgraduate Medical School, pu 
Cane Road, London, W12), at 2 p.m.—Dr Syivia Lawler: “Chromosomes in 
Clinical Pathology”.* 


INSTITUTE OF NAVIGATION (at the Royal Iastitution of Naval Architects, 
10 Upper Belgrave Street, London, SW1). at 5 p.m.—Mr G. Harrison: 
“Surface Guidance on Airports”. 


UNIVERSITY OF LoNDON (at the Institute of Urology, St Philip's Hospital, 
Sheffield Street, London, WC2), at 5 p.m.—Dr D. W. Hill and Mr A. R. 
Constable: “Radiological Protection". (Fourth of eight lectures on “The 
Use of Isotopes in Urology" )* 


INSTITUTE OF FUEL (at the Royal Institute of British Architects, 66 
Portland Place, London, W1), at 5.30 p.m.—Sir Charles Cawley, CBE: 
"Some Aspects of Formulating a National Fuel Policy" (Melchett Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5.30 p.m,—Mr J. 6. P. Anderson, Mr N llis, Mr R. G. Noble, Mr F. O. 
Mason, Mr L. R. Orton, Mr M. P. Reece and Mr J. G. Steel: "Synthetic 
Testing of A.C. Circuit Breakers—Parts 1 and 2”, 


UNIVERSITY OF BRADFORD (in the Main Building of the University), at 
5.80 p.m.-—Professor D. P. Howson: “The science of Human Communica- 
tions”, (Inaugural Lecture.) 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University College 
London, Gower Street, London, WC), at 5.30 p.m. — Professor J. B. Serrin: 
“Nonlinear Elliptic Partial Differential Equations".* 


. INSTITUTION OF ELECTRONIC AND RADIC ENGINEERS, COMMUNICATIONS 
GROUP, and AEROSPACE, MARITIME AND MILITARY SYSTEMS GROUP (at 
8-9 Bedford Square. London, WC1), at 6 p.me—Dr D. E. N. Davies, Mr R. H. 
Apperley and Mr M. J. Withers: "An Adaptive Self-Phasing Array and some 
Applications to Radio Communication Systems". 


. SOCIETY or CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave Square, 
London, SW1), at 6.15 p.m.—Annua! General Meeting. 


Thursday, May 23 


ROYAL SoetETY (at 6 Carlton House Terrace, London, SW1). at 4.30 p.m. 
— Mr D. J. Bradley and Mr C. J. Mitchell: “Characteristics of the Defocused 
Spherical Fabry-Pérot Interferometer as a Quasi-Linear Dispersion Instru- 
ment for High Resolution Spectroscopy of Pulsed Laser Sources"; Mr D. J. 
Bradley, Mr M. S. Engwell, Mr G. Magyar and Mr M. C. Richardson: "High 
Resolution Sp scopy of Narrow Band Giant Pulse Lasers: Time-Depen- 
dent Frequency Shifts in Ruby". 


UNIVERSITY OF LONDON (at King’s College Hospital Medical School, 
Denmark Hill, London, SES), at 4.30 p.m.— Professor R. R. A. Coombs: 
“Tissue Damage by Allergic Reactions" (Wiltshire Memorial Lecture).* 

UNIVERSITY OF LONDON (in the Botany 
London, Gower Street, London, WCT). at 5. 
“Decision Making".* 
























Theatre, University College 
p.m.-— Professor D. V, Lindley: 








Thursday, May 23— Friday, May 24 


BIOCHEMICAL SOCIETY fat the University of Newcastle upon Tyne) COLLO- 
QUIUM on "Hybridization Techniques in Nucleic Acid Research" and Scien- 
tific Papers. 


Friday, May 24 


GEOLOGICAL SOCIETY, MARINE STUDIES GROUP; and the ROYAL ASTRO- 
NOMICAL SOCIETY (at Burlington House, Piecadilly, London, W1). at 3 p.m. 
— Meeting on "Interpretation of Ocean Floor Lineations". 





UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Da 
Cane Road, London, W12), at 4 p.m.— Dr E. J. M. Campbell: "The Conduct 
of Experiments".* 





Monday, May 27 


UxivERSITY OF LONDON (at the Wright-Fieming Institute, St Mary's 
Hospital Medical School, London, W2), at 5 p.m.—Professor B. Harris: 
“Genetic Activity in Hybrid Animal Cells" (Last of four Almroth Wright 
Lectures).* 





APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned : . i 
SECRETARY-GENERAL (with high attainment in a scientific 
research or development experience and administrative ab ) to the 
recently established NATIONAL Sci E CocNcIL-—The Civil Service Come 
mission, 45 Upper O'Connell Street, Dublin, 1, Republic of Ireland (May 20). 
LECTURER (with a good honours degree and preferably some teaching, 
research or industrial experience) in. VERTEBRATE PHYSIOLO he Aca- 
demic Registrar (EMS), Brunel University, Uxbridge, Middies 24). 
SENIOR EXPERIMENTAL OFFICER in the DEPARTMENT OF EDUCA N, tu 
be in charge of the Department's Closed Circuit T.V. equipment which will 
include a mobile unit and will be responsible for its operation and main- 
tenance in the service of the Education and other departments- The Seere- 
tary (NAT), University of Stirling, Stirling, Scotland (May 24 . 
LECTURER Or ASSISTANT LECTURER in So I0LOGY-—The Secretary of the 
University Court, The University, Glasgow (May 25). 3 : 
LECTURER (with special interests in one or more of the Following fields: 
learning, cognitive processes and motivation) in EXPERIMENTAL PSYCHOLOGY 
—The Registrar, University of Bristol, University Senate House, Bristol, 2 


discipline, 














































LECTURER or LECTURER in PsvoHoLOGY in the DEPARTMENT 
NC ‘The Assistant Academic Registrar, 


degree in science) for the Som SURVEY 
Macaulay Institute 
(May 31). ; . 

ASSISTANT LECTURER (preferably with experience in the chemistry of 
transition metal! complexes or related fields) in CH MISTRY — Phe Secretary, 
University of St Andrews, College Gate, St Andrews, Fife, Scotland (June 1). 

'TrTOR/SENIOR TUTOR (with a degree in medicine or à higher degree in 
science) in. PHARMACOLOGY at the University of Western Australia---The 
Association of Commonwealth Universities {Branch (Office), Marlborough 











House, Pall Mall, London, 8W1 (Australia and London, June 1). 
ASSISTANT LECTURER or LECTURER in ENGINEERING GEOLOGY in the 


DEPARTMENT OF GEOLOGY—The The Liverpool. 
quoting Ref, RV/479 (June 3). 

CHAIR OF MECHANICAL ENGINEERING--The Secretary and Registrar, The 
University, Southampton (June 7). 

TEMPORARY ASSISTANT LECTURER (with a degree in philosophy) in the 
DEPARTMENT OF PuiLosoPHY— fhe Deputy Secretary, The University, 
Southampton (June 7). 

LECTURERS or ASSISTANT LECTURERS in the DEPARTMENT OF ELECTRICAL 
ENGINEERING, Ahmadu Bello University, Zaria, Nigeria--The Inter-Uni- 
versity Council. 33 Bedford Place, London, WC1 (June 14). 

LECTURER or ASSISTANT LECTURER (with a research interest in ciimatology 
and ifs application to other fields of geography and à more general interest 
in the application of standard statistical techniques) in the DEPARTMENT OF 
GEOGRAPHY— The Deputy Secretary, The University, Southampton (June 
15). 

RESEARCH ASSISTANT (with at least a degree in botany, plant pathology or 
microbiology) for work on the bacterial diseases of potatoes- {he Sear i 
Rothamsted Experimenta] Station, Harpenden, Herts, quoting Ref, 10 
(June 15). 

Foop TECHNOLOGIST (with a degree in food or dairy science or recognized 
equivalent with postgraduate training in food technology or considerable 
practical experience in food processing, part icularly in the canning industry) 
in the MINISTRY OF AGRICULTURE, for advisory work connected with (a) 
premises used for processing of agricultura! and horticultural produce and 
(b) the processing and grading of produce— The Secretary, Civil Service 
Commission, Stormont, Belfast, BT4 35Z, quoting Ref. ROB. 46/08/45 
(June 28). 

LECTURER IN Bt0LOGY (in the field of Plant Physiology) at the University of 
Sydney, Australia— The Association of Commonwealth Universities (Branch 
Office). Marlborough House, Pall Mall, London, SW1 (Australia and London, 


Registrar, University, 




















tute for Research in Dai 
Berkshire, quoting Ref, 68/24. 

ASSISTANT LECTURER (with interesis in aspects of comparative physiology) 
in ZooLoGY-——The Secretary, The Queen's University, Belfast. Northern 
Ireland. 

LECTURER in PURE MaTHEMATICS— lhe Secretary, Department of Mathe- 
matics, Sir John Cass College, W itechapel High Street, London, El. 

PROFESSOR OF AGRICULTURAL EXTENSION in the FACULTY o GRICUL- 
TURE, University of the West Indies, Trinidad —The Inter-University Conn- 
cil. 33 Bedford Place, London, WC1 

PROFESSOR OF PURE MATHEMATIC 
MATICS and MATHEMATICAL PHYSICS 


















and a PROFESSOR OF APPLIED MATHE- 
Professor C. L. Pekeris, Head of the 
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Departinent of Applied Mathematics, The Weizmann Institute of Science, 
Rehovot, Israel, 

RESEARCH FELLOW (teacher with experience of teaching mathematics in 
schools with special reference to the needs of scientists) IN MATHEMATICS for 
SCIENCE Professor K. W, Keohane, Centre for Science Education, Chelsea 
College of Science and Technology, Pulton Place, London, SW6. 

SCLENTIFIC RESEARCH ASSISTANT (young science graduate in zoology, 
biology, biophysics or a related field) to the DIRECTOR, to work on the eleetrón 
mieroseopy of bone and on mechanisms of calcification—The Secretary, 
Kennedy Institute of Rheumatology, Bute Gardens, London, W6. 

TECHNICIAN (preferably with experience in gel electrophoresis, chromato- 
graphy and auto-analyser work) in the BIOCHEMISTRY DEPARTMENT for 
research—The Director of Biochemistry, Royal Dental Hospital School. 

er Square, London, WC?, 

IAL FELLOW in the ASTRONOMY CENTRE to do some teaching in 
either astronomy, mathematics or physics, and to take part in the research 
activities of the Astronomy Centre or of the Royal Greenwich Observatory, 
Herstmonceux—The Secretary of Science, Science Office. University of 
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Sussex, Essex House, Falmer, Brighton. Sussex. 
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Springs of Student Power 


In the past week, things have gone from bad to worse 
in Paris, and what began as a massive student protest 
is well on the way to being a political movement which 
cannot fail to leave its mark on the Government of 
France. By comparison, the demonstrations among 
students elsewhere will look exceedingly mild, but it 
would be wrong on that account to think that the 
somewhat domestic problems to which students would 
like attention paid can be left on the shelf at least 
until the President of France has dealt finally with the 
trade unions. On the contrary, the development of 
the student protest in Paris from a more or less local 
affray into a national issue should be a reminder not 
merely of the danger of these situations but of the 
likelihood that there are real issues to be dealt with 
underneath the irrelevaneies and the tomfoolery. 
What are the issues to be solved? It is 
only natural that people should ask whether there 
can be some connexion between the way in which 
the student protest in France has spilled over into 
being a political movement and the way in which, in 
places as far apart as the United States and mainland 
China, the past year or so has been marked by civil 
commotion of one kind or another. Is there possibly 
some common cause to provide at least a partial 
explanation for these outwardly separate events ? And 
do the student protests have something of the same 
common causes in their make-up? Speculation along 
these lines is fanciful at best, but there may eventually 
turn out to be something in the view that all these 
disaffected groups of people are groups which have in 
one way or another been led to expect something which 
it is, in practice, comparatively difficult for society to 
provide. Certainly the discontent of poor people, mostly 
Negroes, in the United States must be sharpened by an 
awareness of the comparatively affluent society in 
which it is embedded. Then the cultural revolution 
which oceupied the Chinese for much of last year had 
some of the marks of a movement intended to recapture 
the enthusiasm of a revolution which had fallen short 
of its ideals. In Britain, where students have been 
comparatively quiet, there is an obvious conflict be. 
tween reality and academic expectations. Students, 
for example, are exhorted to be adult and then hedged 
round with restrictions on their freedom which are 
often necessary enough but which are sometimes 
childish as well. Universities as a whole are told how 
national prosperity must eventually depend on their 
success but are at the same time kept on short com- 
mons simply because university education on a large 
scale has turned out to be a more expensive commodity 
than had been supposed some yearsago. Paradoxically, 
discontent has been aggravated by the enlightenment 
which had led a great many modern societies to suppose 


that common goals are attainable by the whole of a 
population. 

So far as universities are concerned, there are fairly 
obvious steps which should be taken. The simple 
accession to the demands of students is probably less 
important in the long run than the creation of lasting 
institutions for making sure that one-half of an 
academic community does not get entirely out of step 
with another. It is unlikely that the most obvious step 
of appointing students to certain bodies in the faculty 
will be sufficient for very long. The trouble is that 
academic committees such as those which tend to pro- 
liferate in all kinds of universities function only 
because the formation of a consensus is not entirely 
outside their grasp. Although members of the com- 
mittees may disagree quite radically about particular 
decisions, permanent disagreement is usually buried 
by an appreciation that the other fellow has a ease of 
some kind. But student representation raises nasty 
questions about the willingness of one side or the other 
to accept decisions to which it is bitterlv opposed but 
on which it has been voted down. 

It does not follow, fortunately, that there is nothing 
to be done. The objective should be better and freer 
channels of communication between students and 
faculties. Thoroughly free student newspapers are 
one obvious way of helping towards this end. (It 
is, of course, thoroughly reprehensible that Oxford 
students have been prevented from running the kind 
of critique of lecture courses which is such a suecess 
at Harvard, even if the University of Oxford as a 
whole is putting on a quite remarkable display of tact 
and diplomacy in its negotiations with students.) More 
important, means will have to be found of bringing 
students and faculties more directly into intellectual 
contact with each other, which must at the very least 
imply that university teaching should carry with it at 
least a partial obligation by members of faculties to be 
thoroughly involved with students and their affairs. 

A stronger relationship between the different groups 
within universities is only a part of the objective which 
needs to be attained, however. Universities as units 
should somehow be enabled to come more closely to 
grips with the outside world. It is particularly impor- 
tant that universities should be able to moderate their 
collective demand on the societies which support them, 
and it is also important that universities should learn 
to trim their sails to the external demands which 
are being made on them.  Currieula, for example, 
are often much more archaic than anybody would 
think seemly. Where state support is virtually 
the only source of revenue, universities have tended 
to throw away their independence far too readily, 
but it would often be comparatively easy for 
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them to win back some of their freedom and at the 
same time to do a more useful job by undertaking to 
do specific jobs for external organizations. And in 
these exceedingly formative years, there is even a case 
for asking why universities like those in Britain should 
not tinker with all kinds of radical schemes. Why, for 
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example, should universities not run television stations, 
or newspapers, to provide an independent income and a 
service to the community as well? But these are only 
trivial expedients. In reality, the present troubles are 
an opportunity for radical change within the universi- 
ties. It will be a pity if it is Jost. 


Please Don’t Use Your Telephone 


THe gap between the promise of technology and 
reality continues to widen. In Britain, two of the 
Post Office’s latest proposals have not been specifically 
designed to make it more costly and at the same time 
less convenient to use telephones, but this will almost 
certainly be their result. First, on April 10, in the 
House of Commons, the Postmaster General, Mr Roy 
Mason, announced, as part of a package of widespread 
increases of telephone charges, that from October 1 
directory inquiries, which are now free—as they ought 
to be, because not every telephone kiosk or subscriber 
is provided with a national directory—are to cost a 
shilling each if the information supplied by the 
inquirer “is insufficient for a number to be found 
readily". 

The disturbing thing about this proposal, which, of 
course, is hardly likely to encourage the use of tele- 
phones under any circumstances, is the vagueness of 
the eriteria by which the Post Office will decide whether 
or not the inquirer has provided insufficient information 
and therefore should be charged. Mr Mason, predict- 
ably, had nothing to say about this. The Post Office 
itself says the decision will rest entirely with the 
telephone operator, and that suffieient information 
means "roughly the amount needed to deliver a letter". 
Apparently the Post Office will not expect the exact 
address, but nobody knows just what it does mean. 
Obviously nobody, least of all the Post Office, knows 
quite how the system will work and how operators 
will make their arbitrary decisions. The danger, of 
course, is that potential telephone users will be dis- 
couraged—and that operators will be enabled to 
rationalize their habitual annoyance with customers by 
charging a shilling every time they have to make a 
civil answer. 

The reason for this charge is said to be to save the 
Post Office money and to persuade callers to make 
every effort to find the telephone numbers for them- 
selves—in other words, to reduce the convenience and 
service offered. The Post Office’s latest scheme is in 
keeping with this outlook. In the hope of persuading 
people in London to use their directories more and 
directory inquiries less, the Post Office proposes to 
replace the four volume London Postal Area Directory 
by no fewer than thirty-six “community” directories 
covering the whole of Greater London. This absurd 
decision, which was elicited fram the Post Office on 
Tuesday by a letter in the Times, was apparently 
made for two reasons. First, the Post Office has come 
to the conclusion that the sheer bulk of the existing 
directory discourages people from using it. Second, it 
has conducted a market research study of the telephone 
habits of individual subscribers in London and has 








come to the outstanding conclusion that most of the 
calls people make are within their own neighbourhood 
or "community of interest" as the Post Office likes to 
call it. From this, the Post Office with perverse logic 
claims that the directory now supplied in London 
provides the average subscriber with ten times more 
information than he needs and so in 1971 a subscriber 
will only receive one of the thirty-six local directories. 
What happens if a subscriber wants to find a number 
outside his local area? The Post Office is quick to 
point out that any individual who asks for all thirty- 
six directories will be given them, but will the Post 
Office really give them without question? It clearly 
does not anticipate many takers, for it claims the new 
scheme will save £0-25 million a year in paper and 
printing costs. And can the Post Office really believe 
that being cluttered with thirty-six small directories is 
preferable to having four large ones? And what if a 
subscriber knows only the name of the people he wants 
to call, not their district * Clearly, as far as the Post 
Office is concerned, he can amuse himself by looking 
through all thirty-six directories to find out, or can 
call directory inquiries and be charged a shilling for the 
privilege. 

The trouble, of course, is that the Post Office is 
spoiling the ship for a ha'p'orth of tar. Although 
the Post Office may save its £0-25 million on directory 
costs, in the long run it will reduce the convenience 
and therefore the use of the telephone system, waste 
everybody's time and discourage subscribers from 
making calls anywhere outside their local area. Not 
that that is out of keeping with the Post Office’s way 
of running things. It seems to have given up the 
pretence that it is interested in stimulating traffic 
except perhaps in the middle of the night. Spokesmen 
for the London Telecommunications Region have taken 
openly to saying that in London, at least, the Post 
Office is not at the moment seeking to stimulate 
traffic because the system is at full stretch, And is 
there a better way of reducing telephone use than 
making it irritatingly tedious to find a number 7 
Mr Mason said on April 10 that the Post Office needs 
"additional revenue to help finance the huge capital 
programme to improve the service for existing uses 
and to give the country the telecommunications service 
it needs". He seems to prefer to raise this capital not 
by increasing telephone traffic by making the service 
more convenient but by charging more for less service 
and discouraging more calls. It is small wonder that 
there are twice as many telephones per 1,000 people in 
the United States, Sweden, New Zealand and Canada-— 
and more in Switzerland, Denmark, Australia and 
Norway-—than in Britain. 


. 
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Towards Self Sufficiency 


INDIA and Pakistan have good reason to feel euphoric 
about the 1967—68 food grain harvests. They are going 
to exceed by far the all time record harvests of 1964-65. 
In India the yield of all food grains in 1964-65 was 
89 million tons, but this year's harvest will certainly 
reach 95 million tons and some estimates put it as 
high as 100—105 million tons. Likewise, in Pakistan 
the 1964-65 harvest of wheat was 4:5 million tons 
and 11-7 million tons of rice. Last year, the yields 
dropped to 4-3 million tons and 10-7 million tons 
respectively, but this year the wheat harvest should be 
well in excess of 6 million tons and the rice harvest 
should exceed 12 million tons. 

How have these remarkable increases in cereal 
production been achieved ? Three factors can reason- 
ably be eliminated. The weather this year has been 
good but not distinctively better than in 1964-65. 
With so many unemployed in both countries, it is 
difficult to believe that the record harvests have resulted 
from more manpower on the farms and, although 
irrigation has been increasing steadilv, irrigation, of 
course, makes its greatest impact in bad, not good, 
seasons. Fertilizers, improved seed strains and possibly 
improved plant protection seem to be the answer. 
Both India and Pakistan have imported Mexipac 
wheat from Mexico (Nature, 218, 214; 1968) and 
Pakistan has Irri rice from Japan, but new strains 
alone cannot be the answer because Mexipae needs 
quite large applications of fertilizers and without them 
it is probably less successful than the strains grown 
previously. The fact that the greatest increases of 
produetion have been achieved on the larger and 
better managed farms, usually owned by the rich and 
politically powerful, who stand a better chance of 
getting new seeds and fertilizers, which are both in 
short supply, supports this conclusion. 

Ironically the prospect of a record harvest is pre- 
senting the Indian and Pakistan Governments with 
economie problems. In India, for example, if the 
harvest, in fact, turns out to be 10 million tons above 
the previous record the Indian farmers will have 
generated, at the cereal prices fixed by the Government, 
the equivalent of about £400 million of new wealth. 
Much of this will clearly literally be eaten on the farms 
rather than converted into cash, but there is the very 
real problem that the farmers will spend the extra 
rupees in their pockets on imported goods such as 
fertilizers and agricultural machinery, and this will 
worsen the country’s balance of payments. Further- 
more, the United States sells wheat to India for rupees 
and then gives the rupees to the Indian Government. 
Should the United States decide, in view of the record 
harvest, to reduce wheat supplies the Indian Govern- 
ment will lose this subsidy and, at the same time, have 
to buy more wheat from its own farmers at prices that 
it guarantees. 


Staff Power 


Tue Education Bill which came before the Second 
Reading Committee of the House of Commons in 
February provided for the articles of government of 
teacher training colleges to be ratified by the Secretary 
of State for Education and Science. Following discus- 
sion in that committee. and after deputations from 
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bodies such as the Association of Teachers in Colleges 
and Departments of Education, an amendment to the 
Bill has now been made, to the effect that the instru- 
ments of government must also be approved by the 
Secretary of State. Until now the government of these 
colleges has been in the hands of local education 
authorities, often through sub-committees on which 
the academic staff of the colleges were either not 
represented or did not have full voting powers. 

The recommendations of the Robbins report in 1964 
that colleges of education should be linked with 
universities was not accepted, and instead a committee 
under Mr T. R. Weaver was set up to discuss the 
liberalization of the government of these colleges. The 
recommendations of the Weaver report formed the 
basis of the Education Bill, which, with its new amend- 
ments, is welcomed by the academic staff concerned. 
The article of government which deals with all aspects 
of the relationships between students and the colleges 
was the original candidate for ratification by the 
ministry, and the amendment has now calmed the 
fears that local power groups could still keep the 
academic staff out of the government. of the colleges 
if the instruments of government, fundamentally the 
constitutions of the college, were not subject to minis- 
terial approval. Aware of the attitudes of the Depart- 
ment of Education and Science, most of the governing 
bodies of the colleges are submitting instruments and 
articles which provide some say for the academic staff 
in the running of the college, and those which are not 
approved are returned to the governors for recon- 
sideration. After the successful first step of putting 
the teachers in control of the colleges, there then 
follows the question of how much students should 
participate in government. It seems that student 
participation is not a rigid requirement of the depart- 
ment, but recognized channels for close consultation 
are thought to be essential. Until now there has been 
the right of appeal to the department in cases of 
students being disciplined or sent down, but it is 
thought that approved articles must include provision 
for students to be able to appeal in the first instance to 
the governing body of the college. 


Italian Research under Fire 


TuE reports on science policy produced by the Organ- 
ization for Economic Development and Co-operation 
have so far proved worthy but unprovocative docu- 
ments. But the most recent report, still officially 
unpublished, has caused a political stir in Italy, the 
country it describes. The report was written 
almost a year ago, and was sent to interested parties 
in Italy before publication-—the normal practice. 
Since then the report has shuttled around Italian 
Government offices, but it appeared again last week, 
when a few copies were handed out by dissident research 
workers at the headquarters of the National Council of 
Research. The research workers, who had been 
occupying the headquarters for four days as a protest 
against the state of research in Italy, distributed the 
report as a political move designed to force the Italian 
Government’s hand. 

The report, written by three examiners (M. Jacques 
Spaey from Belgium, Professor Harvey Brooks from 
Harvard, and Professor Ourisson from Strasbourg), 
should have been discussed at a confrontation meeting 
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in Paris more than six months ago. But because it is so 
strongly critical, it has been impossible to persuade the 
ltalian authorities to turn up for the meeting. The 
situation has undoubtedly been further complicated by 
the present election campaign in Italy, and the staff at 
OECD are now resigned to waiting at least until the 
election is over before the report can be discussed. 

The principal criticism seems to have been directed 
at the university system in Italy—rigid, hierarchical 
and inflexible, as an OECD executive described it this 
week. (With the hindsight of the last two weeks, this 
is à eriticism which might have been directed equally 
accurately at the rest of Europe as well) These 
criticisms echo those of Professor Joseph Ben-David, 
in his report Fundamental Research and the Universities, 
prepared some months ago for the OECD. The rigidity 
of the system—one professor, one chair and one faculty 
for each subject—combined with a lack of mobility 
among research workers, has meant, according to 
Professor Ben-David, that universities in Europe have 
fallen behind those in the United States, either as 
centres of scientific discovery or as generators of 
industrial change. 

The report also criticizes the organization and scale 
of research and development in Italian industry. 
Figures already published by the OECD provide the 
basis for this charge. In 1963, Italy spent only 0-6 
per cent of its GNP on research and development, 
against 2:3 per cent for the UK, 3-4 per cent for the USA, 
1-9 per cent for the Netherlands and 1-5 per cent for 
Sweden. Even Ireland, not generally thought of as an 
industrialized country, spent nearly as much as a 
proportion of GNP as Italy. In fundamental research, 
Italy spent less than a third as much as France ($706 
million against $221 million), and less than the Nether- 
lands ($81-5 million). This in turn is reflected by a 
greater tendency to import technology.  Italy's bill 
for patents, licences and technological know-how 
imported from abroad was $135 million in 1963, against 
$130 million for Japan. It was exceeded only by West 
Germany, with $150-9 million (a 1964 figure). 

But it is in the production of qualified manpower that 
the comparison is least favourable to Italy. First 
degree graduates in technology represent only 0-4 per 
cent of the age group between 20 and 24, and only 
another 0-5 per cent of the age group qualify as scien- 
tists. The comparable figures for the United Kingdom 
(which did surprisingly well in the survey) were 2-9 and 
1-7 per cent, and for France the figures were 1-5 and 
2-4 per cent. Graduates in all subjects represent 3-5 
per cent of the age group in Italy, 21 per cent in the 
United States, and 10-5 per cent in the UK. 

The Italian authorities have complained that the 
report makes use of old statistics, collected in 1963. 
But it is unlikely that newer figures, which may be 
incorporated into the final report, would make the 
situation look any happier. What is most surprising 
is that, despite Italy's neglect of higher education and 
scientific research, the Italian economy has had a more 
successful time than that of, say, Britain. What has 
to be remembered is that Italy is itself divided almost 
as sharply between an industrialized north and an 
underdeveloped south as it is from other countries in 
Europe. This makes the figures more easy to under- 
stand, although it does not remove the need for con- 
cern. The workers at the CNR did well to turn it into 
a political issue. 
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More Negotiation for Intelsat 


CETS (the European Conference for Satellite Com- 
munications), which was formed in 1963 to provide a 
united European front at the negotiations with the 
United States leading to the 5-year interim world 
communications satellite agreement (Intelsat) which 
was finally signed in 1964, is now engaged in formulat- 
ing its position for next year’s negotiations for a new 
deal for Intelsat. Next year’s revised arrangements 
are intended to produce a permanent organization and 
a plan for long-term operations—the working of the 
present agreement is far from satisfactory. There are 
three main negotiation objectives for CETS. First, 
Intelsat is effectively an American monopoly; it is 
hoped to change this. Second, Comsat, the Amerioan 
Communications Satellite Corporation, is in an anomal- 
ous position, being at the same time the managing body 
for Intelsat and an American commercial company; the 
object is to obtain genuine internationalization of 
Intelsat management. Third, there is room for a 
much better contract position for European firms than 
at present, and CETS wants to get it. 

The European countries together shoulder about 
30 per cent of Intelsat costs, yet their share of the 
international contracts placed by the organization 
amounts to only 4 per cent. Contracts in the so-called 
"space sector" alone are open to international com- 
petition; ground installations are the responsibility of 
the individual countries where they are located. It is 
precisely in the field of satellite construction, satellite 
sub-systems, onboard power supplies and such things 
that European tenders have done badly, in part, of 
course, because they lack the experience of their Ameri- 
can competitors. It is a eogent argument of CETS 
advisers that the inequality will not be rectified without 
more direct European participation in the launching 
and designing of satellites. This was an attraction of 
the CETS project for the Eurovision satellite (Nature, 
217, 1089; 1968) which the British Government has 
now rejected—apart from its promise of an independent 
alternative to the Intelsat service which may not fully 
accommodate Europe's specifically regional needs. 

The CETS committee of deputies held a meeting in 
London on May 16 and 17 to hammer out the lines of 
approach for next year's Intelsat negotiations (CETS 
deputies are junior government ministers) Although 
a coherent joint policy document is required by the 
end of the year, they found themselves unable to 
make progress in the face of the British Government's 
negative statement on the CETS proposal The 
resulting disarray has caused a postponement of the 
Bonn meeting of the European Space Conference from 
July till October or so. 

Britain's views of ELDO's future usefulness and the 
virtue of the Eurovision satellite are in a minority, but 
if the other leading European space nations led by 
France and Germany go on without Britain, as they 
are inclined to do, there are a number of points to be 
settled and agreed. These include the cost of the 
Blue Streak booster which is the basis of the ELDO 
launcher and which is understood to be available 
without British participation; the cost of using the 
Spadeadam test facilities which “prove” individual Blue 
Streaks before shipment for launching, and various 
other pieces of information on which poliey decisions 
involving finance must rest. 
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Protection for Seals 


Tue squabbles about the killing of seals in Britain may 
soon come to an end if the Conservation of Seals Bill 
becomes law. The Bill, introduced by Lord Cranbrook, 
was given its second reading in the House of Lords on 
Friday, May 24. If passed, it will become illegal to kill 
or take a seal in Britain without a licence. The only 
exceptions would be where a seal was in the act of 
causing damage to fishing tackle, or for the rescue (or 
dispatch) of an injured animal. At the moment, legis- 
lation covers only the grey seal (Halichoerus grypus). 
The other seal native to the British Isles, the common 
or harbour seal (Phoca vitulina), is indiscriminately 
hunted. The grey seal is protected under the Grey 
Seals Protection Act of 1932. Recently, however, this 
Act has been harshly criticized, principally because of 
the inconsistent licensing policy that has been allowed. 





Common seal pup. (Zoological Society of London.) 
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The new Bill will provide for the conservation of 
both the grey and the common seal in England, Wales 
and Scotland and in territorial waters. It has been 
prepared by the Council for Nature, and it is hoped that 
it will appease all the interests concerned. Licences 
issued by a minister of state on the advice of the 
Natural Environment Research Council (NERC) 
would specify the number of seals to be taken, the 
means to be used and the areas in which the licence 
was valid. It would be issued for a twelve month 
period, and only for the maintenance of a healthy 
breeding stock or the reduction of surplus seals, for the 
prevention of serious damage to fisheries or for educa- 
tional and scientific purposes. 

Much of the public discussion about seals has been 
concerned with the methods of killing the animals, so it 
is good to see that the licence proposed in the Bill 
would specify the methods of killing or capture. That 
it should do so was one of the recommendations of the 
Universities Federation for Animal Welfare (UFAW) 
in its recently published report, Sealing in UK and 
Canadian Waters (UFAW, 1968). This report includes 
not only a discussion of the humane methods of killing, 
but also some new and useful information on the com- 
mon seal about which very little is known. Although 
the UFAW has been able to estimate the number of 
common seals in the Wash (it was about 1,650 in 1967), 
the number of common seals elsewhere in the British 
Isles is not known. Much more, however, is known 
about the grey seal; the population in UK waters is 
estimated at 35,000, which is about three-quarters of 
the world population. 

If the Bill becomes law, NERC will have to advise on 
the issuing of licences. So that it can formulate a 
proper policy of conservation, one of its first needs will 
be more knowledge of the numbers and distribution of 
both species. Anyone seeing a seal can help by send- 
ing information to the council’s Seals Research Unit at 
the Fisheries Laboratory at Lowestoft. A survey form 
for recording sightings can be obtained from the unit. 


Cancer among Women 


Ix the past decade, deaths from cancer among men 
increased in all the thirteen countries covered by a 
survey made by an American insurance company, the 
Metropolitan Life. By contrast, mortality rates among 


Average of Annual Cancer Death Rates per 100,000 Women in 1962-63 and Per Cent Change since 1950-51 


Lung and 
All sites bronchus 
Country 1962- % 1962- 9$ 
63 chge 63  chge 
Australia 99-8 —4 3-9 +39 
Canada 1142 —6 45 +45 
Denmark 1423 +4 6-1 +42* 
England and Wales 115-8 —4 9-1 +49 
France 103-8 —1 37 +16 
West Germany 128-8 f 4-9 26* 
Israel 126.2 +8 62 +5 
Italy 102-2 +12 4.2 +45" 
Japan 98-5 +4 4-2 +282 
New Zealand 1126 —5 50 +67 
Norway 102-0 —11 27 fe 
Sweden 109-9 —6* $9 +3* 
United States, White 102-7 —13 52 +33 
Non-white 121-2 —7 57 +58 


Breast Uterus Leukaemia 
1962- % 1962- % 1982- % 
63 chge 63 chge 63 chge 
194 —3 100 —I5 42 417 
24-5 47 11-9  —26 46 +15 
25-2 t 19:1 +3 52 ++8* 
24-8 2 10-8 —I4 40 42) 
162 +23 119 = —11 4-7 4-68 
175 +14 133  —40 4-3 +26* 
25-0 +42 68 —21 6-4 +31 
158 +23 14-2 +1 46 +y’ 
40 —5 15-4 —38 2-7 +125 
22-83 —4 95 —26 4-6 -5 
170 —6 92 —19 45 +2* 
19-6 +18 10:8 —2* 5-0 1-9* 
212 —65 10-9 —35 47 1 
20-1 +6 253 —32 3-9 +34 


* Data for 1952-53. t Per cent change less than 0-5. 
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women from all forms of cancer show widely differing 
trends. In a little over a decade, the age adjusted rates 
have fallen in seven countries, increased in four and 
remained stationary in two (see Table). The largest 
declines in death rates from cancer were among 
American white women, N orwegian women and Ameri- 
can non-white women, and the largest increases in rates 
were in Israel, Denmark and Japan. Japanese and 
Australian women seem to have the least chance of 
dying from cancer whereas Danish women have the 
highest chance. Does this mean that there is a very 
much greater risk in the Danish way of life, or are the 
diagnoses made and statistics kept in Denmark more 
reliable ? This question clearly bedevils any com- 
parison between countries. In the United States, on the 
other hand, the striking difference between cancer 
deaths among white and non-white women no doubt 
reflects the better social and economic position of the 
former rather than inherent racial tendencies. 

Deaths from cancer of the digestive organs have 
declined in most countries, but the wide variations in 
the statistics suggest that they are not very reliable and 
there is, of course, great difficulty in diagnosing the 
primary site of cancer in these organs. In all countries, 
however, deaths from lung cancer have predietably 
increased, as have deaths from leukaemia. In Japan, 
the leukaemia death rate increased by 125 per cent in 
the decade, but the country still has the lowest rate, 
which suggests that previously undiagnosed deaths are 
now being included. Whether the increased rates of 
death from leukaemia in general are real or just the 
result of better diagnosis is an open question. What 
does seem certain is that deaths from uterine cancer are 
decreasing and much of this reduction can be attributed 
to early detection and treatment. In the United States, 
however, despite the large decline of uterine cancer in 
non-white women, death among them is still twice 
that among white females and well above that of any 
of the other countries in the survey. Undoubtedly these 
deaths could be prevented by adequate medical services. 
There has, however, been no real progress in reducing 
deaths from breast cancer in any of the countries in the 
survey. 


No Education without Representation 


So far, student unrest in Britain has not begun to rival 
the stirring events in other parts of the world. Only 
the University of Essex and the London School of 
Economics have suffered the kinds of disturbances 
which have been widespread in the United States, 
France and West Germany. British students have 
retained their reputation for stolidity, and the National 
Union of Students, devoted to gradualism, can still 
claim the loyalty of the majority. But in the univer- 
sities this week there seems to have been no feeling of 
self-congratulation, but rather of relief tempered by 
concern that more should be done soon to make students 
feel involved in the organization of their universities. 
The immediate way in which this can be done is by 
appointing students to university committees, a process 
which was launched in Britain by the trouble at LSE, 
and now seems well under way. At the University of 
Sussex at Brighton, for example, disciplinary problems 
are dealt with by a committee on which students are 
in a majority. The committee has an investigatory 
function, and the vice-chancellor remains responsible 
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for determining the punishment. Experience seems to 
suggest that students are unexpectedly severe on their 
fellows, and the staff members of the committee find 
themselves trying to counteract this. The latest 
development at Sussex is the establishment of an 
appeals procedure to give students the right of appeal 
against disciplinary decisions. This committee will 
include student representatives. 

Elsewhere similar developments are taking place, and 
the new universities are well to the fore. Two former 
colleges of advanced technology, now the City Uni- 
versity and the University of Bradford, are said to be 
particularly forward looking. Disciplinary problems 
are generally thought to be the most urgent, but other 
universities are also thinking of introducing student 
representatives on to academic and administrative 
committees. One of the difficulties seems to be that 
students are ignorant of the ways their own universities 
are run, and there have been cases where students have 
turned down arrangements which would in fact have 
offered them more effective power than they were 
asking for, simply because they did not understand 
what was being offered. In some cases liberal vice- 
chancellors have had to push through changes in 
organization against the opposition of their governing 
bodies, who tend to be less willing to involve students in 
university government. 

Other academics suggest that this process alone will 
do little to remove the causes of unrest. There is the 
suggestion, for example, that the appointment of a few 
students to a committee will make those few feel 
happier, but will leave the rest as detached as ever 
from university government. ‘There is also some 
pressure in the universities to reduce rather than 
increase the number of committees, in the hope of 
improving university “productivity”. There comes a 
point, one university scientist argued this week, when 
the claims of efficiency have to give way to humanity. 
A balance must be struck between the need of the 
students—and the staff—to feel involved, and the need 
to avoid the proliferation of committees which have no 
real function to perform. 

But it is still not clear that this gentle process of 
democratization will be enough to satisfy student 
aspirations. The consensus seems to be that there will 
always be a small minority (particularly, some say, at 
universities with large social science departments) who 
will never be satisfied with less than a full-blown 
cultural revolution. The great majority, though, will 
be happy with very much less. This is probably a 
realistic assessment. Only a radical change of educa- 
tional policy, such as the replacement of student grants 
by loans, would turn a sizable part of the British 
student population into radicals. Until that happens, 
the National Theatre is unlikely to be stormed by a 
student army. 


Technology in School 


THE Schools Council subscribes to the belief that it is 
important to introduce technology to school children, 
both for their own benefit in helping them to under- 
stand the increasingly complicated environment and 
to encourage them to take up scientific or technological 
careers. These conclusions emerged from a pilot project 
in 1966 which investigated the technological activities 
in sixty schools, and a three-year project was set up in 
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1967 with the overall objective of helping all children 
“to get to grips with technology as a major influence 
in our society and as a result to help more of them to 
lead effective and satisfying lives". A working paper 
(No. 18: Technology and the Schocls, HMSO, 5s.) which 
has just been published describes the present situation 
in schools and what Project Technology is all about. 

The project is involving more than 600 schools in the 
preparation of a wide range of teaching material, in 
co-ordinating the general efforts and bringing outside 
organizations—universities, colleges, industry and other 
schools—into the scheme. Run by Mr Geoffrey 
Harrison and his assistants from the Loughborough 
College of Education, the project team also has many 
field workers—teachers who will be working on actual 
teaching material. The schools involved will either be 
trying out new material or will be providing advice as 
consultative schools; in addition, any schools which 
are interested in the project can receive advice on how 
best to present technology to the children. The vital 

rt of the whole project is the practical side, with 
school children devising their own experiments and 
apparatus. The working paper gives many examples 
of projects which have been devised so far. Project 
Technology aims to provide boys and girls of all ages 
and abilities with an opportunity of developing talents 
other than the academic ones which are demanded by 
the traditional examinations. The problem is that it is 
difficult for an outsider to gauge a pupil's ability from 
the project work which has been done. 

Regional groups are being organized for discussions 
and encouragement of links with universities and 
industry. Contact between individual teachers in 
schools involved in the scheme will be maintained in 
this way and schools outside the scheme will be en- 
couraged to participate through these regional groups. 
The knowledge and attitudes of teachers are obviously 
important in projects of this kind, and it is hoped that 
universities and training colleges will develop courses 
which will provide the right background for future 
teachers. Help from industry is being sought in the 
form of equipment, either lent or given, in-service 
industrial experience for teachers, or, of course, money. 
The project has set its sights high and co-operation 
from a large number of people will be necessary for its 
success. To help it on its way the Schools Council is 
providing £180,000 for the first 3 years and the pos- 
sibility of extension of the project will be considered 
in 1969. 


More Buses, Less Bustle 


JouRNEY times in central London would be signifi- 
cantly reduced if private cars were replaced with buses, 
according to a study by Dr F. V. Webster of the 
Ministry of Transport (Road Research Laboratory Report 
LR 165). A system relying solely on double-decker 
buses would be £20 million a year cheaper to run 
than the present mixture of buses and cars, most of 
the saving accruing from the cost of passengers’ time. 
Although based on figures from London’s traffic, the 
results of the study are probably also relevant to 
other large cities. 

Passenger mileage during peak hours in central 
London is carried by a mixture of buses (73 per cent), 
private cars (22-5 per cent) and motor-cycles (4-5 per 
cent). The remainder of the traffic consists of taxis 
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and goods vehicles. Leaving the taxis and goods 


vehicles as they are, Dr Webster has considered the 
economic effects of removing the private cars from 


‘the roads and filling the gap with various systems of 


buses. 


JOURNEY TIMES (MINUTES) WITH PRESENT AND BUS-ONLY 


SYSTEMS FOR l, 3 AND 5 MILE JOURNEYS 


Present bus/car mixture Large buses (70 seats) 


l mile 3 miles 5 miles ] mile 3 miles 5 miles 
23 45 67 16 32 47 

Medium buses (30 seats) Minibuses (20 seats) 

l mile 3 miles 5 miles l mile 3 miles 5 miles 
14 28 43 13 28 42 


Bus systems considered ranged from the 70-seat 
double-decker bus in present use to 10-seat minibuses. 
Calculations of average journey time were made for 
each system of bus, assuming that the freedom of 
the roads from private cars allowed optimum routing 
and frequency of the buses. The calculations (see 
Table) included estimates for the time spent walking 
to and from the bus-stop and in waiting for the bus. 
All systems gave a shorter average journey time than 
does the present one. 

On the basis of journey times Dr Webster has cal- 
culated the operating costs of the various systems, 
valuing passengers’ time at 4s. 6d. an hour. This 
figure derives from the assumption that 15 per cent 
of passengers are on business and worth 13s. 6d. an 
hour, and 85 per cent, travelling in their own time, are 
worth 3s. an hour. Other elements in the cost structure 
(see figure) are the operating costs of the various types 
of vehicle. Estimates for each system signify operating 
costs only, and do not include the capital cost of a 
new bus fleet. Nor are such contingent factors con- 
sidered as the decrease in revenue from petrol tax 
which would accompany the banning of private cars 
from central London. 

The calculations suggest that all-bus systems would 
reduce the average journey time by up to one-third. 
Changing from the present system to all 70-seat buses 
would give a saving of £80 per hour per kilometre of 
road network. Assuming 200 kilometres of main road 
in central London, 5 hours a day of peak traffie and 
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250 working days in the year, the total annual saving 
to be gained by the switch would be £20 million. 


Safety in High Blocks 


A PRELIMINARY report on the collapse of a 23 storey 
block of flats in East London last week confirms the 
opinion that the accident was caused by an explosion 
and not by any structural defect. The public inquiry 
into the collapse which will be held shortly will be 
headed by Mr Hugh Griffiths, recorder of Cambridge, 
and with him there will be a civil engineer and a fuel 
engineer. In the meantime, research in Britain into 
the safety of tall blocks seems to be non-existent. The 
Building Research Station, the only establishment in 
the country working entirely on building research, is 
not saying whether any research has been done there 
on the safety of tall blocks, in case the inquiry might be 
affected, but the Directorate of Research and Informa- 
tion (DRI) of the Ministry of Public Building and 
Works which has now undertaken a review of research 
in the construction industry, believes that no specific 
inquiries of the safety of tall buildings have been 
carried out. 

Industrialized building methods for tall blocks have 
been in use for many years now, but the lack of any 
research into safety indicates that the dangers of such 
buildings have not been enough to warrant a research 
programme. If research is recommended by the 
public inquiry, this would come into the field of the 
DRI, which at present spends about £130,000 a year 
on building research. Established in 1962, the DRI 
is part of the Directorate General of Research and 
Development of the Ministry of Public Building and 
Works, with responsibility inside the ministry for 
poliey on construction research and information. It 
also provides a background for the inquiries of the 
Construction Research Advisory Council under Sir 
Michael Cary, which was set up in November 1967 by 
the minister to advise on the best use of the national 
effort in building research. In the research field, as 
well as making a review of existing research and 
pointing out areas which would benefit from investiga- 
tion, the DRI sponsors research in universities to the 
tune of £70,000 a year—at present more than 30 such 
projects have been financed. The Building Research 
Station is now run through the DRI and of the £60,000 
a year it spends, a quarter goes to universities for 
sponsored projects. 

Information and industrial liaison are two important 
aspects of the DRI’s work. As well as producing 
reports and advisory leaflets, the information group is 
hoping this year to begin publication of a quarterly 
journal on research and development in the construc- 
tion industry—no mean task, it seems, because it will 
have to be printed by the often slow-moving Stationery 
Office. Industrial liaison groups are dealing with 
building maintenanee and computer applieations. In 
the maintenance field the group is investigating such 
questions as the quantity and quality of maintenance 
work and the length of time the designers and con- 
structors are responsible for a building—in Britain 
this is often only six months, while in France the 
period is more like ten years. The section dealing 
with applications of computers is to establish a con- 
struction industry computer centre which will be 
particularly useful for the smaller firms. 
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Parliament in Britain 
by our Parliamentary Correspondent 


Nuclear Power 

THERE were a number of questions about the bid the 
UK Atomic Energy Authority has made to build a 
nuclear power station for Imatran Voima, of Finland. 
Mr Edmund Dell, for the Board of Trade, said that the 
Government was doing all within its power to support 
the AEA tender. The EFTA convention required that 
the award of the contract be made on commercial 
grounds, he added. Mr Wedgwood Benn, the Minister 
of Technology, said that the AEA and himself were 
completely convinced that the Steam Generating 
Heavy Water Reactor on offer in Finland was tech- 
nieally and commercially competitive with the other 
tenders. (Oral and written answers, May 15.) 


Grain Beetle 

Was the Minister of Agriculture aware, Mr Kitson 
asked, that the saw-toothed grain beetle was not in 
this country 5 years ago, but that it was here now ? 
What was he going to do about it ? Mr John Mackie, 
for the minister, said that he had been accused of a 
number of things, but this was a new one. He did 
agree that the beetle was a pest, but said that its 
eradication was commercially impractical. Advice 
could be given for fumigation and the like, he sug- 
gested. (Oral answer, May 15.) 

Nuclear Fall-out 

Mr Nery Marten asked the Prime Minister what would 
happen in the event of nuclear fall-out spreading as a 
result of a civil nuclear disaster. The Prime Minister 
replied that such an occurrence was highly improbable, 
but the related departments “would have a role to 
play in inter-related contingency plans". Mr Marten 
wanted to know what would happen when civil defence 
was disbanded next year. Mr Wilson suggested that 
the skill of the AEA could be provided in the event of 
such a disaster. (Oral answer, May 14.) 


Organ Transplants 

Mr KzNwEÉTH Rostnson, the Minister of Health, re- 
fused to name the members of the Conference on Organ 
Transplantation. Nor would he list their qualifications, 
invite Members of Parliament to join the conference, 
publish a report of their deliberations, list the times, 
dates and places of the meetings, or say what arrange- 
ments he had made for the submission of written 
evidence to the conference. All he would do was to 
say that the conference would have a second meeting 
next month. (Written answer, May 14.) 


Rabies 

Mr Jous MacktE, for the Minister of Agriculture, said 
that the last case of the death of a dog from rabies in 
Britain was in 1949. A leopard cub had died in Novem- 
ber 1965. Sir Richard Glyn, who asked for the figures, 
said that only three or four animals had developed 
rabies in quarantine in Britain in the past 20 years, 
and the great majority of animals coming into Britain 
capable of carrying rabies had not passed through 
quarantine. Mr Mackie said that the disease was a 
terrible one if it got into humans, and that no pre- 
cautions could be too great. Dr John Dunwoody said 
that Britain was almost unique in having had no case 
of rabies for very many years. This showed the value 
of the regulations. Mr Mackie agreed. (Oral answer, 
May 15.) 
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Revival of a Research Association 


The British Food Manufacturing Industries Research Association 


almost collapsed last year. 


recovery. 


Tue British Food Manufacturing Industries Research 
Association at Leatherhead, which at one stage in 1966 
looked as though it might possibly go out of business 
altogether (see Nature, 211, 561; 1966), seems to have 
recovered from the period of internal disputes and 
dissensions, and lack of financial support from the 
industry, which had paralysed it. The industry has 
learnt something of its lesson, and with the appointment 
of Dr A. W. Holmes, who sueceeded Dr C. L. Cutting 
as director at the beginning of 1967, and a new secretary 
it has rallied round the association and put the labora- 
tory back on its feet. It has provided adequate, if not 
generous, funds, and agreed to changes in organization 
which at least make the director master in his own 
house. No doubt the industry's fear of the stigma of 
having its research association collapse entirely has 
had as much to do with this as the recognition that, 
properly run, the association can, in fact, provide the 
industry with research facilities on the cheap. The 
food manufacturing industry stil has a conservative 
hard core which simply does not realize the importance 
of research and regards the association as a charity 
rather than anything else. 

When Dr Holmes arrived at the beginning of 1967, 
armed with the report of a firm of management con- 
sultants called in by the association to help sort out its 
problems, morale could hardly have been lower. Staff 
had been leaving, and not only was no one certain 
what relevance many of the research projects then in 
hand had to the industry's needs but there was hardly 
any equipment with which to work. Betweeen 1945 
and 1966, only £50,000 had been spent on new appara- 
tus and budgets had been so tight that the predicted 
working surplus for the year 1967 was a trivial £600. 
An immediate appeal was made to raise £70,000 for 
equipment—spectrophotometers, an electron micro- 
scope and the like—and with the help of a supple- 
mentary grant from the Ministry of Technology to 
match the industry's contributions, more than £68,000 
has been collected, £37,000 from the industry and 
£31,000 from the Government. 

But, as many other laboratories have learnt, although 
useful research cannot be done without proper equip- 
ment, buying fine equipment is no guarantee of success- 
ful research. Recent history had proved the associa- 
tion needed a change in research poliey and organiza- 
tion above all else. The new policy is to try to run the 
association as a business; to sell the industry the 
research information that it needs and simultaneously 
to convince it of the need for research. Of course, 
to achieve this the Byzantine organization of the 
association has been scrapped. In place of twelve 
panels drawn from the industry, which previously 
allocated all the funds, the director and six panels 
allocate the industry's contributions. The Govern- 
ment’s contributions are controlled by a research 
eommittee of industrial representatives and senior 
staff of the laboratory and profits from contract work 
are being used to finance new buildings. 

The statistics in the annual report of the association 


It now seems well on the way .to 


for 1967 testify to the success of the new regime. The 
staff of the laboratories has increased from eighty. 
three to more than one hundred. The association had a 
surplus of more than £14,000 instead of a deficit of 
about £16,000 in 1966, the total income has risen from 
£184,000 to very nearly £250,000 and the total grant 
earning income, in effect the industry's contributions 
which qualify for a Ministry of Technology grant, will 
this year exceed £135,000 and the upper grant earning 
limit set by the Ministry. The food manufacturers 
have no cause to rest on their laurels, however. It is 
hard to believe that an industry, which has an annual 
turnover of about £700 million, takes its research 
association seriously when it contributes only £135,000 
annually. The industry could obviously support an 
association three or four times the present size. 

And the association now has more to show for its 
new policies than just an increased income. It has 
recently received a grant of £20,000 from the Nuffield 
Foundation for a three year study of carcinogens and 
other undesirable substances produced during meat 
curing by the nitrates and nitrites that are used. The 
association hopes to cajole the industry into providing 
a further £80,000 for this work—-so far it has received 
£15,000. There is increasing evidence that the inter- 
action between nitrites and amines in meat ean pro- 
duce carcinogens such as nitrosamine (see Lancet, 
May 18, 1071; 1968). Clearly, although there may be 
no cause for everyone in à moment of panie to forgo 
bacon or pickled meat, the industry should know a 
great deal more about the chemistry of curing than it 
does. And its association, armed with the Nuffield 
grant and the experience gained from contract work 
for the US Department of Agriculture, is the best place 
for this research. 

On its own initiative the association has also made 
in the last year what may prove to be an important, 
but embarrassing, innovation in chocolate manufac- 
ture. The association has developed a new process 
which, it claims, makes chocolate in hours instead of 
days. Obviously if it proves possible to scale up the 
new method to commercial levels, there should be 
great savings in the chocolate and cocoa industry. 
This prospect, of course, presents the association with 
a ticklish problem. If the process is a commercial 
success, should it be offered free to members or should 
the association take out a patent and sell licences, 
perhaps offering member companies the most favourable 
terms ? Although there are precedents in other associa- 
tions for both alternatives, the betting is that the 
association will take out a patent. The member 
companies at first sight may feel they have a right to 
exploit the process freely, but why should one branch 
of the industry benefit uniquely from research which 
has in effect been supported by the whole industry ? 
If the process is a success, the future finance of the 
laboratory may be assured; and even if all this turns 
out to be wishful thinking, there remains the consolation 
that the idea is symptomatic of the improved climate 
at Leatherhead. 


NEWS AND VIEWS 
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New York Conference on Pulsars 


May 21 

Nor long ago it was the quasar, and now it is the 
pulsar, the radio properties of which burst on us with- 
out any corresponding optical information. At this 
conference there was a wealth of information about 
the structure of the radio pulses, many ideas on their 
generation, on the scintillation phenomena which so 
evidently modulate their strength, and on the nature 
of the accurate periodicity of the pulses, but there was 
still very little about the possible identification of any 
of the four known pulsars with visible objects. 

The one new piece of optical information fell as a 
bombshell at the conference at the Goddard Institute of 
Space Studies; it wasreported both from Kitt Peak and 
Lick Observatories that the light from Ryle's star, 
provisionally identified with CP 1919, was varying by 
about 4 per cent with a period twice the interval 
between the radio pulses. If this is true, it makes the 
identification more certain and the theories more 
difficult, since there is no evidence at all for the differ- 
ences one might then expect between alternate radio 
pulses. 

The confusion between various observations was 
worsened by the dramatie arrival of Dr Cudaback 
from Lick Observatory, carrying batches of data 
showing that the light output of CP 1919 varied by 
more than 15 per cent with a wide variety of periods, 
not locked accurately to the radio period but including 
the double period and its harmonics. This behaviour 
is clearly not the same as the radio behaviour, and at 
this early stage it could not be taken into account 
in the theoretical discussions. 

The radio evidence confirmed and enlarged the 
picture which has emerged from recent papers in Nature. 
New observations at Arecibo and Greenbank have shown 
that the polarization of radio pulses is typically 
elliptical rather than plane, and that it varies over the 
whole range from circular to plane. An extra pulse 
has been found in Jodrell Bank recordings of CP 0950; 
this pulse occurs 100 ms earlier than the main pulse, 
and contains 1-5 per cent of the energy of the main 
pulse. Observations of the radio spectrum have been 
made down to a wavelength of 13 em for all four sources 
by the California Institute of Technology, and down to 
11 em for two sources by Jodrell Bank. The spectrum 
falls steeply for CP 0834 and CP 1919, and the radio 
emission mechanism must explain this very rapid cutoff. 

The scintillations of these radio sources, giving the 
variations shown in Jodrell Bank recordings from a 
wavelength of 2 m to 30 em, have the characteristics 
of focusing at the short wavelengths and à more random 
character at long wavelengths. Further, there is fine 
frequency structure in the spectrum which is trouble- 
some for further observation of the Faraday effect in 


the galactic magnetic field, but which is now clearly 
attributable to scintillation. Professor F. G. Smith 
showed that the scintillation occurs in a physically 
thin shell of ionized gas round the star, with radius 
perhaps 10% km with irregularities 10* km across 
containing an electron density of about 10? em-3, 

The very accurate time-keeping properties of the 
pulsars suggest that they are either massive oscillating 
stars or binary systems. A single star would be a white 
dwarf, oscillating in an overtone mode, and driven by 
nuclear burning. Binary systems are subject to 
enormous gravitational forces, and they will be unstable 
if the orbital period is made short enough. Any single 
ster rotating at the observed pulse period would only 
be stable if it were as small as a neutron star, but J. P. 
Ostriker showed that there is a wide range of white 
dwarf models which rotate fast enough to distort them 
into ellipsoids. Suggested emission mechanisms varied 
from a permanent flare, emitting like a lighthouse, to 
versions of shock waves converting mechanical energy 
into radiation as they encounter a magnetic field. 
The shape of the individual spikes and the pulse envel- 
opes fit well with a source distributed over the surface 
of a white dwarf, according to calculations by B. H. 
Bland of Manchester. 

The conference was prepared to accept interpretations 
based on white dwarfs, but there is still room for many 
questions on pulsation theory and the emission mechan- 
ism. The observational question about the optical 
emission also remains open; it may be settled very 
soon, since the whole of the astronomical world is so 
excited about the possibility of light pulses that many 
telescopes will be used on the pulsars during the next. 
few nights. F. G. Serra 


Renal Transplantation 


A REPORT in the current issue of the British Medical 
Journal describes the progress of 49 patients who 
have received renal transplants at Addenbrooke’s 
Hospital, Cambridge. Compared with early experience 
of this surgical technique, the results are much im- 
proved—the longest period of survival since the 
operation is 2-5 years. 

The report, which was written by 12 medical workers 
(including Professor R. Y. Calne, who recently per- 
formed the liver transplant), describes 54 consecutive 
transplants—51 kidneys coming from cadavers and 
3 from parental living donors. Briefly, patients were 
admitted to a special transplantation and dialysis 
unit on the top floor of the hospital, and tissue typing 
was carried out. Immediately after removal, the 
kidneys were immersed in normal saline at 4°C, 
the renal artery was cannulated in most cases, and the 
kidneys were perfused with Ringer's solution at 4° C. 
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After transplantation the immunosuppressive agents 
azathioprine and prednisone or prednisolone were used. 
Treatment of rejection involved a massive increase in 
administration of steroids, and in some cases actino- 
mycin C, extracorporeal irradiation or antilympho- 
eytie globulin were used. 

The most satisfaetory cases were discharged from 
hospital within 6 weeks of surgery, but the average 
post-operative period in hospital was 9 weeks. An 
attempt was made to see all patients every 3 months 
at Cambridge. . 

The results of the follow-up show that of the three 
patients who received kidneys from their parents, 
two are alive and well after 3 months and 2 weeks 
respectively, and have good transplant function; 
one died after 4 weeks. Results for patients receiving 
kidneys from cadavers are shown in the table. Five 
of these patients each received two kidneys. 


Transplants in 42 patients after 4 or more months 
Functioning transplants 
25 of 44 (58 per cent) 
17 of 29 (59 per cent) 
6 of 7 (86 per cent) 


Living patients 
28 of 42 (67 per cent) 
17 of 27 (63 per cent) 

6 of 7 (88 per cent) 


At 4 months 
At ] year 
At 22 months 


Of the nineteen transplants that failed, rejection 
oceurred in nine cases, but a number of other complica- 
tions also developed in some patients. Five patients 
received second transplants, and the cases trans- 
planted during the past 4 months are too early to assess. 
Twenty-four patients have been restored to normal 
activity, and most of them have returned to their 
previous jobs. If it is remembered that before surgery 
these patients existed in a moribund condition, these 
results from Addenbrooke's Hospital suggest that the 
risk of renal transplantation is on the whole worth 
taking. 


New Polymers 


A SYMPOSIUM was held at the University of Manchester 
on April 8 and 9 to review advances in the field of new 
polymerie materials. 'lhe main contributions were 
presented by eight invited speakers. 

Professor C. S. Marvel (University of Arizona) 
diseussed attempts to find thermally stable polymers 
capable of maintaining their physical properties at 
temperatures of at least 300° C in air. In general, the 
organie polymers whieh will withstand these tempera- 
tures are aromatic structures, usually heterocyclic, 
with a low hydrogen content. The ‘Viton’ rubbers 
(copolymers of vinylidene fluoride and hexafluoropropy- 
lene) are the first of these materials to go into small- 
scale commercial production. Most polymers are 
insulators, but structures are possible which will 
produce the electrically conductive polymers discussed 
by Professor H. A. Pohl (University of Oklahoma). 
A system of conjugated double bonds extending 
throughout a rigid macromolecule has a high con- 
ductivity limited only by the gaps separating the ends 
of molecules. The effect of this energy barrier can be 
reduced by applying high pressures to the system. 

Professor R. N. Haszeldine (Institute of Science and 
Technology, University of Manchester) gave a review 
of the preparation of nitroso-elastomers which have 
excellent low temperature properties and outstanding 
inertness both to chemicals and solvents. 
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Professor O. Wichterle (Macromolecular Institute, 
Prague), described recent attempts to prepare poly- 
conjugated polymers. In the past the basic reason 
for the failure to obtain continuous conjugation along 
the backbone chain of a macromolecule has been the 
lack of stabilization of the transition structures oecur- 
ring in the polyconjugation growth. In Prague the 
stabilization of living acetylene polymers has been 
achieved. The anionic polymerization, in polar solvents 
(for example, dimethylsulphoxide), of acetylene, diey- 
anoacetylene and cyanogen is also possible. 

Of the quarter million or so polymers and copolymers 
which came within the scope of his review, Dr I. Good- 
man (ICI P and P Laboratory) discussed those poly- 
esters and polyamides which are of commercial interest. 
Lactones are becoming increasingly important as 
sources of polyesters: also polyesters containing alipha- 
tic or aromatic rings in the chain backbone other than 
poly(ethylene terephthalate) are reaching the market, 
for example, poly(c-hexane 1:4 dimethylene (tereph- 
thalate). Nylons 6 and 6-6 still dominate the poly- 
amide field and are unlikely to be replaced on technical 
grounds: the improved thermal stability and lower 
moisture absorption of the higher nylons (7-12) are 
counteracted by their lower moduli, especially at high 
temperatures. 

Professor Morton (University of Akron) reported the 
controlled synthesis of polymers containing blocks of 
polystyrene and polydiene (butadiene or isoprene) of 
strueture SDS. In these materials, a dispersion of in- 
compatible polystyrene domains which are glassy 
below 70° Č aet as cross-links. The stress-strain 
properties of these thermoplastic elastomers are not 
affected by the chain lengths of monodisperse diene 
blocks in the range 600-2,000 diene units, but the 
polydispersity of the block lengths does influence 
these properties. 

Two aspects of composite materials were presented 
at the last session, first by Dr J. Economy (Carborun- 
dum Co., Niagara Falls, USA), who spoke about the 
preparation and properties of novel boron nitride and 
graphite fibres, and second by Dr A. Kelly (National 
Physical Laboratory), who discussed the principles 
involved in reinforcing polymers with these novel 
fibrous materials. 

Overall, the impression gained was that there were 
no new materials available which are likely to compete 
in quantity with the well established polymers. On 
the other hand, special-purpose polymers, such as the 
benzimidazoles, are in small seale production despite 
their cost and the serious problems of fabrications. 
The block copolymer rubbers are scientifically interest- 
ing but still have to make a technological impact. 
Perhaps the most exciting possibilities lie in the field 
of composites, where there is much pioneering work to 
be done both in methods of preparation and in the 
establishment of the principles of reinforcement. 


Two-fluid Solar Wind 


A THEORY of the solar wind which purports to take full 
account of the separate existence of protons and elec- 
trons in the outwards stream of particles from the Sun 
has now been published by R. E. Hartle and P. A. 
Sturrock of the Ames Research Center of NASA 
(Astrophysical J., 151, 1155; 1968). The starting 
point for the argument is that the rate of exchange of 
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energy between protons and electrons due to collisions 
is too slow to justify the assumption that the solar 
wind can be treated as a single fluid by the Navier— 
Stokes equation, for example. At the Earth’s orbit, 
for instance, the rate of energy exchange would be great 
enough to justify the one-fluid approximation only 
if the electron temperature were less than 1,000° K, 
which is not supported by experimental measurements. 
In the circumstances, Hartle and Sturrock choose to 
work with a model in which the electron and proton 
temperatures of the solar wind can differ (although 
they retain the simplifying assumptions about the 
effects of solar rotation and magnetic field which are 
common in other theories), Fortunately, the analysis 
is simplified to some extent by the way in which the 
requirement that there should be no net transport of 
charge from the Sun implies that the particle densities 
of the two components of the solar wind should every- 
where be equal. The solutions are, of course numerical. 

The ideal, unattainable as it turns out, is that it 
should be possible to derive the properties of the outer 
corona and the solar wind from a specification of 
temperature and density at the base of the corona, 
In practice, the assumption of a particle density equal 
to 2-3x 108 cm and a temperature of 1-2 108 K 
leads to the prediction of a solar wind at the orbit of 
the Earth which is at once thinner and cooler than any 
observed in practice. Hartle and Sturrock point out 
that the discrepancy is no doubt to be attributed to 
the dissipation of a non-thermal source of energy in the 
corona, which is why they have chosen to construct 
models of the solar wind based on the properties of 
the corona at a height of one solar radius above the 
Sun, where observations by Blackwell during the solar 
eclipse of 1954 have provided usable estimates of 
density and temperature. Reasonably enough, all 
assumptions seem to yield a slowly increasing outward 
velocity which seems to amount to 100 km s at one 
radius from the Sun. Near the Sun and out to a distance 
of 20 radii, agreement with eclipse data seems reason- 
ably good. It is therefore something of a disappoint- 
ment that the agreement between the predictions of 
the theory and observations from spacecraft at the orbit 
of the Earth is far from satisfactory. On the whole, 
the two-fluid theory yields temperatures and velocities 
which are too low. It remains to be seen whether the 
missing element in the theory is non-thermal dissipa- 
tion above 20 solar radii or whether, alternatively, the 
discrepancies are to be accounted for by the special 
effects of disturbed regions on the surface of the Sun. 


Hookworm Infection 


Iyrection of man with "abdominal worms" has been 
known to be associated with anaemia for about 3,500 
years, but it is only in the last decade that evidence has 
been obtained showing that it is, in fact, intestinal 
haemorrhage that is the primary pathogenic mechanism 
in the induction of hookworm anaemia. In a paper 
entitled “Pathogenesis and Immunity in Hookworm 
Infection", delivered at the Royal Society for Tropical 
Medicine and Hygiene on May 16, Dr T. A. Miller, 
of the Wellcome Laboratories for Experimental Para- 
sitology at the University of Glasgow, described cireum- 
stantial evidence suggesting that man, like animals, 
may develop immunity to reinfection with hookworms. 
Measurement of the daily loss of whole blood in the 
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faeces of pups infected with Ancylostoma caninum indi- 
cated that this was equivalent to approximately 8 per 
cent of the total circulating blood volume, but was 
sometimes as high as 20 per cent on several consecutive 
days. For the sake of comparison, if extrapolated to 
humans, this would, according to Dr Miller, represent 
a continuous loss over 18 days of about 0:33 L./day, with 
an occasional daily maximum of about 1 1. and with 
cumulative losses in 12 days approximately equivalent 
to the total circulating blood volume. 

Surprisingly, pups are able to compensate for the 
severe blood loss. Furthermore, when present in the 
canine intestine in large numbers, hookworms either 
seem unable, or find it unnecessary, to take such large 
quantities of blood as when there are fewer worms. 
There is some evidence that a similar situation may 
occur in man. 

Vaecination of pups with X.irradiated larvae of 
4. caninum has been shown by Dr Miller to protect 
dogs of any age against the establishment of hook- 
worms from challenge infections of the normal parasite, 
In these vaccinated pups a haemorrhage-suppressing 
effect of the immune response was concluded to be a 
part of the general immune phenomenon, and may be 
associated with an anti-worm metabolite elaborated by 
the pups as a result of vaccination. In this context 
Dr R. E. Thorson has shown that the sera of immune 
dogs contain antibodies capable of inhibiting the 
proteolytic enzymes, but not the anti-coagulants of 
A. caninum. 

According to Dr Miller, although the chief benefit of 
this vaccine will be conferred on dogs, there is likely to 
be a considerable public health value to man as well. 
Thus a reduction in the intensity and incidence in the 
pet population of infection with the three hookworms 
A. braziliense, Uncinaria stenocephala and A. caninum, 
which cause creeping eruption in man, would be bene- 
ficial to all concerned. 

Whether or not man can develop acquired immunity 
to reinfection with hookworms is not easily determined, 
because human subjects cannot be infected experi- 
mentally. As Dr Miller pointed out, however, in many 
areas of the world, man is constantly exposed and 
re-exposed to severe hookworm infection from the 
heavily contaminated environment, and yet he survives. 
Furthermore, fatal hookworm infection in endemic areas 
has only been described in young children. This 
preponderance of the chronic rather than the acute 
infection indicates that acquired resistance or immunity 
may be involved. 


Bagnall's Thrips 


RicHanp Srppowav BacNaLL (1889-1962) was an 
outstanding amateur entomologist during the first part 
of this century. He is known mainly for his studies on 
Thysanoptera (thrips) and Collembola, but he also 
published numerous papers on other orders of insects 
and arthropods. Between 1907 and 1936 he published, 
in the order Thysanoptera alone, some 577 species- 
group names and 100 genus-group names as well as a 
number of family and other higher groups. Thrips are 
minute exopterygote insects with piercing mouthparts. 
Most of them feed on plants and some are serious pests 
in that they rob the plant of sap. They also often cause 
malformations and in some cases inhibit the develop- 
ment of fruit. 
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A review of Dr Bagnall's Thysanoptera collections by 
L. A. Mound of the British Museum (Natural History) 
has just appeared (Bulletin of the British Museum 
(Natural History) Entomology, suppl. 2; 1968). In 
1932 the museum purchased Dr Bagnall’s collection, 
which at that time consisted of about 17,000 specimens 
of whieh 430 were type specimens and 750 paratypes. 
Specimens were added to the coliection by Dr Bagnall 
until his death, and now his collections, together with 
the other material in the museum, contain about 
10,000 slides of more than 1,200 recognized species, in 
addition to unworked species. 

Many of Bagnall's nominal species have never been 
re-examined since they were first described. It has 
been found that some of his original descriptions are 
inaccurate in some respects, and Mr Mound has therefore 
included in his review 134 new generic and specific 
synonymies and 39 new combinations. The original 
descriptions have been compared in each case with the 
material remaining in Dr Bagnall’s collection, lecto- 
types have been selected for many species and the 
original host and particulars of locality have been given 
for each species. Of the forms described by Bagnall 66 
generic and 383 specific names are accepted by Mr 
Mound. Mr Mound has also included a biographical 
note on Dr Bagnall and a general account of the history 
of his collections with a list of the missing species and a 
list of the species ascribed to Bagnall in error. 

In 1929 when Bagnall was presented with the 
honorary degree of DSc from the University of 
Durham, the university journal referred to him as “the 
best entomological field worker in the country and one 
of the world's authorities on thrips". Mr Mound 
describes him as an "excellent naturalist. ... However, 
his habit of pronouncing on ‘new species’ with only the 
help of a hand lens was regarded as rather eccentric". 
Eccentric he may have been, but his work forms an 
important part of the present knowledge of European 
thrips. 


Plant Parasite Spreads 


A SPECIES of dodder, the parasitic plant belonging 
to the Convolvulaceae which grows chiefly on gorse, 
heather and nettles in Britain, has been found on 
avocado trees in Israel. Dr E. Lahov of the Volcani 
Institute of Agricultural Research in Rehovot, reports 
that in the summer of 1966 two avocado trees were 
found to have been attacked by dodder on a plantation 
in Cabri in western Galilee. The branches which had 
been attacked were cut and destroyed, but in 1967 
thirty trees on the same plantation were found to 
have been attacked. Cabri is the only place in Israel 
where dodder has been observed so far. All attacked 
trees were of the variety ‘Ettinger’, from seedlings 
whieh originated in Israel; other varieties, such as 
‘Haas’ and ‘Fuerte’, which were growing adjacent to 
attacked trees, were not affected, which shows that 
this dodder has à very high specificity. 

Professor N. Feinbrun of the department of botany 
of the Hebrew University of Jerusalem has identified 
the dodder as Cuscuta cassytoides, Nees von Esenb, 
a species known only in South Africa. According to 
the Citrus and Subtropical Research Institute at 
Nelspruit, South Africa, Cuscuta is known to grow 
on wild trees next to cultivated avocado trees in the 
mountainous areas of South Afriea when rainfall is 
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high. Professor C. A. Schroeder of the University of 
California, Los Angeles, has reported that Cuscula 
has never been found on avocado trees in California 
or Florida. Cuscuta is not listed in the Index of 
Plant Diseases in the United States as occurring on 
avocado. 

This is the first time this species of dodder has been 
observed in Israel and it is not known how it was 
introduced. Young avocado plants or grafts are not 
known to have been introduced from South Africa. 
It is, however, possible that other plants served as 
carriers for the dodder. Nobody yet knows how to 
check the spread of this dodder, and until further 
progress is made growers are being recommended 
to burn the affected avocado branches as soon as the 
parasite is observed. 


Effects of Air Pollution 
from a Correspondent 


A SYMPOSIUM on the influence of air pollution on plants 
and animals, sponsored jointly by the Council of Europe 
and the Netherlands Government, was held at Wagenin- 
gen from April 22 to 27. The arrangements were 
made by an organizing committee, under the chairman- 
ship of Dr J. G. ten Houten, director of the Institute 
of Phytopathological Research. The symposium, 
attended by some 150 delegates from 17 countries, was 
divided into seven sessions. It started with an inven- 
tory of damage due to industrial and urban air pollu- 
tion, then dealt with research, with observations of 
effects on both wild and domestic plants and animals, 
with techniques, both mechanical and biological, for 
measuring pollution, and with the use of vegetation to 
ameliorate existing conditions. Some 33 papers in 
English, French and German (with simultaneous 
translation) were read, and each session finished with a 
panel discussion. 

Those used to British conditions were impressed 
with the seriousness of the problem in other countries. 
We have had our own incidents: fluorine damage at 
Fort William and around brickworks, local high levels 
of sulphur and smog, "lichen deserts" around our 
towns, but, by good luck rather than good planning. 
proved eases of severe damage have been uncommon. 
[n Europe at least 400,000 hectares are severely 
affected. Thus in Norway conifers may be extermin- 
ated for more than 10 km around aluminium plants, 
and visible damage extends for three times this 
distance. In the Netherlands, in areas where horticul- 
ture continues next to industrial development, sus- 
ceptible varieties of crocus, freesia, gladiolus and 
tulip are seriously affected by fluorine. In Switzerland, 
both Mp ed dioxide and fluorine compounds eause 
serious damage. The effects of the photochemical 
smog in Los Angeles, California, are well known, and 
are being repeated in other areas in North America 
with high automobile populations and suitable meteoro- 
logical conditions. Ozone damage is also serious in 
the United States. France, Germany, Czechoslovakia, 
Austria and Yugoslavia have equally serious problems. 

Most work has concerned economic damage to vascu- 
lar plants, though there has been much study of lichens 
and bryophytes, which may act as “indicator species”. 
Results, however, are not quite clear cut, as micro- 
climates in cities—drier, less dew, higher temperatures 
—may affect species also susceptible to sulphur. 
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Britain has the most extensive survey network, measur- 
ing smoke and sulphur dioxide, organized by the 
Warren Spring Laboratory of the Ministry of Tech- 
nology. Pollution data from most other countries are 
still insufficient. 

Pollution may increase disastrously with the increase 
in world population and industrialization. But there 
are hopeful developments—few countries now allow 
unlimited emissions of smoke (which may contain 
fluorine, sulphur and other poisons) even in remote 
rural areas. In Britain smoke pollution has decreased 
substantially in recent years, and sulphur dioxide 
levels have ceased to rise, despite increased use of fuels 
containing sulphur. Other countries are making 
attempts to solve their problems. This symposium 
showed that the ecologist may make as great a contribu- 
tion as the engineer. Where pollution cannot be 
prevented at source, the planned use of the correct 
type of vegetation may have very useful effects. 


Amine Oxidase Isoenzymes 
from our Medical Biochemistry Correspondent 


THERE is now evidence for the existence of more than 
one monoamine oxidase in mammalian tissues. The 
monoamine oxidases inactivate amines by oxidative 
deamination, and monoamine oxidase inhibitors are 
widely used in the treatment of depression, but the 
effects of increased amine concentrations on the blood 
pressure can lead to undesirable side-effects. The 
effect of these drugs is normally measured rather 
crudely by measuring the increase in urinary trypt- 
amine, which is also affected by amines in the diet. 
In an attempt to estimate directly the effect of inhibi- 
tors on monoamine oxidase in the blood, Robinson, 
Lovenberg, Keiser and Sjoerdsma (Biochem. Pharmacol., 
17, 109; 1968) showed that there were great differences 
between the amine oxidase activities of platelets and 
plasma. The platelet enzyme, like the human liver 
amine oxidase, was inhibited by antidepressant drugs 
but not by the anti-tubercular drug isoniazid or potas- 
sium cyanide. The plasma enzyme was inhibited by 
isoniazid and potassium cyanide but was less sensitive 
to the antidepressant drugs than the liver and platelet 
enzymes. When the kinetics of the platelet enzyme 
were compared with those of the rat liver enzyme, 
both showed more activity with some substrates than 
with others, but the maximum velocities and substrate 
affinities differed considerably. When eighteen humans 
were given antidepressant drugs or isoniazid, the 
inhibition of platelet amine oxidase correlated well with 
the increase in urinary tryptamine exeretion, but the 
inhibition of plasma amine oxidase did not. 

The study of a new monoamine oxidase inhibitor, 
NSD 2023, has provided evidence of more than one 
amine oxidase in mouse tissues (Squires and Larssen, 
Biochem. Pharmacol., 17, 369; 1968). The drug 
y-morpholino butyrophenone (NSD 2023) is an anti- 
convulsant and protects against the effects of reserpine, 
and also acts as an amine oxidase inhibitor at very low 
doses. The maximum inhibition i» vivo in mouse 
brain was 40 per cent with kynuramine as substrate 
and 70 per cent using tryptamine as substrate. This 
suggests that mouse brain must contain at least two 
amine oxidases whieh differ in their susceptibility to 
inhibition by NSD 2023. The proportions in different 
tissues must vary, because both in vivo and in vitro 
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the drug produced more inhibition in preparations from 
brain and kidney than from liver. 

An interesting variation in activity of amine oxidase 
during the human menstrual cycle has recently been 
demonstrated (Southgate et al., Biochem. Pharmacol., 
17, 721; 1968). Previous histochemical studies had 
shown that in the non-secretory and carly secretory 
phases of the menstrual cycle amine oxidase was 
present in granules in the cells of the endometrium, 
but in the late secretory phase there was diffuse staining 
in the eytoplasm as well. In this investigation normal 
endometrial biopsies from 30 women were stained 
histochemically for amine oxidase activity and the 
production of radioactive aldehyde from “C-tryptamine 
was measured. The histochemical results confirmed 
the earlier observations, and the quantitative assays 
showed that there was six times as much activity in 
late secretory specimens as in specimens in the non- 
seeretory and early secretory phases of the menstrual 
cycle. They could not demonstrate any changes in 
activity during the oestrous cycle in the rat. If some 
of the monoamine oxidase activity in human brain 
is also hormone-dependent, this might be related to post- 
puerperal depression and variations in depression dur- 
ing the menstrual cycle. Further investigations of 
the differences in amine oxidase activities in different 
tissues might lead to drugs affecting some amine con- 
centrations without the undesirable side-effects of 
present preparations. 


RI7 A Protein 
from our Cell Biology Correspondent 


Last year (see Nature, 216, 541; 1967) Roberts and 
Argetsinger-Steitz successfully reconstituted infective 
particles of the RNA bacteriophage R17 and in so 
doing proved that the A protein is a structural com- 
ponent of the phage and essential for infectivity. 
The success of this reconstitution experiment depended 
on the isolation of the A protein and, in two papers in 
the current Journal of Molecular Biology (88, 923 and 
937; 1968), Argetsinger-Steitz reports how the A 
protein was isolated and characterized and its amino- 
acid composition analysed. It is clear from this work 
that each R17 phage contains only one molecule of the 
histidine containing A protein which has a molecular 
weight of about 38,000. 

To show that the A protein is a structural component 
of R17 grown in vivo, Argetsinger-Steitz exploited the 
fact that the amino-acid histidine is absent from the 
phage coat protein. Phage was grown in the presence 
of labelled histidine and then isolated, purified and 
assayed for radioactivity. The phage contained histi- 
dine. Fractionation of the proteins isolated from the 
labelled phage by three distinct methods, polyacryl- 
amide gel electrophoresis, ion exchange chromato- 
graphy and filtration on ‘Sephadex’, all showed that 
the histidine was present in phage specific A protein. 
The behaviour of the A protein on ‘Sephadex’ indicates 
its molecular weight is about 35,000-40,000. Further. 
more, as expected from the in vitro reconstitution 
experiment, A protein is totally absent from the 
defective particles produced by phage which have an 
amber mutation in the A cistron. 

Since the A protein has a molecular weight of 35,000— 
40,000, it must contain about 350 amino-acids; R17 
coat protein contains 129 amino-acids, and Capecchi 
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(1966) estimated that the minimum molecular weight 
of the R17 RNA synthetase moncmer is about 50,000, 
which corresponds to roughly 400 amino-acids. If 
these values are accepted, there is theoretically enough 
information in the R17 genome to code for a fourth 
protein of up to about 200 amino-acids since the total 
R17 genome could code for 1,100 amino-acids. It is 
very unlikely, however, that a fourth R17 protein, if 
it exists, is a structural protein. 

In the second paper Argetsinger-Steitz reports the 
large-scale isolation and partial purification of A 
protein, which is apparently very insoluble and difficult 
to work with because it tends to bind to any surface. 
Nevertheless, she produced 90 per cent pure A protein, 
and amino-acid analysis of this material indicates 
that there are five histidine residues per 38,000 molecu- 
lar weight. The isolation of A protein is a considerable 
technical achievement, but unfortunately the really 
interesting questions about the À protein, namely, how 
it functions and how it confers infectivity on the phage 
particles, still remain to be answered.’ 

In the same journal (ibid., 947) Argetsinger-Steitz 
reports the discovery of a curious slowly sedimenting 
but infective form of R17. This form of the phage is 
produced by heating normal R17 particles at 46° C in 
a buffer of low ionic strength. The particles produced 
by this treatment sediment at 458-505 but they have 
not lost either RNA or protein. They are, however, 
more sensitive to RNase digestion than the normal 
phage presumably because the RNA is either partially 
extruded from the particle or else the entire particle is 
expanded so as to expose the RNA to the external 
medium. But since the “puffed particles” are infective 
they cannot have lost the site which is complementary 
to the phage adsorption site or the host cells, and 
experiments with °H histidine labelled phage have 
shown that A protein is not lost from the slowly sedi- 
menting particles. 


Associating Systems 
from our Molecular Biology Correspondent 


It is by now abundantly clear that a large number of 
proteins exist in solution in a state of association- 
dissociation equilibrium. The evaluation of such 
equilibria by physieal measurements in real, non-ideal 
systems has until quite recently appeared a prohibi- 
tively difficult proposition. Some strikingly successful 
treatments have now, however, been developed, and are 
beginning to produce important contributions to protein 
chemistry. 

The first comprehensive treatment of indefinite 
associations has been presented by Adams and Lewis 
(Biochemistry, 7, 1044; 1968). This type of behaviour 
has been observed with a number of proteins—the 
most striking recent example being glutamic dehydro- 
genase; as Eisenberg and Tompkins showed, its mole- 
cular weight increases without limit with increasing 
protein concentration. It has been shown that pro- 
cedures based on sedimentation velocity experiments 
are likely to be unreliable because of the hydrostatic 
pressures generated at high centrifugal fields, which 
act to annul the volume change commonly aceompany- 
ing association equilibria. These strictures do not, 
however, apply to low-speed sedimentation equilibrium, 
and this is the approach which Adams and Lewis 
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have investigated. Assuming only that the association 
can be described by a single equilibrium constant, 
and the non-ideality by a single virial coefficient, they 
derive an expression for the ratio of the monomer 
weight to the apparent weight-average molecular weight 
at any concentration—the latter being the quantity 
experimentally obtained at points in the ultracentri- 
fuge cells—in terms of the non-ideality, which can thus 
be determined. This in turn yields the equilibrium 
constant by way of one of the basie equations, and 
further useful relations, involving the moments of the 
molecular weight distribution, are given which allow 
checks for the internal consistency of the parameters. 
The monomer molecular weight must, of course, be 
known. 

To show off the precision of their method, Adams 
and Lewis have applied it to the self-association of 
8-lactoglobulin A at acid pH. The observed equili- 
brium distribution is shown to be incompatible with a 
monomer-dimer-octamer system, which had been 
inferred in earlier work by light-scattering. The fit for 
an indefinite association, on the other hand, was 
wellnigh perfect, with a single equilibrium constant 
of 400. 

A quite different approach is to apply transfer theory 
to migrating boundaries, eschewing if possible the use 
of sedimentation velocity: the theory is equally well 
applied to the experimentally more tractable technique 
of gel filtration. The theory was extensively developed 
by Gilbert and co-workers, and an elegant application 
has now appeared from his laboratory (Chiancone et al., 
J. Biol. Chem., 248, 1212; 1968). "The dissociation 
equilibrium of oxyhaemoglobin at neutrality and in 
moderate ionie strength has been studied, and the 
theoretical principles are explained. The method 
consists in applying to a column (‘Biogel’) a volume of 
protein solution at fixed concentration and, when this 
has entered the column, following it with one of higher 
concentration, so that a stepwise elution profile is 
obtained. The second solution is followed by solvent, 
causing elution of a further concentration boundary, 
The elution volumes of either boundary are related to the 
concentrations of the constituents, for the proportion of 
protein entering the column matrix (gel beads) will 
depend on the relative proportions of the lower and 
higher molecular weight species present. The results 
of experiments at different protein concentrations must 
then be fitted according to possible dissociation schemes 
and corresponding parameters, and this is à complex 
process, involving a non-linear least-squares fit. It 
requires also that the elution volumes for the individual 
species, as well as their approximate dependence on 
concentration, be known. These values are obtained 
well enough by the use af myoglobin to represent the 
monomer, and a well established relation between 
elution volume and molecular weight. The results are 
uniquely fitted by a dimer-tetramer equilibrium, the 
presence of the hypothetical trimer species being 
formally eliminated. Within the concentration range 
of the experiments—spanning more than two orders of 
magnitude—the concentration of the monomer species 
is too low for useful conclusions. However, for the 
dimer-tetramer equilibrium, an association constant 
of some 200 is deduced. Thus, at a protein concentra- 
tion of 0-01 per cent, half the haemoglobin is dissociated 
into dimers, whereas at 1 per cent concentration this 
falls to 6-7 per cent. 
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New Integrals of Motion and the Orbital 


History of the Moon 


by 
C. L. GOUDAS 


Boeing Scientific Research Laboratories, 
Seattle, Washington 


Ir is difficult or even impossible to describe the orbital 
history of the Moon, even during the more recent stages 
of its life, without encountering problems of the dissipa- 
tion of energy and momentum from causes at which one 
can only guess. The earlier one looks back in time, the 
less reliable the guesses become, and the less possible it 
is to reject either of any two mutually exclusive hypo- 
theses. 

Among the various processes leading to dissipation of 
energy and momentum, those more readily accepted by 
astronomers are friction (caused by semi-elastie collisions), 
accretion by non-elastic collisions and bodily tides. All 
three are known to produce irreversible effects on the 
motion of a body and thus create conditions for a one- 
way orbital evolution. The present configuration of the 
Earth--Moon system is no doubt the result of a long process 
of evolution of this kind, as witnessed by the laws of 
Cassini which represent motion corresponding to a 
minimum rate of dissipation of energy!. 

We shall examine those aspects of the orbital past of 
the Moon which require a minimum of speculation and 
whieh ean be developed by rigorous mathematical argu- 
ments. 'lhus we have to ignore from the beginning the 
effects of interplanetary matter and limit ourselves to 
the question of orbital evolution on the principles of 
purely Hamiltonian mechanies and tidal friction. 

The first question to be asked is: do Hamiltonian mech- 
anies permit & one-way orbital evolution for the orbit 
of the Moon ? If the answer is positive, then the theory of 
eapture is possible and so is the possibility of loss in the 
future. We know of cases where the answer is positive 
and cases where it is negative. A good example of one-way 
orbital evolution is the case of stars escaping from a globu- 
lar cluster because of purely gravitational instability?. 
On the other hand, we have a strictly negative answer 
for motion enclosed by zero-velocity curves as in the 
restricted three-body problem with two or three degrees 
of freedom. For these motions, the recurrence theorem 
of Poinearé-Carathéodory? is clearly valid because the 
"closed vessel” assumption? is guaranteed by the existence 
of boundaries limiting the motion, and the lemma of 
Liouville is fulfilled because the divergence of the force- 
field is zero. "Therefore, according to the conclusion of the 
recurrence theorem, each state of motion (position and 
velocity) of the system will be paid close visits by future 
states of motion of the system an infinite number of times, 
while the motion of eaeh member of the system will be 
confined inside its vessel for alb times. 

With this in mind the first problem reduces to the 
question of whether or not the closed vessel requirement 
of the recurrence theorem is valid for the case of the 
Sun-Earth-Moon-planets system. The effect of planets 
is usually ignored, as is the effect of the finite size of the 
bodies involved. Finally, the mass of the Moon is assumed 
uegligible and the problem becomes identical to that of 
the elliptical restrieted three-body problem. All those 
assumptions, however reasonable they may be, make the 
application of conclusions drawn from the elliptical 
restricted problem to the true system debatable, because 
minor (second and higher order) effects can produce a 
one-way evolution when their action extends over a 
sufficiently long time. 


The theory that the Moon was captured by the Earth seems as 
probable as the theory that the two bodies were formed at the 
same time, according to current ideas, 


The celebrated arguments of Darwin* and Hill* based 
on the time-independent integral of Jacobi apply only to 
the non-elliptical (circular) restricted problem, and, as 
already mentioned, in this case there is a “closed vessel" 
limiting the motion of the Moon at all times. It is well 
known that the Jacobi integral, or energy integral, of the 
restrieted three-body problem, partitions physieal space 
into domains where the third body (the Moon, in our case) 
can go and domains where it cannot go. In particular, 
the integral given here can be utilized to determine the 
boundaries of each orbit or, in other words, the domain 
inside which each orbit has to remain for all times. The 
boundaries of each orbit depend entirely on its energy. 
The boundary limiting the motion of the Moon on the 
basis of the Jacobi integral is found to be an oval centred 
on the Earth. If the Earth-Sun system is assumed 
isolated in space and the motion of the Earth circular, 
then the Moon will never cross this oval and as a result 
the orbital history of the Moon would be that of an 
inseparable companion of the Earth. The use of the 
Jacobi integral in the determination of boundaries of 
motions rests on the fact that its analytical expression is 
time-independent. Kopal and Lyttleton’, however, on 
the basis of a useful transformation discovered by 
Nechvile*, were able to show that the expression of the 
Jacobi integral in the elliptical restricted problem con- 
tains a term that is time-dependent. Although the final 
arguments advanced in support of the time-dependence 
are correct, the subsequent work of Contopoulos® raised 
some questions regarding the possibility of eliminating 
the time from the integral. 

Indeed, Contopoulos has given an integral equivalent to 
the Jacobi integral for the elliptical restricted problem as 
well as one additional time-independent integral for the 
same equations of motion. He thus suggests that not 
only does there exist a “closed vessel" confining the 
motion of the Moon for an unlimited time, but also pro- 
vides enough analytieal basis for the determination of 
the cross-section of the vessel. These two integrals are 
expressed in terms of series whose convergence has not 
been proved. 

It seems, however, that the work of Contopoulos is not 
in harmony with a famous theorem by Poincaré!*, provided 
of course that his integrals are differentiable and uniform 
(single-valued). There is wide agreement that the latter 
condition holds. Under these assumptions neither of the 
two integrals of Contopoulos can exist. Indeed, according 
to Poincaré’s theorem, the existence of one time-inde- 
pendent integral of a non-autonomous system implies 
that each periodic solution (other than a point of equi- 
librium) of the problem should have one zero characteristic 
exponent. If two integrals, time-independent and inde- 
pendent of one another, exist, then there should be two 
zero characteristic exponents associated with each periodie 
solution. But it is well known that usually no zero charac- 
teristic exponents exist in the elliptical restricted problem. 

Contopoulos! argues, however, that neither of his 
integrals is continuous, let alone differentiable, because 
of the appearance of small or vanishing divisors. Because 
of these divisors, his integrals diverge in a dense set of 
phase space. In the rest of phase space where the divisors 
do not vanish, divergence is expected because of Poincaré’s 
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theorem provided, of course, that periodic solutions exist 
there. It can be safely concluded, however, that it is 
impossible to find a truncated expression of either of the 
two integrals of Contopoulos and employ them usefully 
because the periodic solutions do not have, as a rule, zero 
characteristic exponents; and the truncated series are 
differentiable almost everywhere. 

Thus, as far as the elliptical restricted three-body 
problem approach to the orbital history of the Moon is 
concerned, it cannot be asserted that the Moon did not 
move along a path drastically different from its present 
one or suffer capture by the Earth; nor can it be guaran- 
teed that it is destined to remain an Earth satellite for ever. 

A different line of thought, which does not have the 
limitations of the elliptical restricted problem, can be 
established on the basis of the studies of Arnold!*'$, 
Kolmogoroff45 and Jefferys-Moser!* on rigorous solu- 
tions of the three-body problem expressed by convergent 
expansions. These solutions, being strictly quasi-periodic, 
can safeguard the permanence of the present configuration 
of the Sun-Earth-Moon system and make the search for 
fulfilment of the closed vessel assumption unnecessary. 

More interesting here is the work of Jefferys and Moser, 
who studied the quasi-periodie motions for the "lunar" 
ease. Their main result is that the quasi-periodic solutions 
indeed exist. These can cover the real case of the Moon, 
but such motions will not persist when variations—no 
matter how small—are applied to the Hamiltonian. Such 
variations are indeed present in this problem because of 
the planetary disturbance and the finite size and non-zero 
harmonies of the gravity field of some of the bodies in- 
volved. The first part of the discovery of Jefferys and 
Moser suggests that the closed vessel condition is probably 
fulfilled in this case in spite of the non-existence of another 
integral. This result is not surprising because it merely 
reflects the fact that the periodic solutions that are known 
to exist here!*!5 are strictly stable to variations of the 
initial conditions of motion and not of the Hamiltonian. 
Thus we are back to the conclusion drawn earlier that 
the orbital history of the Moon does not require our 
satellite to be definitely confined inside a closed vessel 
for the period of its life during which its orbit was purely 
gravitational. Its future is equaliy free for exactly the 
same reasons. Capture and loss cannot therefore be 
precluded. The existence of a Jacobi type of integral 
could definitely provide a reliable answer to this problem, 
but such an integral is now clearly out of the question. 

The Moon does not at present possess infinite rigidity, 
and most probably this was always the case. With this 
premise it is certain that tidal dissipation—an effect 
capable of producing evolutionary trends in the Moon’s 
motion—has been active throughout the joint life of the 
Moon and the Earth. The proximity of the two bodies 
causes mutual tides which, in the case of imperfect elastic 
behaviour of matter, lag behind or advance ahead of the 
line joining the two bodies by an angle that depends on 
the difference between the axial rozation and orbital revo- 
lution of each of the bodies. The tidal deformation is 
accompanied by frietion caused by viscosity, and the 
rotation carries the tidal bulge forward, thus decelerating 
the terrestrial rotation and at the same time accelerating 
the Moon. Heat. is generated, because of the friction, at 
the expense of the energy of the Earth-Moon system. 

Similarly, if the Moon's angular velocity of axial rota- 
tion were greater than the component of the Earth's 
rotation perpendicular to the orbital plane, the surface 
of the Moon would move ahead of the lagging tidal bulge, 
and angular momentum would be transferred from the 
Moon's orbital motion to the Earth's rotation. If the 
component of the Earth's angular velocity perpendicular 
to the orbital plane equals the angular velocity of the 
Moon, frietional coupling between rotation and revolution 
disappears, although (in eccentric orbits) the radial com- 
ponent of the tides still continues to convert mechanical 
energy into heat at the expense of motion. 
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The most important characteristic of this tidal friction 
is, however, the fact that its effectiveness for transferring 
angular momentum between rotation and revolution 
depends strongly on the distance between the participat- 
ing masses. um: 

Darwin! was the first to undertake the study of this 
effect on the orbital history of the Earth-Moon system. 
He assumed the Earth was a sphere of viscous liquid and 
the Moon was a mass point. Darwin's computations wore 
extended (by a somewhat different method) to longer 
intervals of time by Gerstenkorn?!, and still more recently 
MaeDonald?? repeated them for an elastic Earth. 

The results of all these studies lead to certain interesting 
conclusions. At the present time, and for some time in the 
past, the effects of tangential tides have dominated those 
of the radial tides, thus producing a secular growth of the 
semi-major axis of the lunar orbit. This has been accom. 
panied by an increase in the orbital angular momentum 
of the Earth, whose “day” has become longer as a result, 
so as to preserve the total angular momentum of the 
Earth-Moon system. The growth of the semi-major áxis 
will inerease the length of the month at a rate smaller 
than the increase in the length of the terrestrial day, and 
the process will continue until both are 55 present days. 
When this synchronization is attained there will be no 
dissipation of energy because the tides will be in a station- 
ary eondition. Hence, apart from relatively small solar 
effects, the Earth-Moon system will be in a stable con- 
figuration. 

This view of the dynamical evolution of the Earth-Moon 
system is supported empirically by the observed secular 
deceleration of the Earth's rotation and of the Moon's 
motion. According to a recent review of the relevant data 
by Munk and MacDonald’, the astronomical evidence 
points to a tidal lengthening of the day by 1-8 x 107? s 
century-!, or a fractional change of 2-1 x 107° yr. This 
figure has recently been tentatively verified by Wells”, 
who found that certain ridges in the skeletal structure of 
corals might be evidence of a diurnal growth cycle. Recent 
corals show about 360 such ridges per year, while fossil 
corals from the Middle Devonian Age (400 x 10* yr ago)* 
have about 400 ridges per year, corresponding to a frac- 
tional lengthening of the day by 40 days in 4x 10* yr 
or 2-8x 10-1 yr. 

Accordingly, the semi-major axis a of the Moon’s orbit 
should at present be increasing at a rate close to 3:2 em 
yr-}; its inclination i diminishing by 1^9 x 10-* yr-!; and 
the eccentricity e increasing by 12x10- yr. It is, 
of eourse, possible to integrate the pertinent equations 
of motion backward in time, to find out what the orbit 
of the Moon around the Earth may have looked like in 
the more remote past, beyond the ages of known geological 
epochs. It is evident from the estimates of the orbital 
changes at present that, in the more distant past, these 
could have been considerably greater (particularly for 
small values of a, when the effects of tidal torque increased 
as a-* for the second harmonic tides). The results of such 
computations should be regarded with some reserve, as 
they necessarily entail extrapolation of the present internal 
strueture of the Earth as well as of the Moon back to the 
times when these could have been considerably different. 
(For example, the Earth may then not have had its present 
metallie core.) 

Nevertheless, by 1880 Darwin had shown that when we 
recede in time the durations of both the day and the 
month shorten, until they become synehronous when the 
Moon’s distance is reduced to only a few Earth radii. ‘This 
suggested to Darwin that the Moon may have originated 
as a part of the Earth, perhaps by fissional break-up 
induced by & resonant solar tide. 

Gerstenkorn’s work resulted in a number of significant 
changes in this pieture. Because tidal torque tends to 
increase the dimensions of the lunar orbit, the latter must 
have been progressively smaller in the past—its minimum 
value being 2-89 mean Earth radii at a time when our 
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day was only 4-8 h long, and the month (the period of 
revolution of the Moon) was 6-9 h of our time. These 
figures differ only slightly from subsequent results by 
MacDonald, who (on the assumption of a constant tidal 
lag of 2°-16 and constant moment of inertia of the Earth 
throughout the ages) arrived at a minimum distance for 
the Moon of 2-78 Earth radii, a 5-0 h day and a 6:5 h 
month, some 1:79 x 10* yr ago. At that time, the lunar 
tides were some 8,000 times higher than at present, attain- 
ing amplitudes comparable to the present mean depth of 
the oceans. Moreover, the angle of inclination between 
the lunar orbit aud the terrestrial equator has increased 
from its present value of 24° to approximately 46°. This 
minimum approach of the Moon to the Earth occurred 
at a time when the component of rotational angular 
velocity of the Earth along the Moon's orbital axis became 
equal to the Moon's orbital angular velocitv, so that the 
sublunar point did not move east-west on the Earth's 
surface. Under these conditions no torques were exerted, 
and for inclinations higher than 46° the torque would be 
reversed, transferring angular momentum from the Moon 
to the Earth. 

Darwin did not continue his calculations beyond this 
point, as he expected the events to become catastrophic 
and the Moon to be born from the Earth, which some of 
his followers (Fisher) identified with the "sear" of the 
Pacific Ocean. This view eventually had to be abandoned, 
however. The terrestrial globe would still have been far 
from rotational instability with a 4-8 h period of axial 
rotation and any build-up of resonant tides would have 
been effectively damped out by viseosity?*. The first 
investigator to try to unravel the more distant past of 
the Earth-Moon system beyond the time of closest 
approach of the two bodies was Gerstenkorn, who found 
that under the reversed torque the Moon again receded 
from the Earth and the inclination of its orbit increased 
rapidly until a retrograde polar orbit was achieved at a 
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distance of 47 Earth radii. Tidal effects in à retrograde 
orbit tend to decrease the eccentrieity e of the orbit, and 
Gerstenkorn found that the eccentricity approached unity 
when the perigee distance was approximately 25 Earth 
radii, and the inclination of the orbit to the terrestrial 
equator was about 149°. For ez 1 the Moon is no longer 
gravitationally attached to the Earth, so Gerstenkorn 
conjectured that such a nearly parabolic orbit may repre- 
sent the capture of the Moon by the Earth a billion years 
or less before the time of closest approach, and some 
3 billion years before our time. 
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Anti-microbial Drugs in Animal Feeds 


b Continuous feeding of small amounts of antibiotics to domestic 
y animals has led to the emergence of drug resistant strains of patho- 


H. WILLIAMS SMITH 
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THE emergence of drug resistant bacteria in animals as 
a result of the use of anti-microbial drugs has been 
reviewed recently’. This article is chiefly concerned with 
the impact on pathogenie strains of animal feeds which 
contain drugs. Following the discovery that the con- 
tinuous oral administration of small amounts of antibioties 
to farm animals often increased their growth rate, the 
use of animal feeds containing drugs has become com- 
monplace in the agrieulturally advanced countries of the 
world. Despite much research work, it is not definitely 
known how these feeds produce their growth-promoting 
effect, but it is generally believed that they do so by 
depressing the multiplication in the alimentary tract of 
bacteria whose presence there, for some reason, is un- 
desirable. 

Much of the work which I shall refer to was done in 
Britain where the continuous feeding of pigs and poultry 
on diets containing low "nutritional" levels of tetracyclines 
and penicillin (less than 100 g/ton) has been permitted 
and extensively practised for some 15 years or more. 
Furazolidone has been similarly used for a shorter period 
and less extensively, and recently the use of tylosin has 


genic bacteria. This article is based on a paper given at a symposium 
on “The Use of Drugs in Animal Feeds’, organized by the US 
National Research Council, Washington, DC, 1967. 


been permitted. Relatively short courses of most of the 
other anti-microbial drugs that are commercially avail- 
able are also added to animal feed to prevent outbreaks 
of disease, but a prescription signed by a veterinarian is 
usually necessary. These drugs, of course, are also used in 
larger doses in the treatment of animals that are clinically 
i. In some countries, for example, the United States, the 
range of drugs permitted in animal feeds for nutritional 
purposes is much wider than is the case in Britain; so is 
the range of animal species to which these drug-containing 
feeds may be given. 

There is no essential difference between the emergence 
of resistant strains of bacteria as a result of the use of 
drugs in the treatment of clinical disease or as a result of 
the use of drugs as feed additives. The presence of a drug 
provides selection pressure that results in the removal of 
sensitive strains from the environment and their replace- 
ment by resistant strains. But when drugs are used in 
the treatment of clinical disease the selection pressure is 
high but of short duration, and when they are used as 
feed additives the pressure is lower but of longer 
duration, 
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Until recently it was thought that the principal way in 
which resistant organisms arose within a sensitive bacterial 
population was by spontaneous mutation. In 1959, how- 
ever, Japanese workers discovered infective resistance, 
which is resistance transferred from a resistant bacterial 
cell to a sensitive one by contact. The subject was studied 
extensively and has been well reviewed by Watanabe?. 
At present infeetive resistance seems to be confined to 
the Enterobacteriaceae and to some of the other Gram 
negative aerobic bacteria that inhabit the alimentary 
tract. Infective resistance can be transmitted between 
organisms of the same species, for exemple, between strains 
of E. coli, and between organisms of different species, for 
example, between E. coli, Shigella and Salmonella species. 
It may be single or multiple and there is infective resist- 
ance against most of the common anti-bacterial drugs. 
Whereas the genes responsible for mutational resistance 
are located on the bacterial chromsome, those causing 
infective resistance are located in the cytoplasm as plas- 
mids. They are transferred from cell to cell during con- 
jugation, and the transfer is potentiated by the presence 
of other cytoplasmic genes, the transfer factors. 





Drug Resistant Escherichia coli 


The effect of continuously feeding diets containing low 
levels of tetracyclines on the population of non-pathogenic 
Escherichia coli in the alimentary tract of pigs and fowls 
was studied by Smith and Crabb?; their results are 
summarized in Tables 1 and 2. The numbers of E. coli 
in the faeces of the control and experimental groups of 
pigs and both groups of fowls were similar. The tetra- 
eycline resistance of all the resistant strains examined was 
high; the concentration of oxytetracycline hydrochloride 
required to inhibit their growth in laboratory tests varied 
between 100--1,600 ug/ml. (average 800 ug/ml.). In con- 
trast, Smith and Crabb? did not find any tetracycline- 
resistant E. coli in the faeces of sheep, animals which in 
Britain are never fed on drug-containing diets. These 
results have been confirmed by other workers for calves 
as well as for pigs and fowls (see Smith!). Harryt has also 
shown that the frequency of isolation of tetracycline- 
resistant strains of E. coli from fowls that had not been 
fed on diets containing tetracyclines increased consider- 
ably when they were mixed with fowls that had and whose 
faeces contained large numbers of these strains. 


Table 1. TETRACYCLINE-RESISTANT E. coli IN THE FAECES OF PIGS FED 
DIETS CONTAINING TETRACYCLINES (MODIFIED FROM SMITH AND CRABB?) 


Percentage of faecal specimens from 370* pigs in 
which the E. coli were 


Type of pigs More than Less than 


AM 50 per 50per Nearly all All 
resistant cent cent sensitive sensitive 
resistant sensitive 
Tetracycline-fed 88 7 3 1 1 
Never fed 0 1 F7 23 59 


tetracyclines 


* Ten specimens were examined from each ef thirty-seven herds in each 
case, 


Table 2. TETRACYCLINE-RESISTANT E. coli IN THE FAECES OF FOWLS FED 
DIETS CONTAINING TETRACYCLINES (MODIFIED FROM SMITH AND CRABB?) 


Percentage of faecal specimens from 100* fowls 
in which the E. coli were 


More than Less than 





Type of fowls 





AM 50 per 50 per Nearly ail All 
resistant cent cent sensitive sensitive 
resistant sensitive 
‘Tetracycline-fed 84 13 5 1 2 
Never fed 0 1 2 24 73 
tetracyclines 


* Ten specimens were examined from each of ten flocks in each case. 


All this work was done before the discovery of infective 
drug resistance. Smith and Halls*, however, have since 
shown that the tetracycline resistance of E. coli, similar 
to that which Smith and Crabb* had found, was infective 
and transmissible to E. coli and salmonellae pathogenic 
for man and domestice animals. To obtain further informa- 
tion on this, Smith and Halls (unpublished work) examined 
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thirty non-pathogenic strains of E. coli that had been 
isolated in 1967 from the faeces of thirty pigs, all in dif- 
ferent herds, which were being fed diets containing 
"nutritional" levels of tetracyclines. A similar set of 
strains were examined from fowls in thirty different 
flocks also fed diets containing tetracycline; the E. coli 
faecal flora of all sixty animals were predominantly 
resistant to tetracycline. Furthermore, the resistance of 
twenty-two of the thirty pig strains and of twenty- 
seven of the thirty fowl strains was shown to be infective. 
Tetracycline resistance was also transmitted from the 
non-pathogenic E. coli of the alimentary tract of pigs to 
pathogenic E. coli with which the pigs were experimentally 
infected. In view of these findings, it is highly probable 
that the tetracycline resistance of most of the non- 
pathogenic strains of E. coli that inhabit the alimentary 
tract of animals fed diets containing "nutritional" levels 
of tetracyclines is of the infective type. These animals 
therefore constitute a vast reservoir of tetracycline 
resistance potentially transmissible to any pathogenic 
E. coli or salmonellae that may gain access to their 
alimentary tracts. The E. coli flora in the faeces of 36 per 
cent of pigs entering a bacon factory in Britain in 1956 
appeared to be entirely tetracycline resistant’. 

Smith and Crabb’, while surveying the non-pathogenic 
E. coli in the faeces of pigs, also examined outbreaks of 
diarrhoea caused by pathogenic E. coli in herds fed 
tetracycline. The E. coli implicated in all the outbreaks 
of diarrhoea had one thing in common—they were tetra- 
cycline resistant. Similar observations have been made 
by other workers!. Likewise, Sojka and Carnaghan’ 
found a remarkable increase in the proportion of tetra. 
cycline resistant pathogenic E. coli implicated in poultry 
disease between 1957 and 1960 (Table 3); the inerease 
coincided with the progressive increase in the use of 
tetracyclines in broiler feeds during that period. 

Table 4 shows the drug resistance of strains of E, coli 
isolated from diseased human beings or domestic animals 
in Britain after 1960. The human beings and pigs were 
suffering from neonatal diarrhoea or other diseases affect- 
ing the alimentary tract and the fowls were suffering from 
bacteriaemia; the E. col? isolated were considered respon- 
sible for the diseases. Most of the calves and lambs were 
suffering from diarrhoea—opinion is divided about the 
part E. coli plays in this syndrome in these animals. The 
high incidence of drug resistance, most of which is infective, 
is a disquieting feature of this survey, particularly 
because the diseases are usually acute and severe to the 
extent that they may terminate fatally unless the drug 
with which they are first treated is not active against the 
infecting strain of E. coli; treatment has to be started 
before the results of sensitivity tests are available. Only 
two drugs, nalidixic acid and polymixin, were found that 
were active against all the strains of E. coli tested and, 
significantly, these two drugs are rarely used in human 
or veterinary medicine. Another disquieting feature of 
the survey is the relatively high incidence of multiple- 
resistant strains, particularly as the use of any one of the 
drugs involved in the resistance pattern, as a feed additive 
for example, would be expected to increase the numbers of 
these strains in the environment. The two sets of results 
for the E. coli strains from pigs provide a good illustration 
of the general situation that is developing as a con- 
sequence of the continued use of anti-mierobial drugs, 
while those isolated from humans show that a high 
incidence of drug resistance can occur when drugs are 
used almost exclusively for the treatment of disea 


















‘fable 3. DRUG SENSITIVITY OF E. coli ISOLATED FROM PATHOLOGICAL 

CONDITIONS OF POULTRY (MODIFIED FROM SOJKA AND CARNAGHAN?) 

- No. of Percentage of strains resistant to 

Year strains Strepto-  Chloram- Fura- Chior or oxy- 
examined mycin phenicol  zolidone tetracycline 

1957 28 0 0 0 

1958 78 14 0 Q 

1959 44 0 0 0 





1960 68 0 0 G 
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Salmonellae 

Coinciding with the introduction of tetracyclines as 
dietary additives for animals, an increase in the incidence 
of tetracycline-resistant strains of salmonellae has been 
reported. Huey and Edwards? in the USA found that all 
of two hundred strains of Salmonella typhimurium isolated 
before 1948 from fowls and human beings were sensitive 
to tetracyclines. In 1956 and 1957, however, 9 per cent 
of strains from fowls and 5 per cent of strains from human 
beings were resistant. In 1959 and 1960 the figures had 
risen to 29 per cent and 13-9 per cent respectively? and 
in 1962 to 29-8 per cent and 38 per cent respectively”. 
Surprisingly, the incidence of resistant strains isolated 
from cattle in 1962 was 93-7 per cent and from swine 
57-1 per cent. Resistance to tetracyclines among sal- 
monellae has been extensively monitored by Manten and 
his co-workers in Holland!!-34; more than 10,000 strains 
were examined in each period referred to below. In 1958 
and 1959, approximately 2 per cent of the strains exam- 
ined were tetracycline resistant. In 1962 the proportion 
rose to 11 per cent, an increase that continued in 1963 and 
1964, the figures for these 2 years being 17-5 per cent and 
19-5 per cent, respectively. As in the USA®, tetracycline 
resistance was highest among strains of S. typhimurium. 

The oecurrence of multiple resistance of the infective 
type in strains of S. typhimurium isolated in 1961, and 
afterwards, from pigs and human beings in Britain was 
reported by Anderson and Datta!*; the particular strains 
were resistant to ampicillin, streptomycin, the tetra- 
cyclines and the sulphonamides. Drug resistance in S. 
typhimurium has since been monitored in Britain by 
Anderson! and Anderson and Lewis". An increasing 
incidence of resistant strains was observed and by the 
period December 1964 to February 1965, 61 per cent of 
450 strains of S. typhimurium examined were resistant 
to one or more drugs. Some strains were resistant to as 
many as five different drugs, these drugs including 
ampicillin, streptomycin, tetracyclines, chloramphenicol, 
neomycin and sulphonamides. Resistance was most 
common among strains of S. typhimurium phage type 29; 
this is one of the many types into which S. typhimurium 
can be classified according to susceptibility to lysis by a 
set of bacteriophages. Of the 4,700 strains of S. typhi- 
murium they received between December 1964 and 
Oetober 1965, 1,700 belonged to phage type 29 and of 
these 1,660 (97-6 per cent) were resistant to one or more 
drugs; all their type 29 strains isolated before 1963 were 
drug-sensitive. Of the 1,700 strains of type 29, 500 were 
of human and 1,200 of animal origin; the overwhelming 
majority of the animal strains had been isolated from 
calves. Most of the resistance observed by Anderson and 
his colleagues was of the infective type. 


fable 4. INCIDENCE OF DRUG RESISTANCE IN STRAINS OF E. coli ISOLATED 
FROM DISEASED HUMAN BEINGS AND DOMESTIC ANIMALS (MODIFIED FROM 
SMITH’) 
Source 
Strains Human Pigs* Calves Lambs Fowls 
beings 1960-62 1965 
No. examined 70 70 70 100 25 35 
Percentage resistant 
to: 
Tetracyclines 36:6 286 88-6 50-0 8-0 171 
Streptomycin 35:3 1i4 40-0 52-0 8-0 2-9 
Sulphonamides 33-0 EB 22-9 57.0 12-0 17-1 
Chloramphenicol 14-3 71 Tl 15-0 0 0 
Ampicillin 18:6 9 0 14-0 4:0 0 
Neomycin 43 0 Tl 5-0 0 0 
Furazolidone L4 0 7T TO Q 0 
Polymixin 0 0 0 0 0 0 
Nalidixic acid 0 0 0 9 0 0 
Percentage resistant 
to: 
One or more drugs 42:7 28:6 61:4 65-0 12-0 28-6 
Two or more drugs 367 ir3 32.5 56-0 12:0 $8 
ÜThreeormoredrugs 282 85 21-2 45:0 8-0 29 
Four or more drugs 21-2 TE 71 25.0 9 0 
Fiveor more drugs 9-9 0 0 50 0 9 
Six drugs 28 9 0 4-0 0 0 


* The pig strains were classified according to the period in which they were 


isolated, NS 
Results for cephalosporin C were the same as those for ampicillin and those 
for kanamyein and framycetin the same as those for neomycin. 
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S. typhimurium phage type 29 is considered to have 
originated in cattle, so it is probable that much of the 
resistance reported by Anderson and his colleagues is 
related to the use of drugs in calves. It is highly significant 
that the sharp inerease in the incidence of resistant strains 
coineided with the development of the intensive method 
of rearing calves in Britain. S. typhimurium infection is 
much more common in calves reared intensively than in 
calves reared normally, and intensively reared calves are 
frequently subjected to long courses of anti-microbial 
drugs, in the hope of controlling salmonella infection, 
and also in the hope of combating the high morbidity 
that appears to be inherent in the intensive system. 

Animals are generally believed to be the reservoir of 
those salmonella types that cause human food poisoning, 
and the resistance found in strains incriminated in out- 
breaks of this disease is most likely, therefore, to have 
been acquired when the strains were in the animal 
community. 


Clostridium welchii 

Table 5 shows the distribution of tetracycline resistance 
in the populations of the lecithinase-producing Clostridium 
welch present in the faeces of pigs in herds which were 
continuously fed diets containing tetracyclines at ‘‘nutri- 
tional” levels and in herds which were not fed the drug. 
Cl. welchii which are tetracycline-resistant were also more 
common. in the faecal flora of fowls that were fed tetra- 
eycline than in fowls that were not. Examination of the 
faeces of pigs and fowls fed diets containing penicillin 
instead of tetracyclines, however, did not reveal any 
strains of Cl. welchii that were resistant to penicillin. 


Table 5. INCIDENCE OF TETRACYCLINE-RESISTANT Cl. welchii IN THE FAECES 
OF PIGS FED ON DIETS CONTAINING TETRACYCLINES (MODIFIED FROM SMITH?) 
Percentage of faecal specimens in 
which the Cl. welchii were 


Regime No. Resistant 
examined All and All Not 
resistant sensitive sensitive found 
2-8 weeks old: 

Tetracycline-fed 160 58-4 16:7 18-1 68 
Not fed tetracyclines 160 31 413 55-0 0-6 

9-30 weeks old: 
Tetracycline-fed 240 17:5 7-9 371 375 
Not fed tetracyclines 240 0:4 18-3 75-0 63 


Ten pigs were examined from each herd. 


Cl. welchit is not an important cause of clinical disease 
in pigs and fowls. It is possible, therefore, that tetra- 
eycline-resistant Cl. welchii may be of more importance in 
relation to growth promotion than to clinieal disease in 
these animals because there is evidence in fowls, at least, 
that anti-microbial drugs produce their growth promoting 
effect by decreasing the numbers of Cl. welchi? in the ali- 
mentary tract. 


Staphylococcus aureus 

Although the emergence of a drug.resistant bacterial 
flora in the alimentary tract of animals fed diets containing 
anti-microbial drugs is to be expected, this practice can 
also give rise to resistant populations among bacteria 
which do not normally inhabit the alimentary tract. Smith 
and Crabb!?, for example, found this to be so in the case 
of the Staphylococcus aureus flora of the skin and nose of 
pigs and fowls (Table 6). They also found drug-resistant 
strains of Staph. aureus more frequently on the skin and 
in the nose of the human attendants of the animals fed on 
the drug-containing diets than on the attendants of 
animals not fed drugs (Table 7). These observations on 
attendants have been confirmed by Pogorzelska and 
Wencel? in Poland. Fifty-eight per cent of the Staph. 
aureus strains isolated from the upper respiratory tract 
of 181 workers on breeding farms where feed mixtures 
containing oxytetracycline were used were resistant to 
tetracyclines. The corresponding figure for workers on 


NATURE, VOL. 218, MAY 25, 1968 


Table 6. DRUG-RESISTANT STRAINS OF Staph. aureus ISOLATED FROM THE 
SKIN AND NOSE OF PIGS AND FOWLS (MODIFIED FROM SMITH AND CRABB?) 


Percentage of strains 
resistant to 


Both 
Animals Drug fed No. strains Tetra- Peni- tetra- 
examined cyclines cillin cyclines 
only only and 
penieillin 
Pigs Tetracyclines 453 (160) 92:6 0 0 
Penicillin 109 (40) 0 303 * 0 
Neither 380 (160) 4:5 0 0 
Fowls Tetracyclines and 492 (100) 91 41:3 19.5 
penicillin 
Neither 246 (100) 2-8 2-8 12 


The figures in brackets were the numbers ef animals examined, ten from 
each herd or flock. 


Table 7. DRUG-SENSITIVITY OF Staph. auseus STRAINS ISOLATED FROM 
THE NOSE OR SKIN OF THE ATTENDANTS OF ANIMALS FED DIETS CONTAINING 
LOW LEVELS OF ANTI-MICROBIAL DRUGS (MODITIED FROM SMITH AND CRABB!?) 


Percentage of carriers among attendants of 


Tetracycline- 
Tetracycline- Pigs not and peni- 
Type of strains fed pigs fed drugs cillin-fed 
(85*) (50*) fowls 
(37*) 
Tetracycline-resistant only 34.2 0 14 
Tetracycline- and penicillin- 2-9 0 4 
resistant 
Penicillin-resistant only 1r3 54 30 
Sensitive to both drugs 25-7 32:4 26 
No Staph. aureus isolated 42:8 64-8 52 


Where possible, twelve strains from the nose and twelve from the skin 
were examined, . 
* Number of attendants examined. 


farms on which these mixtures were not fed was only 
3-6 per cent. 

The impact of the common poliey in Britain of feeding 
fowls continuously on diets containing "nutritional" levels 
of penicillin and/or tetracyclines on the incidence of out- 
breaks of infection in poultry caused by drug-resistant 
strains of Staph. aureus is shown in Table 8. Penicillin 
and the tetracyclines now have little application in the 
treatment of this disease, a situation quite different from 
that which existed at the commeneement of the antibiotie 
era. 


Table 8. DRUG SENSITIVITY OF Staph. aureus STRAINS CAUSING STAPHYLO- 
COCCOSIS IN FOWLS 


Percentage of strains that were resistant to 


No. of Tetra- Penicillin 
Fowls strains Penicillin cyclines and tetra- Strepto- 
examined only enly cyclines mycin 
Not fed drugs 30 0 0 0 0 
Fed drugs* 40 35 0 60 2:5 


*At "nutritional" levela only, penicillin and/or tetracyclines. 


Conclusions 

The widespread use of anti-microbial drugs in animals 
has led to the emergence of drug-resistant strains of patho- 
genic bacteria and these resistant strains are now causing 
a considerable proportion of the disease hitherto caused by 
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sensitive strains. This complicates the satisfactory treat- 
ment of animal disease and the position is worsening. It 
also has implications for human health. There is no 
evidence that the resistant strains are any more, or any 
less, virulent than their sensitive counterparts. Neither is 
the character of animal disease altering in any observable 
way—other than in its chemotherapy—that can be 
attributed to the increased incidence of resistant strains. 

There is little doubt that the continuous feeding of 
animals on drug-containing diets for "nutritional" pur- 
poses has contributed significantly to the present position. 
The more a drug is used in diets the less its value in the 
treatment of clinical disease. Moreover, as the variety of 
drugs used for "nutritional" purposes increases, so the 
variety of drug-resistant strains that are incriminated in 
outbreaks of disease inereases and the number of drugs 
that can be used with confidence in the treatment of these 
outbreaks decreases. A strong case therefore exists for 
limiting the number of different kinds of drugs that can 
be used for "nutritional" purposes. Ideally, only drugs 
that are unsuitable or not usually used for the treatment 
of disease in animals and man, and that do not produce 
cross-resistance with ones that are, should be used in 
animal feeds. Such antibiotics are now available. Finally, 
the information now available calls into question the 
rationale of the so-called preventive use of drugs, whether 
as food additives or in any other form, against diseases 
caused by bacterial species in which drug resistance of the 
infective type can occur. The use of drugs in this manner 
may well give rise to the very situations they are intended 
to prevent. 
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Rotating Neutron Stars as the Origin of the 


Pulsating Radio Sources 


The constancy of frequency in the recently discovered pulsed radio 


by 
T. GOLD 


Center for Radiophysics and Space Research, 
Cornell University, 

Ithaca, New York beacon. 
Tue case that neutron stars are responsible for the 
recently discovered pulsating radio sources!'-* appears to 
be a strong one. No other theoretically known astron- 
omical object would possess such short and accurate 


sources can be accounted for by the rotation of a neutron star. 
Because of the strong magnetic fields and high rotation speeds, 
relativistic velocities will be set up in any plasma in the surrounding 
magnetosphere, leading to radiation in the pattern of a rotating 


periodicities as those observed, ranging from 1-33 to 0-25 s. 
Higher harmonics of a lower fundamental frequency that 
may be possessed by a white dwarf have been mentioned; 
but the detailed fine structure of several short pulses 
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repeating in each repetition cycle makes any such ex- 
planation very unlikely. Since the distances are known 
approximately from interstellar dispersion of the different 
radio frequencies, it is clear that the emission per unit 
emitting volume must be very high; the size of the region 
emitting any one pulse can, after all, not be much larger 
than the distance light travels in the few milliseconds that 
represent the lengths of the individual pulses. No such 
concentrations of energy can be visualized except in the 
presence of an intense gravitational field. 

The great precision of the constancy of the intrinsic 
period also suggests that we are dealing with a massive 
object, rather than merely with some plasma physical 
configuration. Accuracies of one part in 10° belong to 
the realm of celestial mechanics of massive objects, rather 
than to that of plasma physics. 

It is a consequence of the virial theorem that the lowest 
mode of oscillation of a star must always have a period 
which is of the same order of magnitude as the period of 
the fastest rotation it may possess without rupture. The 
range of 1:5 s to 0-25 s represents periods that are all 
longer than the periods of the lowest modes of neutron 
stars. They would all be periods in which a neutron star 
could rotate without excessive flattening. It is doubtful 
that the fundamental frequency of pulsation of a neutron 
star could ever be so long (ref. 7 and unpublished work of 
A. G. W. Cameron). If the rotation period dictates the 
repetition rate, the fine structure of the observed pulses 
would represent directional beams rotating like a light- 
house beacon. The different types of fine structure 
observed in the different sources would then have to be 
attributed to the particular asymmetries of each star (the 
"sunspots", perhaps). In such a model, time variations in 
the intensity of emission will have no effect on the precise 
phase in the repetition period where each pulse appears; 
and this is indeed a striking observational faet. A fine 
structure of pulses could be generated within the repetition 
period, depending only on the distribution of emission 
regions around the cireumference of the star. Similarly, 
a fine structure in polarization may be generated, for each 
region may produce a different polarization or be overlaid 
by à different Faraday-rotating medium. A single pul- 
sating region, on the other hand, could searcely generate 
a repetitive fine structure in polarization as seems to have 
been observed now?. 

There are as yet not really enough clues to identify the 
mechanism of radio emission. It could be a process 
deriving its energy from some souree of internal energy 
of the star, and thus as difficult to analyse as solar activity. 
But there is another possibility, namely, that the emission 
derives its energy from the rotational energy of the star 
(very likely the principal remaining energy source), and 
is a result of relativistic effects in a co-rotating magneto- 
sphere. 

In the vicinity of a rotating star possessing a magnetic 
field there would normally be a co-rotating magnetosphere. 
Beyond some distance, external influences would domin- 
ate, and co-rotation would cease. In the case of a fast 
rotating neutron star with strong surface fields, the dis- 
tance out to which co-rotation would be enforced may 
well be elose to that at which co-rotation would imply 
motion at the speed of light. The mechanism by which 
the plasma will be restrained from reaching the velocity 
of light will be that of radiation of the relativistically 
moving plasma, creating a radiation reaction adequate to 
overcome the magnetic force. The properties of such a 
relativistic magnetosphere have not yet been explored, 
and indeed our understanding of relativistic magneto- 
hydrodynamics is very limited. In the present ease the 
coupling to the electromagnetic radiation field would 
assume a major role in the bulk dynamical behaviour of 
the magnetosphere. 

The evidence so far shows that pulses occupy about 
1/30 of the time of each repetition period. This limits 
the region responsible to dimensions of the order of 
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1/30 of the circumference of the “velocity of light circle". 
In the radial direction equally, dimensions must be 
small; one would suspect small enough to make the 
pulse rise-times comparable with or larger than the flight 
time of light across the region that is responsible. This 
would imply that the radiation emanates from the 
plasma that is moving within 1 per cent of the velocity 
of light. That is the region of velocity where radia- 
tion effects would in any case be expected to become 
important. 

The axial asymmetry that is implied needs further 
comment. A magnetic field of a neutron star may well 
have a strength of 10!? gauss at the surface of the 10 km 
object. At the “velocity of light circle", the circum- 
ferenee of which for the observed periods would range 
from 4 x 10!9 to 0-75 x 10! em, such a field will be down 
to values of the order of 10*-10* gauss (decreasing with 
distance slower than the inverse cube law of an undis- 
turbed dipole field. A field pulled out radially by the 
stress of the centrifugal force of a whirling plasma would 
decay as an inverse square law with radius).  Asym- 
metries in the radiation could arise either through the 
field or the plasma content being non-axially symmetric. 
A skew and non-dipole field may well result from the 
explosive event that gave rise to the neutron star; and 
the access to plasma of certain tubes of force may be 
dependent on surface inhomogeneities of the star where 
sufficiently hot or energetic plasma can be produced to 
lift itself away from the intense gravitational field 
(10-100 MeV for protons; much less for Space charge 
neutralized electron-positron beams). 

The observed distribution of amplitudes of pulses makes 
it very unlikely that a modulation mechanism ean be 
responsible for the variability (unpublished results of 
P. A. G. Scheuer and observations made at Cornell's 
Arecibo Ionospherie Observatory) but rather the effect 
has to be understood in a variability of the emission 
mechanism. In that case the observed very sharp de- 
pendence of the instantaneous intensity on frequency 
(1 MHz change in the observation band gives a sub- 
stantially different pulse amplitude) represents a very 
narrow-band emission mechanism, much narrower than 
synchrotron emission, for example. A coherent mechanism 
is then indicated, as is also necessary to account for the 
intensity of the emission per unit area that can be 
estimated from the lengths of the sub-pulses. Such a 
coherent mechanism would represent non-uniform static 
configurations of charges in the relativistically rotating 
region. Non-uniform distributions at rest in a magnetic 
field are more readily set up and maintained than in 
the case of high individual speeds of charges, and thus 
the configuration discussed here may be particularly 
favourable for the generation of a coherent radiation 
mechanism. 

If this basic picture is the correct one it may be possible 
to find a slight, but steady, slowing down of the observed 
repetition frequencies. Also, one would then suspect that 
more sources exist with higher rather than lower repetition 
frequency, because the rotation rates of neutron stars are 
capable of going up to more than 100/s, and the observed 
periods would seem to represent the slow end of the 
distribution. 

Work in this subject at Cornell is supported by a con- 
tract from the US Office of Naval Research. 


Received May 20, 1968. 


! Hewish, A., Bell, S. J., Pilkington, J, D. H., Scott, P, F., and Collins, R, A., 
Nature, 217, 709 (1968). 

* Pilkington, J. D. H., Hewish, A., Bell, S. J., and Cole, T. W., Nature, 218, 
126 (1968). 

* Drake, F. D., Gundermann, E. J., Jauncey, D. L., Comella, J. M., Zeissig, 
G. A., and Craft, jun., H. D., Science, 160, 503 (1968). 

+ Drake, F. D., Seience (in the press). 

5 Drake, F. D., and Craft, jun., H. D., Science, 160, 758 (1968). 

* Tanenbaum, B. 8., Zeissig, G. A., and Drake, F, D., Science (in the press). 

? Thorne, K. S., and Ipser, J. R., Ap. J. (in the press). 

$ Lyne, A. G., and Smith, F. G., Nature, 218, 124 (1968). 


NATURE. VOL. 218, MAY 25, 1968 


733 
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sources. 


ALREADY before the discovery of pulsed radio sources, 
the possibility had been discussed’? of rotating neutron 
stars providing an energy source in supernova remnants. 
A large number of models have been proposed to explain 
the pulsed radio sources and some of these invoke a central 
neutron star, some kind of rotaticn and some kind of in- 
homogeneity. In the preceding article Gold has proposed 
a model in which the neutron star, surrounded only 
by a tenuous plasma, rotates itself with the inhomogeneity 
residing merely in the star's magnetic field. Another 
model? considers the possibility that the rotation and 
inhomogeneity both reside in the orbital motion of a 
satellite around a neutron star. We discuss here some 
difficulties associated with models for pulsed radio sources 
which invoke the orbiting of material satellites around 
any central object. 

We are chiefly interested in a satellite orbiting around a 
neutron star, but shall discuss more generally the possi- 
bilities of a satellite of mass m orbiting around a more 
massive central “star” of any mass M (including the 
unlikely case of a neutron star orbiting around an invisible 
object of very large mass). The radius a of the orbit is, 
of course, related to the observable period T of the orbit 
by Kepler's laws. With masses m and M in solar units 
and T'in seconds 


a=1-5 x 105 MY/SP?/5 em (1) 


We first show how small the satellite mass m has to be in 
order to avoid noticeable changes in the orbital period due 
to gravitational radiation. 

The total energy, E, of the Kepler system is (— GMm/ 
2a). If the only energy loss of the system is that due to 
the radiation of gravitational waves, the time rate of 
change of energy is given by 


Elo ea) (2) 





dt 5 c5 


where p= Mm/(M +m) is the reduced mass. Approximat- 
ing u by m (assuming m<M) and eliminating a by means 
of equation (1), we find 
1 | 3 1 dE 
Tra 2 E dt 
Because the period T is proportional to ( — E) *^*, it de- 
creases by a fraction of (¢/Traa) during a time-interval T. 
Changes in T have not yet been detected and the observa- 
tions indicate Traa > 104 s. Masses of neutron stars are 
larger than 0-03 Mo, and so we need m «3x 10-* Mg ~ 
10% gif T 1 s. 

If the central star of mass M is itself rotating and the 
orbital period T of the satellite is locked in with this spin, 
the rate of change of T' is slower. We can still, however, 
get an upper limit to m as follows. The radius of the 
central star must be less than the radius a of the satellite 
orbit and its rotational energy less than E(M/m). The 
rate of energy loss in gravitational radiation is the same 
as before and we have 


~ 4xl0- m M? T^ (3) 


> 4x l0-5m? MAB T's g? (4) 





rad 
The orbital radius a must be larger than the Schwarz- 
schild radius (2GM/e®) of the central body (for stable 
orbits one actually needs a> 6G M //c?), so that 


The case of a satellite orbiting around a neutron star is discussed. 
This appears to be a very unlikely explanation for the pulsating radio 


"d T m 
M «3x10 Mol v1) (b) 
We then get as an extreme limit 
1 
———- > 10-7 m? Ts (8) 
Traa 


With Tj» 10 s and T~ 1 s we have m<3x10* Mo, 
so that the satellite could not be as massive as a neutron 
star, no matter what the central body is. 

We have further problems on the internal structure of 
the satellite. If the satellite is held together purely by 
gravitational forces, it must be orbiting outside the 
Roche limit, that is, we must have GMa-? < Gmr, where 
r is the radius of the satellite. Using equation (1) we then 
find for the mean density of the satellite 


1 
p> (1:4 x 10° gem) (=) (7) 


independent of the mass M of the central body. Neutron 
stars and the more massive white dwarfs can achieve such 
high densities, but no object of mass m<O01l Mo can. 
This lower limit on m exceeds by far the upper limit from 
equation (6). A satellite held together by gravitational 
forces is therefore impossible no matter what the mass 
of the satellite or of the central body. 

We have to consider next satellites held together by 
solid-state forces against the tidal effects of the central 
star. The tension in the centre of the satellite is propor- 
tional to er? and we can find an upper limit for the satellite 
radius r for it to be stable against disruption. Using 
equation (1) to eliminate a, we find an expression in- 
dependent of M 


d r 
E a IET 
2 g em-? 105 dyneem-?/ 1s 
where S is the tensile strength of the material. This gives 
an upper limit of the order of 10 m for most natural 
materials (only about 100 m even for good structural 
steel). 

A single satellite of size 10 m could hardly produce a 
sufficient disturbance on the magnetosphere of the 
central star. One might then think of a collection of a 
large number of such small satellites, but this raises other 
problems: gravitational forces could hold together à con- 
glomeration of a number of such small objects all at the 
same orbital radius a but not, as we have seen, those with 
different values of a. It is not easy to see how one could 
single out values of a in some very narrow range only, 
and one would therefore expect a spread in orbital 
periods T. 

The requirement of tensile strength of the orbiting 
bodies requires them to be solid which requires their 
temperature to be below about 10? °K, which in turn 
puts an upper limit on the luminosity L of the central 
neutron star. With M<2Mo and T'~1 s this gives 
L«10- Lo. An undisturbed neutron star could cool to 
this low optical luminosity in a few times 107 vr, but 
with a large number of small satellites orbiting the neutron 
star and interacting with the magnetosphere one would 
expect a steady stream of these objects to spiral into the 
star and heat it. To keep the neutron star luminosity 
below 10 Lo, one would require a rate of infalling 
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material of less than 10% g/yr. To summarize: the 
possibility of solid objects orbiting around a central 
neutron star appears highly unlikely. 

We thank Professor T. Gold for pointing out the limita- 
tion arising from Roche's condition and Professor G. 
Burbidge for communicating unpublished work. This 
work was supported in part by the US National Science 
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by 
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THE recent discovery by Hewish et al.? of rapidly pulsing 
radio sources with periods of ~ 1-337, 1-274, 1-188 and 
0:2531 s has already provoked a considerable amount of 
activity among theoretical astrophysicists. Hewish et al. 
sought an explanation in terms of the radial vibrations of 
white dwarf or neutron star models as calculated by 
Meltzer and Thorne? (hereafter MT). The apparent failure 
of the MT white dwarfs to pulsate in the fundamental 
mode with a period less than ~8 s led Hewish et al. to 
suggest tentatively that neutron stars might possibly be 
responsible. While several authors have proposed other, 
more or less bizarre theories*-*, we shall show in this article 
that the white dwarf explanation may have been dis- 
missed prematurely. We have found that the fundamental 
periods for the reasonably realistie white-dwarf models of 
Hamada and Salpeter’ can be as low as ~ 1-79 to ~ 2:05 s, 
tbe actual value being somewhat dependent on the com- 
position. Furthermore, we shall show that similar results 
would have been obtained by Meltzer and Thorne but 
for an error in their specification of y, the generalized 
ratio of specific heats, just where this is most crucial. 
Finally, the relevance of our results to the CP sources 
themselves will be briefly discussed. 

The Hamada-Salpeter white dwarfs? were originally 
construeted using the Salpeter zero temperature equation 
of state* and Newtonian stellar structure equations. The 
stability properties are, however, intimately bound up 
with general relativistic effects in the region of particular 
interest (central density in the range ~ 10-10" g cm~). 
We have therefore chosen to construct our models using 
the relativistic procedure throughout. The standard 
relativistie strueture equations and the pulsation equation 
have been given by Chandrasekhar? and Bardeen, Thorne 
and Meltzer’, and we shall as far as possible use the same 
notation as these authors. 

Hamada and Salpeter considered that white dwarfs 
might be formed with a variety of compositions and that 
non-uniformities could arise at low temperatures through 
the operation of inverse B decays and pyenonuclear reac- 
tions. As well as building models of uniform composition, 
we have also built non-uniform models using the Hamada- 
Salpeter prescription. Thus our non-uniform ‘He, models 
contain 12C, where 0278x109? g cm, and *Ne,, where 
ez; 6x 10° g em-?, while our "equilibrium" models contain 
5*Fe,, for log o« 1:15, and heavier, more neutron-rich 
nuclei? for higher densities with "Sr, at the highest 
densities here considered (11-28 «log op« 11-40). For pur- 
poses of comparison we have also computed models having 
pure *He, and !**Sr,, throughout, although neither of these 
compositions can be realistic at high or low densities 
respectively. Finally, as the Salpeter equation of state 


The rapidly pulsating radio sources may, after ail, be vibrating white 
dwarfs. Calculations show that fundamental vibration periods for 
white dwarfs can be as low as — 1-5 s. 


depends on both the charge Z of the nuclei and the mean 
atomic weight per electron, ue, we computed models for 
a fictitious composition {corresponding to ?*O,) as a means 
of examining the Z dependence by comparison with the 
198p. results. 

Working with the usual form of the interior Schwarz- 
schild metric*:5, we find that M (the total mass-energy) 
and R (the surface radial co-ordinate) are in close agree- 
ment with the corresponding mass and radius of the 
Hamada-Salpeter models. This is to be expected, as an 
examination of the solutions shows that e” and e^ differ 
from unity by at most a few per cent in the models of 
highest central density here considered. 

In the pulsation calculations we have assumed, follow- 
ing MT, that there are two main time scales involved in 
the problem: (i) fretax, the relaxation time-scale for nuclear 
reactions, and (ii) r, the free oscillation period of the star. 
For t®trelax, the nuclear species always remain at the 
local equilibrium values, necessarily changing during the 
long time-scale oscillation. "This leads to instability over 
& very wide range of central density, as Meltzer and 
Thorne have shown. Again following Meltzer and Thorne, 
we have assumed that relax Z 10! yr, however. Even the 
present astronomicaly unprecedented accuracy of the 
CP periods cannot rule out a drift rate with this time- 
scale, and we shall examine oscillations with periods 
T-Élrgax under the assumption that such metastable states 
are, for present purposes, stable. 

When 7<trelax, we therefore assume that the nuclear 
abundances remain fixed throughout the oscillations and 
that y is given in the MT notation by 


+ p* Op* 
vue oe a) 


p* Qp* fixed, local nuclear abundances 


The fundamental pulsation periods of our models are 
given in Table 1, together with the first overtone periods 
for the more realistic compositions (we do not list higher 
overtones, as these are given, to within a few per cent, by 
tn X 1/(n+1) for the nth overtone, nz 1). The periods 
of some fundamentals and of the equilibriam composition 
first overtone are shown in Fig. 1, which may be com- 
pared directly with Fig. 4 of Meltzer and Thorne. 

The first and most obvious difference between our 
results and the MT results is that, for any composition, 
our models remain stable until log p-210-35, that is, 
Pex 2:3 x 10" g cm. Our periods are also considerably 
lower, and, over a fairly wide range of central densities, 
differ from the three longer CP periods by only moderate 
factors <2. Note that the shortest period, closest 
to the CP observations, is only obtained with the 
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unrealistic pure !*9Sr;, composition, and that the more 
realistic equilibrium abundance gives tmin=1-79 s. It 
would, however, be most intriguing if the observations 
were hinting that high Z, neutron-rich material is present 
in the centres of highly evolved white dwarfs. We hope 
that this result, meagre as it is, may stimulate others to 
study reactions at these high densities. More studies 
along the lines of Wolf"! are clearly indicated. 

The following question obviously arises: how ean our 
results differ so much from those of Meltzer and Thorne ? 
Our equilibrium models should be fairly close in properties 
to the MT models at these densities. The answer appears 
to lie in the MT specification of y. 

After we had discovered this, Professor W. A. Fowler 
kindly pointed out that the question of stability for a 
pure helium, purely Chandrasekhar equation of state, 
white dwarf model had been settled some time ago by 
Chandrasekhar and Tooper!*, who found that instability 


PERIODS OF RADIAL OSCILLATIONS (8) 
Fundamental mode First overtone 


Table 1. 


Log ge Homogeneous models Inhomogeneous models 

‘He, E 1208r “Hes “Equi- “tHe”? “Equi- 

lib.” lib." 

T0 860 922 3-44 3:30 

8-0 4:49 431 146 1:48 
90 27 2-36 2.27 2-56 0-620 . 0-633 
96 219 1-82 1-74 2-01 0-360 0383 
98 214 1-70 1-62 1:90 0.322 0325 
100 220 Ig 1:53 1-83 0-291 0-283 
102 2-65 1-58 1-48 179 0-266 0-245 
104 *1-05 1-65 149 1-84 0-234 0-213 
10-6  *0257 2-07 1-69 2-22 0-198 0180 
10-8  *0-151 *0-504 3-62 *0-582 0-162 0-149 
11-0 46-100  *0176 — *0218 *0-217 0330 0-127 
112 *0-070  *0307  *0-119 *0-126 — 0-102 — 0-106 
114 *0-050 *0-077 *0-096 0-080 . 0-094 





* Denotes an unstable model, for which the e-folling time is given. 


The curve of inhomogeneous period as a function of gc is slightly “wavy”, 
The waves are correlated with the passage of a composition discontinuity 
over the region where e? (or GM rc?) achieves a maximum in the model, and 
are somewhat dependent on the rapidity of the change-over. The compositions 
here have been smoothed over a range of ^ 0-12 in log P. 

The integrations were performed with suceessively reduced step-lengths, as 
a check on accuracy. We estimate these figures to be accurate to about 1 
or 2 per cent. 


Values of c*, period and e-folding time for three fundamentals and one first overtone. 
@. equilibrium composition, fundamental; A, equilibrium composition. first overtone. 


L1, Pure *He;, fundamental; ©, inhomogeneous 


was reached when o,-= 2-328 10" g cm-?. While the 
matter is thus not in doubt, we offer the following argu- 
ment as indicating rather well the region where instability 
may be expected. 

When + <trelax Meltzer and Thorne assumed that in the 
density range 107S e$10", where relativistically de- 
generate electrons provide almost all the pressure, y could 
be put equal to 4/3. Unfortunately, the Newtonian 
stability condition is y— 4/32 0 (or some suitable average, 
y—4/32 0 when y is variable), whereas in the relativistic 
case a post-Newtonian expansion shows that the relevant 
criterion is 


The location of the instability may then be understood 
as follows. 

At high densities the Salpeter pressure reduces to a 
constant multiple of the Chandrasekhar value. The latter 
is conveniently expressed in terms of the degeneracy 
parameter a, where p~ 10° uez. The correct expansion 
of the Chandrasekhar function f(x) for the degenerate 
pressure at high densities gives 


P œ f(x) = 2st — 2a? + 0 (Ine w} (2) 
It may readily be shown that this leads to 
4 2 
=— + y r + O (eine æ) (3) 
E ae VEM = 
the relativistic corrections to the y of equation (1) being 
negligible. 
We thus expect stability provided that, in the mean, 
4 2 wer2ls GAL 
we wld 10 per Re (4) 
3 3 Mp7 Re? 





The function M/R reaches a maximum inside the 
while p-?/? is monotonic. A good indication of the critical 
region is therefore given by setting the two sides of the 
inequality (4) equal at the point where M/R reaches its 
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maximum, that is, at the point where M —4zR* e or. 
alternatively, 


1 
e(R) = 3*0 (5) 


Let 

p (B) = Ave (6) 
at this point. Then R-—(M/4xA9.)/* and we obtain. 
after substituting in equation (4) with ue— 2, 

103? 

ni Min 
In the present range of central densities, c./g (surface) 
^30, whieh places the models between polytropes of 
index 3 and 2-5, as one might expect. A glance at the 
polytropic tables shows that, for p/p- 1/3. h~ 1/6 and 
M~ 2/3 Mita] represent good compromises. As we are 


Be = (7) 


close to the limiting mass, this means M ~ M o ~2x« 108g, 
Thus 
B D E E 8 
Pe ~ xj =x x (8) 


This result is, of course, no better than the rough argu- 
ments which have gone into it. We are grateful to 
Professor Fowler for showing us that this estimate can 
be put on much firmer ground by the use of his HDBE 
method (see, for example, ref. 14), which with suitable 
changes reproduces fairly well the position at which 
instability occurs and the values of the periods which we 
obtain. As a final check on the MT results, computations 
were performed with the Hamada-Salpeter equilibrium 
models in which, during the pulsation, y was artificially 
forced equal to 4/3 for densities exceeding 107 g em-. 
The periods or e-folding times were then within a few 
per cent of the MT values, with instability occurring, as 
in their models for pe slightly in excess of 10? g em, 
where the destabilizing effect of the y=4/3 region over- 
comes the stabilizing effect of the matter with p« 107 g 
cem, We conclude that the MT results are therefore 
erroneous for peZ 107 g em”. 

Finally, what is the relevance of this to the C P sources ? 
The close approach of the minimum periods in Table | 
to the three larger CP periods makes it attractive to 
suppose that these objects are in fact white dwarfs 
vibrating in their fundamental radial mode. It might 
also be thought that the most probable periods to be 
observed would be those corresponding to the flat portions 
of the eurve in Fig. 1. This would not in fact be the case 
for the hypothetical "pure" eompositions. In accordance 
with the M (R) theorem”! we find that M reaches a maxi- 
mum where instability occurs. Where the period has 
its minimum (in fact where pe (Tmin) ~ 1/4 pe (t= 00), in 
agreement with Fowlers HDBE method) the curve of 
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M (e.) is still very flat, giving small mass ranges (~ 2 per 
cent) for probable observation. The pycnonucleated 
models fare much better, the M (R) theorem then being 
inapplicable. In fact, v lies within 10 per cent of Tmin 
for about a 20 per cent range of mass. The latter models 
do, however, have à formation problem, as the mass is 
decreasing with increasing o. in this range, and we have 
to decide whether a given mass will form a white dwarf 
at the higher or lower of its allowed central densities. 
Curiously enough, this seems to call for a forced, implosive 
collapse. 

On the other hand, it might be thought rather surprising 
if surface nuclear reactions were to excite the funda- 
mental mode in preference to some high overtone. (The 
argument is less persuasive if low temperature, high 
density reactions are responsible, as our work may indi- 
eate.) In our range in which « lies within 10 per cent of 
Tmin, Our Overtones have periods in the range ~ 0-20 to 
0:35 s, the correct range for the most rapidly pulsing CP 
source. One is attracted to the idea that a given excita- 
tion mechanism operating in similar objects might ultim- 
ately result in, at worst, adjacent overtones, and the 
fact that the nth harmonie period is proportional to 
l/(n--1) for nz 1 mitigates strongly against high over- 
tones. In fact it would be an odd coincidence, to say the 
least, were nature to contrive to present us with such 
transparently associated periods. Clearly more extensive 
investigations of excitation mechanisms, finite tempera- 
ture effects, rotationally aided stability and so on, are 
called for. 

We thank Professors R. F. Christy, W. A. Fowler and 
F. Hoyle and Dr P. A. Strittmatter for many helpful 
diseussions, and J. Skilling for communicating his results 
on the fundamental modes before publication. One of 
us (J. R. G.) is indebted to the Science Research Council 
and University College, Cambridge, for research student- 
ships. 
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Amino-acid Sequence of Alpha Chains of Human Haptoglobins 


b The complete amino-acid sequences of the alpha chains of the 
y common genetic variants of human haptoglobin confirm that the o? 
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MOLECULAR polymorphism of human haptoglobin oceurs 
as the result of genetie alterations in the smaller of its 
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chain has arisen by partial gene duplication of the Hp! locus. A 
homology in sequence between a portion of the haptoglobin alpha 
chain sequence and a series of Bence Jones light chains suggests that 
the functional similarity between haptoglobin and immunoglobin G 
may reflect a common evolutionary origin. 


two dissimilar pairs of polypeptide chains'?. Three allelic 
genes, Hp!F, Hp'S and Hp*, taken two at a time account 
for the presence of the six common haptoglobin pheno- 
types! that is, Hp LF-1F, IF-1S. 18- 1F.2, 18-2 
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Haptoglobin a 83 residues aF = Lys at position 54 
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1 10 
NH.- Val - Asn - Asp - Ser - Gly - Asn - Asp - Val - Thr - Asp - 
30 
- Cys - He - Ala - His - Gly - Tyr - Val - Glu - His - Ser - 
50 
- Leu - Arg - Thr - Gin - Gly - Asp - Gly - Val - Tyr - Thr - 
7 
-Ala - Val - Gly - Asp - Lys - Lev - Pro - Glu - Cys - Giu - 
83 
- Pro - Val - Gln - COOH 


at3 =Glu at position 54 


Ile - Ala - Asp - Asp - Gly - Gln - Pro - Pro - Pro - tn + 
Val - Arg - Tyr - Gin - Cys - Lys - Aan - Tyr - Tyr - hos E 
Leu - Asn - Asn - Glu - Lys - Gin - Trp - He - Asn - is - 
Ala - Val - Gly - Lys - Pro - Lys - Asn - Pro - Ala - A - 


Fis. l. The amino-acid sequence of haptoglobin at chains. 


and 2-2, These phenotypes may only be clearly distin- 
guished after reduction and alkylation of the native 
haptoglobins and separation of the chains by starch gel 
electrophoresis in 8 M urea-formate buffers! /?. As a result 
of chemical studies on the ehymotryptie peptides of 
haptoglobin a!F, «!8 and «? chainst, partial gene duplica- 
tion was proposed? as a mechanism for the origin of the 
Hp? gene, for the a? chain was found to be almost twice 
as long as the a! chains and appeared to result from the 
fusion of an a!F with an œS chain with the deletion of 
segments of sequence from the C-terminal end of one 
chain and the N-terminal of the other’. The occur- 
rence of similar partial gene duplications during evolution 
has been suggested after the discovery of internal homo- 
logies of amino-acid sequence in ferredoxin’, eytochrome c 
(ref. 6), the haemoglobin chains’, the light and heavy 
chains of the immunoglobulins? and herring protamine’. 
In each of these cases. the original relationship between 
the two parts of amino-acid sequence resulting from the 
partial gene duplication has been obseured by different 
mutational events which have oceurred independently in 
each partial sequence during its subsequent evolution. 
In the work described here. the complete amino-acid 
sequence of haptoglobin «!F, a8 and a* chains has been 
determined and the previous suggestion® of the origin of 
the Hp? gene by partial duplication confirmed. Hapto- 
globin 2-1 was prepared in high yield from ascites fluid?’ 
of a single female patient with a carcinoma of the ovary. 
The puro protein was reduced, alkylated? and the com- 
ponent chains were separated (ref. 4 and unpublished 
results of Black, Chan and Dixon) on ‘Sephadex G-75'. 
Beeause the protein was obtained from a single hetero- 
zygous individual of genotype Hp-Hp!$, the separated 
a? and a!9 chains each represent the product of a single 
gene, and identical molar yields show that in this patient 
both the maternal and paternal genes were expressed at 
the same rate. Amino-acid analyses (unpublished results 
of Black, Chan and Dixon) and gel filtration behaviour 
are in agreement with the results of previous physical 
studies" and indicate that the haptoglobin «* chain differs 
from that specified by either of the other haptoglobin 
alpha chain alleles Hp'S or Hp!F in being 142 residues 
long (moleeular weight 16,000) as compared with eighty- 
three residues (molecular weight 9.100) for the haptoglobin 
a! chains. From the products of chymotryptic digestion, 
tryptic digestion before and after trifluoroacetylation and 
cleavage with dilute acetic acid it has been possible to 
determine the complete amino-acid sequence of the hapto- 
globin alpha chains (unpublished results of Dixon, Black, 
Wood, Kauffman, Connell and Smithies). The sequence of 
haptoglobin a!5 is shown in Fig. 1. In haptoglobin x!F the 
glutamie acid shown in position 54 is replaced by lysine, 
consistent with a single base change of the codon for 
glutamie acid, GA. to that for lysine, AAA. Similar 
substitutions of lysine for glutamic acid have been 
observed frequently in mutant proteins* including the 
abnormal haemoglobin Hb E. 

Haptoglobin a? yields the same peptides as haptoglobin 

+The nomenclature previously used! for the haptoglobin alpha chains 
was Hp 1F, Hp 1S and Hp 2. The system used here, Hp œf, as and a’, is 
preferred as being consistent with haemoglobin nomenclature aA, 5A, and so 


on, and less clumsy when used to express chain stoichiometry in the various 
haptoglobin polymers, e.g. (a2 fj). 


x! on chymotryptic digestion together with one additional 
peptide’, The sequence of this peptide (the junction 
peptide) and those of the N and C-terminal peptides of 
haptoglobin a! are shown in Fig. 2. The junetion peptide 
can be seen to represent the fusion of the C-terminal 
portion of one haptoglobin a! chain (A) at residue A 70 
or 71 with the N-terminal portion of a second haptoglobin 
a! chain (B) at residue B 12 or 13. An alanyl residue oceurs 
both at A 71 and B 12, and so it is not possible to distin- 
guish whether the fusion was from A 71 to B 13 or from 
A 70 to B 12. It has been proposed? that the «* chain 
forms as a result of an unequal erossover in the structural 
gene for haptoglobin « chain. After such a crossover 
(Fig. 4), portions of DNA coding for 12x 1 amino-acids 
(36 + 3 nucleotide pairs) both at the N-terminus of a! chain 
B and C-terminus of a! chain A would have been deleted, 
If the «! chain had been completely duplicated to produce 
two identical repeating sequences joined end to end in 
continuous peptide linkage, the resulting «° cham would 
be 166 residues long and would possess an identical amino- 
acid composition to «1. The amino-acid composition of 
a? differs from this and corresponds exactly to that 
expected for a chain of 142 residues with the observed 
deletions (unpublished results of Black, Chan, Hew and 
Dixon). The complete sequence of the haptoglobin «* 
chain is shown in Fig. 3. 

If the Hp? gene arose by partial duplication of two Hp 
genes, then four possibilities are evident for the distribu- 
tion of the F/S loci, namely Hp?FF, Hp?!'8, Hp'8F and 
Hp?SS. In earlier chemical studies it was found? that 
most «? chains examined contained both F and S peptides, 
but electrophoretic studies by Nance and Smithies'? 
showed the existence of «FF and «58 in a Brazilian 
population. The a? chain in the individual examined here 
yielded peptides corresponding to both the F and S 
regions of the x! chain and is therefore of phenotype 
4XF.9, The order of the F and S markers (F-8 or S—F) 
in the haptoglobin a* chain was not determined, although 
it should be possible to do so by isolating large peptide 
fragments which relate either position 54 or 113 to the 
unique N-terminal, C-terminal or junetion regions. In 
Fig. 3 both Glu and Lys are shown at positions 54 and 
113 of the sequence. 

At the genetic level the original partial gene duplieation 
was considered? to be the consequence of asymmetrical 
alignment at meiosis of an Hp!$ and Hp’? gene followed 
by intracistronie crossover to give rise to a new gene. 
Hp*£,5), and hence the gene product, haptoglobin a 2058), 
An examination of the base sequences corresponding to 
the amino-acid sequences from positions 9-17 and 67-75 
shows considerable similarity between these sequences 
when aligned as in Fig. 4. Over a region of nine codons 
and considering only the eighteen unambiguous positions 
(the first two in each codon), there are eleven identities. 
These positions include six guanines and three ey »ines. 
and so strong hydrogen bonding ought to be able to occur 
between the base sequence coding for positions 8-17 and 
the complementary DNA strand to that coding for posi- 
tions 65—75 or viee versa. Such non-homologous pairing 
could lead to the displaced synapsis and subsequent 
unequal crossover previously proposed? to account for 
the origin of the Hp? gene. 
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The identity, apart from the Glue»Lys difference at 
position 54 (or 113), of the two halves of the duplicated 
haptoglobin «æ? chain suggests that the partial gene 
duplieation which gave rise to the Hp? gene is a relatively 
recent evolutionary event in the human line. This idea 
is supported by the observation that all primate hapto- 
globins so far examined"? appear similar to haptoglobin 
l-I in being monodisperse and failing to show the poly- 
meric series of bands on starch gel electrophoresis charac- 
teristic of the presence of the partially duplicated a? 
chain in the human haptoglobin molecule. The duplication 
therefore appears to be a more recent event than the 
evolutionary divergence between the human precursor 
and the higher primate line. 

The considerable volume of work on haptoglobin gene 
frequencies in indigenous populations from numerous 
parts of the world suggests that the human Hp? gene 
frequency is still changing! presumably under selection 
pressure, and again indicates that the duplication has 
been a comparatively recent event in the human line. 
The sequences of the a! and «? chains thus provide an 
illustration of a partial gene duplieation at the poly- 
peptide level which is unobscured by subsequent amino- 
acid replacements. Because both the duplicated and 
non-duplieated gene products are available for comparison 
there can, in this case, be no doubt that the event of 
partial gene duplieation has taken place. An important 
factor in the maintenance of the partially duplicated gene 
in the germ line is probably the unimpaired function in 
the heterozygous individual of the non-duplicated gene 
produet together with the evolution of an improved 
function in the partially duplicated gene. 

In haptoglobin this latter condition appears to be satis- 
fied on two counts. First, if the function of the molecule 
is to bind plasma haemoglobin and so prevent its loss 
and that of iron by filtration through the kidney 
tubules, partial gene duplication has been an evolution 
to improved function, for it manifests itself pheno- 
typically in haptoglobin 2-1 and 2-2 as a series of poly- 
mers of considerably greater molecular weight than the 
haptoglobin 1-1 molecule and thus less likely to be lost 
by glomerular filtration but which still possesses unim- 
paired!*!'5 the original function of complexing with oxy- 
haemoglobin, Second, in the haemoglobin-haptoglobin 
complex the environment of the haem groups appears 
significantly altered so that their chromophorie proper- 
ties", peroxidase activity!* and accessibility to liver haem 
a-methenyl oxygenase!*, an enzyme converting haem to 
a precursor of biliverdin, are changed. The haems in 
native haemoglobin are resistant to this enzyme, but after 
combination of haemoglobin with haptoglobin they are 
rapidly attacked probably as a result of a distortion of 
the haemoglobin conformation such that the haems 
normally present in hydrophobic crevices? become 
exposed.  Haptoglobin 2-2 appears to be significantly 
more efficient in this funetion'? than either Hp 2-1 or 
Hp 1-1 and thus a selective advantage for homozygosity 
of the Hp? gene could result from an improved efficiency 
of catabolism of haemoglobin liberated into the plasma 
after a haemolytic crisis. There is thus a possible corre- 
lation between the observed high frequencies for the Hp? 
allele (up to 80 per cent) in India! and south-east Asia and 
a high incidence of haemolytic disease in these regions, 

The apparent structural and functional similarity 
between haptoglobin and the 7S immunoglobulins has 
been of considerable interest to us. Both have the property 
of tight and specific bivalent combination with proteins 
which are normally foreign to their environments (while 
both haptoglobin and haemoglobin are blood proteins, 
haemoglobin is contained in the red cell and it is not until 
the haemolysis of the cell that the two proteins come 
into contact). An illustration of the specificity of hapto- 
globin is its ability to form an extremely tight 1: 1 eom- 
plex with oxyhaemoglobin but not with deoxyhaemo- 


globin", Hb H (ref. 22), Hb Barts? or myoglobin??, 
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10 20 

NH,- Val - Asn - Asp - Ser - Gly - Asn - Asp - Val - Thr - Asp - Ile - Ala - Asp - Asp - Gly - Gln - Pro - Pro - Pro - Lys - 
30 40 
- Cys - Ile - Ala - His - Gly - Tyr - Val - Ghi - His - Ser - Val Arg - Tyr - Gin - Cys - Lys- Asn- Tyr - Tyr - Lys 
50 - Lys - 60 
Leu- Arg - Thr - Gln - Gly - Asp - Gly - Ual - Tyr - Thr - Lou - Asn - Asn - Glu - Lys - Gin - Trp- Ie - Asn - Lys 
70 80 

- Ala - Val - Gly - Asp - Lys - Leu - Pro - Gln - Cys - Glu - Ala - Asp - Asp - Gly - Gin - Pro - Pro - Pro - Lys - Cys - 
90 100 

- le - Ala - His - Gly - Tyr - Val - Glu - His - Ser - Val - Arg - Tyr - Gin - Cys - Lys - Asn - Tyr - Tyr - Lys - Leu - 
110 - Lys - 120 

- Are - Thr - Gin - Gly - Asp - Gly - Val - Tyr - Thr - Lou - Asn - Asn - Glu - Lys - Gln - Trp - Ile - Asn - Lys - Ala - 
130 140 

- Val - Gly - Asp - Lys - Leu - Pro - Glu - Cys - Glu - Ala - Val - Gly - Lys - Pro - Lys - Asn - Pro - Ala - Asn - Pro - 

142 
- Val - Gin - COOH 
Fig. 3. ‘The complete amino-acid sequence of haptoglobin a* F3 chain. Because the order of the F/S loci is not known, both Glu and Lys are 


shown at positions 54 and 113. 


When haptoglobin is in excess of haemoglobin, an inter- 
mediate complex of stoichiometry 0°5 Hb: 1 Hp can be 
isolated??, which suggests that only one of two sites is 
oceupied by a single haemoglobin half molecule. Recent 
studies (unpublished work of Malehy and Dixon) show 
that co-valently linked haemoglobin double molecules can 
act as cross-linkers between haptoglobin molecules to 
produce a series of aggregates of increasing size; such 
behaviour could only occur if haptoglobin were bivalent. 
At low ionic strengths, these large complexes also pre- 
cipitate in a manner similar to that seen in the classical 
antigen-antibody reaction. 

Both haptoglobin and immunoglobulin G are con- 
structed from two light and two heavy polypeptide 
chains which are linked through disulphide bridges; and 
both contain carbohydrate which is associated only with 
the heavier of the two chains. With the publication**-*° 
of amino-acid sequences for several Bence Jones proteins 
and the elucidation of the haptoglobin a! chain sequence 
it became possible to conduct a search for sequential 
similarities, for these known sequences represent the light 
chains of the respective molecules. 





fa- GLU 54 


The Bence Jones proteins can be represented as & linear 
sequence of 214 amino-acid residues with a break or 
“switch point’? near residue 110 between the “variable” 
N-terminal portion and the "invariant" C-terminal 
region?®3, The variation in amino-acid sequence leading 
to the varying specificities of the immunoglobulins from 
which the Bence Jones proteins are derived is considered 
to be restricted to the N-terminal sequence. It therefore 
follows that when all of the Bence Jones sequences are 
considered, the positions of variation in the N-terminal 
region which could result from somatic mutation must be 
ignored in a consideration of protein evolution which is 
concerned only with changes in structure in the germ 
line. The similarity in size and sequence of the kappa 
and lambda Bence Jones proteins suggests that they have 
evolved from a common ancestor presumably by a com- 
plete gene duplieation* of the ancestral gene followed 
by divergent evolution. This is represented in Fig. 5 as 
occurring at (3). When, however, the kappa and lambda 
sequences are compared, there is almost as much variation 
in the C-terminal “invariant” region as there is in the 
“variable” N-terminal positions. Again the positions of 


CROSSOVER 
PRESUMED DEFECTIVE 
GENE 
I 
| 
\ Area of non-homologous synapsis 
w: P d > 
~ p" 10 15 
Ba iat is -Thr-Asp-Ile-Ala-Asp-Asp-Gly-Gln-Pro- 
ae zs nx dx uU irs aH 
AC GAc AUG GC GA, GA, GG CA, CcC- 
HET it 
-+--+4----}-+---+-—> 1 
no RIA Hae Gel An. us meo aad 
v» cc GA, UG, GAG GC- GU- GG AAG cc- 


~Pro-Glu-Cys-Glu-Al 
0 


a-Val-Gly-Lys-Pro- 
5 


Fig.4. A possible mechanism for the non-homologous synapsis and crossover at the Hp'F/Hp's locus leading to 


haptoglobin a*8F, In the lower 


while the broken arrows represent identities at positions 


past of the figure, amino-acid 
chain and 67-75 of the c* F are shown. Complete identities in the two base sequences are 


and base sequences for the regions 9-17 of the a's 
indicated by full arrows, 


which show partial degeneracy in the third base of the 


codon. No comparisons are drawn where there is complete degeneracy in this position. The position of crossover 
is indicated by the dashed line. 
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(3) 





Origin of 
immunoglobulins 
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214 


Light chains 





of 
TS IgG 
| 110 214 
a mien 
» 
1 &3 
Hp o! a chains 
of 
l 142 haptoglobin 
Hp a* 


Fig.5. Possibleevolutionary relationships between kappa and lambda chains of Bence Jones proteins (light chains of 78 1gG) and the ha toglobin 
alpha chains. A complete gene duplication is proposed! at position (3) leading to the related large classes of light chains of IgG, kappa and lambda. 
The precursor to kappa and lambda is more distantly related to the haptoglobin alpha chains and the two lines are proposed to have diverted at 


(1) following a complete gene duplication. 


After event (1) but before the divergence, (3), of the kappa and lambda chains, Hill ef alè have 


suggested that a partial gene duplication, (2), increased the length of the light chain from 110 to the 212 residues seen in present day kappa and 
lambda chains. The very much more recent partial gene duplication of the haptoglobin alpha gene is shown at (4), 


variation must be ignored and only the residues common 
to several Bence Jones proteins can properly be used in 
a comparison with the haptoglobin sequence in order to 


determine if homology exists. An additional source of 


variation is to be expected in the comparison between 
the mouse and human kappa chains where the divergence 
between species will have been accompanied by some 
divergence between sequences in the kappa chains. Again 
only the common residues in the sequence can be used in 
a search for homology with haptoglobin »! chain. 
The partial gene duplication giving rise to the Hp? gene is 
indicated in Fig. 5 as event (4). In this case the hapto- 
globin a! sequence is obviously representative of the 
ancestral gene produet and is used as such in the com- 
parison. 

An extensive examination of the Bence Jones and 
haptoglobin sequences has been carried out by a com- 
puter programme similar to that deseribed by Fitch?! 
This has shown that there are portions of the sequences 
which appear to be homologous, in particular in the 








75 80 
KER 
BJ 
RAD Leu Gu Pro [Gu] Asp 
41 | We | Ser Ser Leu Glu Ser Guj Asp 
70 | Ile | His Pro Met  Glx — Gix Asx — Asx 
ROY | Tle | Ser — Ser — Leu — Gln — Pro [6m] Asp 
CUM [Ile | Ser Arg Val  Glx Ala  |Gix| Asx 
AG | Te | Ser Gly Leu Gm Pro  |Glu| Asp 
Sh | Iie | Thr Gly Ala Gin Ala Gla Asp 
AU- --- --- -UA -Aà --- Gad al 
AU- =-=- c-- ==- -A= --- GAB aD 
25 
Hpa | He| Ala His Giy Tyr Va |Gm| His 





vicinity of the cysteine residues. A comparison of the 
sequences around cysteine 86 of the Bence Jones proteins 
and cysteine 35 of the haptoglobin a! chain is shown in 
Fig. 6. It may be seen that homology is suggested by 
the identity of Ile 22 (Hp) with six Bence Jones proteins 
at position 73, of Glu 28 (Hp) with six at position 79, of 
Tyr 33 (Hp) with all nine at position 84, of Cys 35 (Hp) 
with all nine at position 86 and of Tyr 38 (Hp) with five 
Bence Jones proteins at position 89. These identities are 
enclosed in boxes in Fig. 6. The homology is reinforced 
in this region if the nucleotide bases common to the 
triplets coding for the amino-acids at any given position 
are written. In Fig. 6, the upper line of bases represents 
those common to all the Bence Jones sequences presented, 
while the lower line shows those bases coding for the 
haptoglobin sequence. It is evident that in this region 
there is as much similarity between the haptoglobin 
sequence and any given Bence Jones protein as between 
different Bence Jones proteins. These comparisons and 
others obtained in the computer output are compatible 














R5 

[ Tyr | Tyr Gin Gn 

| Tyr | Tyr Gin Gin 
Phe Ala Val Tyr: "ÜYyr Gin Gin 
Phe Val Asp | Tyr — l Leu Gin 
Thr Ala Met |Tyr, Phe ; Cys | Gix Glx 
Tle Ala Thr 1 Tyr | Tyr | Cys i Gln Gin 
Val Gly Val | Tyr | Tyr | Cys ! Giu Met Arg 
Ie Ala Thr Tyr] Tyr Cys! Gh om [Ts] 
Glu Ala Asp Tyr Tyr Cys Asn Ser “Are 
-- G-- --- Va& tab vel cad ca- ual 
-- G-- =-=- VAR -a- uel -aĝ -a- val 
30 35 
Ser Val Arg [Tyr i Gin | Cys | | Lys Asn 





Fig. 6. A possible homology between the invariant amino-acid (and corresponding base) sequences of a series of kappa and lambda chains 
(Bence Jones proteins) and the haptoglobin alpha chain. The top line of bases represents those that are common to nll the kappa and lambda 
chains, while in the lower line those bases in the haptoglobin sequence which are identical to those in the Bence Jones sequence are shown. 
Where there is complete degeneracy in the third position of the codon, no base has been included, but in cases of incomplete degeneracy, such 


asin the tyrosine codon, vag. where identity exists, it has been shown. 
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with a common evolutionary origin for the Benee Jones 
proteins and the haptoglobin alpha chains as indieated in 
Fig. 5. Hill et al.* have proposed, cn the basis of internal 
homologies whieh they observed in light chains, that the 
present day, 214 residue, light chains (kappa and lambda) 
were derived by partial gene duplieation from an evolu- 
tionary precursor of approximately half this size (110 
residues). It is suggested here that haptoglobin x! may 
be related to this light chain precursor. Because hapto- 
globin x! is appreciably shorter (33 residues) than the 
proposed light chain precursor (110 residues), it is clear 
that appreciable divergence has occurred during evolu- 
tionary history subsequent to the original complete 
duplication (event (1), Fig. 5). A result of this altered 
length may be that although homology is observed between 
the sequence around Cys 35 of haptoglobin o! and Cys 86 
of kappa and lambda chains, the distance between the 
cysteine residues of haptoglobin a! is different from that 
in the kappa and lambda chains. Although conclusive 
proof of the hypothesis of structural homology between 
the haptoglobins and immunoglcbulins must await a 
comparison of the amino-acid sequences of the hapto- 
globin beta chain and immunoglobulin G heavy chain 
we submit that there is considerable evidence to suggest 
that haptoglobin and 78 immunoglobulins are structur- 
ally and functionally homologous. If this is true, then 
the haptoglobin-haemoglobin reaction can serve as a 
model for the more inaccessible problem of antibody- 
antigen reaction. It is still difficalt to obtain a homo- 
geneous purified antibody to a known antigen. but 
with the haptoglobin-haemoglobin system we have 
on the one hand as an "antibody" a protein which can 
readily be obtained from a single individual in up to 10 g 
quantities, and on the other as an "antigen" a protein 
the surface topography and overall conformation?* of 
which have been extensively characterized in detailed 
physical and chemical studies during recent years. 
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Measurements of Caesium-137 in Human Beings in 1958-67 


by 
B. E. GODFREY 
J. VENNART 


Radiological Protection Service, 
Belmont, Sutton, 


weapons. 
Surrey P 


AFTER the first reports in 1956 by Miller and Marinelli'? 
of the occurrence in the human body of caesium-137, a 
fission product from the testing of nuclear weapons, 
immediate interesti-5 was aroused in view of the additional 
contribution that this activity could make to the radiation 
dose received by man from natural sources. In January 
1958, soon after the installation of the first whole-body 
counter at the Radiological Protection Service, measure- 
ments were begun of the activity of caesium-137 in the 
bodies of a number of persons who have been referred to 
us for a measurement of body radioactivity. The results 
of some of these measurements, together with the esti- 
mated average doses of radiation received by specific 
groups of subjects, have been reported". Since our last 
report which contained results up to 1961, there has been 
a considerable increase in the amount of caesium-137 in 
the body as a result of the testing of American and 


The amounts of radiation from fallout caesium-137 in the bodies of 
a number of people in a heavily populated region have been measured 
and an estimate made of the amounts likely to be received in the 
future, assuming that there is no large-scale testing of nuclear 


Russian weapons in 1962-63. These activities of caesium- 
137 have now declined, and it is a convenient time to 
review the results of our measurements for the past 10 
years and consider the contribution which caesium-137 
has made to man's radiation status. 


Study Groups 


In view of the known variations of the amounts of 
eaesium-137 in the body with age and place of residence’, 
groups of subjects were chosen in which these effects were 
thought to be minimal. 

The earliest measurements were made on a group of 
female radium luminizers who had been referred for a 
measurement of their radium content. Most of these 
women were aged between 40 and 50 at the time of 
measurement, and had had no known contact with radio- 
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active materials since they had stopped working, generally 
more than 10 years earlier. Most lived in the Greater 
London area, although a few came from as far away as 
Leicester, Swansea and Folkestone. Concurrently w ith the 
earliest measurements of luminizers a few measurements 
were made on members of our own staff. Since late 1964 
regular measurements have been made on about ten female 
and ton male members of the staff who lived near to the 
Radiological Protection Service and were mostly aged 
between 20 and 30 yr. A series of measurements have 
been made also on a group of women from a local ante- 
natal clinic, These subjects were measured on two or three 
oceasions during pregnancy and also shortly after the 
birth of their babies. In some cases, the babies were also 
measured. The ages of the women were similar to those 
of our own female staff, and the babies were measured 
during the first few months of life. 


Measuring Techniques 


Activities of caesium-137 were estimated from measure- 
ments of the gamma ray emission from the body made in 
our low background laboratories using a whole-body 
counter’, The earliest measurements were made using a 
detector system comprising four sodium iodide (thallium 
activated) erystals, each 10 em in diameter and 5 em 
thick. The erystals, which were uniformly spaced above 
the supine body, were optically coupled to photomultiplier 
tubes, the outputs of whieh were amplified and recorded 
by a multi-channel pulse height analyser. Later measure- 
ments were made in similar conditions, but with eight 
crystals measuring 10 em by 5 em arranged so that. four 
crystals were above and four crystals below the supine 
body. In both systems, the crystals were arranged along 
the length of the body so that their combined response 
did not vary markedly with the height of the subjeet. 
Because the babies were shorter, the er ystals were brought 
closer together to span a length of about 80 em, with a 

:onsiderable improvement in sensitivity. The counters 
were calibrated using suitably sized polye thylene models 
of the body filled with water containing knówn amounts 
of caesium-137 chloride. The final calibration figures 





Table 1. 


Period No. of females Mean age (yr) Mean mass (kz) 








1958 
ist quarter il 58° d 
2nd quarter 22 5T 6 
3rd quarter 25 58. 2-4 
4th quarter 36 58- Uu 
1959 
ist quarter 31 4242 $8 + 15 
2nd quarter 22 42412 1+2-5 
3rd quarter 10 4042 CERT 
4th quarter 25 4241 Sir 
1960 
ist quarter 19 O24 
2nd quarter 7 842-0 
3rd quarter 13 -5446 
4th quarter 18 0425 
1961 
tst quarter 13 80-4 + 1-6 
2nd quarter 11 59-7431 
3rd quarter 4 619429 
4th quarter 21 61-8 +2-0 
1962 
Ist quarter 16 4lti 8608+43 
2nd quarter 13 4343 58:0416 
3rd quarter 10 4542 5622+19 
4th quarter n 43-71 59-6 + 2-0 
1963 
Ist quarter 7 47245 59-3 45-2 
2nd quarter 12 4342 63-1432 
3rd quarter 5 4634 59-142-3 
4th quarter 14 4222 65-04 3-4 
1964 
ist quarter 6 4343 575222 
2nd quarter 9 3941 58-442-5 
* 
1966 
3rd quarter 16 4722 61-4424 
1967 
2nd quarter 29 5042 60-3417 


* No data available for July 1964—June 1966. 
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were deduced from a series of similar measurements with 
a number of different standard solutions supplied by the 
Radiochemieal Centre, Amersham. The mean calibration 
figure for the body content of caesium-137 deduced from 
these measurements was shown to have a maximum over- 
all error of about +10 per cent, which is consistent with 
the error quoted by the Radiochemieal Centre for their 
standard solutions. While the measurements were being 
taken, the apparatus was monitored with a sealed source 
of eaesium-137. which was cross-calibrated against the 
calibration solutions about once every 3 months. 

The amount of potassium in the body was estimated by 
measuring the gamma rays emitted by its naturally 
oceurring isotope, potassium-40. The apparatus was 
ealibrated for potassium using solutions of potassium 
chloride in the polyethylene models. — Allowanee was 
made for the effeet of the gamma ray emission from 
potassium-40 and also for the effeet of bac 'kground radia- 
tion on the estimation of caesium-137. For the earlier 
measurements, using the four crystal assembly. the stan- 
dard error of estimating caesium-137 in adults was about 
+ l nCi if no radium in the body was suspeeted, worsening 
to about +2 nCi when the presence of radium could not 
be exeluded'. The error obtained with the eight erystal 
assembly was reduced to about +07 nCi for adults and 
was about +03 nCi for babies. 

The results of the measurements are reported in Tables 
1-6. Some consideration has been given to Miettinen's 
recommendations? concerning the presentation of results. 

Tables 1 to 5 show the mean values of caesium-137 in the 
body for a specifie group of subjects, for each quarter of 
the year. Further information is also given concerning 
the number of each sex and the mean values of age, mass 
and potassium content. The limits of error shown are the 
standard errors of the mean values. Although we still 
believe? that values of the ratio pCi caesium-137/g potas- 
sium have no special significance with regard to our 
ultimate purpose in measuring caesium-137—to estimate 
the resulting radiation doses-—nevertheless, these values 
are also given in the tables to facilitate comparisons with 
other published data. For each individual measured for 
body radioactivity an average radiation dose throughout 











VARIATION WITH TIME OF THE MEAN CAESIUM-137. CONTENTS AND THE MEAN DOSE RATES FOR FEMALE LUMINIZERS 


Mean K 
content (g) 


Mean Cs-137 
content Z (nCi) 


Mean dose rate 
D (mrad/qr) 


Mean pCi 
Ca-137/g RK 














5810 0 

61x04 4 

oS £05 5 

St O4 > 4 

9644 +05 5 
110+3 £03 4 
103 +4 £06 7 
100 +3 t04 3 
67x04 534 4 

£05 46+ 5 

+05 54x 4 

ESUE 464 4 

FStOD 3 

2820-5 6 

1-9408 2 

31+03 4 






100 +4 E 402 6 
10444 4 292 5 
9045 d 41+ 5 
10425 27i 64x 6 
102 +8 -9 a7+ 8 
1045 "T 73+ 7 
9343 | 82112 
96 +3 5 129% 7 
9643 16-8 f0-7 0-64 + 0-03 177 £11 
108 +4 15-94 1-4 059 + 0:04 147 £12 
9213 68r05 0-25 + 0-02 73+ 6 
94212 172093 0:17 x 0-01 494 8 
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body tissues was calculated assuming a uniform distribu- 
tion of eaesium-137 in the body. This is the practice 
adopted by most authors reporting on doses from caesium- 
137, although there remains doubt both about the precise 
distribution of caesium-137 in the body and about the 
tissues whieh are most important with regard to tbe 
possible induction of deleterious effects’. 

Tables 1-5 show the mean values and standard errors 
of the means of the doses for each group of people. Doses 
were calculated using data from Fisher and Snyder", 
who computed the dose rate from gamma rays by a 
Monte-Carlo type programme similar to that originally 
described by Ellett ef al.. According to Fisher and 
Snyder”, the dose rates from gamma rays averaged 
throughout the body, which result from a uniform con- 
centration of 1 uCi caesium-137/kg body mass, are about 
420 and 480 urad/h for persons of mass 50 and 70 kg. 
respeetively. For infants of mass 3:5 and 10 kg. the 
eorresponding values for the same concentration of 
eaesium-137 are respectively 210 and 290 prad/h. In 
view of other approximations used in calculating dose, it 
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seems an unwarranted refinement to make allowance for 
small changes in body mass and we have therefore 
assumed that the dose rates from gamma rays for a uni- 
form concentration of 1 uCifkg are 450 urad/h for the 
adults in the series and 250 prad/h for the infants. For 
the same concentration of 1 uCi/kg the dose rate from 
beta rays and internal conversion electrons was taken to be 
550 urad/h, independent of body mass". When these 
values are normalized to the appropriate units used in 
our tables, the total dose rates from beta and gamma rays 
which result from a body content of Z nCi of caesium-137 
and a body mass of W kg are as follows 


For adults, D= 2-2 (Z/W) mrads/quarter yr 
For babies, D— 1-8 (Z/W) mrads/quarter yr 


The value of dose rate shown here for adults is about 
10 per cent lower than that, namely, 2:5 mrads/quarter yr 
for a concentration of 1 nCi of caesium-137/kg body mass, 
used in the 1966 and earlier reports of the United Nations 
Scientific Committee!*, in which a different method had 
been used to calculate the dose from gamma rays. 


Table 2. VARIATION WITH TIME OF THE MEAN CAESIUM-137 CONTENTS AND THE MEAN DOSE RATES FOR FEMALE MEMBERS OF THE RADIOLOGICAL PROTECTION 
SERVICE STAFF 








Period No, of staff Mean age (yr) Mean mass (kg) 
1958 
3rd quarter 3 2623 57-62 O4 
1959 
3rd quarter 4 2323 5aT +18 
* 
1962 
1 st quarter 4 2343 59-0 + 2-6 
4th quarter 10 2643 59-7418 
1963 
1st quarter 4 2342 6163-0 
1964 
2nd quarter + 244 58-3429 
4th quarter 1i 20 £1 59:5 2.0 
1965 
Ist quarter 11 2121 5OS+ 
2nd quarter 11 21:1 59:8 + 
3rd quarter 10 21-1 58T + 
4th quarter li 2121 SST t 
1966 
Ist quarter 1t 22] 
2nd quarter 10 9241 
3rd quarter 10 2241 
4th quarter 10 221 
1967 
1st quarter 10 53-6 -13 
2nd quarter 10 540-17 
3rd quarter 10 53:4 1:3 
4th quarter 10 53:6 11 





* No data available for October 1959-December 1961, 


Table 3. 


Mean K 
content (g) 


Mean Ca-137 
content Z Ci) 


Mean dose rate 
D (mrad/qr) 











10845 $7206 0-22 + 0-02 5243 
984 T2z04 0 28 + 0-02 78 x 
11245 2921-4 O11 +0-04 24411 
120+4 8:6405 0-32 x 0:06 1855 
129 * 12 97405 0-35 + 0-02 TEET 
11446 4341-8 0-54 40-07 127 515 
0754 13:2 £ 0-8 0:49 + 0-04 188 £ 7 
98-4 131 +08 0-49 +004 134 £8 
10143 11-8+0-6 0-44 + 0-04 1iBtT7 
10945 10907 0-41 + 0-03 10147 
W245 83403 0-33 + 0-02 8245 
100 x4 £10 0-33 + 0-02 80+ 9 
105 4 x05 0-23 + 0-02 55:54 
IC7 t4 +04 0-20 + 0-02 4643 
10643 £03 018x001 4342 
11045 43403 0-18 + 0-01 30:2 
10613 37203 0-15 + C-01 8543 
109+ 4 27LO02 0-11 0-01 25 £2 
11123 2402 0-10 € 0-01 2242 


VARIATION WITH TIME OF THE MEAN CAESIUM-137 CONTENTS AND THE MEAN DOSE RATES FOR MALE MEMBERS OF THE RADIOLOGICAL PROTECTION 


SERVICE STAFF 














Period No. of staff Mean age (vr) Mean mass (kg) 
1958 
2nd quarter 3 2212 
3rd quarter 8 2642 
1959 
3rd quarter 6 28 £3 
* 
1961 
3rd quarter 4 2243 69-345 
1962 
ist quarter T 61-1422 
4th quarter it 669225 
1963 
1st quarter 8 2222 659426 
2nd quarter 8 2941 80-7 44-2 
1964 
4th quarter 10 2843 72-4 £26 
1965 
ist quarter iz 28 -2 nu 
2nd quarter 10 3022 70- 
3rd quarter 14 2941 reu 
4th quarter 12 2822 TE 
1966 
ist quarter 10 7O 
2nd quarter 10 7 
3rd quarter 10 6 
4th quarter 10 70i 
1967 
ist quarter 10 312 713219 
2nd quarter 10 38122 698420 
3rd quarter 10 31+2 70-1 2 2-0 
4th quarter 10 3122 704220 


* No data available for October 1959-June 1961. 


Mean K 
content (g) 


Mean Cs-137 
content Z (ni) 


Mean dose rate 


Mean pCi 
D (mrad/qr) $ 


Os-137 /g K. 








90-07 0-30 + 0-02 86x 7 
$90rrà3 09-28 + 0-03 B44 5 
1099015 (31 +005 604 10 
162+8 5720-3 O18 x 0-01 35x 3 
4840-9 0-17 + 6-03 344 7 
12:305 0:39 + 0:05 B5 x10 
13140 0-44 + 0-04 574 6 
11-841-2 0-32 + 0-04 ale 7 
24-9425 O75 + 0-07 18i + 14 
23-04 1-8 0-72 + 0-06 171514 
92-1 41-8 0-69 + 0-06 181 t11i 
20-5415 0-63 + 0-04 140+ 9 
17-9+1-0 0:54 + 0-05 iigrdi 
165216 0-52 + 0-05 
13741-5 0-43 + 0-04 
1-541: 0-37 2 0-05 
1002712 0-32 + 0:04 
143 +6 851-1 X004 
14443 7320-9 +0-03 
14644 5:2 +08 +003 
14545 4920-7 +002 
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Table 4. VARIATION WITH TIME OF THE MEAN CAESIUM-137 CONTENTS AND THE MEAN DOSE RATES FOR WOMEN DURING AND IMMEDIATELY FOLLOWING 
PREGNANCY 
; No. of women Mean stage Mean age Mean mass Mean K Mean Cs-137 Mean dose rate Mean pti 
Period and stage* (weeks) (weeks) (year) (kg) content (g) ^ content Z (nCi) D (mrad/qr) 78-197/g K. 

1963 

2nd quarter 5a 16z1 2622 584t35 90i4 69:08 0-26 + 0-03 79112 

5b 3013 2522 62-143-7 1118 TOLLS 0:27 + 0-04 69+ 9 

3rd quarter 14a 1441 2612 60.6124 994 10-8407 0-40 + 0-03 1124 9 

6b 26 x3 26 *1 62-043-2 107 +5 8-9+0-7 0-32 + 0-03 Bie 5 

4th quarter 22 a 1441 2641 56-141-2 102+3 12-840-6 0-50 + 0-03 127+ 6 

236 2841 2521 663215 10242 10-8 + 0-4 0-36 + 0-02 106+ 4 
1964 

ist quarter 26a 1421 2641 509-7209 9043 13:6 £05 0-50 + 0-02 188+ 5 

426 2941 2721 63-7414 98 +2 12-6605 0-44 + 0-02 130+ 6 

5e — 2422 60-4 + 2-9 103 +6 15-2206 6-56 + 0-03 149412 

2nd quarter 10a 141 2541 64-241-9 984 16-8 41-6 0-57 + 0-05 170+12 

305 84 t1 2741 68-9+1-3 103 +2 12-8406 O41 + 0-02 126+ 6 

17e — 2641 57-6+2-0 10142 15-4207 6-59 + 0-03 154+ 7 

3rd quarter lla 15+1 2442 8619+18 853 11941-0 6-43 + 0-04 139+ 9 

155 2922 2441 69-1417 103 +3 12-3+0-9 0:39 + 0-02 120+ 8 

19e — 271 60.6 € 18 9943 i4806 6-53 + 0-02 160+ 7 

4th quarter 15a 151 2541 62:-6+2-0 57-2 14200 0-50 + 0-03 163 +10 

13 b 3042 24+1 68-6 +2-6 91+3 123-12 0-40 + 0-04 132410 

5 3c — 25241 552 424 9647 15:9 3-1 0-63 + 0-12 163 +19 
1965 

lst quarter 10a 1751 2641 63:6 +30 98212 12741-0 0-44 +003 131411 

27b 2841 2441 678-18 96-2 1060-6 0:35 + 0-02 112+ 6 

Be — 2643 67-845-9 109+8 156 +07 051+ 0-02 434 4 

2nd quarter 25 6 3141 28+1 68-8413 104+2 9920-5 0-32 + 0-02 97t 5 

8c — 25+1 63-2 42-9 99+2 9:93 1-0 0:35 + 0-04 100+ 9 

3rd quarter 5b SREI 2742 TIDRA 104+7 93210 0:28 + 0-02 92414 

8e — 2641 63-6 + 2-8 105+3 SiLt+tO7 0-28 + 0-02 Tix 4 


* Stages: 


a, Less than 20 weeks pregnant; b, more than 20 weeks pregnant; c, post parturition. 


Table 5. VARIATION WITH TIME OF THE MEAN CAESIUM-137 CONTENTS AND MEAN DOSE RATES FOR BABIES 


No. of Mean age Mean mass 
Period babies (days) (kg) 
1904 
2nd quarter 13 75+ 5 56401 
8rd quarter 82 84+10 $9203 
4th quarter 32 102413 63204 
1965 
lst quarter 10 122418 6:407 
2nd quarter T 68 + 20 55405 
3rd quarter 10 61711 5640-5 
4th quarter 6 109 + 13 T8405 


Variation of Caesium-137 with Time 


Fig. 1 shows the results for caesium-137 in the groups 
of female luminizers and members of staff at the Radio- 
logical Protection Service for which measurements were 
made throughout the whole period from 1958 to 1967. 
The trend of caesium-137 with time can be clearly seen 
and it is similar to that reported by many other 
authors® 13-18, Caesium-137 contents were steady through 
1958-59 and then showed a slight decline from the 
beginning of 1960 through to the middle of 1962. As 
the result of the resumption of nuclear weapons testing 
towards the end of 1961, the caesium-137 level showed a 
sharp rise about the middle of 1962, reaching a peak value 
during 1964. A steady decline followed throughout 1965, 
1966 and into 1967, reflecting the decreasing deposition 
of eaesium-137 on the ground. Any effect of the slight 
fallout from the earliest Chinese tests, which took place 
towards the end of 1966, is not evident. 

The mean quarterly contents of caesium-137 of staff at 
the Radiological Protection Service, plotted on a logarith- 
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Fig. 1. Variation of eaesium-137 in the body with time. ©, Female 


luminizers; (7, female R.P.S. staff; Bl. male R.P.S. staff. 


Mean K Mean Cs-137 Mean dose rate Mean pCi 
content (g) content Z (nCi) D (mrad/qr) Cs-137/gK 
10:8 + 0-8 1440-1 0-46 + 0-02 134 £ 6 
11-440-9 19402 0-60 + 6-06 198 + 26 
10-:7+1-0 14-02 0:45 + 0-10 141 +26 
11-841-4 17202 0-49 + 0-07 M8417 
11312 186403 0-57 +012 169 + 50 
10:8 + 0:9 1140-2 0-36 + 0-06 115122 
124 £0 15202 0-36 + 0-06 122114 

100 
t- 
e 
2 10 





1966 


1964 1965 1967 


Fig. 2. Variation of mean quarterly content of caesium-137 (log scale) 
against time (linear scale). @, Males; ©, females, 


mic scale against time on a linear scale, are shown in 
Fig. 2. These values can clearly be fitted to a straight line 
throughout the period from 1965 to 1967. The regression 
coefficient, obtained by the method of least squares, of the 
logarithm of the caesium-137 content on time was caleu- 
lated to be —0-052+0-002 months-! for females and 
— 0-050 + 0-003 months for males, showing that the 
eaesium-137 contests are at present falling with a half-life 
of about 13-5 months. This value for the effective half 
period is shorter than that, 22 months, quoted by Rich- 
mond and Furchner!* from their measurements of caesium- 
137 in residents of New Mexico, USA. 
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Variation between Sexes and Ages 


Our results are in broad agreement with those of other 
workers concerning the variation cf caesium-137 in the 
body with age and sex, for example, those of Onstead et 
al.?. For females, the dependence on age is small over the 
age range 20-50 years. The results in Table 1 for the 
female luminizers (whose ages were grouped quite closely 
around 40-50 years) are very similar to those in Table 2 
for the female staff of the Radiologieal Protection Service. 
whose ages were almost entirely in the early twenties. 
There is, however, a clear difference in the results for 
male and female staff at the Radiological Protection 
Service, the caesium-137 contents for females shown in 
Table 2 being much lower than those for males shown in 
Table 3. Onstead et al. and MacDonald et al. have 
reported that the ratio, caesium-137/potassium, for males 
is about 15 per cent higher than that for females. In our 
series of measurements, the difference in the ratio between 
males and females was usually greater than 15 per cent 
and, for the most recent measurements, was about 50 
per cent. Differences in the caesium-137 content of males 
and females are more clearly seen in Fig. 2. The mean 
activity of caesium-137 in males is about twice that in 
females. 


Radiation Doses 

From these data, it is possible to make some assessment 
of the total dose which the population of South-East 
England will receive from fallout caesium-137 assuming 
that no further large-scale nuclear weapons testing takes 
place. Taking the dose rate values shown in Table I as 
representative of the value for adult females during the 
period from 1958 to 1963, the total dose for this period 
amounted to about 4:8 mrads. For 1964, the mean dose 
for females, from Tables 1 and 2, is about 2-2 mrads. 
Assuming that caesium-137 decreased steadily after the 
beginning of 1965 with a half-life of 1-1 yr, the mean dose 
received by females from 1965 onwards is given by 


f D, exp (— 0-6938;1-1) dt 

0 
where D, is assumed to be 2:0 mrad/yr which, from Table 
2, is a reasonable value for females at the beginning of 
1965. This contribution amounts to about 3-2 mrads. 
Thus the total mean dose for females attributable to 
eaesium-137 from fallout will be 4-8-- 2-2-- 3-2 or about 
10 mrads. From the results shown in Tables 2 and 3, 
for those quarters when measurements were made on 
both males and females, the value of the total dose 
received by males is about 50 per cent greater than that 
received by females. 


Measurements on Expectant Mothers 

The results in Table 4 for the measurements of a group 
of women from a local ante-natal clinic have been grouped 
to show the eaesium-137 contents of the women before 
and after the first 20 weeks of pregnancy and after parturi- 
tion. It seems that women who have been pregnant for 
more than 20 weeks contain less caesium-137 than those 
who were less than 20 weeks pregnant. After birth of the 
babies, the caesium-137 content of the mothers tends to 
be slightly higher than during pregnancy. Any possibility 
that these differences are caused by changes in shape and 
weight affecting the sensitivity of the equipment was 
investigated. Changes in weight and girth were simulated 
with additional sections heaped over the abdomen region 
of the polyethylene model of the body and filled with a 
solution of caesium-137 chloride of the same concentra- 
tion as the rest of the model. The results of measurements 
of eaesium-137 in the models are shown in Table 6. From 
these, it seems that an average increase in mass of up to 
9 kg, as normally observed during pregnancy, could result 
in the caesium-137 content being underestimated by up 
to 5 per cent. This does not account for the whole 
difference found between the early and late stages of 
pregnancy. 
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Table 8. EFFECT OF CHANGE IN SHAPE DURING PREGNANCY ON MEASUREMENT 
OF CAESIUM-137 


Added mass uniformly Errorin eaesium-137 (calculated 
filled with caesium-137 — on normal calibration figure) 


+ kg —2 per cent 
9 kg — 5 per cent 

A factor which might also affect eaesium-137 in these 
women is the increased milk consumption recommended 
for expectant and nursing mothers, for milk is known to 
be a principal source of eaesium-137 in the diet. Most of 
the women who had been pregnant for less than 20 weeks 
were referred for measurement shortly after their first 
visit to the ante-natal clinic and they had not been on 
the recommended inereased milk consumption for more 
than l or 2 weeks. All the women who had been preg- 
nant for more than 20 weeks had been taking extra 
milk for several months and their caesium-137 content 
might be expeeted to be greater. There is therefore & 
conflict between the expected increases of caesium-137 
caused by inereased intake of milk during pregnancy and 
the measured values which show declining values during 
the ante-natal period. The explanation for this, and for 
the rise in caesium-137 content following parturition, 
probably lies in the metabolism of caesium-137 which 
changes during pregnancy. Bengtsson et ai.", reporting 
on the case of a woman who was fed reindeer meat which 
had a high specific activity of caesium-137, state that the 
half period of the retention curve was seen to change 
from 35 days during pregnancy to 69 days after partus. 

Values of the radiation doses received by this group of 
expectant mothers, which are also shown in Table 4, are 
not remarkably different from those of other women 
shown in Tables 1 and 2. 


Measurements on Babies 


The values of caesium-137 in babies shown in Table 5 
are much smaller than those for their mothers, presumably 
because they eat less food contaminated with caesium-137. 
Because of their small mass, however, the mean dose 
rates for babies, which are also shown in Table 5, are not 
very different from those received by their mothers. It is 
worth noting that the values for 1964, about 2 xnrad/yr, 
are about twice those reported by Wilson and Spiers** 
for measurements they made at the same time on new- 
born babies in Leeds. This difference may be a result of 
the fact that the Leeds babies were bottle fed, whereas 
most of the babies measured by us were breast fed. This 
would agree with the suggestion made by Áarkrog!* 
that the higher concentration of caesium-137 in human 
milk compared with cows’ milk would lead to higher 
levels of caesium-137 in breast fed babies. 


Significance of Results 


The results of our measurements refer to people living 
chiefly in the south-east corner of England, particularly 
near to Sutton, Surrey. They are therefore a sample from 
a very heavily populated region. We do not suppose that 
their food is markedly different from the average for the 
country as a whole in respect of its caesium-137 content. 
The principal sources of caesium-137 in food are milk, 
dairy products and meat. Of these, only milk tends to 
vary much in its place of origin for different consumers up 
and down the country. It is well known, however, that 
milk consumed in the London area comes from a very 
wide area of the country. We expect therefore that our 
results are reasonably typical of those which would be 
obtained for the average resident in the United Kingdom, 
except, perhaps, for those individuals who drink locally 
produced milk in regions of exceptionally high rainfall. 

For all nuclear weapons tested so far. the total of the 
radiation dose received up to now and of that which will 
be received in the future by people in Great Britain from 
caesium-137 is therefore about 10 mrads for women and 
babies and about 50 per cent more for men. These values 
of dose may be compared with the value, namely, 15 
mrads, stated in the 1966 report of the United Nations 
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Scientific Committee!? to be the average dose commit- 
ment from caesium-137 in man as the result of nuclear 
weapons testing to date. This dose commitment was 
estimated from predictions of the deposition of caesium- 
137 on the ground, so our values of total dose are an 
interesting corroboration of the value stated by the 
committee. The doses can also be compared with the 
radiation dose man receives from natural sources of radio- 
activity which amounts on average to about 100 mrads 
each year!9, 

We thank all those members of the staff at the Radio- 
logical Protection Service who, throughout the past 10 
years, have contributed to this report by the consistent 
performance of their technical duties in maintenance of 
the equipment and in making the many measurements 
whieh are reported in the tables. 

Received March 5, 1968. 
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Pheromones in the Communication of Sexual Status in Primates 


by 
R. P. MICHAEL 
E. B. KEVERNE 
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Monks Orchard Road, 
Beckenham, Kent 


UNLIKE hormones, which are secreted into the blood 
Stream, ectohormones! or pheromones are substances 
secreted by an animal externally with specific effects on 
the behaviour or physiology of another individual of the 
same species*?, These substances may be secreted rather 
generaly by the skin or by specialized glands and, 
similarly, their detection by the recipient individual may 
be simply by ingestion or by specialized chemoreceptors 
such as those on the antennae of the silkworm moth, 
Bombyx mori. The importance of this mode of com- 
munication has been thoroughly established in several 
invertebrate forms, particularly among the social insects. 
A distinction is usually made between pheromones and 
other chemical releasers‘—-those, for example, involved in 
the detection of food or prey, for the latter substances are 
not usually produced by an individual of the same species. 
Territorial demarcation substances would, however, come 
within the pheromone category, where they are used to 
attract receptive females or warn away competing males, 
as would the trail-marking substances of termites and ants’. 


Pheromones in Insects 


The role of an olfactorily acting sexual pheromone has 
been studied in detail in such insects as B. mori, where 
it is found in the sacculi laterales of the last abdominal 
segments of the female. Males react to an extract of 
these glands with high excitement and with copulatory 
attempts on objects impregnated with it. The silkworm 
pheromone has been identified as trans-10, cis-12-hexa- 
decadien-1-ol® and is active at 10-1? ug. It is detected by 
olfactory receptors on the antennae of males from which 
specific action potentials can be recorded at 10-3 those 
producing behavioural responses^*. Males orient their 
flight up-wind to air eurrents bearing this pheromone, 
responding to the concentration gradient across consider- 
able distances. The sex pheromone of the gipsy moth, 
Porthetria dispar, has also been isolated as d-10-acetoxy- 
cis-T-hexadecen-1l-ol**; it, too, is active at 10-!? ug. 


Anosmic male rhesus monkeys showed no interest in females 
receiving oestrogen until their olfaction was restored, when they 
pressed a lever 250 times to gain access to the females. These findings 
indicate the communication of information about the females' 
endocrine state by means of a pheromone. 


Although closely resembling Butenandt’s compound, both 
being unsaturated, 16-carbon, straight-chain alcohols, 
these attractants are species specific. Olfactory sex 
pheromones have now been established in more than 
thirty species of moth, butterfly, fly, beetle and cock- 
roach!!, and synthetic analogues have become important 
commercially for insect pest control'. In general, males 
are attracted to females, but in the case of the boll weevil, 
Anthonomus grandis, the males produce the attractant!?, 
and in other cases aggregations occur in which both 
sexes are brought mutually together by these substances. 
Of considerable interest in the present context are the 
aphrodisiacs of many Lepidoptera and Hymenoptera: these 
are usually produced by the male after it has responded 
to the attractant of the female, and they stimulate the 
copulatory behaviour of the female which is essential for 
successful mating". 


Pheromones in Mice 


No mammalian pheromone has so far been identified 
chemically, but conclusive evidence for their role in 
reproductive physiology and behaviour has been obtained 
in recent years!*!*, The following more notable effects 
have been demonstrated in laboratory mice. (1) Female 
mice maintained in groups show a higher incidence of 
anoestrus and pseudopregnancy than when caged in- 
dividually; the effect on pseudopregnancy can be pre- 
vented by removal of the olfactory bulbs!7-?°. (2) The 
oestrous cycle can be shortened and spontaneous pseudo- 
pregnancy prevented by the presence of males?!, an effect 
that is not caused by visual, auditory or tactile stimula- 
tion. Because removal of the olfactory bulbs completely 
abolishes oestrous cycles in mice, the final demonstration 
that olfaction was involved was only obtained by intro- 
ducing male mouse urine into the nares of females with 
the same result as the presence of males?. (3) If males 
are given access to groups of female mice that have been 
previously isolated from them, the maximum incidence 
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of oestrus is three nights later; a synchronization of 
oestrus and of mating thus results!^?*?:, (4) If males 
from a different strain are introduced for 2-3 days on the 
day following mating, 70-80 per cent of recently mated 
females returned to oestrus within a week, and genetic 
marking shows that any offspring that do result are sired 
by the second male, the original pregnancy having been 
blocked by the alien male?**5 A similar effect was 
observed when newly mated females were transferred to 
cages contaminated by urine from a group of alien males 
that had recently occupied them? Pregnancy block in 
mice fails to occur with anosmic females? and with 
castrated males?? and cannot be induced after implanta- 
tion has occurred. All these observations suggest the 
existence of substances in excretions that influence 
pituitary gonadotrophin seeretion through the olfactory 
sense. Although analogous phenomena have not been 
found in laboratory rats??, closely similar effects were 
described in deermice, Peromyscus maniculatus bairdi??. 
Furthermore, the synchronization of lambing has been 
reported when rams were introduced into flocks of ewes 
previously maintained in isolation from males??. 


Olfactory Stimuli in Mammals 


The few studies that have been made on the behavioural 
effects of olfactory stimuli in mammals derive chiefly 
from the breeding of farm animals. Effects appear to be 
exerted by each sex on the other. Thus the odour of the 
boar elicits, with other stimuli, the immobilization reflex 
in oestrous sows so that they stand rigidly while being 
mated353:, The presence of the male cat evokes the 
pattern of rolling and rubbing, and also the oestrual 
crouch and treading of oestrous females. This behaviour 
is released when oestrous females are placed in a cage 
recently occupied and marked by an active male: it does 
not oceur if the cage is first washed with disinfectant 
(Michael, unpublished observations). The release by 
males of specialized postural responses essential for 
coitus in female mammals is similar to the ‘‘aphrodisiac” 
action on females of certain male insects. There are 
several instances of the olfactory influence of the female 
on the male. Dogs are attracted over distances to oestrous 
bitches®* and also to their urine®*. Similarly, the urine of 
oestrous mares sexually stimulates, in particular, the 
young stallion?**, and olfactory cues are of considerable 
importance in sexually arousing bulls during semen col- 
lection?*. Rams can differentiate between oestrous and 
non-oestrous ewes by their scent:?4!, and careful studies 
have shown that male rats, too, exhibit a preference for 
the odour of receptive as compared with non-receptive 
females*?-44, an effect not shown by pre-pubertal or by 
castrated males, although their ability to discriminate 
odours is unimpaired**. The evidence is therefore gradu- 
ally accumulating that olfactory communication plays a 
part in the integration of reproductive behaviour in 
mammals even though olfactory bulb ablation may not 
entirely abolish it. 


Olfactory Communication between Primate Sexes 


Among primates, the prosimians provide the clearest 
evidence for communication between the sexes by olfac- 
tion: many possess specialized, apocrine scent-glands used 
for territorial marking, for self-marking and for marking 
the females by males (in Loris tardigradus lydekkerianus**, 
in Lemur cattas?~4*), Closely similar behaviour has been 
described in the marmoset, Oedipanidus spixi®®, which 
possesses specialized perineal and genital glands that 
become functional at puberty. In the view of Marler*!, 
olfactory communication plays little part in the distance 
communication of monkeys and apes, although he points 
out that the urine of oestrous females seems to convey 
information about their condition to males in the group: 
this is reminiscent of the observations of Beach and 
Gilmore?* that dogs spend more time investigating urine 
from receptive than from non-receptive bitches. Cer- 
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tainly, the strong-smelling vaginal discharge of toque 
macaques, Macaca siniea, during certain days of the 
menstrual cycle can be detected by the human observer*?. 
In several species of macaques—M, radiata??, M. irus“, 
M. nemestrina®*—field studies have revealed that scenting 
the female’s anogenital region by males is an almost 
routine occurrence. 

The possible role of olfaction in mierosmatie, higher 
primates has not been investigated experimentally. The 
many field observations and the frequent scenting of the 
female's genital region by male rhesus monkeys during 
controlled mating tests (personal observations), however, 
led us to study the problem in laboratory conditions. The 
sexual behaviour of male rhesus monkeys undergoes 
rhythmic variations in relation to the menstrual cycles 
of the females with which they are paired5*5'. These 
variations are abolished by ovariectomy, and the sexual 
behaviour of males can be restored by injecting ovarian 
hormones into the female. These findings provide clear 
evidence that the males are aware of their partners' 
endocrine status. When progesterone is injected into 
ovariectomized females receiving oestrogen, the sexual 
activity of the pair declines®*, Two distinct mechanisms 
appear to underlie this decline: the first depends on & 
decrease in the receptivity of females indicated by 
increased refusals of male mounting attempts; the second 
depends on a decline in the attractiveness of females, 
indicated by the relative failure of her sexual invitations 
to stimulate male mounting behaviour®*. While the first 
mechanism seems to depend on a change in a hormone- 
dependent mechanism within the brain of the female, the 
second mechanism requires the mediation of the distance 
receptors of the male. 

Michael and Saayman*? found that when small doses 
of oestrogen were administered intravaginally they were 
more effective in stimulating the sexual interest of males 
than similar doses given subcutaneously. They used 
doses too small to cause a significant increase in female 
receptivity (that is, in the number of sexual presentations). 
This pointed to an oestrogen-dependent vaginal mechanism 
capable of stimulating male sexual activity, and to one 
that could do so independently of any change in female 
receptivity. Unfortunately, these experiments did not 
distinguish clearly between tactile and olfactory trans- 
mission of information, because males had access to the 
females. We have now considered the possibility that 
olfactory cues are involved. 


Experiments with Monkeys 


Three adult male rhesus monkeys of known sexual 
potency were first trained to press a lever for food reward 
on a fixed ratio schedule while confined in primate chairs. 
When high rates of pressing were consistently achieved, 
the animals were transferred to a free-cage situation in 
which each side of a large, twin-compartment cage was 
equipped with a lever, and where animals could be 
observed from behind a one-way vision mirror. Operating 
the levers 250 times activated a servo motor which raised 
a dividing partition between the two compartments. 
Initially, the reinforcement was food and, when all the 
males were thoroughly familiar with the situation, the 
reinforcement was a female rhesus monkey. If males 
pressed rapidly 250 times, they obtained access to females 
for 1 h, during which their behaviour was scored; the 
animals were then separated. The females were untrained 
and not able to raise the partition. One male never per- 
formed consistently and results are based on the behaviour 
of the other two. Each male was paired with three 
ovariectomized females on alternate days, and one of 
these (the control) received subcutaneous injections of 
oestradiol (10 ug/day) throughout the experiment. The 
two other ovariectomized (anhormonal) females initially 
received no treatment. Both males regularly pressed to 
criterion and obtained access to the control female 
(pressed in all of fourteen tests) during a 22 day period 
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but did so only intermittently for the anhormonal females 
(pressed in six out of twenty-eight tests) during the same 
period. This demonstrated that the males were prepared 
to work more consistently for oestrogenized than for 
non-oestrogenized partners. At this point, the males 
were rendered anosmic by plugging the nasal olfactory 
area with gauze impregnated with bismuth-iodoform- 
paraffin paste and by cutting the nerve supply to the 
organ of Jacobson. The plugs were inserted so as to leave 
a clear nasal airway which permitted the animals to 
breathe normally. With the males rendered anosmic, 
testing was continued as previously with both control 
and experimental females: presumably because of their 
previous experience with the females, the males con- 
tinued to press for, and gain access to, the one receiving 
oestrogen but did not do so for the other two. Use was 
then made of the observation" that administration of 
oestrogen intravaginally markedly increased male sexual 
interest and mounting activity*?, With the males anosmic, 
oestrogen was administered intravaginally (5 ug/day) to 
the two previously anhormonal females. As a further 
control procedure, testing with a normal male was carried 
out to demonstrate that, after a few days, both these 
females were stimulating mounting activity and ejacula- 
tions. Although the two anosmie males were pressing to 
criterion for the control female receiving subeutaneous 
oestrogen (eleven out of fourteen tests), the administration 
of intravaginal oestrogen to the other two females induced 
no changes in the behaviour of the anosmie males which 
continued to respond to them as though they were 
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anhormonal; lever pressing to eriterion occurred in only 
one out of twenty-eight tests. Between 5 and 8 days after 
removing the nasal plugs (approximately the time required 
for the restoration of olfactory acuity in similarly treated 
human subjects), however, both males commenced lever 
pressing for the two females receiving intravaginal 
oestrogen. Because in two pairs the male had previously 
never pressed or obtained access to females during the 
"pre-blocking" and “blocked” periods, the onset of lever 
pressing for the first time after unblocking occurred in 
the absence of any previously rewarding sexual experience 
of these females (Fig. 1). Tt was important to distinguish 
between olfactory cues and tactile information received 
from the vagina, and so physical access to their female 
partners was denied males until they had pressed to 
criterion on three separate occasions. Tt was probable 
that their operant behaviour would rapidly extinguish in 
the absence of any reward, and so they were then allowed 
access to the females when a normal mounting sequence 
with ejaculation immediately occurred (Table 1). 

The intravaginal dose administered was insufficient to 
produce any changes in the invitational motor behaviour 
of these females or any changes in the coloration of 
their sexual skin: the fact that there were no changes in 
the males’ behavicur until the anosmia was reversed made 
it unlikely that they were influenced by visual, behavioural 
cues. Experiments with progesterone have indicated that 
its administration to females depresses the lever pressing 
behaviour of males, and that this effect is reversed when 
the hormone is withdrawn. 


NOSE 
BLOCKED 


UNBLOCKED 


€ INTRAVAGINAL OESTROGEN 


NO PRESSING —» 


NO PRESSING 


j€ INTRAVAGINAL OESTROGEN 


10 


Pressing times (min) 


NO PRESSING —» 


o 10 20 30 





NO. PRESSING 





40 50 60 70 80 


Days 


Fig. 1. Effect of reversible anosmia on the lever-p 


ressing behaviour of a mais rhesus monkey when 


pressing 250 times gave access to each of three ovariectomized female partners. Female 45 (control) 

received subcutaneously 10 zg/day of oestradiol throughout. Females 48 and 37 received 5 ug/day 

of oestradio! intravaginally only during and after the period of the male’s anosmia. The male respon- 

ded and obtained access to females 48 and 37 only after the anosmia was reversed —indicating that the 
sexual attractiveness of these females was communicated to the male by olfaction. 
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Table 1. EFFECT OF ANOSMIA ON THE LEVEE-PRESSING PERFORMANCE AND nm BEHAVIOUR OF TWO MALE RHESUS MONKEYS EACH PAIRED WITH THREE 
FEMALES 


Pre-nasal blocking 
Male No. 4l 38 


TESTS) 
Noses blocked Noses unblocked 
41 38 4 88 


Percentage of tests in which lever pressing to eriterion occurred 


Female No, 








87 (exptl) 14 ü 0 0 100* 160 
48 (exptl) 36 o 14 0 100 100 
46 (control) 100 100 100 57 100 86 
Mean time for 250 lever presses (min) 
37 4:001 — — — 3-50 + 126 
48 3-58 + 0-28* — 4-007 — 178x014 
45 3-42 10-36 4-00 + 0-93 5-50 + 0-36 87x 0-421 T18 t1787 
Mean latent period to first lever press (min) 
87 13-507 — — — 5:00 + 2-46* T504048 
48 9:41 + 2-83* — 6-00t — 6-00 x 2-73 10-02 + 2-92 
45 1420-13 14-85 + 3-52 5284181 17-62 43-38% 5-00 + 0-85 1660 + 2-66" 
Mean No. of mounts per test 
37 2340-5 -7 0 0 8641-8 9-0: 0:9 
48 E 0 57116 131409 
45 120418 -8 108404 6140-5 13-0 40-9 THLOD 
Mean No. of ejaculations per test 
37 0 0 0 g 04202 18eg 
48 0 0 0 0 440-2 1702 
45 2-6 0-2 21401 26 + Or2 2-0 x 0-00 L90r01 $402 
Mean time for ejaculation to occur (min) 
37 -— — — 18:0 + 6-78 634311 
48 — — — — 26:5 + 10-08 RII 
45 2-0 0-2 0940-2 16403 L4+02 35407 09201 


—, No data; "responses in 6 tests; tin 1 test; iin 4 tests; $in 3 tests. 


All means are based on seven tests except where indicated, 


Female 45 (control) received subcutaneously 10 uz/day of oestradiol throughout: females 37 and 48 (experimental) received intravaginally 5 ug/ day 


ef oestradiol only during and after the period of the males’ anosmia. 


Pheromones in Monkeys 

These studies provide strong evidence that sexual 
excitation and activity in male rhesus monkeys are medi- 
ated in certain cases by a hormone-dependent, olfactorily 
acting pheromone, possibly of vaginal origin. Communi- 
cation over even short distances that serves to identify 
females in the society with ovulatory follicles would have 
the obvious selective advantage of increasing the likelihood 
of fertile matings. 

In women, changes in olfactory acuity to pleasant, 
musk-like odours ('Exaltolide') occur in relation to the 
menstrual cycle*!-*? and, more specifically, in relation to 
ovulation®’. Furthermore, there is evidence that pro- 
gesterone changes the quality of odours emitted*!. 
Although in humans, olfactory influences may frequently 
be below the threshold of eonseiousness, it is now clear 
that in certain microsmatic, infra-human primates they 
play a larger part in determining interactions between 
the sexes than was previously suspected. 

We thank Mr Peter MeKelvie for his advice. This 
work was supported by grants from the National Institute 
of Mental Health and the Bethlem Royal and Maudsley 
Hospital Research Fund. 
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CARBONATTTES were not recognized in the Indian sub- 
continent until 1963, when Sukheswala and Udas! de- 
scribed the Amba Dongar Complex in Gujarat, but since 
then additional occurrences have been found at the widely 
spaced localities shown in Fig. 1. These are believed to 
be the first carbonatites found in Asia outside the Soviet 
Union, and because they oceur in a variety of geological 
environments and range in age from Proterozoic to 
Eocene, they provide a good basis for analytieal studies 
to establish whether or not they are essentially similar 
to the carbonatites of other continents. "The investi gations 
reported here were begun in 1966 to resolve doubts as to 
the authentieity of the Amba Dongar carbonatites, 
which some regarded as Cretaceous limestones altered and 
mobilized by involvement in Deccan Trap volcanism. 
The main effort has centred on this complex and the 
associated fluorite deposits, but it extended to the other 
occurrences as they became known. ‘The laboratory 
techniques employed are essentially the same as those of 
previous investigations in this series®?, but trace element 
analyses have been improved by the use of both emission 
spectrographic and X-ray fluorescence techniques. 


Carbonatites in India and Pakistan 

Very little information has been published about 
most of these newly diseovered carbonatites, and so their 
salient features, as at present known, must first be 
deseribed. The occurrence at Sevathur (12? 25’, 78° 32’) in 
North Arcot District, Madras, is one of a number of varied 
intrusions, which include the syenite ring-complex of the 
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Carbonatite oceurrences in India and West Pakistan. 


Carbonatites discovered in south-west Asia have typical trace 
elements, but some have unusually high ratios of strontium-87 to 
strontium-86. Related hydrothermal fluorites have quite different 
strontium isotope ratios and no distinctive trace elements, emphasiz- 
ing difficulties in identifying ultimate sources of fluorites, 


Elagiri Hills and the Salem dunite-pyroxenite complex, 
set amid ancient gneisses and charnockites. It has the 
form of an arcuate zone of carbonatite, chiefly sóvite 
containing magnetite, apatite and biotite, about a mile 
long and up to 220 yards wide, adjacent to syenites and 
basic and ultrabasic rocks including biotite pyroxenite 
with prominent vermiculite. The biotite pyroxenite has 
recently been dated (K : Ar of biotite) as 720+ 30 million 
years old, and the earbonatite is presumably of about 
the same age. 

Several articles'-* discuss the carbonatites and fluorite 
deposits at Amba Dongar (21? 59’, 74° 4’) which are centred 
in a dome of Bagh (Cretaceous) sandstones and caleareous 
sandstones amid the Deccan Traps of the lower reaches of 
the Narbada Valley. The dome is pierced by a broken 
ring of intrusions of carbonatite, nephelinite, tuffisite 
and breccia, about a mile in diameter, and down-faulted 
Deccan basalts oceupy the centre of the ring. The car- 
bonatites include martite-rich sévites, and ankeritic rocks 
with baryte, often veined and replaced by fluorite and 
fine-grained quartz. Major fluorite deposits, associated 
with silicification, occur in the Bagh sandstones about a 
mile north of the main earbonatite belt, but thin earbona- 
tite veins and tuffisites are also present in this area. 
Field evidence suggests that the complex was intruded 
late in the Deccan Trap voleanism, which spanned the 
Eocene, and this has now been confirmed by a dating 
(K : Ar of pyroxene) of 37-5+2-5 million years (end of 
Eocene) from a melanite-nephelinite which intrudes the 
carbonatite. At Panwad, about 15 miles north of Amba 
Dongar, carbonatite dykes have been found cutting 
Deccan Traps, and samples of these have been included 
in our investigation. 

In Pre-Cambrian terrain at Newania (24° 39', 74° 03’) 
near Udaipur, Rajasthan, a deeply eroded carbonatite 
complex occurs as an intrusion in the Untala granite. It 
forms a low broad ridge about 1:5 miles long and nearly 
0-5 mile wide, composed predominantly of ferruginous 
dolomitie carbonatite, and fringed by fenites. Radio- 
activity and traces of pyrochlore called attention to this 
deposit’, and promising apatite deposits have recently 
been discovered in the centre of the complex. The 
principal accessory in the carbonatite is an alkali amphi- 
bole resembling crossite in optical characteristics, and 
K : Ar dating of this mineral has provided an age of 
959 + 24 million years. 

In West Pakistan, Dr S. F. A. Siddiqui and A. Shakoor 
of the University of the Panjab, Lahore, discovered the 
first carbonatite occurrence in that country in 1966 at 
Koga (34° 24’, 72° 32’), near Ambela in southern Swat. 
It takes the form of a rather minor development of carbon- 
atite veins and segregations in a mass of nepheline syenites 
3-4 miles in diameter. The geological evidence suggests 
that it is Hercynian or later in age, and in many respects 
it appears to be more closely comparable with the minor 
carbonatites associated with the alkaline rocks of the Alai 
Range? in Soviet Tadjikistan, some 375 miles farther 
north, than with the more distant Indian carbonatites 
described here. 
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Table 1. TRACE ELEMENT CONTENTS AND STRONTIUM ISOTOPE RATIOS OF LIMESTONES AND CARBON ATITES 


Sample 
Rock type and locality reference 
Limestones and marbles 
Cretaceous (Bagh) limestones, Gujarat I 
Caleareous sandstone, Mohan Nala, near Amba Dongar APS1 
Limestone skarn at trap dyke contact, Moti Chikli, near Amba 
Dongar RNS ii 
Siliceous limestone, Sevalia cement works 2.2.67 
Archaean marble, Chota Udaipur, Gujarat APS8 
Aravalli limestone, Rambhapur, M.P. P3 
Crystalline limestones, Madras State 
Karar 4692 
Sankaridrug 4720 
Carbonatites 
Koga, Swat, W. Pakistan E 
Sóvite 8855 
Sdvite 8945 
Newania, Rajasthan 
Ankeritic carbonatite Riu 
Ankeritic carbonatite R13B 
Amba Dongar, Gujarat 
Sóvite with feldspathic inclusions APS 2 
Sdvite with feldspathic inclusions APS 15 
Süvite with magnetite, biotite and apatite APS 7 
Sóvite with magnetite and apatite APS4 
Sóvite with replacive fluorite and quartz APS 16 
Sóvite with magnetite JLP 
Ankeritic carbonatite with baryte RNS 438 
Panwad, Gujarat 
Sóvite RNS 67 
Beforsite RNS 165 
Sevathur, Madras 
Sdvite DNH. À 
Polomitic carbonatite DNH. € 


n.a,, Not analysed; n.d., not detected. 


Approximate limits of detection: Sr 0-002, Ba 0-002, Y 0-001, La 0-01, Ce 0-01, Nb 0-001 


Per cent vRIHÜÜRE 
P Sr Ba Y La Ce Nb ratio 

0-03 0901 0.01 n.d. n.d n.d n.d $7184 
0-03 0-08 0-13 n.d. nad n.d. nd 07098 
0-01 0-03 0-06 nd. n n.d. n.d 0-7080 
0-02 0-01 0-01 n.d. n.d. n.d. n.d 0-7069 
0-21 0-04 0-004 n.d. nd nd nd 0.7388 
0-01 0-03 0-01 n.d. n.d n.d. nd 07092 
0-01 0:12 0-003 n.d. nd nd, nd 0-7085 
0-03 1-64 0-12 0-005 06.03. 003 0-001 0.7037 
016 126 0-08 0-003 0-02 0-62 n.d. 0.7035 
110 0-87 0-01 nd 0-02 0-05 0-06 O 7084 
0-13 0-77 0-009 nd 0:01 n.d. 0-003 07021 
0:11 011 2-0 0-02 0-15 O16 n.d. 90-7070 
0-76 0-42 0-60 0-02 0-10 O17 0-013 90-7065 
0-91 0-43 0-13 0-001 0-03 004 0-006 o T7052 
151 0-30 0-29 0-02 0-07 0-07 0-07 07057 
0-29 0:33 0-60 0-003 007 0-09 0-005 0-7059 
0-7000 

n.&. 0:43 3:6 0-04 0:25 n.a 004 0-7058 
0-32 0:15 Ist n.d. 0-04 0-62 n.d 0-7067 
0-30 0-19 0-7 nd. 0-05 nd. 0:06 05062 
0-60 0-70 0-13 0-006 0-03 0-04 n.d. 0.7053 
0-82 0.75 0-06 n.d. 0-02 0-01 0-002 7087 

jr cent. 


‘Analytical methods: P phosphomolybdate/volumetric, Ba spectrographic, other elements X-ray fluorescence, 
Analysts: G. R. Brumby, Miss D. E. M. Hosking, A. Livingstone, C, H. Thomas; Sr isotopes, J. L, Powell. 


Trace Element and Strontium Isotope Studies 

Table 1 shows selected minor and trace element con- 
tents and strontium isotope ratios of samples of these 
carbonatites, together with comparable data for a small 
suite of Indian limestones and marbles. The latter include 
Cretaceous (Bagh) limestones from the Amba Dongar 
dome, and Pre-Cambrian limestones of types which may 
be represented beneath the deme, or with which the 
Rajasthan and Madras carbonatites might have been 
confused. The elements determined are those known 
from previous studies to be most characteristic of carbon- 
atites and of most value in distinguishing them from 
limestones, and the present results demonstrate clearly 
that these Asian carbonatites possess these characteristics 
and are readily distinguished from the local limestones. 
All the elements reported (except yttrium, referred to 
later) are much more abundant in the carbonatites; but 
certain of them, notably barium and niobium, are rather 
capricious in their abundance. The high abundance of 
strontium and phosphorus is perhaps most striking, but the 
persistence of lanthanum and cer:um is equally signifieant. 

Individually high contents cf phosphorus, strontium 
and barium cannot be regarded as diagnostic of carbona- 
tites, for phosphatic limestones are not uncommon and 
enrichments in strontium and barium may also occur 
in limestones, especially in evaporite formations, but 
collectively enrichment in a majority of these six elements 
can usually be regarded as diagnostic. Yttrium is notably 
less enriched in carbonatites than lanthanum and cerium, 
and this characteristic serves as supporting evidence, for 
anomalous rare earth enrichments genetically related to 
granites, or to sedimentary phosphorites, would not show 
this low Y/(La-- Ce) ratio. The trace element contents of 
this suite of carbonatites are in general somewhat lower 
than the “typical abundances” calculated by Gold!*, but 
we suggest that this merely reflects the unavoidable bias 
of earlier analyses towards determination of trace elements 
only when "interesting amounts" were detected. Most of 
our samples were also examined semi-quantitatively for 
several other elements, but the few enrichments noted 
appear rather insignificant. Mineralogical studies are still 
incomplete, but suites of minerals typical of carbonatites 
occur at each locality, including pyrochlore at Amba 
Dongar and Newania, and fersmite and columbite at 
Sevathur. 

'The strontium isotope ratios of the Koga and Newania 
samples are close to the mean value of 0-7032 established 


for a wide selection of typical carbonatites, but the 
other samples show significantly higher ratios, the mean 
for Sevathur being 0.7055, for Amba Dongar 0-7060, and 
for Panwad 0.7065. With the exception of the values 
for the Rocky Boy Stock, Montana’, these are the highest 
*'Sr/**Sr ratios yet reported for carbonatites. It may be 
significant that the highest individual ratios (0-7062— 
0-7070) relate to feldspathie sóvites and to the minor occur- 
rences at Panwad, rocks which may have been influenced 
by wall rock contamination, and which carry relatively 
low eontents of strontium. Indeed, the data for the 
carbonatites suggest a rough inverse correlation between 
"'Sr/**Sr ratio and strontium content, but more isotopic 
analyses would be required to confirm this. The limestones 
and marbles in most cases show higher *"'Sr/*Sr ratios 
than the carbonatites, but these are variable and in two 
cases from the Archaean, the Sankaridrug crystalline lime- 
stone in Madras and the Chota Udaipur marble in Gujarat, 
they are similar to the higher ratios of the Gujarat carbon- 
atites. The Bagh limestones have distinctly higher ratios 
than the Amba Dongar carbonatites, which suggests 
that they are not genetically related, and although the 
isotopic evidence does not rule out the possibility that 
these carbonatites are mobilized Archaean limestones, 
there is no additional evidence to favour this. In the case 
of the Aravalli limestone from Rambhapur, which has an 
exceptionally high *Sr/**Sr ratio, it must be explained 
that this occurrence is adjacent to granite, and has been 
silicified and veined by quartz. 

Our results clearly show that the carbonatite at Amba 
Dongar, which is rather typical in its petrography and 
geochemistry, has an average *’Sr/**Sr ratio of 0-706. 
Although it is not clear whether such relatively high 
ratios are peculiar only to some Indian carbonatites, the 
empirical conclusion of Powell! that some of the so-called 
carbonate vein-dykes might not be genetically related to 
massive carbonatite because of their higher *'Sr/**Sr ratios 
must necessarily be re-examined. The range of *"'Sr/**8r 
ratios reported for carbonatite occurrences now oxtends 
from about 0-702 to 0-7065, using the average for Panwad. 
Excluding the very old Bulawayan limestone, the lowest 
*'Sr/S58r ratios of limestones reported in the literature!' 
are about 0-706. The data now available, including our 
own, show that the highest *'Sr/**Sr ratios of carbonatites 
are the same as the lowest values for limestones. Never- 
theless, the data reported in Table 1, particularly for the 
Bagh limestones and the Amba Dongar carbonatites, 
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Table 2. TRACE ELEMENTS IN AMBA DONGAR FLUORITES 
No, of Range (p.p.m.) Mean values (p.p.m.) 
Colour samples Sr Y Be Mn Sr Y Be Mn 
Yellow, white, 
colourless 9 900-2.000 30-120 1-5 5-10 1,250 65 383 5 
Green, blue, 
violet 8 80-200 100-300 «1 5-10 120 9310 <} 6 


Speetrographic analyses by Miss D. E. M. Hosking. 


Table 3. TRACE ELEMENT CONTENTS AND "sr/"st RATIOS OF FLUORITES 
Sample "Trace elements p.p.m. 

Locality and eolour ref, Sr X La Be *Sr/**Sr 
Tororo, Uganda, purple D.1 4,600 20 60 i4 0 7035 
Chilwa Island, Malawi, purple DN34 1,700 100 <50 1 07035 
Amba Dongar, honey-yellow APS 6F 1,200 — 40 «50 1 07082 
Amba Dongar, yellow-white APS1F 1100 30 <50 4 0.7097 
Amba Dongar, blue-green APS2F 100 200 «50 «1 07151 
Amba Dongar, green APS 9 80 200 «50 <1 07158 


Analysts: Miss D. E. M. Hosking and J. L. Powell. 


demonstrate that *"Sr/**Sr ratios in carbonate rocks, when 
combined with other geochemical data, provide a useful 
parameter. 


Amba Dongar Fluorites 


Current interest in Amba Dongar (Hill of the Mango 
Trees) arose from the fluorite deposits there, which are 
the most important in India, and so our studies were 
extended to this mineral in the hope of shedding more light 
on the origin of these deposits. Seventeen varied speci- 
mens of pure fluorite from this area were examined 
speetrographically and found to be separable into two 
well defined types which correspond to colour groups. 
The results are summarized in Table 2. The green, blue 
and violet specimens contain a little yttrium and stron- 
tium, whereas the yellow. colourless and white varieties 
contain ten times more strontium, but less yttrium and 
a trace of beryllium. Lanthanides are unexpectedly 
scarce, lanthanum being below the limit of detection 
(80 p.p.m.) in all specimens, and in only one case (honey- 
yellow/colourless) was europium detected at a level of 
about 30 p.p.m.  Ytterbium was indieated in both 
groups, but because of high sensitivity this may only 
imply a few p.p.m. More sensitive methods would prob- 
ably reveal contents of cerium and lanthanum, perhaps in 
the range of 5-50 p.p.m., but it may be presumed that 
total lanthanides are less than 100 p.p.m., a distinctly 
low concentration, because many fluorites from other 
environments contain from 500 to 10,000 p.p.m. of 
lanthanides. 

In longwave ultraviolet radiation all specimens exhibit. 
a blue fluorescence, somewhat variable in intensity, but 
this variability is not simply related to colour. All the 
fluorites appear to be of hydrothermal origin, post-dating 
the emplacement of the carbonatites, and the field rela- 
tions of the two colour groups are fairly well defined. 
The green and blue varieties are characteristic of veins 
in the carbonatites, and to a lesser extent, with lilac 
varieties, also oceur in the earlier phases of the larger 
fluorite deposits, which are emplaced in brecciated sand- 
stones and formed largely of yellow and colourless fluorite. 
This hydrothermal mineralization involved deposition of 
fluorite and lesser amounts of quartz, with only minor 
traces of baryte, galena and later dickite, together with 
much replacive silicification of wall-rock carbonates. It 
was widespread in the later baryte-rich carbonatites, 
and although the richer orebodies and fluorite workings 
are in the Cretaceous sandstones on the northern flank 
of the dome, here also tuffisites and carbonatite veins are 
present, and specimens of the altered rock which forms 
the gangue of the fluorite ore contain relatively high 
concentrations of lanthanides and niobium (for example. 
1-2 per cent Ln,O, and 0-15 per cent Nb). 

Two yellow and two green fluorites from Amba Dongar 
were selected for strontium isotope analysis, and, for 
comparative purposes, fluorites from Uganda and Malawi 
carbonatites were also examined. The results are shown 
in Table 3. The "Sr/**&r ratios of the two African fluorites 
are similar to those of the carbonatites in which they 
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Kuellmer e? al? have shown experi- 
mentally that we can expect all gradations between car- 
bonatite magmas and carbonatite hydrothermal solutions 
depositing calcite-barite—-fluorite assemblages at very 
low temperatures. Evidence from Amba Dongar and 
other localities, however, indicates that carbonate-froe 
fluorite or quartz-fluorite deposits may be equally impor- 
tant late derivatives of carbonatite activity, and it is 
to be noted that if the intrusive centre were concealed, 
the fluorites would yield little evidence of their parentage. 
Samples from Amba Dongar were provided by Drs 
A. P. Subramaniam and R. N. Sukheswala, from Madras 
by Mr V. Gopal, and from Pakistan by Dr R. G. Davies. 
Others were collected by T. Deans during a visit to 
India facilitated by the Government of India and the 
British Ministry of Overseas Development. We thank 
Dr G. R. Udas for guidance in the field. The Institute of 
Geological Sciences, London, provided the trace element 
analyses and age determinations, and the strontium isotope 
determinations were made in the Department of Geology, 
Oberlin College, Ohio, supported by a grant from the 
US National Science Foundation. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Search for Optical Flashes from the 
Radio Source CP 1919 


Tux four rapidly pulsating radio sources discovered by 
Hewish et al. have been teniatively identified with 
neutron stars or white dwarfs, and their optical identifica- 
tion is therefore of great interest. 

An accurate position of the source CP 1919 has been 
determined by Ryle and Bailey?. Their position and 
error rectangle, 

x (1950.0) = 19b 19m 37-08 + 0-28 

8 (1950.0) = + 21° 47' 02" + 10" 
include a yellow object of magnitude about B—19. Just 
outside the error rectangle there is a red object about 
8” are north preceding the yellow object. The nearest 
comparable objects are 25” are following the yellow 
object. The radio measurements of position therefore 
favour strongly the identification of the pulsating source 
CP 1919 with the yellow object. If this is not the source 
of the radio signals, the source must be fainter than 
B 21, the limit of the Palomar Sky Survey, or it must 
lie outside the error limits. This is believed to be very 
unlikely?. 

We have looked for fluetuations in the brightness of 
all objects in two small areas of the sky centred on the 
yellow object, at the same periodicity as the radio fluetua- 
tions. If any such fluctuations were observed it would 
be possible to deduce the time-averaged brightness of the 
objeet emitting the flashes, and if this were brighter than 
B=21 the object would be expected to appear on the 
Palomar Sky Survey prints. Hence a positive optical 
identification might be made. Conversely, if no fluctua- 
tions eould be deteeted it would be possible. given 
suffieiently sensitive equipment, to set an upper limit to 
the fraetion of the light of the yellow object which might 
be emitted in flashes. If other optical evidence confirms 
the identification of the radio source with the yellow 
object, the upper limit to the irregularity of its visible 
light may help in the determination of its nature and 
physical properties. 

No fluctuations in brightness with a period of 1:3372 s 
have been detected. On the morning of April 5, 1968, an 
area 10"x 10” are, centred on the yellow object and 
excluding the red object, was examined, and on the 
following morning an area 30^ x 30” arc, again centred on 
the yellow object but this time including the red object, 
was examined. The equipment is described here and 
there follows an estimate of the limit of sensitivity of the 
equipment. 

The Cambridge Observatories 92 cm reflecting telescope 
was used, with a photometer at the prime focus. The 
photometer contained an EMI 8502 photomultiplier, with 
Sb-Cs photocathode. A Fabry lens of glass, 4 mm thick 
at the centre, was used. and the window of the photo- 
multiplier housing was a quartz disk 2 mm thick. A 
small gap between the quartz window and the photo- 
multiplier was filled with a disk of ‘Perspex’ 1-6 mm thick. 
Reflexion losses at some of the surfaces were avoided by 
“cementing” the quartz, ‘Perspex’ and photomultiplier 
together with a few drops of dibutyl phthalate. The 
band pass of the photometer was therefore approximately 
3500-6500 A. 
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The telescope was guided on the 6-5™ star BD + 21° 3740 
(= AGK2 + 22° 1939) at «(1950)= 19h. 18m 465, 8(1950) = 
4-22? 06’ 14". The photometer diaphragm was then set, 
first visually and then by noting the response of the 
photometer, on the 9-2™ star BD-21? 3746 (=AGK2 
4-21? 1963) at «(1950) = 19h 19m 23-48, 8(1950) « + 21" 41' 
42". The whole photometer was then offset, using miero- 
meter screws, through calculated distances to reach the 
yellow object. The micrometers could be read to 
0-01 mm directly, and the smaller of the diaphragms used 
was 0-20 mm square. The accuracy of the movement of 
the photometer was checked by observing a number of 
stars in the open cluster Praesepe while using the smaller 
diaphragm. 

The sensitivity of the photometer was determined by 
observing stars in Praesepe and a star 0-8' are north and 
0-8’ are following BD+21° 3746. This star has been 
estimated by Liller (unpublished work) to have B= 13-6. 
The transparency of the sky in Great Britain cannot be 
relied on to remain uniform or constant for times of 
several hours, so we have used Liller's magnitude in 
estimating the limiting sensitivity of our equipment. 
The response of the photometer to stars in Praesepe, 
which have magnitudes determined photoelectrieally by 
Johnson, did not suggest that Liller's estimate was in 
error by more than 0-1™ or 02m, 

The output of the photomultiplier was recorded by 
using pulse-counting techniques. It is worth remarking 
that the time resolution provided by this technique, 
which is not easily obtained by other astronomical photo- 
metric techniques, is vital to this work. 

The photoelectron pulses from the photometer were fed 
to a Laben analyser operating in the multiscaler mode. 
The pulses were fed into 512 counting channels which 
were switched in a serial manner, so that each channel 
counted for approximately 2-6 ms per cycle. A new cycle 
was initiated every 1-337 s, very shortly after the end of 
the counting in the last channel. The overall deadtime 
was approximately 0-2 per cent of the full period. 

In this initial experiment it was assumed that the 
heliocentric period given by Hewish et al. was correct, 
and that the light flashes might last 16 ms? or perhaps 
35 ms*. A recent paper by Radhakrishnan, Komesaroff 
and Cooke* has suggested that the heliocentric period is 
133730113 s; the implications of this are discussed later. 

The essential features of the equipment are shown in 
Fig. l. The efficacy of the method depends solely on the 
precision of the driving oscillator and scaling circuits, 
because errors in timing are cumulative throughout a run. 
Three oscillators were used, as follows. The basie standard 
of frequency, A, Fig. 1, was derived from the 200 kHz 
carrier of the BBC Droitwich transmitter, available each 
night until 0200 h ssr. During daytime and early 
evening the frequency of a local standard 5 MHz crystal 
oscillator C was adjusted as closely as possible by direct 
comparison with A. This oven controlled reference was 
then used to cover the observing period, approximately 
0200 h to 0400 h ur (0300 to 0500 ssrt). The analyser 
itself was run from a lower grade 1 MHz crystal, B, the 
frequency of which was continuously monitored against 
C, and adjusted manually throughout the runs. 

A six-digit dividing circuit was used to derive the basic 
cycling period. This unit was set to give a period of 
1:3371880 mean solar seconds. This value, used through- 
out the observations, was the closest that could be 
achieved to the period 13371860 s obtained from the 
published value of P,— 1-3372795 s after correcting for the 
Earth's orbital motion of ~ 20-958 km s- in the line of 
sight for April 24 12h, 1968. A second dividing circuit 
provided pulses spaced by 2-6 ms to drive the channel 
advance circuits. The errors in the overall timing accuracy 
are listed in Table 1. 

The overall frequency performance of the oscillators was 
thus adequate to maintain synchronism for & 40 min run 
to a precision of better than one channel The largest 
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e Table 1. TIMING ERRORS OF THE OSCILLATORS 

BBC carrier (200 KHz) Maximum frequency error 5 parts in 1019, 

Local 5 MHz reference Manufacturer's specification, for any interval of 
oscillator € 1,000 8 5 parts in 10%, 

Estimated error for a run of 5 h better than 5 parts 
in 10°. 

i , : Measured accuracy of adjustment 1-4 parts in 10°. 

Renning, 1 MHz osci — Maintained manually to better than 2 parts in 107. 
ator 


Table 2. LIMIT OF DETECTION OF THE EQUIPMENT 


, April 5, 1968 April 6, 1968 
Diaphragm dimensions, 


seconds of arc 10x10 30 x 30 
Run serial number 2 3 4 6 
‘Time UT at start 02 17-5 03 18-5 2 06 03 15 

atend 02 57.5 03 52 02 39 03 45 
Total duration, min 40 33-5 33 30 
Duration per channel, s 4-69 3-93 3-87 3-52 
Sky count/s 810 750 5,100 4,300 
Count/channel 3,800 2,950 19,756 15,150 
T./3,8. noise in each channel 82 55 141 123 
Sensitivity, counts/s on star, 
B= 13-6 2,000 3,000 
Limit of detection, magni- 
tude at peak of pulses: 
assumption 1 18-05 17-95 17°35 
assumption 2 18:3 18.2 17-6 
assumption 3 18:33 18:2 17.6 
Mean brightness: 
assumption 1 22-45 22-35 21-85 
assumption 2 22-1 22-0 214 
assumption 3 215 21-4 20-8 





component of error arose from the limitation of six digits 
in the dividing circuit. The desired period differed from 
that obtainable by approximately 2 us/eycle, or a steady 
slip of nearly two channels in a 40 min run. Omission of 
corrections for the Earth’s axial rotation introduced a 
further slip of just less than one channel in the same time 
interval and in the same sense. If the value of Ps 
133730113 s determined by Radhakrishnan et al. is 
correct, the slip will have been approximately fourteen 
channels in 40 min in the opposite senso. 

An independent and direct determination of the cycling 
period of the analyser was made, using a pendulum 
clock. For 23 hours including a few hours during which the 
oscillator B was neither monitored nor adjusted, the 
value derived for the period in this way was found to be 
1-337192 + 0-000006 s. Most of the uncertainty in this 
determination arose from the comparison of the clock 
with BBC time signals to determine its rate, 

We mention here that if the sweep frequency of 
-—49-0:5 MHz s- observed at 80 MHz! is extrapolated 
to optical frequencies, the dispersion of arrival times for 
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Fig. 1. Block diagram of the equipment, showing the accuracy of the timing oscillators. 
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Fig.2. The response of the analyser to a light flashing with a period of 

1:337 s. Abscissae: channel number, equivalent to the phase of the 

variation. Ordinates: count accumulated, proportional to the bright- 


ness. The flashes lasted about 25 ms. In this figure the horizontal scale 
is enlarged and only about one-third of all the channels are displayed. 





Fig. 3. Response of the analyser to CP 1919 (run 3). Abscissae and 

ordinates as in Fig. 2. In this figure all channels are displayed and the 

vertical scale is enlarged to show that no groups of adjacent channels have 

significantly more counts than the mean. In this display the counts in 

individual channels are rounded to the nearest multi ple of 16, and every 
sixteenth channel is emphasized, 


a delta-function optical pulse at the source, over the 
passband of the photometer (approximately 3500-6500 A), 
would amount to only 4x 10-33 s, which is utterly negli- 
gible in comparison with the resolution of the analyser 
of 2-6 x 10-3 s, 

If flashes of light were observable from CP 1919 a few 
adjacent channels in the Laben analyser would receive 
more counts than the average. Fig. 2 shows the result of 
a test in which light was reflected to the photometer by 
a mirror rotated with a period of 1-337 s. This figure 
was photographed from the cathode ray tube display of 
the analyser, with the horizontal (time) scale enlarged so 
that about one third of the total number 
of channels was displayed. 

Four runs were made on OP 1919, dur- 
ing which no evidence for optical flashes 
was found. The details of the observa- 
tions are given in Table 2, where the 
sensitivity of the equipment is computed 
for each run. A typical display is shown 
in Fig. 3, in which the time scale has been 
adjusted to include all 512 channels, and 
the vertical (number of counts) scale has 
been enlarged to show that there is no 
sign of any systematic variation of bright- 
ness with phase. 

The maximum brightness of flashes 
that we believe might go undetected 
depends on the assumed duration of the 
flashes and on the slip caused by inade- 
quacies in the scalers or uncertainty in the 
period P, We assume that if the flashes 
last 16 ms (six channels) and the shp is 
two channels, so that the excess counts 
are distributed over eight channels, we 
should detect flashes if the eight channels 
have, on the average, two and a half 
times the r.m.s. variation of all counts 
above the mean. In Table 2 this is 
assumption 1. If the flashes last 35 ms 
and the slip of two channels causes the 
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excess counts to be distributed ever fifteen channels, we 
consider that an average excess of only twice the r.m.s. 
variation would be detectable. This is assumption 2. 
Finally, if the period P,— 1:33730113 s is correct, and the 
resultant slip of fourteen channels is added to a natural 
spread of 35 ms (thirteen channels), we again consider 
that an average excess of twice the r.m.s. variation would 
be detectable. This is assumption 3. 

No optical flashes have been detected from CP 1919, 
and the mean brightness of flashes from any object 
within the error rectangle of Ryle and Bailey indicates 
that no more than 10 per cent of the light of the yellow 
object, assumed here to have magnitude B= 19-0, ean be 
modulated in a manner similar to the radio signals, 
whichever of the two published heliocentric periods is 
correct. If the period of Hewish et al. is correct and the 
flashes are assumed to last 35 ms, not more than 6 per 
cent of the light of the yellow object can be modulated. 
This evidence neither confirms nor refutes the identifica- 
tion of CP 1919 with the yellow object, but may help to 
elucidate some of its properties. 

We aro very grateful for the loan of the analyser and 
electronics from the Electronics and Applied Physics 
Division of AERE, Harwell, and we thank Dr P. Orman 
and Mr F. Pryce for designing the electronic system. We 
also thank Professor Redman for allocating time on the 
telescope at short notice. 

J. V. JELLEY 
AERE, Harwell. 

R. V. WILLSTROP 
University of Cambridge Observatories. 
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Model for Pulsed Radio Sources 


INTENSIVE study of the remarkable pulsed radio sources 
announced by the Mullard group! is just beginning. It 
is nevertheless already possible, independently of any 
particular model, to draw sharp and significant conclu- 
sions from the observational data now to hand. 

Radiation from all four sources is strongly polarized’, 
and so is definitely of synchrotron origin. If E (in MeV) 
represents a mean energy for electrons contributing sig- 
nificantly to the synchrotron flux, then the frequeney at 
which the flux is a maximum can be roughly estimated 
as Vmax= 5x 105 HE? s- (H in gauss). The source CP 
1919 has been observed at five frequencies? between 
81-5 MHz and 2,695 MHz, and shows a steeply declining 
spectrum. It follows that vmax 109 sc. On the other 
hand, the half-life of the synchrotron electrons, Tı% 
(2-6 x 108)/H?E s, cannot be larger than the observed 
pulse-width of 35 ms. From these two inequalities we 
derive H 2 10° gauss, E Z 4x 10-* MeV. Thus the effective 
synchrotron electrons have velocity components normal 
to the field lines not exceeding 0-05 c. 

The total radio emission is roughly 

Læ? x 10-2 H( ^v) n erg s! 

where n is the total number of effective synchrotron elec- 
trons and Avz5x10* s is an effective bandwidth. 
Inserting the observed value La 10? erg s^ yields 
n € 1095. It follows that the total mass of plasma involved 
in the synchrotron mechanism cannot exceed 10!* g, if 
we assume that about 1 per cent of the electrons are 
effective synchrotron emitters. This leads to the idea 
that all the radio emission originates from a very light 
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shell. Lyne and Smith? have advanced arguments, based 
on the coherence of the polarized signals, for believing 
that at least one linear dimension of the source is less than 
10 em. 

Most remarkable of all is the unprecedented sharpness 
of the pulses, This emerges with particular clarity from 
the polarized recordings of Lyne and Smith’. Tt seems 
virtually impossible to reconcile such a pulse shape with 
any continuous oscillation of the source. 'The observations 
rather suggest some sort of “elockwork mechanism" 
which triggers off short impulses (2/30 ms) separated by 
comparatively long intervals (~ 1 s) of quiescence. The 
precise regularity of the signals attests to the delicate 
balance of this clockwork; its astonishing stability in the 
face of the violent fluctuations in pulse amplitude must 
mean that it is energetically decoupled from the radio 
source, or (what is really the same thing) that it is con- 
trolled by an energetic process of a much higher order of 
magnitude. 

The model I propose is that a pulsar is a neutron star 
on the edge of gravitational instability. The pulsing 
mechanism is assumed to be a constant repetition, in 
practically identical conditions, of the following eyele of 
events. A very light additional layer of matter settles on 
the surface of the star, initiating an instability, and the 
star begins to collapse. The surface layers will usually 
retain a small reserve of nuclear energy. Even a small out- 
ward flow of radiation will partially relieve the core of the 
weight of the overlying layers, so stability is restored, 
The core snaps back, throwing off a thin outer layer with 
less than escape velocity, but sufficient to raise some of 
the material to à maximum height hw 10° om. After an 
interval of 1(h?/2GM)}"~ 1 s, this material will all have 
trickled back onto the surface, triggering off the next 
instability. The “clockwork” in this model is thus a 
short-period “astronomical sand-glass". 

Let us make some rough numerical estimates. For 
convenience, we adopt the round numbers M = 3x 10% g, 
R= 10* em for the critical mass and radius of the neutron 
star. The degenerate core is surrounded by a thin, 
hydrogen-rich, non-degenerate envelope, the mass of 
which can reasonably be estimated at ma 109-10? g 
for a cold neutron star. For the thermal energy generated 
by incipient collapse we assume a values metas 10% ergs. 
The resulting energy density is of order 10% ergs en, 
corresponding to X-ray phonons. The degenerate interior 
of the star has a very high thermal conductivity, and the 
X-ray pulse is transmitted with the speed of sound 
(2c/4/3) to the surface. Here it blows off the eool non- 
degenerate shell with moderate relativistic veloeity, 
rapidly converting it into plasma at æ 107 °K. The shell 
material is highly transparent to X-rays in these condi- 
tions, and the X-ray pulse will pass freely into space 
within the first millisecond. 

Thus within the first few milliseconds of the initial 
shock considerable cooling will have taken place, and 
synchrotron radiation will be the main source of emission 
of the expanding shell. As we have seen, the synchrotron 
electrons must decay within 35 ms. At this stage, the 
shell's radius is still less than 10° ems 03 light-ms. 
On the present model, the observed pulse-width is there- 
fore determined by the synchrotron decay-time and not by 
the size of the source. The fact that CP 0950, with a 
very small pulse-width, also appears to have an unusually 
strong magnetic field tends to support: this conclusion. 

The maximum height «10° em to which the ejected 
material rises is still well within the radius of gravita- 
tional influence of the star (x104 em). Nevertheless, 
small losses in the number of baryons are inevitable, and 
such a delicately balanced mechanism would soon run 
down if left to itself. It is here that accretion plays a 
decisive part. A star with velocity 10° em s~ would pick 
up #101 g s-! from the interstellar medium. In the 
case of a pulsar, most of this is dispersed by the X-ray 
blasts, but only a very small fraction (perhaps a millionth) 
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is needed to maintain the balance. In the long run, the 
seale of the pulsar mechanism must be regulated by the 
supply of accreted material. It may therefore be signi- 
ficant that CP 1919, which is in the plane of the galaxy 
where the interstellar density is highest, is intrinsically 
the most powerful of the four known sources. It is more 
than six times as powerful as OP 0950 and OP 1133, 
which lie a considerable distance off the plane. Of course, 
this argument ignores possible differences in the velocities 
and magnetic fields. 

On the basis of this model a number of predictions 
concerning the pulsars, both qualitative and quantitative, 
can be made. Most interesting is the possibility of detect- 
ing them as X-ray sources. The most favourable case, 
because of its proximity, is CP 0950 for which the ob- 
served flux should be of the order of 10-8 ergs em-? s-1, 
There is, in fact, a possibility that CP 0950 has already 
been observed as an X.ray source. In 1966, the Naval 
Research Laboratory group‘ reported a source (Leo X-1) 
at a= 9h35m, §= +8°-6. The source was observed on only 
one scan (it has apparently not been seen since) and there 
are pitch uncertainties amounting to 20m in x and 0°7 
in 8. The position of CP 0950 is x—9h50m, 3-8? 10’. 
It is thus possible that CP 0950 and Leo X-1 (if its 
existence can be confirmed) are one and the same object. 

Radiation at optical wavelengths would be completely 
negligible on the present model. It is therefore unlikely 
that CP 1919 has any connexion with the blue star 
tentatively identified with it by Ryle and Bailey*. 

How does a pulsar arrive in such a delicately poised 
and apparently implausible condition ? We suggest that, 
on the contrary, the pulsar condition is a natural stage 
in the evolution of many (and perhaps most) super- 
novae remnants. If, after the explosion and fragmentation 
of the supernova, one of the fragments is still somewhat 
above the critical mass, it will undergo violent gravita- 
tional oscillations, ejecting relativistic particles and clouds 
of gas. (That such a condition must terminate in a 
“Schwarzschild singularity” is a widespread belief which 
actually has little to support it, particularly when depar- 
tures from spherical symmetry are taken into accounts.) 
The amplitude of the oscillations will gradually die down as 
the mass declines toward the critical mass (the Crab nebula 
is probably an example of the final part of this stage). 
Eventually the star evolves into the state described here. 

What is the lifetime of a pulsar ? Accretion will supply 
enough baryons to keep the star at or just above the 
critical mass indefinitely. But the energy output (at least 
on the scale considered here) must come from the rem- 
nants of the internal nuclear resources. In fact, the 
requirements are very modest: an internal energy of 
10** ergs will maintain the process on the scale considered 
here for 10° yr. The actual resources are likely to be some 
orders of magnitude greater than this. 

From the point of view of its existence as a radio Source, 
a much more stringent restriction on the lifetime of a 
pulsar is imposed by magnetic decay. At an interior 
point where the density has risen to 10" g cm? (just 
before neutronization supervenes) we may take oa; 102) s-t 
as à very rough figure for the conductivity of the de- 
generate electron gas’. This gives a half-life for the 
magnetic field t,,.~oR?/c?~3x 10* yr, in satisfactory 
agreement with other estimates. 

If these considerations are correct, then there must 
exist in the galaxy a comparatively large number of 
radio-quiet pulsars which remain fairly powerful X-ray 
sources. The reason why such objects should appear to 
show a preference for the galactic plane has already been 
explained. 

I thank Dr I. Khan for stimulating discussions. 

WERNER ISRAEL 
Dublin Institute for Advanced Studies, 
Dublin. 
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Oscillator Strengths for High-level 
Transitions in Hydrogen 


TRANSITIONS between high quantum levels of atomic 
hydrogen can produce spectral lines in the radio region. 
Observers have detected a number of such emissions from 
hydrogen gas in various radio sources. "Theoretical inter- 
pretation of such observations requires knowledge of the 
oscillator strengths frien for transitions described by the 
quantum transition n-Fc—n. For n large and c small, 
the fs follow the asymptotic formula 


fasem ~ nM(c) (1+ 1-5 c/n) a) 

with 
M (c) = : Jde) J’ 2 
i e) z gs Tole elc) (2) 
J-(c) is the Bessel function of equal order and argument 
and J'.(c) is the first derivative with respect to the 


argument. Table 1 contains a few representative values 
of Mic). 


Table 1 

e M(c) -E 
1 1:907749 1 
2 2-033210 2 
3 8-105602 3 
4 3-401638 8 
5 1-81185 8 
6 1:05847 3 
7 6:7127: 4 
8 4-52190 4 
9 3-19001 4 

10 2-33407 4 


To obtain M(c), multiply the tabulated value by 102, 


Note that, for large n, the f value may exceed unity 
by an enormous factor. This property has concerned many 
astronomers, for it seems to be inconsistent with the well 
known sum-rule, which requires that 


Ef-l (3) 


The paradox is only apparent. The sum embodies all 
transitions from level n, downward as well as upward, 
Thus we must expect 


E nei 
E faron + È fen = 1 (4) 
1 zz 


e c=] 


H 


But, to use equations (1) and (2), the larger index on f 
must appear first. Quantum mechanical rules require 
that 


(n —c)* 





Fnin~e (5) 


fÍa- en aot orem n? 


Equation (4) becomes 


n—l — e)? 
X nM(c) — X d 


c=} e=1 


2 


M(c) ~ È 3cM(eẹ)=1 (6) 
exi 
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as we expand the cube and let n—-oo. The first two terms 
cancel identically. One can prove the correctness of the 
relation, 


Jele) J’ cfc) (7) 


bps 


4 
1€ 


from the generating equation of the Bessel function. 
This work was sponsored by the Air Force Cambridge 
Researeh Laboratories, Office of Aerospace Research. 
DonaLp H. MENZEL 
Harvard College Observatory, 
Smithsonian Astrophysical Observazory. 
Cambridge, Massachusetts. 
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General Relativistic Influence on 
Observed Pulsar Frequencies 
if Pulsars are Orbiting Cbjects 


Recent y', I pointed out that pulsars might be a means 
of making a new test of the general theory of relativity by 
providing a stable extra-terrestrial frequency standard 
against which the differential general relativistic effect 
on terrestrial clock rates at perihelion and aphelion 
could be measured. 

The purpose of this communication is to point out what 
could be an important analogous effect should the pulsars 
prove to be orbiting bodies. 

Suppose the pulsars were orbiting bodies, and for simpli- 
city consider the case of a pulsar the orbit of which is in 
a plane perpendicular to the line of sight. The contribu- 
tion of its motion to the first order Doppler effect will 
then be essentially zero, and one might be tempted to 
assume that once the contribution of the Earth's orbital 
motion had been subtracted, any residual variation in 
the observed frequency of recurrenee of the pulses would 
arise from a variation in the basie pulse rhythm of the source 
itself. As was previously pointed out!, however, there 
would be a small general relativistic effect of about 1 part 
in 2x 10* arising from the ellipticity of the terrestrial 
orbit. In addition to this, as will be shown, there could be 
a non-annual residual variation in the observed frequency 
that did not arise from a variation in the intrinsic pulse 
rhythm of the source itself, provided the orbit of the 
source was significantly different from a circle. 

Let the maximum and minimum orbital distances of 
the source from its star be Ra and Rp, respectively, let 
the mass of the star be M, and let the intervals between 
pulses measured in Schwarzschild co-ordinate time at 
maximum and minimum orbital distances from the 
central star be dft, and dtp. 

Then?, 

dtp/dta—1 = 3MG(Ra—-Pp)/2c*RaRp 
where G is the Newtonian gravitational constant and ¢ is 
the speed of light. For the Earth this comes to 4-9 x 10-16, 

It could be smaller or larger fer an orbiting pulsar 
source depending on the values of Re, Rp and M. Because 
the Schwarzschild coordinates used in deriving this 
formula are static, the effect will be transmitted faithfully 
to the Earth and will appear as a residual variation in the 
rhythm of the received pulses. Becanse the effect does not 
depend on the orientation of the plane of the pulsar 
orbit relative to the line of sight, it will yield information 
involving the eccentricity of the orbit, the mass of the 
central star and the period of the orbital motion, even 
though the orbit is here assumed to be in a plane perpen- 
dieular to the line of sight. 

Should pulsars prove to be orbiting objects, there could 
be a problem concerning their intrinsic periodicities if the 
: above effect, which could be relatively large for some of 
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them, were not taken into account in analysing the data. 
Moreover, if the problem were removed by taking aecount 
of this effect we would have yet another confirmation of 
general relativity. 

BANESH HOFFMANN 
Queens College of the City University of New York, 
Flushing, 
New York. 
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Discrimination of Temporally 
Overlapping Seismic Events 


ROUTINE digital processing of seismic events recorded on 
analogue magnetic tape at the Yellowknife seismic array, 
Canada, is being carried out in Ottawa with the aid of a 
computer. The array is of the UKAEA pattern and has 
been described by Manchee and Somers. Processing 
methods have been described by Weichert et al.?*. Although 
no attempt is being made to process every event that is 
received, a large enough sample is selected from each 
month's recording to enable a library of third zone events 
to be accumulated on digital tape. Sometimes, as in the 
present instance, a particular event is of more than passing 
interest. 

The present routine processing of the analogue or digital 
tapes proceeds at twice real-time speed, the output con- 
sisting of certain diagnostic traces plus a time track, 
displayed on an eight trace hot wire recorder. Recently, 
these traces have consisted of (1) the output of the cross- 
over point seismometer; (2) the sumall phased toward 
the epicentre; (3) the correlogram corresponding to the 
sumall; (4) a trace showing the variations between 
sample, in the maximum value of the computed correlo- 
grams (169 beams are formed in each sampling interval); 
(5) a trace showing the total slowness (ms/km) as derived 
from the data of traces (7) and (8); (6) a trace showing 
the variations between samples in the computed value of 
the azimuth; (7) and (8) traces giving the two components 
of slowness in the N.-S. and E.-W. directions as determ- 
ined from parabolie interpolations around the slowness 
values giving the maximum correlation. Time marks (1 s) 
are provided on the two edge-tracks. When an event 
arrives, each of traces (5) to (8) should settle to a reasonably 
stable value within a few seconds and stay there, unless 
new energy from a different azimuth or distance arrives. 
At present this new event must also carry more energy, 
that is, produce a larger correlogram, than the first event 
in order to take over control of traces (5) to (8), but steps 
are now being taken to ensure that any coherent new 
energy will be recognized. While our experience with 
these traces is still limited, we hope that late phases 
(pP, PP, PcP) will be more easily identified with their 
aid. There is also the possibility that some sort of 
"source signature" will become apparent from the study 
of a large number of them. 

An event which was processed recently produced outputs 
on traces (5) to (8) which settled alternately on two sets 
of values. One set indieated that the event originated 
in the North Atlantie and the other indicated an origin 
in north-west China. In order to clarify the situation, 
a new output was programmed as shown in Fig. 1. Here 
the traces are described as follows: (1) the output of a single 
seismometer near the centre of the array; (2) the sumall 
phased toward the north-east China event; (3) the sumall 
phased toward the North Atlantie event; (4) the correlo- 
gram for the north-east China event; (5) the eorrelogra: 
for the North Atlantic event; (6) the apparent velocity 
for the dominant correlogram at any given moment; 
(7) the azimuth for the dominant correlogram at any 
given moment with a compressed scale. The slow. 
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Table i, EVENTS OF JUNE 21, 1967 


North-east China North Atlantic 
Arrival time at Yellowknife 05:50:03-6 40-22% 05:50:02-8 4022 
H time (computed) 05:39:39Z 05:38:10Z 
Phase velocity 6:8 km/s 20-5 km/s 


Corrected for array asymmetry n (4 77:59) 
100° 


Azimuth 322° 
Corrected for array asymmetry 322° 98? 
Epicentre location: Latitude 47N. N. 
Longitude 119E. 37W. 
USCGS data: Latitude 48:8N. — 
Longitude 122-2E. — 
H time 05 : 40:001 Z — 
LASA data: Latitude 48N. 7N. 
Longitude 45W. 


127E. . 
H time 05:40:022 05:38:41Z 
nesses have been omitted because they add nothing 
to this communication. The only editing that has been 
done involved moving the traces closer together during 
tracing and omitting the background grid lines. Because 
traces (4) and (5) are scaled logarithmically to enable these 
traces to cover a wide dynamic range, it has been possible 
to attach magnitude significance to the correlogram height 
on an empirical basis (that is, comparison of many 
events with US Coast and Geodetic Survey values). The 
magnitude values thus derived are shown on traces (4) 
and (5) in Fig. 1. Traces (6) and (7) were very unsteady 
until the arrival of the two events. 'The quality of the 
single seismometer outputs is evident from Fig. 2, which 
shows five of the nineteen individual traces, R,, Rio By, Bio 
and R, (the W., E., S., N. array tips and one near the 
array centre). 

Fig. 1 illustrates the extent to which the two events are 
separated by this technique. The arrival times are quite 
accurately determinable from traces (2) and (3). Our 
experience so far with this method leads us to pick the 
probable velocity and azimuth for each event as shown by 
the letters, A and B, which stand for the north-east China 
and North Atlantie events, respectively. It can be seen 
that when the A, correlogram is higher than the B, 
correlogram, the velocity and azimuth traces indicate an 
origin in north-east China for the event, whereas when 
the B, correlogram is the higher of the two a North 
Atlantic location is indicated. An approximate calibra- 
tion of the velocity scale on trace (6) of Fig. 1 is as follows: 
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Fig. 1. Diagnostic output traces for the north-east China and North 


Atlantic events of June Z1, 1967. The traces are described in the text. 
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Fig. 2. The outputs of five of the nineteen individual seismometers of the 
array. From the top: the west tip, one near the centre, the east tip, the 
south tip, the north tip. 





17-5 km/s=66-2°, 20-0 km/s=77-4°, 225 km/s=85-2°. 
The derived values of velocity and azimuth and the result- 
ant H times and locations of the epicentres are given in 
Table 1 and are the result of a straightforward application 
of the Jeffreys-Bullen tables (edited by Travis) for a 
depth of 33 km. Corrections have been made for the com- 
puted slowness anomalies resulting from array asymmetry. 
Our eomputed latitude and longitude for the North 
Atlantie event agree very well with the location of a 
fracture zone illustrated in Fig. 4 of ref. 3. LASA reported 
both events, but the US Coast and Geodetie Survey 
reported only the north-east China event; all published 
values are given in Table 1. Two shocks earlier on the 
same day originated immediately to the west of the 
North Atlantie event in question, according to the US 
Coast and Geodetie Survey, apparently on the same 
fracture zone. 

It is not unusual for the signal from one event to mask 
the arrival of a second event at any given station, nor is it 
unusual for the second event to be detected eventually, 
with the aid of data from other stations. Arrivals within 
0:2 s of each other are comparatively rare, however; 
this method makes it possible to detect the two events and 
determine their epicentres with some precision using 
only the data from one medium aperture array. 


F. M. ANGLIN 
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Effect of the Aswan High Dam on the 
Distribution of Salinity 
in the Suez Canal 


Tue Suez Canal, being an artificially created body of 
water, is not in stable equilibrium with the surrounding 
seas. A continuous effort has to be made to keep the canal 
in working order, and hence the hydrography undergoes 
continuous changes that have to be periodieally recorded 
and analysed. These analyses show that the currents and 
distribution of salt in the canal vary seasonally. 

Fox!, Wimpenny?, Wiüst?, Faouzit and  Morocos** 
studied the distribution of salinity along the canal. They 
found that for most of the year the mean sea level is 
higher at Suez than at Port Said. "This eauses a steady 
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northerly current, the highly saline waters of the Bitter 
Lakes being driven northward, thus :nereasing the salinity 
of the northern part of the canal. During the summer 
season, however, from August to October the mean sea 
level at Port Said is higher than at Suez, and the currents 
become chiefly southerly. This has previously been 
thought to be caused by flood water from the Nile penetrat- 
ing the northern end of the canal. 

After the building of the first staze of the Aswan High 
Dam in August 1966, which put an end to the seasonal 
discharge of the Nile flood, the seasonal variation of salin- 
ity might be expected to have changed. This was observed 
by Morcos*, who carried out a survey in September 1966. 
He compared the salinities, at à depth of 6 m, at selected 
stations along the canal in April in 1954 and 1964, with 
those in September in 1954, 1964 and 1966. It seemed 
from this comparison that the conditions in September 
1966 were extraordinary, showing a weak northerly 
current. The point of maximum salinity appeared just 
north of the Great Bitter Lake, indicating a weak current, 





Fig. 1. 





Depth [m] 


Depth [m] 


Hydrographic stations occupied throughout the length of the Suez Canal. 
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and influenced the central part of the canal, the level of 
salinity being relatively high (46-91 parts per thousand) 
(p.p.t.). 

P his result differs, however, from the conclusions I 
drew during a research cruise in the early part of Septem- 
ber 1966, before Morcos made his eruise. Between April 
1966 and April 1967, I made five cruises along the Suez 
Canal, and observations of salinity, temperature and 
currents were carried out at fixed depths at the stations 
shown in Fig. l. Analysis of these results? showed the 
expected pattern of northerly drift of the Red Sea water 
in the canal during most of the year, the northern section 
always containing some Mediterranean water. In Septem- 
ber 1966, however (Fig. 2), the Mediterranean water was 
found to have almost completely driven the Gulf/Lakes 
water from the northern section of the canal to the south 
of Lake Timsah (87 km south of Port Said), and the salinity 
of the northern section had dropped to an average of about 
38-4 p.p.t., which corresponds very closely to the average 
salinity in the Mediterranean at Port Said for this season 








Positions are given in km south of Port Said lighthouse. 
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Fig. 2. The distribution of salinity and temperature along the northern section of the Suez Canal in September 1966. 
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of the year. Beyond the Mediterranean water a transition 
to Lake water occurred for a distance of 10 km (the salinity 
changing from 39-85 p.p.t. on the northern edge to 44-06 
p.p.t. at the southern edge), this transition being found in 
approximately the position normally expected throughout 
the rest of the year. Thus almost all the Gulf/Lakes 
waters were confined south of Lake Timsah, although in 
Lake Timsah, below 7 m, the water had a salinity of less 
than 38 p.p.t. in early September, indicating the extent 
of the intrusion of Mediterranean water, compared with 
@ salinity of 43 p.p.t. in May, which is representative of 
Bitter Lakes water. 

From the results there is clear evidence of a southerly 
current in September 1966, a situation similar to that 
whieh occurred each year before the building of the 
Aswan High Dam. An examination of the differences in 
salinity at Port Said between April and September, for 
the years before and after the building of the Aswan High 
Dam, indicates that the effect of the Nile flood on the 
currents in the canal could at the most be of only a minor 
nature, and because from the daily weather reports® it 
can be observed that the meteorological situation could 
have produced an effect on the sea level at Port Said 
coinciding in time with these results, the indication is that 
the prime factor determining the observed fluctuation in 
sea level must be the wind stress on the water. It is 
suggested that the advance of the Mediterranean water into 
the canal may be independent of the Nile floods. 

It is recognized that meteorological conditions vary in 
time, duration and intensity from year to year, and a 
comprehensive study should take these variations into 
account. This could not be achieved from a single year’s 
cruises, and a proper understanding of the precise condi- 
tions prevailing during the month of September can 
only be obtained if and when regular observations are 
taken at frequent intervals during the month. 

I thank Professor E. M. Hassan, Director of the Institute 
of Oceanography and Fisheries, Suez Branch, UAR, for 
suggesting this problem and supervising the work. 
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X-ray Studies of Clay Minerals in 
Investigations of Contact 
Metamorphism 


CLAY mineralogical analyses have been important in sedi- 
mentology, in studies of the genesis and behaviour of soils 
and in ceramics. The effect of high temperatures on clay 
minerals has also often been reported'-. The work 
reported here concerns the importance of X-ray analysis 
of clay minerals in studies of contact metamorphism. 
From the type area in the Cuddapah basin (Andhra 
Pradesh, India), samples of Pre-Cambrian Tadpatri shales 
have been collected, both from the contact metamorphic 
zone in the immediate vicinity of the Cuddapah traps 
and from an area away from the influence of the traps. 
The altered shale is red, whereas the fresh (unaltered) 
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Fig. l. X-ray diffractometer traces for Tadpatri shales, 1, 3 and 5 are 
for fresh shale at room temperature, 600? € and 800? C, respectively. 
2, 4 and 6 are of altered shale at room temperature, 600° C and 800° C. 


shale is typically green. Clay mineral fractions separated 
by standard procedures from the altered and the un- 
altered shales in identical conditions were subjected to 
temperatures of 600° C and 800° C for 3 h. A General 
Electric XRD-6 diffractometer with filtered Cu Ka radia- 
tion was used to cbtain X-ray diffraction patterns for 
the original and the heat-treated fractions of the altered 
and unaltered clay. 

The results are shown in Fig. 1. The clay mineral used 
was illite. The pronounced peaks at 4-26 A, 3-36 A and 
1-82 A are caused by quartz which could not be effectively 
removed. The X-ray analyses indicate that although the 
peaks—001 (10-10 A), 200 (2-57 A), 202 (2-46 A) and 005 
(1:99 A)-—of illite in the fresh (unaltered) specimen decrease 
considerably in intensity during heat treatment, the 
changes in intensity are not pronounced for the respective 
peaks in the altered fraction. Comparison of the intensities 
of the peaks 001, 200, 202, 005 and the collapse of the peaks 
002 (4-98 A) and 060 (1-49 A) shows that the altered field 
sample (Fig. 1, traces 1 and 2) closely resembles the fraction 
of the original sample which was subjected to a temperature 
of 800° C (Fig. 1, traces 1-5), indicating that the altered field 
sample might have suffered contact metamorphism at a. 
temperature equivalent to about 800° C in normal atmo- 
spheric conditions. In plutonic conditions, however, the 
effect of pressure might be to shift this range of tem- 
perature. 
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Empirical Relation for the 
Isothermal Density Derivative of 
the Optical Dielectric Constant 


For liquids, the Einstein theory! of light seattering. the 
Gans theory? of the Kerr effect and the Leontovitch 
theory? of the Maxwell effect all require knowledge of the 
isothermal density derivative of the optical dielectric 
constant, o(On*/Op)r. Experimental values of this 
coefficient have been given for only & few liquids. In the 
past, resource has been made to dielectric equations of 
state, such as the Lorentz-Lorenz equation, which relate 
the dielectric constant to the density, in order to ealeulate 
this coefficient. Usually, the dielectric constant of a 
liquid is not a function of density only, however, but 
depends separately on pressure P and temperature T, 
so that the coefficients (On?/Op), and (On*|OT), are not 
zero’, For example, it has been shown? that the use of the 
Lorentz-Lorenz equation in the Einstein light scattering 
equation may lead to errors of between 10 and 20 per 
cent, 


Table 1, DENSITY DIFFERENTIALS 
m 
«( 2e ) r 
P Lorentz- This 
Liquid bar T^ aA n  Eykman Lorenz work Expt. Ref. 
Benzene 1 23 5460 1503  L61 1:79 162 165 5 
B 1 24 5893 1499 1-60 177 160 158 4 
12b 248 5015 1514 1-66 185 107 166 6 
$ 125 248 4678 1512 165 184 166 169 6 
370 248 6086 1523 170 190 172 174 6 
501 345 4678 1545 180 2-03 183 178 6 
i 591 345 5016 1540 180 202 182 176 6 
v 137 543 0678 1482 152 167 152 153 6 
Carbon tetra- 
chloride 187 24:8 6678 1461 143 157 143 146 6 
x 400 248 5876 1476 149 164 149 150 6 
; 501 345 4799 1487 154 1:70 154 153 6 
n 938 345 6438 1487 1-54 1-70 154 151 6 
` 125 543 6678 1445 137 1-48 137 141 6 
Ys 125 543 4800 1-455 1-41 1-53 1-41 146 6 
ji 1 23 5460 1-400 1-43 1:56 143 146 5 
»-Hexane 1 2 vo 1371 1-08 114 107 106 7 
^ 2, 25 v 1483 134 145  Á 133 133 7 
» 1 0 v 1383 1:12 119 111 112 7 
m 2,000 0 v 1443 1:36 147 135 135 7 
B 1 -235 c 1398 118 120 117 117 7 
is 2,000 —25 c 1451 139 151 139 140 7 
M 1-5 © 14l 1-23 1-32 1-22 1122 7 
ise 1,500 — 50 v 1450 138 1:51 138 139 7 
Toluene i 23 5460 1499 1-60 177 159 158 5 
Cyclohexane 1 23 5460 1:420 1-29 139 1:28 129 5 
Tao-octane 1 23 5460 1:301 1-15 123 114 115 5 
n-Hexane 1 23 5460 1,374 109 135 108 108 5 
n-Octane 1 23 5400 1308 118 127 117 118 65 
n-Decane 1 23 5460 1413 1-24 133 123 125 5 
n-Hexa- 
dexane 1 23 5460 1435 133 1:43 132 135 5 
Carbon 
disulphide 1 23 5460 1634 224 2-60 2:32 2:37 5 
n 1 226 5893 1-626 2-19 253 227 227 5 
Methyl ethyl- 
ketone 1 23 5460 1370 LIE 137 110 1313 5 
Ethyl ether 1 23-4 5893 1351 1-06 1-05 0-99 0-980 4 
Methyl 
Alcohol 1 22:8 5893 1328 0-92 0-96 0-01 0:808 4 


To reduce these errors in the case of liquids for which 
e(On*/0 p)r has not been measured, the available experi- 
mental data for common organic liquids have been used to 
provide an empirical relationship between g(0n?/Og)r 
and n, both quantities being at she same temperature, 
pressure and wavelength. This relation is 


30 


and fits the experimental data tc within about +1 per 
cent for most liquids for temperatures between — 50° C 
and 4-35? C, pressures from 1 to 1,000 bars and over the 
whole visible spectrum, although suffieient data to test 
these extremes of range exist for only a few liquids. 
Static dielectric constant measurements on n-hexane 
also fit the empirical equation, where the dielectric con- 
stant is equated to n?. The measurements were made in 
the 100 kHz region, so the measurement wavelength is 
effectively infinite. The Lorentz-Lorenz equation 


on? 1 
of — ) = z (n*- 193-7 
e 2525 (n? — 1)(23 4 721) 
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~ = const. 





-———— J- = const. 
Mn 047p 
yield density differentials of 


2n(n*-1)(n-- 0-4 
g n Det 2) pc Dd 


1+ nid 0-87 


respectively, and these are compared with the proposed 
empirical formula and experimental values in Table 1. 
It can be seen that the Lorentz—Lorenz equation gives 
values of g(On?/0o)r which are about 8 per cent too high 
over the whole range, and the Eykman equation is valid 
only in the region near n= 1-5, being 3-3 per cent low at 
n=1-6 and 2 per cent high at n— 1:35. The empirical 
equation may be integrated to provide a dielectric equation 
of state at constant temperature, but such an equation of 
state must necessarily be approximate. It is rather the 
purpose of this communication to indicate a way of 
estimating density differentials of the optical dielectric 
constant to a better accuracy than has hitherto been 
attained. 
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Isotope Shift in Crystal-field Splitting 


MARSHALL et al.'^* have demonstrated experimentally that 
the isotope shift in the crystal-field splittings of the 
magnetie ions doped in some host lattices, 8D, is propor- 
tional to the mass difference of the isotopic magnetic 
ions and deereases with temperature. Based on the 
result that the phonon-induced erystal.field splitting is 
approximately proportional to the mean square displace- 
ment of the atoms?, I have shown* that the isotope shift 
in the erystal-field splittings of two isotopic magnetic ions 
is approximately proportional to the difference between the 
mean square displacements of these two isotopes, Xuj 
and (u2» 


SD (Qui. — Lie) (1) 


In this communication, I shall try to use this result te 
explain the temperature dependence of the isotope shifts 
measured by Marshall et al.*. 

The Einstein model was successfully used by Mont- 
gomery to interpret’ the difference between the lattice 
constants of *Li and "Li. As a result, it could be assumed 
that the two doped isotopic magnetic ions in a host erystal 
vibrate with Einstein frequencies v, and v,. These fre- 
quencies are related to the masses of the isotopic magnetie 
ions, M; and M;, by the relations viz b/(M 1 P, i= 1,2, 
where b is the proportionality constant related to the 
force constant. In this ease, the mean square displace- 
ment is found to be 


1 1 
35: oc = — E v > gon | 2 E 
curs E T exp Gok?) — | ve m 
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Fig. 1. Temperature dependence of the isotope shift in the crystal-fleld splitting of "Ur 
ndence of the isotope sbift in the 


relative to “Cr (the data points) and temperature de 
mean-square displacement of these two isotopes (dotted line), 


Tf the quantity in the square bracket is denoted by a, the 
isotope shift in the erystal field splitting is given by 


M; i ] 
M: S 
where X is defined by the equation and A is a propor- 
tionality constant related to the electronice matrix 
elements. This equation will be compared with the experi- 
mental result. 

In their experiment, Marshall et al.! were able to identify 
the electron spin resonance spectra of **Cr and Cr in 
magnesium oxide. The isotope shift between the crystal 
field splittings of these two isotopic magnetic ions is repro- 
duced in Fig. 1. The dotted curve in Fig. 1 is the plot of 
equation (3) fitted to the data points with M/{=52, 
M;—53 and hv,/k=400° K. By comparing the experi- 
mental data with this dotted curve, it is found that the 
simple minded theory can explain the experimental 
results. 


èD x AX=A [a -( (3) 
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Interaction of Defect and 
Domain Structures of Triglycine 
Sulphate Crystals in Ferroelectric 
and Paraelectric States 


Tue interaction of domain and defect structures in ferro- 
electrics and, in particular, in triglycine sulphate (TGS) 
accounts for many important properties of this class of 
erystal. An example is the restoring of the domain 
structure after repolarization processes (the “memory” 
of crystals) associated with the real structure of crystals. 
The domain structure of TGS, which has been studied by 
etching'*, eleetroluminescence? and the charged powder 
technique*, has been related to only one kind of structure 
defect, however—dislocations® *—and it has been stated 
that there is no correlation between domains and dis- 
locations. 

A very effective method for the investigation of the 
defect structure of crystals on an elementary scale is the 
electron microscope decoration method’, This consists 
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of the vacuum evaporation of small quanti- 
ties of gold or other substances onto the 
crystal surfaces to be investigated. Nuclea- 
tion of material decorates local active 
centres on the surfaces*?, This method 
has been applied to the study of the real 
structure of TGS crystals. These were 
grown from water solutions by the method 
of temperature decrease, annealed at 98° C 
and cooled slowly for an hour. The 
annealed crystals were cleaved parallel 
to the (010) plane in a vacuum chamber 
at 5x 10 torr. A small amount of silver 
and subsequently earbon was evaporated 
on a vacuum-cleaved TGS surface and, after 
the erystals were dissolved in water, the 
carbon films with decorating silver particles 
were examined in a Hitachi-II electron 
microscope. 

At early stages of condensation, decoration of a TGS 
surface occurs with a high selectivity, enabling areas 
corresponding in size and shape to the domains of TGS 
crystals to be seen. On the decoration pieture (Fig. 1) ob- 
tained from evaporation of silver on a TGS crystal 
surface maintained at room temperature, there are 
linear and lenticular domains of size 3-5y. Most of them 
are oriented in definite crystallographic directions. In 
partieular, the domains which are roughly rectangular 
and are positioned in the left part of the figure were found 
to be parallel to the (102) twinning plane, the cleavage 
steps in this ease coinciding with axis c. In all domains 
intersected by these steps, twins—regions of opposite sign 
—are formed because of mechanical strains, as observed 
in ref. 1. The differences in density of the decorating 
particles permit not only the domain structure of the 
surface but also the boundaries between growth pyramids 
to be revealed. Examples are the boundary between 
(021) and (110) which coincides with axis a of the TGS 
crystals, as well as the boundary between the pyramids of 


X (ARBITRARY SCALE) 
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Fig. 1. Domain structure in a TGS crystal decorated by silver. Cleavage 
10). 
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planes (110) and (120) (Fig. 1). In the area A the density 
of silver particles is 2x 10" cm-? and in the area B it 
decreases to 8x 10% cm-*, In Fig. 1, the boundaries 
of the domains are double. They consist of two rows of 
decorating particles: one row with the higher linear 
particle density separates the adjacent domains, the other 
consisting of larger particles is inside the domains. The 
double structure of the boundaries seems to be a conse- 
quence of the displacement of domain walls. 

As well as the linear and lenticular domains, the domain 
structure of annealed TGS crystals is characterized by 
triple knots. They are distinctly detected by etching 
TGS plates'. Domains that look liks triple knots are also 
observed when the TGS surface is decorated by silver 
(Fig. 2). Because these domains are built up of lenticular 
and linear elements arranged along definite crystallo- 
graphic directions, the “arms” of the triple knots are also 
oriented to a certain extent, as demonstrated in Fig. 2. 

Decoration patterns of the surface of a TGS crystal 
heated to a temperature above the Curie point (49° C), 
that is, when the crystal is in the paraelectric state, 
exhibit a morphology which corresponds to the morphology 
of the previous domain structure. Fig. 3 shows the surface 
of a TGS crystal which was heated for 1 h at 65° C, 
then cleaved and decorated at the same temperature. 
In this case “domains” with a shape characteristic of 
TGS are seen, as well as selective deposition of silver on 
their boundaries. 

The detection of **domain" structure in TGS crystals in 
the paraelectric state indicates that in these crystals a 
definite defect structure is present. This structure co- 
incides topographically with the domain structure in the 
ferroelectric state, and subsequently remains when the 
crystals are in the paraclectric state. Decoration of the 





Fig. 2. Domain configuration m the shape of a triple knot. Cleavage 
(010). 





Fig. 3. Preservation of "domain" structure in a TGS crystal heated 
above the Curie point to 65° C. Cleavage (010). 
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Fig. 4. Gradual decay of “domains” in a TGS crystal heated above the 
Curie point: a, heating for 1 h at 65° C; ^, heating for 1 h at 100° C. 
Cleavage (010). 


“domain” structure at a temperature above the Curie 
point proves that selective nucleation of silver is initiated 
by the local active centres of the TGS surface and not by 
the electric field of the domains as a whole. From the 
selectivity of silver nucleation it follows, in turn, that the 
active centres themselves are polar and oriented in the 
electric field of the domains, this orientation remaining 
in the paraelectric state. We note that preferential 
nucleation on the active centres of the surface does not 
require the presence of charges in the evaporated silver 
atoms, whereas charges would be necessary in the case 
of nucleation influenced exclusively by the electric fields of 
domains as assumed by Takagi et al.!°. The defect struc- 
ture of TGS crystals detected by decoration is not caused 
by dislocations, for these are non-uniformly distributed in 
TGS crystals as bundles directed from the seed", with a 
dislocation density in the bundles of up to 10* em-*. In 
other words, they do not coincide with the domain walls*:*, 
Their density in the rest of the crystal is usually 10!—10* 
em-*, In contrast, the active centres revealed by decoration 
are associated with the growth pyramids and the domain 
structure (domain walls included), and their density 
corresponds to the mean density of point defects found 
from the decoration of various erystals'?::?, This allows us 
to conclude that the active centres of TGS crystals, per- 
mitting the observation of the domain structure below and 
above the Curie point, are anisotropic assemblies of 
point defects. 

The orientation of active centres which "remember" 
the topography of the domain strueture existing below 
the transition point remains, as has already been pointed 
out, at temperatures above the Curie point, but are in 
a highly non-equilibrium state. Indeed, increases in 
temperature and heating time lead to a gradual distortion 
of the “domain” structure, as exemplified by Fig. 4a 
and b. In areas (A) with a high density of decorating 
particles, there are regions where the condensation of 
silver diminishes sharply. The destruction of “domains” 
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does not proceed randomly but in a highly ordered manner. 
In particular, new boundaries appear which are i 
characteristic of the domain structure of TGS. For 
example, linear domains begin to decay in sections having 
boundaries similar to those of lenticular domains. At the 
same time, in the adjacent area B (a former domain of 
opposite sign) where before a smaller proportion of silver 
condensed, silver particles start to form intensively. This 
is especially well seen in Fig. 4b, illustrating one of the 
last stages in the destruction of “domains”. The bound- 
aries of the “former domains” prove to be the most stable: 
they are the last to disappear. A further heating of the 
erystals finally causes a uniform nucleation of silver on 
the TGS surface as a whole. The disappearance of the 
"domain" structure takes place because of a complete 
disorientation of the active centres with respect to the 
polar axis of the erystal. Fig. 5 shows a picture of uni- 
form condensation of silver on a TGS crystal surface 
maintained at 120° C for an hour and decorated at the 
same temperature. 

The uniform distribution, and hence disorientation, of 
the active centres also remains for a fairly long time after 
the TGS crystals are cooled below the Curie point. The 
domain structure revealed by etching is also unstable 
after transition!*5, that is, in such annealed crystals the 
domain and defect struetures do not coincide topographie- 
ally. The "ageing" of crystals at room temperature 
produces a redistribution of active centres, This again 
reflects the existence of the domain structure and the 
way it changes with time. Fig. 6 is a decoration picture 
of a TGS erystal surface heated at 120° C for 1 h and 
then maintained at room temperature for 70 h. A 
domain is elearly seen, the contrast being eaused by the 
occurrence of some boundary region with a different 





Fig. 5. Uniform deposition of silver on a TGS crystal heated for 1 h at 
120* C, Cleavage (010). 
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Fig. 6. One of the early stages of restoration of the domain structure in 
TGS after transition through the Curie point, Crystal heated for 1 h 
at 120° C and maintained for 70 h at 20° C. Cleavage (010), 
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Fig.7. Restoration of domain structure in TGS after transition through 
the Curie point. Crystal heated for 1 h at 120? € and then maintained 
at 20° C for 216 h. Cleavage (010). 


character of silver erystallization. At this stage of re- 
orientation of the centres, condensation of silver occurs 
in one and the same manner on all the TGS surface; only 
this boundary region is excluded. We therefore deduce 
that the process of orientation of the centres in the 
electric field of the domains seems to begin in the vicinity 
of the domain walls already formed. The "ageing" 
process of TGS crystals after thermal treatment is accom- 
panied by a gradual change in the defect structure result- 
ing in a coincidence or almost coincidence of the defect and 
domain structures. Fig. 7 demonstrates a decoration 
pattern of a TGS crystal surface heated at 120° C for 1 h 
and maintained at room temperature for 216 h. In 
these conditions, a domain configuration having the 
appearance of a triple knot is revealed, analogous to the 
knot seen in Fig. 2. 

Thus in TGS crystals in the ferroelectric state there 
takes place an interaction of domain and defect structures. 
which tend to coincide in the vicinity of the equilibrium 
state. At the same time, the anisotropic active centres 
consisting of assemblies of point defects are strictly 
oriented in domains of different signs in one or the other 
direction relative to the polar axis of the crystals. Their 
interaction has a mutual character: electric polarization 
of the domains produces a corresponding orientation of 
the active centres, and the distribution of active centres 
which depends on the history of the crystal specimens 
predicts the occurrence of one or the other domain 
structure. The topographic non-coincidence of the 
defect and domain structures is a metastable state, and 
the processes of rebuilding of both structures have a 
kinetic character and proceed with a finite velocity. The 
detected defect structure, as experiments show, determines 
the "memory" of the domains in TGS crystals and, it is 
believed, in ferroelectric crystals in general. Decoration 
of the defect structure of TGS above and below the 
Curie point confirms once more that nucleation occurs 
essentially on local active centres of the surfaces of 
crystal substrates!*:1, 
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Matrix-Microfibril Texture in 
a-Keratin as observed by 
X-ray Diffraction and Electron 
Microscopy 


Tur sections of keratin fibres can be “stained” by reaction 
with solutions of the salts of some heavy metals, notably 
silver and osmium. Electron microscopy shows a texture 
caused by the heavier staining of the matrix material 
surrounding the microfibrils. Such treatments also 
effectively enhance the small-angle equatorial X-ray 
diffraction, which has the character of the scattering 
from an assembly of roughly cylindrical holes (the micro- 
fibrils) in a continuous matrix of comparatively large 
electron density. It consists of peaks, E, E, E, with 
equivalent Bragg spacings d, - 86 A, d, —42 A, and d,— 
27 A, of which the first may be ehiefly ascribed to inter- 
mierofibrillar interference effects. and the other two to 
the first two diffraction fringes frem a single microfibrillar 
hole!, The intensity ratio Z,/I, of E, to E, should in 
theory be approximately 42:1, and this agrees well 
with the observed value in the most studied case of silver 
staining?. 

A wide variety of heavy metal staining techniques 
has recently been examined here in the search for improved 
electron microscope contrast. Most of them have proved 
ineffective in comparison with silver or osmium, even 
though the small-angle X-ray diffraction intensity is 
usually enhanced considerably. This implies a texture 
with grain of the order of 100 A in the heavy metal atom 
distribution. The diffraction results for a number of Lin- 
coln wool samples variously treated are given in Table 1. 
The small-angle enhancement index in the third column 
is proportional to I,/Ip, where Ip is the intensity of the 
main protofibril (coiled coil) peak in the 10 A region, the 
constant of proportionality beimg chosen to make the 
index unity for untreated fibres. 


Table 1. X-RAY DIFFRACTION AND ELECTRON MICROSCOPY OF LINCOLN 
WOOL FIBRES 
Small-angle E.M. 

Treatment I,T, enhancement contrast Reference 
Untreated r0 r0 Absent 
R + 080, 2-8 T4 Good 3 
R + He(OAc), 1-8 40 Absent 3 
Uranyl acetate «1 — Absent 4 
B+Ag(NOs)s 51 60 Good 2,3,4 
R+phenyimercuric hydroxide 38 20 Moderate 6 
Ox + Ph(OWD, 98 18 Absent 6 
Gold ehloride 41 24 Moderate 5 
Phosphotungstic acid 1-7 21 Absent 5,7 


R, Reduction; Ox, oxidation. 


Only four of the treatments listed in Table 1 lead to well 
marked contrast between matrix and microfibrils in the 
electron microscope. It is significant that these have the 
highest values for the ratio 7,/7, Some untreated 
keratin fibres, for example, humen hair, have high values 
for this ratio which cannot therefore form the sole diffrac- 
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tion criterion of electron microscope contrast. But such 
contrast will almost certainly be accompanied by a high 
small-angle enhancement, from which it seems that 
electron microscope contrast will be developed when 
both the ratios I,/I,; and I,/Ip are large compared with 
their values in the untreated material. When this 
happens the spacing ratio d,/d, is significantly reduced?. 

These results imply that electron microscope contrast 
will be well developed when the metal distribution is 
such as to lead to seattering of the conventional “hole 
in a uniform matrix” type. There is still no solution of 
the problem of the metal distribution in cases, such as 
those of mercuric acetate and phosphotungstic acid, 
where there is considerable small-angle enhancement but 
poor electron microscope contrast. The diffraction 
results imply that the major discontinuities in metal 
distribution may be associated with the protofibrils 
rather than with the microfibrils. The unexpected insensi- 
tivity of the electron microscope to the electron density 
variations might then be another instance of the com- 
plexities of image formation which have been discussed 
by Johnson and Sikorski®’. 

We thank the Wool Textile Research Council for the 
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Alkali Halides: Relationship between 
Heat of Fusion, Melting Point, Electronic 
Polarizability and the 

lonic Radius Ratio 


Fusion is a complex phenomenon for which there is no 
clear theoretical basis. If heat of fusion could be inde- 
pendently related to the measurable physieal properties 
and structural features of a substance, it should be possible 
to prediet the change of mutual forces acting between 
molecules (or ions) of the same species when it melts. 

The Clapeyron-Clausius equation and Richard’s law 
for pure substances seem to describe the necessary type 
of relation. No attempt has been made here to derive 
equations from fundamental laws and/or properties of 
substanees. Rather, the data were examined empirically 
in order to limit the number of properties whieh have 
influence on fusion. 

In this communication, I wish to point out that if for 
alkali halides one plots H,/RT,,a1 against the ratio of 
cation to anion r*/r- and connects points for a given 
cation, a set of almost straight lines is obtained for the 
sequences LiX, NaX, KX, RbX (X=F, Cl, Br and T). 
Here H, Tna and « are heat of fusion’, melting point? 
and electronic polarizability? of the salt, respectively. 

Pauling? expected that the irregular variances of melt- 
ing points (Fig. 2) for a sequence LiX, NaX, KX, RbX, 
CsX were to be attributed to the radius-ratio effect. He 
argued that the hypothetical alkali halide shows the 
expected regularity when corrections are made for the 
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radius-ratio effect. But Fig. 1 shows that by taking 
account of the electronic polarizability the value of the 
heat of fusion divided by the melting point of the actual 
halide shows regular variance for a sequence LiX, NaX, 
KX, RbX, and that the electronic polarizability, which is 
the measure of the deformation of the electron cloud in 
ions, is also an important factor in determining the actual 
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properties of alkali halides, in partieular the heat of fusion 
&nd melting point. 

The irregularity for a sequence CsX can be ascribed to 
the difference in crystal structure of CsF and CsCl, CsBr, 
CsI. KF and RbF show small departures from straight 
lines, suggesting that some other effects must also be 
involved in fusion. 

Furukawa? found that in alkali halides the volume 
change in fusion and the activation energy of electrical 
conductivity at melting point are closely correlated both 
with the ionic radius ratio of cation to anion and the 
electronic polarizability of the salt. Our finding also 
supports Furukawa’s suggestion that in the theoretical 
studies of ionic liquids not only ionic radius ratio but also 
the electronic polarizability should be considered. 

I thank Professor Nobufusa Saito for his suggestions 
and encouragement. 
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BIOLOGICAL SCIENCES 


Variation in Distribution of 
Inducible Enzyme in Pure Clones 
of Bacteria 


Iv is usually assumed that when an enzyme is induced in 
a culture of a micro-organism all the cells are involved 
at the same time and to the same extent. 

From a culture of E. coli Cook (NTCC 8450, pre- 
viously known as B. coli mutabile) a single organism was 
picked with the micromanipulator, and this was grown 
in simple salts with lactose as the sole carbon source. A 
differential count of lactose and non-lactose fermenters 
was made on eosin methylene blue medium by the method 
of Miles and Misra!. Typical results are shown in Fig. 1. 
The culture, with an original implant of 30/ml. from the 
mieroculture in the oil chamber, was grown until the 
concentration was about 4x l05/ml. So far no lactose 
fermenters could be detected, and the rate of growth 
slowed down until, at some time between 5 and 36 h of 
incubation, the first lactose fermenter appeared. Growth 
recommenced in the culture and a total count of 105/ml. 
organisms was obtained. Not only the lactose fermenters 
but also the non-lactose fermenters resumed growth. 
The non-lactose fermenters gained symbiotically from the 
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enzyme produced, and eontinued to form up to half the 
population. 

Similar results were obtained from a lawn on solid 
medium, on which the fermenters appeared randomly as 
incipient papillae after 5 h of incubation; satellite growth 
was enhanced around them. 

The curves for growth in liquid media suggested that 
fermenters rise after the population of non-lactose fer- 
menters, not dependent on added carbohydrate, has 
increased to 10°. Attempts to detect such mutants in the 
absence of an inducer failed even where populations of 
this size were handled. On the other hand, when a small 
population derived from a single non-lactose fermenting 
cell was taken, and each member of that population was 
spaced out on solid medium containing lactose and allowed 
to form a colony, the following results were obtained, Of 
520 individuals, 457 non-lactose fermenting colonies gave 
papillae in 24 h. The number of papillae, their time of 
appearance and their ultimate size were random. Sixty- 
three very small colonies were present; of these, fifty-two 
still showed no papillae after 72 h. These colonies, which 
were nutritionally defective, were streaked on fresh 
medium of the same batch; all now showed papillae. We 
concluded that every cell in the population would show 
papillae, that is, give rise to lactose fermenting descend- 
ants if the population became large enough. 

We performed a pilot fluctuation test of the type 
carried out by Luria and Delbrück. Small inocula from 
a glucose minimal salts culture of the single cell Cook 1 
were added to ten tubes of the same medium. At intervals 
during incubation the populations were plated onto 
glucose-simple salts agar for total count, and onto 
lactose medium to detect fermenters. The results do not 
suggest that classical mutation is taking place; the per- 
centage of fermenters is between 2 per cent and 3 per cent 
of the implant in all cases, and the total is within one 
standard deviation of the mean. 
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Fig. 2. Histogram of 9-galactosidase inducibility of the cultures derived 
from a single parent cell. 195 single colonies provided the subcultures, 
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Fig. 3. First selection of less active and more active strains from the 
previous populstion, 
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Fig.5. Histograms of enzyme activity in adapted (a) and non-adapted (5) 

strains of E. coli Cook grown alone and together. (cyshows the anticipated 

simple mixture and the observed population superimposed. [], Mixture 
expected; W., mixture found after incubation. 


A fresh single cell line—Cook 3—was established, and 
the microculture from it was spaced out on solid medium 
to give well isolated colonies. These were picked off, sus- 
pended in fluid medium and induced with the non- 
metabolizable inducer thio-methyl-8-d-galactopyranoside ; 
the distribution of enzyme, estimated, after lysis with 
e wn with O-nitrophenol-8-d-galactoside, is shown in 

ig. 2. 

From this population two clones were taken: Cook 
4/49, a weak producer, and 4/35, a stronger producer. 
The two populations treated as before are shown in Fig. 3. 
Even with the small numbers handled there is a tendency 
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for the cell selected for higher production to give a 
population with higher average activity. 

This slight shift can be repeated, but the method would 
be time consuming for selecting our fully adapted strains, 
because at least fifty such steps would be required. 

By taking a colony which has formed papillae and 
emulsifying it, the lactose fermenters can be separated as 
pure colonies, and from them “fully adapted” single cells 
ean be obtained to establish lactose fermenting lines. The 
spread of enzyme activity in these adapted populations 
is shown in Fig. 4. The difference in activity between 
the original cells in Fig. 2 and the most active adapted 
cells was at least 300-fold. 

When this fully adapted line was maintained in a 
glucose medium for forty or more 18 h subcultures there 
was no loss of the enzyme potential. The colonies all grew 
as lactose fermenters without papillae on a lactose medium. 
They bred true as long as they were segregated. 

When, however, the lactose fermenting and non-lactose 
fermenting strains, and a mixture of the two, were grown 
in à fluid glucose medium and then well isolated colonies 
were subcultured on solid medium, the histograms 
(Fig. 5) showed not a simple mixing effect but an approx- 
imation to the non-lactose fermenting strain. The more 
active fermenters disappeared and the mean value for the 
mixture was almost that of parent non-lactose fermenters. 
A similar result has already been obtained with antibiotic 
resistant strains grown together with the parent type from 
which they were selected?. 

It would seem that many more factors are involved in 
enzyme induction than has previously been recognized, so 
that even members of lines derived from a single parent 
cell vary greatly from one another. 
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Rapidly Labelled RNA in the 
Hibernating Bat Brain 


THE protein synthetic activity of the brain in hibernating 
animals is very low, compared with that in the control or 
artificially awakened animals'. The "rapidly labelled" 
RNA has been shown to exist in the brain by several 
workers*-5, although different findings are described con- 
cerning its ultracentrifugal profiles and biological activity. 
These facts led us to investigate the metabolism of the 
rapidly labelled RNA of the brain in hibernating animals. 

Experiments were carried out in winter. Wild bats 
(Rhinolophus ferrum-equinum) in hibernation were caught 
and divided into two groups: the hibernating and the 
artificially awakened. Bats of the hibernating group were 
kept dormant in a cold (about 5° C) and dark room until 
they were decapitated. The group that was artificially 
awakened was awakened from hibernation in a warm 
(about 20° to 25° C) and humid room 1 h before the 
injection of labelled orotic acid. The bats were kept 
awake until they were decapitated. Neutralized 6-4C 
orotic acid (44-5 mCi/mM) was injected subdurally to 
bats of both groups in doses of 5 to 10 uCi (1 uCi/ul.) at 
the middle point between both ears according to the time 
schedule previously assigned. The injection of the labelled 
compound was carried out without anaesthesia in both 
groups. The RNA was extracted from the whole brain 
by the method of Scherrer and Darnell! with such modi- 
fications that the deproteinization by 80 per cent phenol 
was carried out at the room temperature for 10 mm and 
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the back-extraction of the phenol layer with an aqueous 
solution was done at 657—70^ C for 10 min. The specifie 
radioactivity of RNA thus obtained was caleulated from 
its Esmu and radioactivity, and this RNA was analysed 
in an ultracentrifuge’ on a sucrose density gradient. The 
supernatant solution, separated from the RNA precipitate 
and washed with ether, was passed through the activated 
charcoal column. Ammonia-ethanol-water (2:4: 4 viv) 
eluate was condensed and hydrolysed in N HCl for 1 h 
at 100° C. Uridylie acid (UMP) was separated from con- 
densed hydrolysate on acetate cellulose membrane by 
electrophoresis at pH 3-0 (ammonium formate buffer, 
P/2=0-011). The specifie radioactivity of UMP was 
calculated from the Z,m, and radioactivity of the 
HCl-extract of uridylie acid spot. 

Fig. 1 shows that in the artificially awakened bats the 
"rapidly labelled" brain RNA was biosynthesized within 
30 min after subdural injection of labelled orotie acid 
and that 5 h after injection two distinct RNA peaks of 
labelling appeared at 28 S and 18 S, besides 4 S RNA 
peak. In the brain of hibernating bats the labelling was 
very low 30 min after injection without any distinct 
labelling pattern being observed. A pattern appeared 5 h 
after injection which closely resembled that shown 30 min 
after injection in the artificially awakened bats, and this 
pattern remained almost unchanged for 24 h. Table 1 
shows that subdurally injected “C-orotic acid was con- 
verted to uridine nucleotides at a rather higher rate in 
the hibernating animal. The decreased rate of RNA 
metabolism may therefore be neither a result of a decrease 
in the transport of orotic acid into the brain nor a decrease 
in the conversion of the orotic acid to uridine monophos- 
phate, but of disturbances in RNA metabolism itself. 

The rapidly labelled RNA of the brain involves two 
classes of RNA, preribosomal and messenger RNAs as in 
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Fig. 1. 
RNA of bats during artificial awakening or hibernation. Gradient: 20 
per cent to 4 per cent sucrose in 0-01 M sodium acetate pH 5-1,0-1 M NaCl 
and 0-005 per cent polyvinylsulphate; 15 h of centrifugation at 24,000 
r.p.m. in SW-25 rotor of Spinco model Z ultracentrifuge. (4) and (B) 
Brain RNA from artificially awakened bats; (C), (D) and (E) brain RNA 
from hibernating bats. (4) and (C) 30 min labelling with “C-orotie 
acid; (B) and (D) 5 h labelling with '*C-orotie acid; (E) 24 h labelling 
with “C-orotic acid. Eoma; tco, radioactivity, 
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Table 1. INCORPORATION OF C-OROTIC ACID INTO RNA AND URIDINE POOL 
OF THE BAT BRAIN IN ARTIFICIAL AWAKENING AND HIBERNATION 
nc. A B 
] orotic Specific Specific (AJB x 105) 
Experi- Time acid radio- radio- Relative 
mental Condition after injected activity activity specific 
No. injee- per of RNA of UMP* activity 
tion animal (counts/ (counts! 
(uCi) mining) min/umole) 
1 Artificial 
awakening 30 min 5 9 220 6 793 800 136 
2  Artificisl 
awakening 5h 9:5 64 480 3 109 400 2 074 
3 Hibernation 30 min 5 4 090 45 198 200 9 
4  Hibernation 5h 5 33 340 7 i84 200 464 
5 Hibernation 24h 5 39 530 5 159 200 766 


* Specific radioactivity of UMP was calculated from the Eseme and radio- 
activity of electrophoretically purified UMP which was separated from acid 
hydrolysate of free nucleotides obtained after removing RNA from depro- 
teinized brain extract. 


other mammalian tissues. It hss been shown that in 
HeLa cells? or liver cells? those RNAs are biosynthesized 
in the nuclei and transferred to cytoplasm through some 
sequences of reaction. Our results show a marked decrease 
in RNA metabolism in the hibernating brain, especially 
at the step of transformation of preribosomal RNA. to 
ribosomal RNA that is very necessary for the protein 
biosynthetic mechanism in the cytoplasm. It is also 
conceivable that the messenger RNA may participate in 
the decrease of RNA metabolism in the hibernating brain, 
but the elucidation of this problem needs further experi- 
ments. Our results may explain the decreased rate of 
protein metabolism in the hibernating brain. 

We thank Mr E. Kaneko for his assistance and Drs E. 
Fuse, Y. Saito and Y. Tsukada for their suggestions to 
use the bat as an experimental &nimal. 
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Coupling of Anaerobic Metabolism to 
Anaerobic Sodium Transport: A High 
Energy Intermediate 


Ix the isolated urinary bladder of the fresh water turtle, 
sodium is transported from the mucosal to the serosal 
surfaces anaerobically as well as aerobically’. The 
capacity for anaerobic sodium transport is retained by 
epithelial cell sheets dissected from the intact bladder’. 
Sodium transport by the bladder has been found to be 
coupled stoichiometrically to glycolysis and, when sodium 
is removed from the bathing media, glycolysis diminishes 
markedly?. 

We have recently reported the rather unexpected 
finding that 2,4-dinitrophenol (DNP) markedly inhibits 
anaerobic sodium transport in the bladder. DNP is a 
classic uncoupler of oxidative phosphorylation;  pre- 
sumably it acts by hydrolysing a high energy intermediate 
(often designated as X ~ Y) which is interposed between 
the electron transport chain and ATP (ref. 5), although 
an alternative explanation based on the so-called chemi- 
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osmotie hypothesis of Mitchell would allow for DNP to 
exercise its “uncoupling” effect by rendering the coupling 
membrane more permeable to protons*. If DNP does act 
on a high energy intermediate in uncoupling oxidation 
from phosphorylation, the effects of this drug on an 
anaerobic system could be of considerable interest in 
that high energy intermediates have not been thought to 
arise in energy transformation occurring during anaerobic 
glycolysis. 

In addition to inhibiting anaerobic sodium transport, 
DNP had two other important effects on the turtle 
bladder. (1) Glycolysis was markedly stimulated, rather 
than being inhibited as might be expected from the 
decrease in sodium transport; (2) ATP levels decreased, 
despite the inhibition of sodium transport (and the 
attendant decrease in energy utilization) and the increase 
in glycolysis (with an attendant increase in ATP syn- 
thesis). The decrements were, however, modest, and 
residual ATP concentrations remained at approximately 
75 per cent of control levels. 

These effects of DNP under anaerobie conditions 
raised several questions: (1) How does DNP inhibit 
transport in the presence of appreciable levels of ATP; 
(2) how does DNP stimulate glycolysis; and (3) why do 
ATP levels decrease in the face of diminished energy 
utilization and increased metabolism ? It was suggested 
previously that DNP might inhibit a hypothetical high 
energy intermediate derived from glycolysis per se or 
from glycolytic ATP (ref. 4). DNP might also activate 
mitochondrial ATPase, however, or it might activate 
plasma membrane ATPase. In either event, the increased 
rate of hydrolysis of ATP could result in aceumulations 
of ADP and subsequent stimulation of glycolysis. Neither 
explanation would account for the failure of the residual 
A'TP to sustain sodium transport, but both explanations 
deserve examination. 

To examine the role of mitochondria! ATPase in the 
DNP-induced effects on the bladder, these effects were 
studied in the presence of sodium azide, a potent inhibitor 
of mitochondrial ATPase activity". If DNP acts by 
stimulating mitochondrial ATPase, azide should prevent 
the DNP effect on glycolysis. In a concentration of 10-* 
M, however, sodium azide failed to block the stimulation 
of glycolysis by DNP, and resulted in a further increment 
in the formation of anaerobic lactate. 

The possibility that DNP activates plasma membrane 
ATPase was examined directly using & magnesium- 
dependent  sodium-potassium activated microsomal 
ATPase preparation obtained from turtle bladder 
epithelial cells. DNP had no effect, however (either 
stimulatory or inhibitory), on ATPase activity. Thus 
there was no evidence for ATPase activation, either 
mitochondrial or plasma membrane, as the mechanism 
of action of DNP in the anaerobic system. 

Post* and others? have suggested that a high energy 
intermediate (or intermediates) may be evolved from 
ATP along the plasma membrane ATPase system. If 
such an intermediate were synthesized by the turtle 
bladder funetioning in anaerobie conditions, and if DNP 
hydrolysed the intermediate, the site of action of DNP 
would be beyond the formation of glycolytic ATP and 
beyond the hydrolysis of ATP by plasma membrane 
ATPase. Accordingly, inhibitors of plasma membrane 
ATPase might block the effects of DNP on anaerobic 
glycolysis and on adenine nucleotide concentrations. 

Rates of glycolysis and concentrations of ADP and 
ATP were measured in anaerobic conditions in the 
presence of DNP with and without ethacrynic acid or 
ouabain. Both of these drugs inhibit the magnesium- 
dependent  sodium-potassium activated microsomal 
ATPase obtained from turtle bladder epithelial cells. 

Table 1 depicts the effects of ethacrynie acid. DNP 
alone (in comparison to control anaerobic values) stimu- 
lated glycolysis and increased the ratios of ADP/ATP. 
Ethacrynic acid alone decreased lactate formation 
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Table 1. EFFECTS OF DNP (1x 10-5 Mj AND ETHACRYNIO ACID (1x 10-? M) ON LACTATE FORMATION AND ADP/ATP RATIOS 


Conditions (n= 18) 


ns 100 per cent N; 

(2) 100 per cent N,- DNP 

(3) 100 per cent N,-- Etha 

(4) 100 per cent Na + DNP + Etha 


Numbers in parentheses are standard errors of the means. 


Table 2. EFFECTS OF DNP (1x 10 M) AND OUABAIN (1x 10-5 M) ON LACTATE FORMATION 
Lactate, umole/h/kg wet weight 


Conditions (n — 11) 


(1) 100 per cent N, 

(2) 100 per cent Na+ DNP 

(3) 100 per cent N, + ouabain 

(4) 100 per cent N, + DNP + ouabain 


5,898 (+ 683 1 vs 
784 (+ 609) 2 
5,676 (+ 384) 8 





Lactate, umole/h/kg wet weight 
5.939 (+567) 1 vs 2: 
8,348 (£674) 2 va 4: 
4.662 (+ 664) 3 vs 1: 
5.049 (+563) 4 vs 1: P001 






si: 
6,321 ( +526) 4 vs 1: P>0-1 


ADP-ATP ratios 


P<00 1-52 (+014) 1 vs2: P<0-01 

P<00i 2-83 (40-22) 2 vs 4: P «0:01 

P «0-02 1-65 (40-15) 3 ysl: P-01 
1-37 (+013) 4 vs 1: P>02 


AND RATIOS OF ADP/ATP 
ADP/ATP ratios 


: P«001 0:78 (x 0-09) 1 v8 2: P «0:01 
> P«001 L:45(£015)2 và 4: P «0-02 

P207 0-81 (40-10) 3 vel: P>O-5 
1:09 (40-12) 4 vs 1: P> 0-05 


Differences in the ratios of ADP/ATP hetween Tables 1 and 2 are probably a result of seasona variations. 


modestly, but produced no significant change in the 
ratios of ADP/ATP. When ethacrynic acid was added in 
the presence of DNP, however, it blocked the stimulatory 
effect of DNP on glycolysis and prevented the increase in 
the ratios of ADP/ATP induced by DNP. Because 
ethaerynie acid could have effects other than those of 
A'TPase inhibition, similar studies were performed using 
ouabain. The data are shown in Table 2. 

DNP alone again stimulated glycolvsis and significantly 
increased the ratios of ADP/ATP. Ouabain (1 x 10-5 M) 
alone had no significant effect on either glycolysis or on 
adenine nucleotide ratios. When ouabain was added 
together with DNP, however, the effects of DNP on both 
glycolysis and ADP/ATP ratios were substantially reduced. 

Both ethaerynie aeid and ouabain also inhibit sodium 
transport by the turtle bladder and this inhibition oecurs 
in the presence of adequate stores of ATP. DNP inhibits 
sodium transport in the presence of residual ATP but, in 
contrast to the other drugs, does not inhibit ATPase 
activity. The other differences between the effects of 
DNP and those of ouabain and ethacrynie acid are that 
DNP stimulates glveolysis and increases the ratios of 
ADP/ATP, while the latter drugs have neither of these 
effects. The combination of DNP with ethaerynie acid 
or ouabain ts thus of considerable interest, for the effects 
of the ATPase inhibitors predominate and the DNP 
effects are largely blocked. Blocking ATPase activity 
therefore seems to inhibit the DNP stimulation of glyco- 
lysis and the DNP-induced alteration in adenine nucleotide 
levels. 'Phese observations are consistent with a site of 
action of DNP which is beyond the A'T'Pase step. 

Most of the present observations could be explained by 
Mitchell's chemi-osmotie hypothesis! wherein DNP would 
increase the permeability of the plasma membrane of the 
turtle bladder epithelia to protons. ‘This explanation 
would. however, require that sodium transport. be coupled 
to hydrogen transport in the turtle bladder epithelia. 
Steinmetz et al., however, have presented evidence sup- 
porting the independence of transport of these two species 
in turtle bladder. Furthermore. they have shown that 
DNP does not inhibit proton transport, but it markedly 
inhibits sodium transport. 

Fig. 1 depicts a theoretical model of another explanation 
for the present data. ATP. generated from glycolysis. is 
shown to combine with an enzyme (or enzymes) in the 
A'TPa: stem (E- ATP). ATP is hydrolysed and the 
energy is transferred to a high energy intermediate (E ~ P). 
It is proposed that DNP hydrolyses this intermediate, 
thus dissipating energy. 





Strophanthin 
Ethocrynic Acid ONP 
f ; 
: i co 
i i 5 Na 
glucose i i e 
v Y 
M ATP : ENZYME —— Ev ATP Eu P > 
a &ADP OON 
EP 
Lactate 
Fig. 1. Hypothetical mode! for a high energy intermediate evoived by 


way of the ATPase system. 


Such an energy leak would foree the reaction to the 
right and could result in an increase in ADP concentra- 
tions; the latter in turn would stimulate glycolysis. 
When the ATPase system is blocked by ethacrynic acid 
or ouabain, the intermediate is not formed, or its forma- 
tion is decreased and the action of DNP is blocked. The 
levels of ATP thus would remain roughly at control 
values and the ratios of ADP/ATP would not rise. The 
fact that DNP blocked sodium transport suggests that 
the drug serves to divert energy from the sodium pump; 
it is consistent with the possibility that the immediate 
source of energy for sodium transport under anaerobic 
conditions in the turtle bladder may be a high energy 
intermediate rather than ATP per se. 
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Macroanionic Inhibition of Peptic 
Activity by High and Low 
Molecular Weight Macroanions 


MACROANIONIC inhibition of peptic activity has been 
shown! to be a result of substrate-inhibitor interaction, 
and is therefore a special case of macroanionic inhibition, 
a term? normally implying inhibition following inter- 
action with the enzyme which is behaving as a macro- 
cation. A complementary case is the macrocationic 
inhibition of pepsin by polylysine?. The characteristics 
of maeroanionie inhibition of peptic activity fall into two 
groups: those displayed by high molecular weight macro- 
anions (HMW) on the one hand, and those of low moleeular 
weight (LMW) on the other. This differentiation derives 
from the different struetures of the substrate-inhibitor 
complexes formed by the two groups. 'The present purpose 
is to deseribe such differences and relate them to the 
observed differences in inhibition. 
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Undegraded }-carrageenan from Chondrus crispus (mole- 
eular weight 800,000 by light scattering) and degraded 
carrageenan from Eucheuma spinosum (molecular weight 
25,000 by light scattering) have been used as models of 
the two groups of macroanion. Both substances have 
similar total ester sulphate (37-3 per cent and 36-1 per 
cent NaSO,, respectively) although the distribution of 
anionie groups is different. 

A feature of the macroanionic inhibition of peptic 
activity peculiar to HMW is the accompanying formation 
of globule-like structures in the digest observed?, especially 
when total inhibition occurs.  Globules are formed at 
pH. 2-4 when enzyme-HMW are added to protein solu- 
tion; at pHs greater than 4, floceules replaced globules 
as the nature of the protein-HMW complex. Micro- 
scopically the globules appeared to be covered by a thin 
membrane of protein-HMW complex; they increased in 
size as the ratio of HMW to protein was increased. 

The influence of pH on the nature of the protein-HMW 
complex in this system is analogous to that observed in 
other eoacervating systems**. 

The occurrence of these coacervate-like globules in 
association with the complete extinction of peptic activity 
which is effected only bv HMW suggested that they were 
connected with the differences in inhibitory characteristics 
between HMW and LMW. The following questions arose: 
(a) whether the peptic activity was being encapsulated 
within the globules; and (b) whether pepsin (or gastric 
juice) as well as HMW was involved in globule formation. 
The following system was studied: crystalline pepsin 
(0-6 mg) and HMW (0:3 mg) in 1 ml. were added to plasma 
protein solution (5 ml, 5 per cent w/v); pH was 2.2 
(0-06 M glycine buffer); digestion at 37° C was allowed to 
proceed for 15 min. Peptic activity was measured using 
the Folin-Ciocalteu reagent (ref. 1, method a) and by 
reference to a standard curve the pepsin equivalent was 
determined. Fig. | shows that the peptic activity in the 











system decreased rapidly when an enzyme-HMW mixture 
was added to substrate, but that no decrease in peptic 


aetivity oecurred in similar conditions when HMW was 
added first to substrate protein followed by addition of 
enzyme. Tn both experiments, globules were formed 
when HMW was added. It therefore seemed that in the 
first experiment the enzyme was included in the globules, 
but not in the second experiment, when the globules 
formed betore addition of the enzyme to the system. 
Purified pepsin and human gastric juice give similar 
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Fig. 1. The effect on peptic activity of order of addition of HMW to a 


pepsin-protein system. @, Enzyme-HMW added to substrate protein: 

B. enzyme added to HMW-substrate protein, In both instances globule 

formation occurs. Total volume was 6 mL: plasma protein weighed 
250 mg. 
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results, thus exeluding a role for any nonenzyme com- 
ponent of gastric juice. 

Proof that the enzyme was contained within the 
globules in a free form was obtained by disrupting the 
globules and demonstrating peptic activity. The globules 
were disrupted by removing them from the protem golu- 
tion, washing them in fresh plasma protein solution and 
then rapidly in glycine buffer. Finally the globules were 
dissolved in the glycine buffer, when the absence of protein 
in the medium allowed dissociation of the coacervate-hke 
complex. Peptic activity of the released globule content 
was determined as before. Norrnal blank values indicated 
that the enzyme had been removed immediately globule 
formation occurred, before any peptic activity was pos- 
sible. Recovery of peptic activity in this experiment 
corresponded to loss of peptic activity shown in Fig. 1. 

In the case of LMW, globules are not formed with sub- 
strate protein, the LMW-protein complex being floceular 
in the range of conditions used. Changes in the order of 
addition affect neither the character of the complex nor 
the amount of inhibition, which seems to be brought 
about solely by substrate protection. To this can be 
added the fact that complete extinction of peptic activity 
cannot be observed in systems containing LMW as im- 
hibitor. This is true for other LMW substances whieh we 
have studied (heparin, dextran sulphate and phosphate) 
although chondroitin sulphate which has inhibitors 
characteristics of LMW can, in certain conditions, form 
globular structures, which, however, differ from those 
formed by HMW. 

If HMW and substrate are mixed with pH adjusted to 
2-2 and enzyme added (ref. 1, method 5) a floceulant 
precipitate (rather than globule formation) occurs aecom- 
panied by incomplete inhibition brought about by sub- 
strate depletion. 

Substrate depletion is the general mechanism of peptic 
inhibition for HMW and LMW (refs. 1 and 7 and our 
unpublished work), but quantitative differences between 
HMW and LMW are now explained by the differing 
structures of their respective complexes with substrate 
protein. In suitable conditions HMW provides an example 
of enzyme inhibition by physieal eneapsulation of the 
enzyme following complex formation of a coarcervate 
type. 

We thank Dr E. T. Dewar and Dr G. B. Shirlaw for 
undegraded }-carrageenan and degraded Hucheuma ear- 
rageenan. 
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Effect of Acid Treatment on the 
Immunosuppressive Properties of 
Anti-lymphocytic IgG 

THE abolition of the complement binding activity of IgG 
globulin molecules by exposure to low pHs (refs. 1 and 2) 
has prompted us to investigate the effect. of acid-treated 
anti-lymphocytic IgG on humoral and cell mediated 
immune responses in the rat. These studies form part of a 
larger investigation aimed at elucidating the mode of 
action of anti-lymphocytic serum and developing less 
toxic products for therapeutic use. 
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The anti-rat lymphocyte globulin used in these studies 
was prepared as described earlier*. The preparation con- 
tained several sub-classes of IgG globulin and small 
amounts of IgG(T) globulin and the acid treatment was 
carried out as follows. The globulin solution (2 per cent 
in phosphate buffer, pH 7-2, 0-06 M eontaining 0-15 M 
sodium chloride) was adjusted to pH 3-0 by the addition 
of 0-1 N HCl or 0-1 M citric acid and the acidified mix- 
ture was incubated at 37^ C for 20 min. After ineuba- 
tion the pH of the solution was readjusted to pH 7-2 
by the addition of 0-1 N NaOH or 0-2 M disodium 
hydrogen orthophosphate and the final product was 
dialysed against the original phosphate buffered saline. 
This treatment, whieh may result in an increased tur- 
bidity of the globulin solution and the precipitation of 
a small amount of protein, was accompanied by altera- 
tions in the immunoeleetrophoretie and gel filtration 
properties of the globulin, characteristic of aggregate 
formation. 

The effect of the acid-treated IgG on the primary 
humoral response was assessed in 5-6 month old male 
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Fig. 1. 


albumin nitrogen bound by 1 ml, of rat serum. 


the end point the dilution of serum which bound 33 per cent of the antigen. 
1 In contrast, the sera from rats receiving untreated anti-lymphocytic IgG hound so 
little antigen that antigen binding capacities could not be measured in our system. 


animals receiving acid-treated anti-lymphocytie IgG. 
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The in vitro studies confirmed that the exposure of 
anti-lymphocytic IgG to low pHs results in a marked loss 
in lymphoeytotoxicity (Table 1). Short courses of this 
material failed to lower the peripheral blood lymphocyte 
count (experiment B) although more prolonged courses 
resulted in a significant depression (experiment D). 
In both cases, however, acid treatment was accompanied 
by a dramatic decrease in immunosuppressive activity, 
the modified anti-lymphocytic IgG failing to suppress 
humoral antibody formation (Fig. 1) or to significantly 
prolong skin allograft survival (see Fig. 2). Indeed, the 
data presented in Fig. 1 suggest that acid-treated anti- 
body may stimulate the primary humoral response, 
although this will require critical investigation. These 
results are similar to those previously observed with anti- 
lymphocytic antibody fragments**, indicating once 
more that the immunosuppressive properties of this mole- 
cule are associated with its cytolytic activity, and con- 
firming that non-cytotoxie products are of little thera- 
peutic value. Furthermore, the inability of "intact" 
anti-lymphoecytic antibody molecules {containing the 
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Effect of acid-treated anti-lymphocytic IgG on the primary response of hooded rats to alum precipitated bovine serum albumin. The 
humoral response was determined by measuring the antigen binding capacities of the rat sera. 
They were determined using 0-2 ug of bovine serum albumin nitrogen per test and taking as 


These are expressed as ug of bovine serum 
Note the marked response (high antigen binding capacity) in 


Ineluded in the figure for comparison are results previous!y 


obtained in rats pretreated with normal horse IgG (ref. 5). 


rats of the hooded strain (experiments A and B). The 
animals received intraperitoneal injections of untreated 
or acid-treated anti-lymphocytie IgG on days — 3, —2 and 
— l (1 ml. of a 2 g per cent solution). On day 0 the animals 
were injeeted intraperitoneally with 5 mg of alum pre- 
cipitated bovine serum albumin. The animals were then 
bled at weekly intervals and the antibody content of the 
sera was assessed by the Farr procedure* using a !?. 
labelled bovine serum albumin preparation. Further 
details on the Farr procedure and the labelling of the 
antigen are recorded elsewhere*.*. ! 

The skin allograft studies were performed in 5-6 month 
old male and female rats of the hooded strain (experiments 
C and D). These animals received intraperitoneal injec- 
tions of untreated or acid-treated anti-lymphocytic IgG 
(2 ml. of 1 g per cent globulin) for 7 consecutive days. 
They were then grafted with skin from an inbred Wistar 
strain by the method of Woodruff and Simpson’ and daily 
treatment with the protein preparations described was 
continued up to 14 days after grafting (1-0 ml. of 1 g per 
cent protein per day). 
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Fig. 2. The effect of acid-treated anti-lymphocytie IgG on skin allograft 


survival in hooded rats. Note the rapid rejection of Wistar strain 

skin allografts by hooded rats receiving acid-treated anti-lymphocytic 

antibody. Treatment: — —— —, normal horse serum; ———, acid-treated 
anti-lymphocytic IgG: ——, untreated anti-Ivmphocytic IgG. 
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Table 1. PROPERTIES OF UNTREATED AND ACID-TREATED ANTI-LYMPHOCYTIC IgG 


In vitro effect Effect on peripheral blood lympho- , 
Response Material injected Lympho. Lympho. cyte count (total and percentage) —— Effect on 
investigated agg. cytotox. Initial Final* immune response 
Humoral 4 Untreated anti-lymphocytic IgG 512 512 ioe oem Suppression 
i (66-9 f 
B Acid-treated anti-lymphocytic IgG 256 32 on Tien No suppression 
(100 17 ] 
Cellular C Untreated anti-Iymphocytic IgG 512 $12 6.970 3,870 Suppression 
(100) (55:5) : : 
D Acid-treated anti-Iymphocytie IgG 512 32 8,430 3,420 No suppression 
(100) (40-6) 


* The count (expressea as cells per cubic mm) is that observed at the time of antigenic challenge (BSA or skin allograft). € 8 ed d 
after grafting indicated that animals in group D exhibited a more marked recovery in circulating lymphocytes (6.4 10) than those animals in group C (4.630) 


“antigenic” Fe portion of the molecule) to exert a signifi- 
eant immunosuppressive effect strongly suggests that the 
immunosuppressive properties of this molecule are not 
dependent on antigenic competition!?. Nevertheless, it 
should be borne in mind that the failure to demonstrate 
immunosuppressive activity with acid-treated globulin 
could also be due to the more rapid elimination (immune 
or otherwise) of this material. 

We thank Mrs V. James, Mrs D. Pullar, Miss E. J. 
McLeod and Mr A. Wood for assistance and Mr C. Shepley 
for preparing the diagrams. We also thank Mr J. Watt 
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Desorption of Antigens from Disulphide- 
linked Immunosorbents: Recovery of 
Human Serum Albumin at Near 
Neutral pH 


In attempts to exploit the specificity of antigen-antibody 
reactions for isolating antigens from mixtures, individual 
antigen/rabbit-antibody complexes were separated from 
the reaction of mixtures of antigens and corresponding 
mixtures of antibodies'. Such complexes evoked in rabbits 
the production of monospecifie antisera to the appro- 
priate antigens? Gamma globulin preparations! from 
these sera were later rendered insoluble. either by coupling 
to cellulose or by polymerization through disulphide 
bonds, to yield specific immunosorbents which have been 
used to purify a required antigen in a binary mixture by 
removing the unwanted antigen®t. This communication 
deals with the more direct approach to antigen puri- 
fication by adsorption to and subsequent desorption from 
its homologous immunosorbent. The problem is how to 
reverse the reaction of the antigen with the solid-phase 
antibody in conditions which will not adversely affect 
any biological activity of the antigen concerned. 
Avrameas and Ternynk® have reported that 0.2 M 
glycine/HCl (pH 2-2) and 5-5 M Kl/tris buffer (0-05 M. 
pH 8:2) desorbed antigens from immunosorbents prepared 
with ethyl chloroformate as polymerizing agent. Our 
disulphide-linked polymers were completely disrupted by 
KI/tris buffer, but glycine/HCl removed almost all human 
serum albumin and lysozyme from columns of their 


Counts performed 7 days 





respective immunosorbents and significant quantities of 
human serum albumin (HSA) were recovered at near 
neutral pH. Glycine/HCl, however, is not universally 
applicable in these systems, for the corresponding recovery 
of human gamma globulin from its immunosorbent was 
low. The experiments are briefly described here. 

Disulphide-linked anti-(HSA) was prepared and made 
into columns as described earliert with the additional 
step of washing with glycine/HCl (pH 2-2) before the 
final equilibration with PBS2*. Quantities of HSA 
labelled with iodine-131, sufficient to saturate the immuno- 
sorbent, and equal quantities of either fluorescently 
labelled ovalbumin (Flov)**, cytochrome c (ref. 6) or 
tritiated sheep serum B-lipoprotein (our unpublished work) 
were applied to the columns which were then eluted with 
PBS2 until no protein (Ej,5m, and trace-label analyses) 
was detectable in the eluate. Analysis of the PBS2 
eluate showed that the immunosorbent acted specifically, 
for quantitative recoveries of the heterologous antigens 
were achieved. thus confirming and extending earlier 
results*. 

The columns were then eluted with glycine/HCl (pH 
2-2), and the E,4,, and the pH of the eluate were con- 
tinuously recorded. Fractions of suitable volume were 
collected in a neutralizing buffer (borate, pH 8:6, 0:13 M! 
for further analyses. 

In a typical experiment (Fig. 1). 40 per cent of the 
labelled HSA was recovered between pH 7-0-64 (fraction 
A, Fig. 1) and 90 per cent (fractions A + B, Fig. 1) between 
pH 70 and 2-2. Cellulose acetate electrophoresis (bar- 
biturate buffer, pH 8-6, I 0-05) of fractions A and R 


(Fig. 1) showed them to be homogeneous and indis- 
tinguishable from one another and from the original 


Iny-HSA, This result. together with the fact that the 
specific activity of the recovered labelled HSA (fractions 
A+B, Fig. 1) remained unchanged from the original 
sample. indicated the absence of contaminating eolumn 
protein. 

Similar experiments with the glycine/HCl eluant have 
been performed with immunosorbents derived from anti- 


Esssm&t 





80 100 120 140 
Eluate (ml) 

Fig. l. The desorption of human serum albumin from homologous 
— S.S linked immunosorbent following its specific adsorption from 
binary mixtures of proteins. Immunosorbent: --S—-B—~ linked anti- 
(human serum albumin). 700 mg of total protein. 90 mg of antibody 

tein. Antigens applied to column were: 20 mg of '1-HBA (63 
plus an equal quantity of heterologous antigen ( Flov, cytochrome ¢ 
f-lipoprotein); 52 per cent ''I-HSA was adsorbed, heterologous ant 
gens were not adsorbed. I-HSA (percentage adsorbed) eluted by 
ziycine/HCl: 40 per cent fraction A (pH 70-64), and 50 per cent 

fraction B (pH 64-22). C. pH: 9. Eremi. 
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lysozyme and anti-(human gimma globulin). All the 
adsorbed lysozyme was recovered as active enzyme, but the 
pH-dependence of the release of lysozyme was markedly 
different from that of human serum albumin: no lyso- 
zyme was recovered before pH 22 was reached. In 
contrast, only 20 per cent of fluorescently labelled human 
gamma globulin was recovered from its homologous 
immunosorbent even at pH 2-2. 

An encouraging development in this work was the 
finding that the same anti-lysozyme immunosorbent 
could be used five times with only a slight reduction in 
capacity and no apparent loss of specificity. This was 
despite its treatment at pH 2-2 in each elution before 
equilibration with PBS2 for the next adsorption. Similar 
results have been obtained with an anti-(HSA) immuno- 
sorbent. 

We thank the director and staff of the Microbiological 
Researeh Establishment, Porton, for preparation of 
antisera. One of us (J. W. C.) is in receipt of a Science 
Research Council studentship. 
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In vitro Development of Plasmodium 
berghei Ookinetes 


AFTER à mosquito has fed on an animal infected with 
malaria, the microgametocyte exflagellates in the mosquito 
gut and fertilizes the macrogamete thereby forming an 
ookinete. Only a few workers have studied the in vitro 
eultivation of the mosquito stages of malaria. Ball and 
Chao? working with the avian malaria Plasmodium 
relictum were unable to induce ookinete formation in vitro 
although they were able to induce exflagellation of the 
gametocyte. They were forced to remove the oocyst 
from the mosquito gut by mierosurgical techniques to 
obtain development of later oocyst stages. The bacteria 
and fungi from the mosquito preparations caused some 
difficulty in these cultures. They speculated that because 
they could not induce ookinete formation in their cultures, 
some substance from the mosquito stomach was required 
tor development of the ookinete. 

Yoeli, Upmanis and Most reported the in vitro develop- 
ment of the ookinetes of P. berghei (rodent malaria) at 
the November 1967 meetings of the American Society of 
Tropical Medicine and Hygiene. They cultured blood 
collected from the droppings of a mosquito feeding on 
an infected animal. They also prepared extracts of mos- 
quito stomachs and cultured the infected mouse blood in 
the extract. Both procedures induced ookinete develop- 
ment. 

Investigating the possibility of ookinete formation 
without the use of any material from the mosquito, we 
used the following procedure which can be carried out 
in sterile conditions. Blood from the taileof a mouse in 
the third day of infection, showing good exflagellation, 
was collected on a glass slide. The usual procedure of 
exhaling on the blood to induce exflagellation was followed. 
The blood was then collected in capillary tubes, some 
was heparinized, and both heparinized and non-heparin- 
ized blood was sealed in the tubes with plastic clay. The 
tubes were kept at room temperature (74°-78° F) for 
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24 h, broken and thiek smears of the blood stained with 
Giemsa. After 24 h, the ookinetes appeared to be normal 
for an equivalent period of development in a mosquito, 
although no material from mosquitoes was used. Tech- 
niques were not quantitative, but up to three ookinetes/ 
field could be found in the heparinized tubes, and only one 
in the non-heparinized tubes. 

This discovery is the first step in the sterile in vitro 
development of the mosquito eycle enabling us to bypass 
the tedious microsurgical techniques of Ball and Chao or 
the collection of contaminated mosquito extraetion. 

This work was supported by a contract with the Ageney 
for International Development, US State Department. 
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Polysaccharide of a Mucoid 
E. coli isolated from a Patient 
with Cystic Fibrosis 


PsEUDOMONADS isolated from patients with cystic fibrosis 
have been found to produce a highly viscous polysac- 
charide when grown on an artificial medium’. The poly- 
saccharide was identified as a polymer of uronie acid 
resembling alginic acid?*?, a compound ordinarily isolated 
from brown seaweed. The isolation of a mucoid strain of 
E. coli as the dominant organism from a patient with 
cystic fibrosis* prompted an investigation into the type 
of capsular material produced. 

All organisms were grown on MacConkey’s agar and the 
polysaccharide was isolated as previously deseribed?. The 
baeterial growth was washed off the plates with physio- 
logical saline and the suspension was stirred well for 2 h. 
The cells were then removed by centrifugation and the 
crude polysaccharide was precipitated with three volumes 
of ethanol. Further purification was carried out by re- 
precipitation with ethanol. Hexoses were determined by 
the anthrone reagent? and uronic acids by three different. 
analytical procedures, namely, the carbazole reaction®, 
the orcinol reagent’? and measurement of CO, after de- 
carboxylation’. Fucose was determined by the cysteine 
reagent* and o-acetyl by the hydroxamic acid reaction 
after distillation’, Paper chromatography was carried 
out as described previously?, and infrared spectra were 
obtained on a Perkin-Elmer Model 21 in KBr pellets. 

The analytical data indicated that the polysaccharide 
isolated from the mucoid E. coli obtained from the patient 
was similar to material isolated from other mucoid strains. 
Polysaccharide was therefore also prepared from E. coli 
K-235 (ref. 11). K-12W (ref. 12) and the M-6 mutant of 
K-12 (ref. 13). 

All polysaccharides were hydrolysed in 2-0 N HCl for 
3 h and the products were chromatographed on paper in 
three solvent systems?. The following monosaccharides 
were identified: glucuronic acid, galactose, glucose and 
fucose. All the polymers showed the same proportions of 
monosaccharides and these were qualitatively the same as 
those reported previously". The infrared spectra of all 
polysaccharides were identical and showed strong absorp- 
tion peaks at 1.725 cm- and 1,250 em! indicating the 
presence of o-acetyl groups in addition to the uronie acid 
carbonyl grou (The absorption at 1,615 em~ also 
seems somewhat stronger than would be expected for a 
20 per cent uronic acid content, and may indicate the 
presence of an additional component not detected by the 
methods used; see also Table 1.) 
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Table 1. ANALYSES OF POLYSACCHARIDES (PERCENTAGE) 
Uronic acid analyses by Hexoseby Me- 
Polysaccharide — Carbazole Orcinol CO, anthrone* pentose Acetyl 
K-235 14 23 80 21 68 
K-12W 16 25 83 21 68 
M-6 of K-12 17 27 83 23 6-3 
Mucoid E. coli 17 22 20 83 20 3-0 


* Anthrone values are reported using galactose as standard; they are 
uncorrected, and therefore include the fucose. Because glucose, which is also 
present, gives a somewhat more intense colour than galactose, the total 
hexose content, if corrected for fucose and excess glucose colour, is 
approximately 55 per cent. 


These data show that the polysaccharide isolated from 
the mucoid E. coli is identical to the capsular materials 
elaborated by E. coli strains K-12, K-235 and the M-6 
mutant of K-12 which have been previously described'*~"* 
and seem to be identical to each other. This identity has 
also been suggested for several additional polysaccharides 
of other Enterobacteriaceae!. The structure of the M-6 
mutant of K-12 has been partially determined??. The 
polysaecharide isolated from the organism obtained from 
this patient with cystic fibrosis is therefore not related to 
the alginate-like polymer produced by the Pseudomonads. 

It is of considerable interest that all the polysaccharides 
described in this paper seem to contain o-acetyl groups 
as shown by infrared and analytical data (the analytical 
method used!^ involves distillation of acetic acid, and is 
therefore fairly specific). It is also of interest in this 
connexion that the infrared spectra published origin- 
allyi??!5 for these polymers indicated the presence of 
o-acetyl. but this was not referred to by the authors. 

We thank Dr J. P. Kilbourn, University of Oregon 
Medical School, for the cultures of the organisms. 
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Cellular Uncoupling in Cancerous 
Thyroid Epithelium 


EARLIER work at this laboratory has shown that cancerous 
liver cells, unlike normal ones. are not in ionic communica- 
tion with each other'?. This study has now been extended 
to another set of epithelial tissues. 

Normal thyroids (rat, hamster) and transplanted 
thyroid cancers (Fischer rat tumour types 1-C2, 1-1D, 
1-8, 1-4, 1-54, 1-5E, 1-6, 1-7, 16-1, 16-4, 1-3 (ref. 3); and 
Syrian golden hamster tumour type Thy-2 of J. G. Fort- 
ner), were isolated in Krebs solution (23?-25? C) and inter- 


cellular communication was measured within 10-45 
min. The technique of measurement. described in 
detail elsewhere!, consisted essentially of passing a 


current (10-8 A), by means of a micro-electrode, between 
the inside and the outside of a cell, and recording the 
resulting changes in membrane potential with miero- 
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electrodes positioned inside this cell (Vj), in an adjacent 
cell (Vir), and in more distant cells. 

In normal thyroid tissue, such intracellular potential 
changes are detectable over several cell junetions from 
the electrode which is passing the current; the communica- 
tion ratio, Vy,/Vy, is about 0:25. The principal route 
of the eurrent is clearly from the interior of one cell to that 
of another cell. Corresponding voltages are much smaller 
outside cells than inside them, and are of the same order 
of magnitude as in the bathing solution. Thus normal 
thyroid cells, within any given follicle, communicate well. 

Cancer thyroid cells, on the other hand, do not com- 
munieate to any detectable degree. The various cancer 
types examined differ widely in growth rate and differen- 
tiation. For example, cells of rat tumour type 1-102 
grow slowly and resemble normal thyroid cells relatively 
closely in follicular arrangement and the ability to make 
thyroglobulin and thyroxine. At the other extreme are the 
fast growing and widely deviant cells of types 16-1 and 
1-3 which are not arranged in follieles and do not make 
thyroglobulin or thyroxine’. But, regardless of their rate 
of growth and extent of functional deviation, all the 
cancer types examined lack detectable cellular communica- 
tion: the communication ratios are less than 0-002, the 
limit of resolution of the method; and the resistances 
between cell interior and exterior (cell input resistances) 
are higher than in normal thyroid cells (Table 1). Further- 
more, the membrane potentials at zero current are sig- 
nificantly lower than in normal cells. 


Table 1 


Thyroid Communication Cell input resistance Resting potential t 
preparation ratio * (10° Q*) (mV*) 
(Vg/V1*) 
Normal 
Rat 0:28 + 0-03 2-702 0-09 (14: 6) ATEIOÓS (30; 13) 
Hamster 0-25 + 0-07 3044019 (7; 4) 385207 (19:4) 
Cancerous 
Rat « 0-002 20.54 0-4. (114; 23) 264406 (114; 23) 
Hamster « 0-002 125 +094 (10; 4) +O (23; 4) 





* Mean values with their standard errors. The differences in communica, 
tion ratio, input resistance and resting potential between normal and 
cancerous cells are significant with probabilities better than 1 : 100 (hamster) 
and 1:1,000 (rat). In parentheses are the number of cells followed by the 
number of different preparations on which the measurements were taken 
(together for the columns headed communication ratio and cel input 
resistance). 


t Limit of resolution of the method. 0-002. 


i Potential between cell interior and bathing medium at zero current, 
after subtraction of electrode tip potential (in all cases <5 mV). 
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supported by grants from the US National Institutes of 
Health and US National Science Foundation. 
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Cellular Uncoupling in Cancerous 
Stomach Epithelium 


MEASUREMENTS of cellular communieation, similar to 
those deseribed by Jamakosmanovié and Loewenstein 
in the preceding report, were performed on the surface 
epithelium of normal and cancerous human stomach. 
Pieces of stomach from surgical patients were isolated 
into Krebs solution, and electrical measurements were 
made on the surface epithelium away from the cut edges, 
1:5 h after the blood supply had been interrupted. 
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Normal stomach epithelial cells are communicating. 
The degree of communication varied from preparation to 
preparation, but in all cases, at least some degree of 
communication was found (Table 1) In cancerous 
epithelia we could deteet no communication and the cell 
input resistances were substantially higher than in normal 
epithelia. Furthermore, in confirmation of Latmanisowa’s 
resultat, the membrane potentials at zero current (resting 
potentials) were significantly lower than in normal epi- 
thelia (Table 1). 


Table 1 


Stomach Cellinput resistance Resting potential 
preparation Vai Vit f (10* Q*) inV*) 
Normal 0-02-0-26 5-5 +2-7 (070) 22.35 + 1-72 (201) 


Cancerous x 0-002 26:0 +67 (14) 


* Mean values with their standard errors. 
cells on which measurements were taken, 

T Vi, changes in membrane potential due to current (5 x 10-5 A) recorded 
inside the cell containing the current-passing microelectrode. Va, the corre- 
sponding changes in membrane potential recorded inside a cell 104 away, that 
is, one to two cell junctions away. The limit of resolution of the method for 
Ve/Vr is 0-002, 


14-854 2-44 (89) 
In parentheses the number of 
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Thany (Gosudarstvennoe isdatelctvo Vishia Skhola, Moscow, 1969), 


Ectocarpus fasciculatus: 

Marine Brown Alga 

requiring Kinetin 

Marine brown algae never grow as well in artificial media 
as in natural sea water’. I have been growing Ectocarpus 
fasciculatus and Lithosiphon pusillus in a completely 
defined medium, Asp 6F?, since 1966—these algae grow 
in 25 ml. of solution, in fluorescent light (2,000 lux) at 
17 C. Unialgal cultures (obtained by dragging the algae 
through agar) were treated with ‘Neomycin’ (Upjohn, 
4 mg/ml.) to obtain a eulture free of bacteria (checked 
according to Fries's test?). Unknown drop-shaped organ- 
isms, however (noted by Fries?), were still attached to 
Ectocarpus fasciculatus. Small pieces of the algae were 
used as inocula. The algae grow slowly with a callus-like 
appearance in bacteria-free cultures. 

To obtain Ectocarpus fasciculatus showing its normal 
habitus I had to use kinetin which influences both rate of 
growth and appearance? In two experiments I found 
kinetin to have a growth stimulating effect (Tables 1 and 
2). Ectocarpus fasciculatus appeared to have normal 
morphology in concentrations of 20 and 40 gumoles/l. 
of kinetin. I repeated the experiments with Lithosiphon 
pusillus but found no effect of kinetin. 

Pylaiella litoralis (contaminated with diatoms, green 
algae and bacteria), which does not grow at all in artificial 
media without sea water, showed excellent growth and a 
normal appearance in concentrations of 20 and 40 umoles/L. 
of kinetin. 





Table 1. GROWTH OF Eetocarpus fasciculatus IN PRESENCE OF KINETIN 


Average dry weight (mg) 
No addition 0440-1 
Kinetin (2-5 ug/L} SH d 
Kinetin (25 pg/L) 11942-2 
The figures represent the average value of dry weight. for five samples per 
series, Incubation time was 4 weeks. 
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Table 2, GROWTH OF Eelocarpus WITH KINETIN 
Kinetin Average dry weight 

(moles/1.) (mg) 

No addition 2440-9 

0-1 L9z07 

d L8z08 

4 4241-2 

8 3-2+0-6 

20 6212.9 

40 49r11 

48 25r08 

Weight was estimated as in Table 1. Incubation time was 5 weeks, 


It seems that brown algae with the more complicated 
structures of Ectocarpus fasciculatus and Pylaiella litoralis 
need kinetin (or a sea water purine with a similar struc- 
ture) to grow well with normal morphology in a com- 
pletely defined culture medium, while an alga, like 
Lithosiphon pusillus, with a normal callus-like appearance, 
does not have need of this plant hormone. 
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Labelling an Age-cohort of Eggs of 
Schistosoma mansoni in vivo 


THE pathogenesis of many parasitic diseases depends on 
the dynamies of the parasite population within the host. 
In sehistosomiasis mansoni involving the liver, the eggs of 
the parasite are the chief pathogenetic agents!. The rate 
of reaction of the host to the eggs varies with its immune 
status?, and possibly the rate of egg destruetion by the 
host also varies. In order to investigate this process it 
was necessary to know the age of schistosome eggs in the 
host. Methods previously used have been the stage of 
miracidial development? (but this only serves for the 
first 6 days after laying) and reactive granuloma size (but 
this cannot be used for studies of host reaction, for it 
would involve circular reasoning). 

It appeared that some form of labelling procedure would 
be necessary, using a label only taken up at the time of 
egg laying or shortly afterwards, and preferably removed 
from the metabolic pool to avoid the chance of the label 
becoming detached. About 300 eggs are laid by each 
female of Schistosoma mansoni daily?, and so it was 
considered as a working hypothesis that the trematode 
oogenetie system and the developing miracidium would be 
two of the most rapidly dividing eell systems in the host— 
parasite complex, and that tritiated thymidine injected 
into the host might be incorporated into the eggs being 
laid while the isotope was circulating. 

Swiss white mice infected with 100 cercariae of S. man- 
sont (Mwanza strain), by paddling 24 weeks earlier, were 
used. An obviously sick mouse was injected with 50 Ci 
of tritiated thymidine, with a specifie activity of 3,000 
mCi/mmole, through the tail vein. It died of the infection 
20 h later. Control mice given no isotope were also used. 
Immediately after death, liver tissues were fixed in formol 
calcium, embedded in paraffin, and serially sectioned at 
5u. Autoradiographs were prepared using, on separate 
occasions, Kodak NTB 3 dipping emulsion, AR 10 strip- 
ping plates, and Ilford L4 dipping emulsion, with replicate 
sets of serial sections. After exposure in the dark at 4^ C 
for 3 weeks, development in Kodak D195, and staining 
with haematoxylin and eosin, the slides were viewed by 
combined incident and transmitted light microscopy®. 

The liver of the mouse injected 20 h before death con- 
tained granulomata of varying sizes, so numerous as to 
distort the architecture of the liver. There were also 
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areas of heavy mononuclear cell infiltration. Lying free 
in some blood vessels were schistosome eggs. All but two 
of those seen were labelled, usually heavily, as were eggs 
passing through blood vessel walls or lying in the tissues, 
but with, as yet, practically no cellular reaction. All 
these eggs were very basophilic and lacked fully differenti- 
ated miracidia. Many mature eggs were seen in the centre 
of granulomas. None of these eggs were labelled, though 
host granuloma cells often were. The cellular infiltrate 
was also partly labelled. No labelled eggs were seen in 
the control material. Labelling in the injected animal 
was confirmed by all three autoradiographic techniques. 

It has therefore been shown that schistosome eggs can 
be labelled with tritiated thymidine and that labelling is 
confined to those being laid, or at least very young, at the 
time of injection, as judged by miracidial cytology, egg 
location, and size of the host reaction. This approach is 
applicable to the study of dynamics within the host of 
many other parasitic infections. 

This investigation was supported by grants from the 
Rockefeller Foundation, World Health Organization and 
Tropical Medicine Research Board. 
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Unusual Mode of Reproduction in a 
New Species of Polychaete 


A NEW species of Rhamphobrachium (Onuphidae : Poly- 
chaeta) has recently been discovered on the Victorian 
coast of southern Australia and is being described else- 
where by one of us. This new species shows a number of 
unusual features for the genus, apart from its mode of 
reproduction. There are nine species of Rhamphobrachium 
already described from various parts of the world and 
they are all deep water forms, ranging from 10 fathoms 
to 725 fathoms with the deeper habitats predominating. 
These species have all been described as being associated 
with a sandy or mud bottom from which they were easily 
extracted by dredging. The new species is littoral in 
habitat, being found just above low water mark in 
tubes in hard limestone (calearenite) rock. Because of 
this unusual habitat this is the first member of the genus 
to be available for study on its biology and a full study 
of its reproductive biology is to begin soon. This is a 
preliminary report of the unusual features of its repro- 
ductive biology. 

Most polychaetes have small eggs which are liberated 
into the plankton, where fertilization occurs and where 
the developing larva spends some time before meta- 
morphosing into an adult. This new species is unusual 
in that it lays large yolky eggs into a special brood chamber 
partitioned off from the main tube and in which the 
entire development is undertaken until miniature adults 
are ready to emerge. 

The sexes are separate and the reproductive organs 
seem to be confined to the posterior part of the body. 
When the worms are mature the males can be identified 
by the large irregularly shaped white patches visible 
through the body wall, while in the female, large, salmon 
coloured spherical eggs can be seen. The breeding season 
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Fig. 1. Diagram showing the ition of the brood chamber in relation 

to the living tube of the new Rhamphobrachium species, A, Adult worm: 

BC, brood chamber; E, position of eggs; IT, inner tube; R, limestone 
rock. 


(if one occurs at all) seems to be in the summer, for 
tubes with young present have been found in January 
and March and eggs and mature adults have been found 
in March. The brood chamber seems to be constructed 
by the worms laying down a second mucilaginous tube 
inside the normal tube, the space between the two 
becoming the brood chamber (Fig. 1). The exact method 
and location for fertilization is unknown, but it is possible 
that the male enters the female's tube, because there is 
sufficient space, and two worms were thought to have 
been present in a single tube on one occasion, the sexes 
unfortunately being unknown. 

The number of eggs observed in the female and in the 
brood chamber varies from ten to twenty. The eggs in 
the brood chamber are spherical to ovoid, from 0:3 mm 
to 0-5 mm in diameter. The young found in the tubes 
are at a very early stage and contain obvious yolk sup- 
plies in their gut. One interesting observation is that the 
young in a single tube vary in size from large ones with 
very little yolk in their gut to very small ones with a 
great deal of yolk still present. 

In one brood of sixteen young all taken from the same 
tube, the smallest had only seven segments visible and a 
great deal of yolk, while the largest had practically no 
yolk and had twenty-eight segments visible. There are 
105 adult segments. Assuming that the rate of develop- 
ment was approximately constant for all the young in 
the brood, then the range in sizes of the various young 
of the same brood suggests that laying is staggered over 
& period, and that there is external fertilization of the 
eggs in the tube. 

This mode of reproduction, with large yolky eggs and 
the telescoping of the larval stages into the egg develop- 
ment, is referred to here as unusual. It may, however, be 
typical of the genus Rhamphobrachium and may be the 
usual method of reproduction for most deep water poly- 
chaetes. 

Another small point of interest is the very common 
occurrence on this new species of what appears to be a 
small protozoan ectoparasite found chiefly on the gills 
and dorsal segments of the anterior half of the body. 

We thank Mr R. Miller for drawing the diagram. 
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Pigment Movement and the 
Crystalline Threads of the 
Firefly Eye 


THE compound eye of the firefly is the one outstanding 
example which shows evidence of an image which is 
formed by the combination of rays that have entered by 
several facets. The original account by Exner! includes 
a description and photograph of the erect image that can 
be found behind the cleaned cornea of the firefly Lampyris. 
This image has been confirmed by others* and a theoretical 
explanation of it supposes that an inverted first image is 
formed within each corneal cone by the curvature of its 
front surface and that an erect second image is then 
formed by the curved surface of the proximal tip of the 
corneal cone?, The erect superposition image, however 
(which undoubtedly exists if the cornea is well cleaned), 
does not lie in the place of the receptors* and there is no 
evidence that it has a functional significance. In fact, the 
superposition theory depends on the unlikely existence of 
an optically homogeneous and transparent. region between 
the cornea and the layer of receptors. Despite its impor- 
tance to the theory, the anatomy of the firefly retina 
remains unknown. ‘The following account, based on 
Photuris versicolor, points to the conclusion that the 
superposition theory is applicable only to a cleaned cornea 
because the actual anatomy suggests quite a different 
optical system. 

A single ommatidium has the following structure. The 
convex surface of the facet has a curvature of about 
18 um and diameter of 20-25 um. The long tapered 
corneal cone is about 110 my long with a curvature of the 
proximal end of radius 5-6 mg. Confirming à previous 
report? the interior of the corneal cone is optically homo- 
geneous, but a new finding is that it is strongly laminated 
in a pattern of about 200 concentric paraboloids. This 
pattern of curved laminae has the effect of bending light 
towards the axis, as can be demonstrated by plotting rays 
geometrically or by observing them directly in an obliquely 
cut corneal slice. 

At the proximal end of the corneal cone is a group of two 
or three cells which, from their position and appearance, 
are equivalent to the cells which form the cone in other 
insects. These cells form a hyaline cone, smaller but 
similar to that in other insects, with long extensions which 
run down to the basement membrane, as do the extensions 
of the cone in other insects*. These four extensions 
together form a crystalline thread which under the light 
or eleetron microscope appears to be denser than the sur- 
rounding hyaline glial cells. Its minimum diameter is 
about 2 um. 

When a dark-adapted retina, which has been lightly 
fixed so that it is sufficiently firm to cut, is examined from 
behind, with the receptor layer removed, it is possible to 
focus up and down in the region of the crystalline threads. 
With a light in front of the eye, bright points of light 
can be traced along the crystalline threads by the moving 
focal plane of the microscope. Tt is directly observable 
that light entering the facets is channelled along the 
erystalline threads in the dark-adapted eye. The dis- 
tribution of pigment suggests that this is even more true 
of the light-adapted eye (Figs. 2 and 3). 

In its division into two layers and enormous develop- 
ment, the receptor layer differs from that in most insect. 
orders. There are two types of rhabdoms, proximal and 
distal, both with their nuclei in unipolar cell bodies 
arranged as in Fig. 1. There is one pair of distal rhabdoms 
per ommatidium: these are oval and have their tubules 
all parallel in the horizontal plane (Fig. 1E). Below these, 
there are six proximal rhabdomeres per ommatidium, 
arranged in a flower-like pattern as in Fig. 1F. Both 
distal and proximal rhabdoms are so enlarged that they 
touch their neighbours on all sides and form a continuous 
laver across the whole eye. By comparison, in a typical 
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Fig. 1. Diagram of an ommatidium of the flv Photuris, with transverse 
sections at the levels indicated. The left side shows the light-adapted 
the right the dark-adapted state, The region of the crystalline thread 
(ct) has been shortened by artistic convention, Small letters refer to the 
following: ax, axons; bm, basement membrane; c, cone proper, with 
extensions forming crystalline thread ct; ce, corneal cone; dr, distal 
rhabdoms; g, glial cells bearing many pigment grains; pr, proximal 
rhabdoms; re, receptor cell body and nuclei, 
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insect retina the rhabdoms occupy about a fiftieth of the 
cross-sectional area of the retina. 

Taking into account the directly observable function of 
the crystalline threads as light guides, it is reasonable to 
suppose that the enormously hypertrophied receptor layer 
has the function of catching any scattered light or light 
which escapes from the crystalline threads and corneal 





Fig. 2. Longitudinal section through the region marked by a dashed 


line in Fig. 1, in the light-adapted retina, showing the accumulation of 
nuclei and pigment of the glial cells against the receptor cell layer. 
Crystalline threads are shown densely surrounded by pigment grains. 
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Fig. 3. Light micrograph of the same region as in Fig. 2, but in the 


dark-adapted retina. The nuclei and the pigment of the glial cells have 
moved away from the receptor layer, leaving the crystalline threads. 





Fig.4. Electron micrograph of a transverse section of a single crystalline 

thread in the light-adapted retina, showing the accumulation of pigment 

grains within the membrane around the thread. Surrounding cells algo 
contain pigment grains 


cones in the dark-adapted eye, thereby increasing the 
sensitivity to the flashes of other fireflies. Such a pur- 
the high directional 


pose would not require acuity 
which insects illustrate in their mechanism of motion- 
perception. 


Below the rhabdom layers is a dense layer of pigment 
which lies in the cytoplasm of the glial cells that invest 
the axons of the receptor cells. In this region each omma- 
tidium contains a solitary nucleus (as in the eye of a 
typical beetle, for example, Dytiscus). This nucleus 
cannot be traced to a receptor cell and the pigment grains 
in the cytoplasm around it suggest that it is a glial cell, 
not & receptor cell nucleus. None of the receptor cells or 
their axons carries pigment grains. The axons run through 
the basement membrane in bundles of eight, which are 
all accounted for by the two + six rhabdoms. 

The anatomy of the retina of the firefly suggests that 
in both light and dark-adapted eyes the light is carried 
from the long corneal cones to the receptors by the 
crystalline threads. That the latter act as light pipes can 
be confirmed, and the pigment (Fig. 4) is presumed to cut 
down the light reaching the receptors in the light-adapted 
eye. In addition, in the dark-adapted eye, light entering 
by any other route is captured by the highly developed 
double layer of receptors. This being so, the theory of 
superposition that is based on the properties of an isolated 
cleaned cornea is not relevant and should be dropped. It 
would be preferable to use the anatomical description 
“eyes with crystalline threads” to refer to eyes for which 
the old term "superposition eyes" is not known to be 
appropriate. 

I thank Dr John Buck and Dr M. McLean, Bethesda, 
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Morphological Cell Death in the 
Post-embryonic Development of the 
Insect Optic Lobes 


Tue incidence of cell death among differentiating cells 
of the embryonie vertebrate central nervous system is 
well documented!-*, and there is evidence that in some 
cases its occurrence is influenced by the peripheral load 
encountered by the outgrowing fibres'-*. In vertebrate 
neural ontogeny both morphogenetic and histogenetic 
cell death have been observed*:?, Histogenetie cell death 
—which is involved in the differentiation of organs and 
tissues—has also been reported in the embryonic nervous 
systems of insects, for example, Z'enebrio* and the gall 
midge, Miastor (personal communication from S. Counce). 
It is reported here in the post-embryonieally developing 
optie lobes of the larval and pupal brains of the endo- 
pterygote Danaus plexippus L. (Lept.) and is of special 
interest because it is possible to determine the age of a 
particular cell in this region and to observe cell and fibre 
areas of a wide range of ages within the same individual 
(our unpublished results). 

Adult ganglion cells of the Danaus optic lobe are formed 
by divisions of aggregated neuroblasts located at the 
lateral surface of the immature brain. Each neuroblast 
divides asymmetrically to produce another neuroblast 
and a smaller cell, the ganglion mother cell which then 
lies medial to it (Fig. 1a). The ganglion mother cell, in 
turn, divides an undetermined number of times to produce 
new ganglion cells which subsequently differentiate into 
neurones of the adult optic lobe. Proliferation of neuro- 
blasts and ganglion mother cells is continuous from the 
early larval instars through the first third of the pupal 
stage. 

p cO in which animals were fixed after pro- 
gressive intervals following injection with *H-thymidine 


b 





Fig. 1. The gevelopiur onko lobe of a mid-pupal brain as seen in 
horizontal section. a, region of neuroblast and ganglion mother cell 
divisions. b, Diagram showing the developmental pattern of the optic 
lobe. Numerals indicate the approximate age in days of cells contained 
within each of the delineated areas of the cortex. c, A degenerating 
cell among differentiating optic ganglion cells. GMC, Ganglion mother 
cell; GMCR, ganglion mother cell region; GMC, ganglion mother 
cell division; Nbl, neuroblast; NblA, neuroblast aggregate; Nbl+, 
neuroblast division; NGC, new ganglion cell; OCx, optic cortex: 
ONp, optic nearopile; RDeC, region of degenerating cells. 
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ba 2. Temporal distribution of ganglion mother cell divisions (—O—) 
ows gangilon cell degenerations (~~ @ ~~) in the developing optic lobe. 


ssa, days and developmental stage. Ordinate, average number 
of events per section, 


The five middle sections of two brains were 
sampled at each stage. 


have shown with some precision the age of any cell which 
lies at a given distance from the proliferation centre at a 
particular stage of development (Fig. 15) (our unpublished 
work). 

Among the differentiating optie ganglion cells, small 
numbers of degenerating cells appear. These are identified 
by the appearance of one or more “chromatin droplets'"'* 
sometimes surrounded by a thin band of lightly and evenly 
staining cytoplasm which is quite different from that of 
neighbouring cells (Fig. lc). Intermediate stages of 
degeneration are not readily discernible. 

Isolated pyenoses occur apparently randomly among 
cells which have been produced 3-6 days earlier (Fig. 15). 
By this time a cell has already begun to differentiate 
fibres, as evidenced by the appearance of an axon hillock 
and the swelling of the adjacent neuropile areas, but it is 
still in a relatively early stage of differentiation. 

Preliminary counts relating numbers of ganglion mother 
cell divisions and degenerations show that both follow 
rather broad curves and that the maximum number of 
degenerations follows the maximum number of divisions 
by 3 or 4 days (Fig. 2). 

It may be that degeneration in the developing brain 
of Danaus, like the similar phenomenon observed in 
vertebrates'-*, occurs in response to some “peripheral” 
faetor* which the outgrowing fibre encounters or fails to 
encounter. In this case the “periphery” would be the 
fibre areas within the brain where the association cells 
of the optic lobes form their connexions. In the insect 
central nervous system, characterized by its paucity of 
neurones, it would not be surprising to find that prolifera- 
tion slightly exceeds requirements and that only after 
all these had been met would excess cells be eliminated. 
According to this scheme, all cells would develop normally 
until some time during fibre differentiation, when cells 
which failed to encounter the determining peripheral 
factor, possibly the establishment of proper connexions 
within the neuropile, would degenerate while others which 
did not would survive and further differentiate. 
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Development of Composite Eggs in 
Miastor (Diptera: Cecidomyidae) 


Iw insects, two embryos developing within a common set 
of egg membranes may originate in several ways: by a 
splitting of the original embryonic primordium'; by 
production of a secondary primordium??; by naturally 
occurring polyembryony!; and by ovarian fusion of 
oocytes to produce composite eggs*®. Oocyte fusions 
have been reported (or are assumed to have occurred) in 
several orders of insects*-*, but detailed embryological 
studies have been made only in phasmids (Orthoptera)*. 
This report is about the development of composite eggs 
in a laboratory stock of a paedogenetie parthenogenetic 
species of Miastor’®. (Imagos are necessary for species 
determination in Miastor—although this stock has been 
under continuous observation since 1958, no adult midges 
have been found.) Fourteen composite eggs were found 
among some 12,000 eggs examined during investigations of 
embryogenesis in Miastor. Material consisted of whole 
mounts of eggs stained with borax carmine, and of sec- 
tioned material stained with iron haematoxylin or with 
Feulgen and fast green. The term "egg" as used through- 
out refers to the structure composed of the oocyte or 
embryo, the nurse cells and the surrounding follicle cells. 

Orientation of oocytes in compound eggs varies in 
Miastor (Fig. 1) as it does in the phasmids. The plane of 
fusion can be determined in oocyte to mid-blastoderm 
stages by the position of the nurse cells (Fig. 2), and in 
later stages by the position of the two germ bands, because 
_ their anterior-posterior orientation is not altered during 

embryogenesis. 'lhere is one exception: if oocytes were 
to fuse so that their anterior-posterior axes were parallel 
and similarly directed, fusion eould probably be detected 
only in pre-blastoderm stages when the delicate mem- 
branes surrounding the oocytes and separating them from 
the nurse cells could still be seen (OM, Fig. 2). Even this 
might not be possible in most whole mounts, the material 
on which the present analysis is based. Unfortunately, 
other characteristics which might be used to detect com- 
posite eggs, such as number of nurse cells or egg size, are 
also quite variable in normal embroys!!-??, Two Miastor 
embryos in this study have tentatively been classed an 
parallel fusions (Fig. 1): both were exceptionally large 
and had two pole cells present at a cleavage stage when 
only one was to be expected. In phasmids, the existence 
of harmonious parallel fusions is well documented and 
such eggs often give rise to viable giant embryos’. 

The posterior polar plasm in many species of insects is 
characterized by the presence of cytoplasmic inclusions, 
and it is this cytoplasm which is included in the pole 
cells from which the germ cells are derived. The posterior 
polar plasm appeared to be normally differentiated in 
early cleavage stages in composite eggs, but in anterior— 
anterior composites (Fig. 2) pole cells were never identified 
in more than one of the two partners by the time germ 


D O0 FD 


Anterior-Anterior Posterior-Posterior Oblique Parallel 
10 3 ] (2)* 


Fig. 1. Types of composite eggs. The position of the nurse cell cluster 
is indicated by solid black areas. Oocytes and nurse cells are surrounded 
hy a layer of follicle cells. 
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Fig. 2. 
oocytes in the composite ej 
except for the position of 


Normal (a) and composite (b) 


gs. Differentiation of the 
does not differ from that in normal eggs 

e nurse cells in relation to the whole struc- 

ture. Note the typical e ment of the follicle cell membranes at the 

end opposite the nurse cells in both normal and composite eggs. Cyto- 

l cal details are diagrammatic. Abbreviations: GN c cleus ; 
‘D—maturation division; NCN—nurse cell nucleus; O. 0 

membrane; PBN—polar body nucleus; 7G—polar granules; VM— 

vitelline membrane. 


band stages were reached. No early stages of the comple- 
mentary (posterior-posterior) fusion type were found, but 
in one such egg at the stage of germ band extension, no 

rm cells were identified in either embryo. In another, 
fixed at the late blastoderm stage, twelve germ cells were 
present in the midline where the posterior ends of the two 
embryos were adjacent. This might suggest both embryos 
formed germ cells because the normal number of germ 
cells is eight. This interpretation is open to question, 
however, because I have found that some 20 per cent of 
normal embryos in this Miastor stock produce supernumer- 
ary germ cells. In the one egg in which oblique fusion had 
occurred, pole cells were present in both mid-blastoderm 
embryos. It is not clear why pole cell formation seems to 
be suppressed in one or both embryos in many composite 


Soth embryos in composite eggs of phasmids may 
complete development; often the two fuse and give rise 
to monster embryos showing varying degrees of duplica- 
tion’. In Miastor, on the other hand, development in 
composite eggs beyond the stage of germ band extension 
has not been seen, although several thousand embryos of 
later developmental stages have been examined. It is not 
known whether or not this is a result of some basic in- 
compatibility between the two embryos. Presumably they 
are genetically identical as far as germ line chromosomes 
are concerned, although I have evidence that suggests 
sister embryos do not always retain identical chromosome 
sets in the somatic cells (only the pole cells retain the full 
chromosomal complement after the fourth cleavage 
division, compare refs. 12 and 13). Alternatively, in- 
viability may be a result of mechanical diffieulties. Even 
normal embryos are prone to developmental upset during 
germ band extension in suboptimal environments, as is 
indicated by the difficulty of culturing Miastor embryos 
of this stage in vitro'*. In the composite eggs observed to 
date, one embryo is usually at a slightly later stage of 
development than its partner (compare Fig. 2b). 
Mature eggs of Miastor and the closely related genus 
Heteropeza resemble those of other dipterans in consisting 
of a nutrient chamber containing several large nurse 
cells, an oocyte chamber and a surrounding membrane of 
folliele cells (Fig. 2a), but their early developmental history 
seems to be unique. The germ cells migrate into the lateral 
embryonie mesoderm as in other dipterans, but organized 
egg tubes are not formed. Instead, both the germ cells 
and the mesodermal cells of the ovary undergo several 
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mitoses without any obvious organization into structural 
elements. In other dipterans, nurse cells are descendants 
of the oogonia and are constant in number in a given 
species. In Miastor and Heteropeza, most, if not allt?, 
nurse cells are derived from mesodermal cells and the 
number per egg is variable!!-5, The mechanism by which 
some mesodermal cells of the ovary become associated with 
an oocyte and are transformed into nurse cells, while 
others give rise to follicle cells, is not understood. In 
each nurse cell chamber, however, there is always one 
very large nurse cell'* which almost invariably lies at the 
anterior-most end of the egg chamber. Whether this cell 
plays a major part in the organizational processes within 
the ovary is not known, but this remains an interesting 
possibility. Reitberger!? was the first to note that one 
nurse cell is always much larger than the others, and it 
has a distinctive morphology. It has been suggested! 
that in Heteropeza this one nurse cell is a germ line deriva- 
tive and my observations in Miastor tend to support this 
interpretation. 

There seem to be two ways in which composite eggs in 
Miastor may be formed. (1) Complete separation of two 
ooeyte-nurse cell complexes by ingrowth of follicle cells 
may fail to take place. Posterior—posterior and oblique 
fusions seem to originate in this way, and it is possible 
that all composite types are so formed. (2) Two oocytes 
may become associated with a single cluster of potential 
nurse cells. Only anterior-anterior and parallel fusions 
would result from this type; it is worth noting in this 
respect that the former are by far the most frequently 
found type of composite, and also that the number of 
nurse cells found in these composites does not exceed 
that commonly found in normal eggs. 

The occasional formation of composite eggs is not hard 
to understand in view of the method of ovarian develop- 
ment in Miastor. What is perhaps surprising is the great 
rarity with which such developmental accidents occur; 
over 9,000 embryos had been examined before the first 
composite eggs were found and there have been only 
fourteen among more than 12,000 eggs. Because they 
were found in several different lines that have been 
maintained separately for over 5 yr, and they appeared 
within a relatively restricted time period, this suggests 
that some environmental factor may have been the 
triggering factor in their appearance. Well over 2,000 
Heteropeza embryos have been examined and no com- 
posite eggs have been found; nor have they been reported 
by other investigators'-'* who have also studied large 
numbers of embryos of both genera. 
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Table 1. COMPARISON OF THE MEAN NUMBER 


Species Stage Laboratory and treatment 

Schistocerca Adult ALRC, crowded 
ALRC, isolated, first generation 
ALRC, isolated, third generation 
ALRG, isolated fifth generation 
Edinburgh, isolated, first generation 

Humbe Adult ALRC 

Schistocerca Second instar ALRC, crowded 


ALRC, isolated first generation 
Edinburgh, isolated, first generation 
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Airborne Factor affecting the Grouping 
Behaviour of Locusts 


Dure a study of the grouping behaviour of immature 
adults of the desert locust, Schistocerca gregaria, it became 
obvious that it was impossible, in laboratory conditions 
of the Anti-Locust Research Centre (ALRC), to produce 
adult locusts which were behaviourally and otherwise 
solitary. Locusts are considered to be solitary when they 
lack the tendency to form the large, dense groups typical 
of the gregarious phase and exhibit fully the morpho- 
metric characteristics of individuals living in isolation 
in the field. 

Ellis! has investigated the grouping behaviour of 
Schistocerca hoppers and has been able to obtain hoppers 
solitary in this respect by rearing individuals from hatch- 
ing in conditions of visual and tactile isolation. 

The work described here indicates that this visual and 
tactile isolation is insufficient to prohibit the develop- 
ment of gregarious characteristics. Sound communication 
does not play a large part in the behaviour of Schistocerca, 
but this species is known to use olfactory information for 
food-seeking*, for synchronizing maturation time? and 
for localizing oviposition‘. Because of this, and in view 
of Nolte's* inability to obtain full solitarious colouring in 
hoppers reared isolated in a locust laboratory, it was con- 
sidered that an airborne olfactory stimulus derived from 
the high-density and very large locust stocks might also be 
responsible for the failure to obtain solitary adults at the 
ALRC. To test this a culture of isolated Schistocerca 
was set up in an otherwise locust-free laboratory at 
the University of Edinburgh, the conditions of rearing 
being the same as those employed at the ALRC except 
that different grasses were used for food; this dietary 
difference was not considered likely to affect the social 
behaviour of the locusts. 

The experimental technique used for testing the capacity 
of the locusts to form groups was that described by Ellis* 
in which the locusts were placed in an annular arena, 
divided into ten equal segments by radial lines on the floor. 
The number of locusts that formed groups was recorded, 
& group being defined, for the purposes of this study, as 
three or more locusts in any one segment. Ten locusts were 
used for each test and their distribution in the arena was 


OF LOCUSTS IN GROUPS OF THREB OR MORE 


Mean number of t with t with first gener- 
No. of locusts in 8+ crowded ALRC ation isolated 
tests groups + S.E, Schistocerca ALRC Schistocerca 
T 357t41 — 0-7455 
7 3r6z3:5 0:7455 — 
7 381-142-6 09312 
6 28-74+1-9 1-4109 
7 23-6 41-3 2-7007 
P 002 2:1392 
7 20-0426 3.1114 2-6355 
P 0.01 P 005 
7 49-4433 — 2-7922 
P 0-02 
7 37-6427 2:7922 — 
P 0-02 
8 12-7178 5.3129 3-9309 
P 0-001 P 001 
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between ALRC crowded and Edinburgh 
isolated. There is also a significant 
difference between isolated cultures in 
the two laboratories. 

The lack of any significant difference in 
grouping between the different adult 
rearings at the ALRC could be a conse- 
quence of longer exposure to the factor 
responsible for the change of behaviour. 

Two other criteria of the solitary and 
gregarious phases considered were the 
number of instars as indicated by the 
number of eye-stripes in the adult, and 
the measurements of elytron length (E), 
femur length (F) and head width (C). 
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Fig. 2. Generalized distance diagram based on morphometric data and relating the 

ALRO and Edinburgh locusts to field populations that lived under "cool" conditions on 

the Red Sea coast*. C, Field populations; S, solitary; G, gregarious; E, Edinburgh 
culture; Lab I, ALRC, first generation, isolated; Lab Cr, ALRC, crowded. 


noted eight times during the test period, which lasted 
2 h in each case; the experimental animals were disturbed 
between readings. The number of tests conducted with 
each category of locusts is shown in Table 1. 

Tests were made on immature adults and second-instar 
hoppers. In the ALRC laboratory an isolated line was 
tested in the adult stage and was compared with locusts 
reared in crowded conditions and with adults of Humbe 
tenuicornis, a non-swarming grasshopper, which behaves 
in a solitary manner’. The tests were conducted at 32°C. 

Table 1 shows the mean number of locusts in groups 
of three or more in tests with isolated and crowded locusts 
reared and tested at the ALRC and with isolated locusts 
reared and tested in Edinburgh. Although no significant 
difference in grouping between adult isolates from the 
two laboratories is shown by direct comparison, the 
isolated culture at Edinburgh is more different from the 
crowded culture at the ALRC than is the isolated culture 
at the ALRC in any generation; there is a significant 
difference between crowded locusts at the ALRC and 
isolated locusts at Edinburgh but not between crowded 
and isolated locusts at the ALRC. At the ALRC, Humbe 
grouped significantly less than the isolated Schistocerca, 
but there was no significant difference between Humbe 
and the isolated locusts at Edinburgh (f= 1.2170). The 
results obtained with adults are presented graphically 
in Fig. 1. 

This difference in grouping behaviour between isolated 
and crowded animals appears to be more pronounced 
in the second instar hoppers. Although it is possible to 
show somo significant difference in grouping in the second 
instar between locusts reared in crowded and isolated 
conditions at the ALRC, there is a greater difference 


Mean numbers of adult locusts in groups of three or more for different rearings 
of Schistocerca and for crowded Humbe; standard error quoted. 


(Because it was not possible to make 
colour recordings of the Edinburgh cul- 
ture, no colour comparisons were carried 
out.) 

Twenty-five of the sixty-nine Edin- 
burgh adults had the seventh eye-stripe 
characteristic of the solitary phase’, 
while all of the thirty-six isolated ALRC 
adults examined for this character had 
only six eye-stripes. 

The morphometric data were analysed 
in relation to those of field populations, in 
a generalized distance diagram? (Fig. 2). 
This shows that the three laboratory 
cultures were intermediate between the 
reference field populations, but that the 
Edinburgh culture was closest to the 
solitarious field population, especially 
in the female. 

These behavioural and morphometric 
observations strongly suggest the exist- 
ence of an airborne contaminant derived 
from massed locusts and acting as a 
"primer" pheromone’, It is well estab- 
lished that such à primer pheromone acts 
to synchronize the maturation of this 
species of Schistocerca?. Previous work}? 
was carried out in laboratories that had relatively low 
densities of locusts!!, and the principal difference between 
the laboratories at the ALRC and at Edinburgh was the 
density of the background stocks, which was also suggested 
as a critical factor by the findings of Nolte. 

The ecological significance in field conditions of a 
phenomenon that seems on present evidence to depend 
on the build-up of a substance in a confined space is 
difficult to assess and may be only slight. Nevertheless, 
the apparent relation between the postulated pheromone 
and gregarious behaviour and anatomical features 
certainly warrants further investigation. 

I thank the University of Edinburgh, and Dr A. 
Manning in particular, for facilities. I also thank Miss M. 
Hill for rearing the Edinburgh culture and Mr I. B. Jones 
for the statistical analysis of the morphometric data. 
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Desmotubule—a Plasmodesmatal 
Substructure 


THE precise nature of intercellular connexions in plants 
has been the subject of speculation for a considerable 
time. — López-Sáez et al.) have recently reiterated the 
suggestion, frequently made, that the endoplasmic reticu- 
lum is continuous from cell to cell through the plasmo- 
desmata. These authors consider that the endoplasmic 
reticulum traverses the plasmodesmata in the form of 
tubules about 200 Å in diameter, the inner opaque layer 
being represented by a single central rod. Robertson? 
has given convincing reasons for believing that a unit 
membrane in the form of a bimolecular leaflet could not 
assume such a tight configuration. 

Thin sections of plasmodesmata between differentiating 
ray cells of willow which had been fixed in 3 per cent 
glutaraldehyde followed by 1 per cent osmium tetroxide 
were cut and then examined using an AEI EM6B electron 
microscope. The typical appearance of a plasmodesma 
sectioned in the middle lamellar region of the wall is 
shown in Fig. 1. The outer dark layers represent the 
plasmalemma. This membrane is continuous through the 
plasmodesmatal canal, and more granular than in its nor- 
mal situation around the cytoplasm. A central rod runs 
through each plasmodesma. This rod is surrounded by a 
tubule of approximately 200 Å in diameter with a wall 
about 50 Å thick to which the rod is attached by fine 
filaments. The wall of the tubule common! y shows evidence 
of substructure, and preliminary experiments indicate the 
probable presence of eleven sub-units. A diagrammatic 
interpretation of Fig. 1 is provided by Fig. 2. At the ends 
of each plasmodesma the tubule is closely bound by the 
plasmalemma (Fig. 3). There is therefore no continuity 
between the eytoplasm of adjacent cells, nor is there 
continuity through the cavity of the endoplasmic reticulum 
(Fig. 4). 

In structure and appearance the tubule described here 
is similar to the cytoplasmic microtubules described 
by Ledbetter and Porter’, The size is more compatible, 
however, with that of nuclear spindle fibres. It may be 
that sub-unit size in such tubules is fairly constant, and 
that different diameters are accommodated by different 
numbers of sub-units—thus explaining the discrepancy 
between the number of sub-units found here and the 
thirteen found in eytoplasmie microtubules by Ledbetter 
and Porter. Suggestions have been made in the past that, 
the plasmodesmata may be traversed by nuclear spindle 
tibres*.*, but this report is the first definite confirmation 
of this. For this reason, as well as to avoid confusion 
with other types of eytotubule, it is suggested that the 
name desmotubule (Greek desmos—bond) is appropriate 
for these structures. This would be compatible with 





Fig. 1. Transverse section through the central region of a simple plasmo- 

desma between differentiating xylem ray cells, Fixed in glutaraldehyde 

followed by osmium tetroxide; stained in uranyl acetate and lead 
citrate ( x 500,000). 


Fig. 2, Diagrammatic interpretation of Fig. 1: (1) cell wall; (2) plasma- 

lemma; (3) plasmodesmatal cavity; (4) desmotubule; (5) central rod. 

The central rod is attached to the meae of the desmotubule by fine 
n 
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Fig. 3. Longitudinal section of plasmodesmata between adjacent ray 
cells. Prepared as Fig. 1. ( x 100,000.) 


Fig. 4. Dugptétuoatio interpretation of longitudinal sections similar 
to Fig. 3. Numbering as in Fig. 9; (6) endoplasmic reticulum; (7) cell 
cytoplasm, 


nomenclature already existing for other intercellular 
connexions such as plasmodesmata and desmosomes. 

The suggestion that the endoplasmic reticulum is 
continuous from cell to cell has been lent support by the 
faet that it can often be seen to be trapped during cell 
plate formation. The presence through the cell wall of a 
tubule apparently identical with nuclear spindle fibres 
suggests that they also may become trapped in such a 
manner, This matter will require further substantiation, 
but will also necessitate a complete reappraisal of the 
nature of intercellular connexions in plants. 

A. W. ROBARDS 
Department of Biology, 
University of York. 
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Petrifaction of Plant Tissue 
in the Laboratory 


PrawT tissue can be petrified by impregnation with 
natural waters with a high concentration of dissolved 
silieate'. This occurs commonly in springs issuing from 
volcanic deposits in New Zealand, Ireland and Yellow- 
stone Park in America. The process is easily duplicated 
in the laboratory in the following way. Small pieces of 
plant material (1 cm? or less) are placed in 250 ml. poly- 
ethylene beakers, 50-100 ml. of deionized H,O (pH 6-0, 
which is adjusted by dilute HCl) is added; after 5-10 min, 
2-5 g sodium metasilicate (Na,SiO, : 9 H,O) is stirred into 
the beakers, which are then allowed to stand undisturbed 
for 12-24 h. The pH rises to 14. The material is then 
washed several times with deionized H,O, allowed to soak 
for 30 min in 2 N HCl; organie material is removed by 
wet ashing, using boiling concentrated nitrie acid (1 part) 
and concentrated chromie acid (1 part)?. 

The pieces of plant material are not preserved intact, 
but they fragment into single cell replicas of silica and 
macroscopic cellular aggregates 1 mm? or larger. Opaline 
silica is deposited on all exposed cell wall surfaces, but it 
is deposited first and most completely on the inner cell 
wall surfaces, to produce silieeous replicas of cellular 
spaces (Fig. 1). The high pH of the silicate 
solution may facilitate dissolution of pectic material in 
the middle lamellar regions which also become filled with 
siliea to form a grid-like network around the siliceous 
replicas of cellular spaces (Fig. 2). The amount of time 
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for silicate impregnation can be halved if all steps after 
adding Na,80,:9H,O are done with the beaker suspended 
in boiling H,O or over a steam bath. Care must be taken 
to prevent desiccation of non-woody material during 
treatment to prevent collapse and fracturing of silica 
replicas. Thicker and hence stronger silica deposits can 
be formed by repeated treatment with the steps from 
deionized H,O inundation to the second deionized H,O 
wash after silicate impregnation. The siliceous identity 
of the deposits is ascertained by non-dissolution in boiling 
aqua regia and rapid dissolution in 5-10 per cent HF. 
The complete removal of organie cell wall substances 
was checked with a polarization microscope; none was 
found after wet ashing. 

Weed? noted that plant material which naturally 
silicifies became embedded in a gelatinous mass which 
was often brightly coloured golden yellow or brown. In 








Fig. 1. Electron micrograph of a carbon replica of two ray parenchyma 
cellular spaces of Betula which were replicated by deposition of opaline 
silica on their respective inner cell wall surfaces—they are connected by 


simple pit pairs. 


The space between them was occupied by the organic 
cell walls, 


A strip of intercellular silica as replicated occurs at the 
arrow, (x3,000.) 


Fig. 2. Light micrograph of several silicified ray parenchyma cellular 
spaces of Betula. A network of intercellularly deposited silica surrounds 
them. (xe. 860.) 
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all laboratory silicification work, except with fungal 
material, the silicate solution becomes rapidly coloured 
brown and then ultimately opaquely brown. Silicifieation 
is accompanied by active removal of certain. brownish 
substances from the plant tissue. The absorption maxima 
of these substances range between 570 my and 590 my 
in the visible range. It was suspected consequently that 
silicification of plant material may depend on the removal 
of certain substances from the cell walls which provides 
suitable bonding sites for the silica. To test this, Betula 
papyferia twigs were silicified with the bark on the wood 
The impregnating silicate solution rapidly turned brown 
When bark only was used the solution also turned brown 
Barkless wood did not produce a brownish coloration of 
the solution but was silicified nonetheless. The leaching 
of brownish substances, presumably tannins, from plant 
cell walls is coincidental with silicification but not essen 
tial. Silica petrifaction has provided palaeobotanists with 
much material and information about plants of earlier 
times. If they were to silicify alleged modern relatives of 
those early plants, they could perhaps interpret better 
the structures seen in their fossil matemal. Laboratory 
petrifaction of plant material with silica also provides a 
unique technique for replicating cellular spaces and inner 
cell wall surfaces. Other replication methods deposit 
material on the outer cell wall surfaces, obscuring 
details of intercellular connexions such as paired pits 
(Fig. 1). 

Carbon replicas* of the silica replicas facilitate exam 
ination with an electron microscope. If the silicate were 
actually impregnating the cell wall material, some of that 
material would be completely embedded in silica and not 
removed by wet ashing. It would then appear inside the 
carbon replicas after the silica was removed with HF just 
as organic endoskeletons remain within siliceous spicule 
replicas after treatment with HF (ref. 5). No such organic 
material has been identified within laboratory petrified 
plant material, indicating that silicification in the condi 
tions described is a cell wall surface deposition and 
not an impregnation of wall material, even though some 
pectic substances may be dissolved away and replaced 
by silica. 

R. W. Drum 
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University of Massachusetts, 
Amherst, 
Massachusetts. 
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Ultrastructural Localization of 
Nucleic Acid Synthesis in 
Human Blood Cells 


THe chromatin of the interphase cell nucleus has beer 
divided into two types on histochemical and ultrastrue 
tural grounds. Electron microscopy has shown hetero 
chromatin or condensed chromatin to have a structure of 
densely compacted fibrils, whereas euchromatin shows a 
looser arrangement of similar fibrils. Dernarcation between 
these two types is sharp, but there is continuity of fibrils 
between them!. Microspectrophotometric measurements 
of Feulgen-stained nuclei have shown that hetero 
chromatin contains DNA two to three times as con 
centrated as in euchromatin*. It is rendered more electror 
dense by the uranyl stain used in electron microscopy? 
Cells which are inactive in nucleic acid synthesis usually 
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have a pachychromatic nuclear pattern with more hetero- 
chromatin than those which are more active. 

There is evidence to suggest that it is the euchromatic 
areas of the nucleus which are active in both RNA and 
DNA synthesis. Autoradiographie studies with the elec- 
tron microscope have shown uptake of tritiated uridine 
over the euchromatin in a variety of cells**, Karasaki^, 
however, in the newt embryo, also noticed some localiza- 
tion of grains at the junction of the heterochromatin and 
euchromatin. Using the same technique, Hay and Revel* 
found euehromatin to be the only active region in DNA 
synthesis in the nuclei of regenerating salamander 
limbs. 

We have studied nucleic acid synthesis by electron 
microscopic autoradiography using a short-term in vitro 
label in lymphocytes transformed with phytohaemag- 
glutinin and in the atypical mononuclear cells of infectious 
mononucleosis. 

The lymphocytes of 20 ml. of blood from five normal 
males were separated by sedimentation with gelatine’. 
Cultures were set up in medium T.C.199 with 25 per cent 
autologous serum and phytohaemagglutinin (PHA-M, 
Difco). At appropriate intervals tritiated thymidine 
(speeifie activity 22-4 Ci/mmole) or tritiated uridine 
(specifie activity 30 Ci/mmole) was added to a con- 
centration of 5 uCi/ml. After further incubation for 1 h 
the eultures were terminated by fixation in glutaralde- 
hyde, post-fixed in osmium tetroxide, and embedded in 
‘Araldite’. Sections were stained with uranyl acetate and 
lead citrate, covered with Ilford L4 emulsion* and de- 
veloped after 3-4 weeks of exposure. Blood (20 ml.) 
from two patients with infectious mononucleosis was 
similarly processed for electron microscopy after incuba- 
tion for 1 h with tritiated thymidine. 

Fig. 1 shows three examples of the pattern of thymidine 
uptake in a 48 h lymphocyte culture. Cells taking up this 
substance showed a varying nuclear morphology. In some 
there were substantial areas of heterochromatin, par- 
ticularly adjacent to the nucleolus and apposed to the 
nuclear membrane. Fig. la shows an example of such a 
cell, and silver grains are localized largely at the junction 
between euchromatin and heterochromatin. Fig. 1b 
shows a cell with grains localized near heterochromatie 
material which may be associated with the periphery of 
the nucleolus and near the nuclear membrane where there 
is a thin rim of peripheral heterochromatin. The nucleus 
in Fig. le is wholly euchromatic and shows scattered 
localization of silver grains. 

Although the morphology of the mammalian cell 
nucleus has been frequently studied at an ultrastructural 
level?*-!!, little information is available on the extent of 
changes in the chromatin during interphase. Most of the 
chromatin in the untransformed lymphocyte is in the 
heterochromatic form, and analysis of the changes in 
nuclear structure at suecessive intervals after the addition 
of phytohaemagglutinin shows that there is a gradual rise 
in the number of nuclei showing a more euchromatic 
pattern as transformation proceeds. We added tritiated 
thymidine to a 30 h culture of transformed lymphocytes 
of an age when a minority of cells will have been synthesiz- 
ing DNA for a few hours and others will be just beginning 
synthesis. We found that thymidine is taken up only by 
cells with considerably less heterochromatin than the 
parent lymphocyte. Furthermore, at this time all cells 
in the S phase had nuclei with heterochromatic areas, 
although the amount varied from cell to cell. At 48 h, 
however, cells in the S phase include those with wholly 
euchromatic nuclei, as in Fig. le; the percentage varies 
from culture to culture, but is of the order of 15 per 
cent. 

We suggest therefore, first, that during transformation 
of the lymphocyte, decondensation of heterochromatin 
proceeds continuously and, second, that the S phase 
occupies the terminal period of this decondensation and a 
period when the nucleus is wholly euchromatic. If this is 
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so, the cell in Fig. 1b may be showing activity at the 
junction of the euchromatin and the last remaining band 
of heterochromatin, whereas the cell in F ig. le, with no 
substantial areas of heterochromatin, is at a later stage 
in the S phase. There may be recondensation into hetero- 
chromatin before prophase, or the cell nucleus may remain 
euchromatic through late S phase, and G,. Experiments 
are in progress to distinguish between these possibilities. 

These results are in general agreement with those of 
Inman and Cooper'*, who found that most transformed 
lymphocytes taking up tritiated thymidine had a loosely 
packed type of nuclear chromatin. They did not, however. 
describe cells in the S phase with wholly euchromatic 
nuclei. 

We have not seen any significant localization of grains 
over heterochromatic areas and have not been able to 
confirm replication of DNA in its heterochromatic form 
as has been suggested by light microscopy". 





Fig. 1. Transformed lymphocytes from a 48 h culture labelled with 

tritiated thymidine for 1 h. Grains are localized only over the nuclei. 

a, Grains are localized largely at the periphery of the heterochromatin 

(H) including that associated with the nucleolus (NI) (xe. 10,800). 

b, Grains are near the peripheral band of heterochromatin at the nuclear 

membrane (xe. 12,000), c, Scattered grains in a cell with wholly 
euehromatie nucleus ( x c. 7,500). 
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A proportion of atypical mononuclear cells in infectious 
mononucleosis incorporate tritiated thymidine. Fig. 2 
shows such a cell in which the grains are clearly localized 
over the periphery of the heterochromatin. Most cells 
showing uptake had substantial areas of heterochromatin, 
A survey of many grids showed very few cells without a 
marginal band of heterochromatin and even fewer mitoses. 
As in the transforming lymphocyte, however, localization 
of silver grains was always over the euchromatin and its 
junction with heterochromatin and not over the latter. 

We can only speculate whether a pattern of decondensa- 
tion of heterochromatin during the S phase, similar to 
that in the transforming lymphocyte, exists in the atypical 
mononuclear cell. The paucity of labelled cells with a 
more euchromatic nuclear pattern is in keeping with 
previous evidence of an arrest of the cell cycle in in vitro 
cultures of such cells'*!*, It has recently been shown'* 
that a large proportion of these cells are arrested in the 
S sphase and there is a very low frequency of cells 
in Ga 

The pattern of uridine uptake in a 24 h lymphocyte 
culture is shown in Fig. 3. Transformation is less complete 
and the cells show larger areas of heterochromatin, There 
is, as with thymidine, a notable absence of label over the 
heterochromatin, but localization of grains over the 
euchromatin and also at its junction with heterochromatin, 

In analysing the autoradiographs of these cells, care 
was taken to exclude any which showed signs of damage, 
such as swelling of mitochondria or nuclear membrane 
changes, for clumping of chromatin into a form which 
stains densely is also a sign of cell damage. In addition, 
the fact that these cells are actively incorporating nucleic 
acid precursors would seem to be a proof of their viability. 

The localization of both thymidine and uridine uptake 
at the junction between heterochromatin and euchromatin 
suggests that during the process of transformation of the 
lymphocyte DNA and RNA are synthesized at newly 
decondensed DNA template sites. The localization of 
grains in euchromatic areas suggests either that these are 
also active or that newly synthesized nucleic acids have 
moved from junctional to euchromatic areas within the 
lh labelling time. We have attempted to distinguish 
between these possibilities for DNA by reducing the 
labelling time with thymidine to 10 min. With such a 
shorter labelling time, euchromatic areas still show up- 
take of grains and in addition wholly euchromatic cells 
are labelled. This suggests either that euchromatic areas 
are active in synthesis or that movements of chromatin 
from an inactive to an aetive form and of DNA within 
the cell nucleus are very rapid. 

The underlying alteration in the nucleoprotein molecule, 
which gives rise to the morphological change from hetero- 
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Fig. 2, Atypical mononuclear cell from a case of infectious mono- 
nucleosis, Silver grains showing tritiated thymidine uptake are largely 
at the periphery of the heterochromatin ( x e. 7,500). 
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Fig. 3. Transformed lymphocyte from a 24 h culture labelled with 
tritiated uridine for 1 h. Occasional cytoplasmic grains are present, 
shown by arrows ( x c. 9,000), 


chromatin to euchromatin, is unknown. Littau et al.” 
have extracted histones from isolated calf thymus nuclei 
and found the electron density of nuclear chromatin 
reduced by this procedure. Furthermore, this effect was 
reversed by the putting back of histone. In view of 
current theories on activation of DNA by alteration of 
DNA-histone interaction!* it is interesting that our results 
suggest that the morphological change from hetero- 
chromatin to euchromatin is accompanied by activity in 
RNA and DNA synthesis. 

We thank Mr M. Peacock and Mr R. J. Flemans for 
technical assistance. This work was supported by a grant 
from the Medical Research Council to Professor J. 8. 
Mitchell. 
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Albumin Polymorphism (Albumin 
Naskapi) in Eskimos and Navajos 


WE have described two polymorphic variants of serum 
albumin (Fig. 1). Of these, albumin Naskapi the electro- 
phoretie mobility of which is greater than that of the usual 
albumin (albumin A) is relatively common in several 
North American Indian tribes. It has been identified in 
sera from Indians of the Naskapi, Montagnais, Sioux, 
Northern Athabascan and Chippewa tribes', Fast 
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l ALBUMIN B 


l ALBUMIN Mexico 


ALBUMIN A 


ALBUMIN Reading 
ALBUMIN Naskapi 


ALBUMIN Gent 


Fig. 1. Diagram of electrophoretic variants which have been compared 


with albumin Naskapi and albumin Mexico. 


moving electrophoretic variants found in the Forest 
Creet and the Ojibwa and Blackfoot Indians* may also 
be albumin Naskapi, although direct comparisons have 
not been made. 

Albumin Mexico is a slow moving electrophoretic 
variant which occurs at a relatively high frequency in 
several southern American Indian tribes including the 
Zapotec of Mexico, Mestizos with Uto-Aztecan affinities, 
Papago from the south western United States? as well 
as several other western US tribes (unpublished observa- 
tions of Blumberg, Johnston, Agarwal, Melartin and 
Burch). These two variants have so far been identified 
only in American aborigines and have not been found in 
several thousand other sera tested, including sera of 
American whites and negroes, Micronesians, Melanesians, 
Chinese, Japanese, Australian aborigines, Finns, Lapps 
and Kurdish Jews'?. Here we describe studies on albumin 
variants of North American Eskimos and Navajos. 

Although the ancestors of contemporary Eskimos may 
have remote affinities with the ancestors of American 
Indians, it is usually considered that they represent a 
distinct racial group. Samples of blood were obtained 
from representatives of the three Eskimo language 
groups (Aleutian, Northern Eskimoan and Southern 
Eskimoan). One hundred and twenty four sera were 
collected in the Eskimo community at Fort Chimo on 
Ungava Bay in northern Quebec. There were approxi- 
mately 560 Eskimos at Fort Chimo at the time of the 
collection. The Alaska Eskimo samples were collected 
m 1958 and are described elsewhere??. The subjects 
sampled from the National Guard units came from all 
over Alaska. About 80 per cent of these came from 
communities south of Norton Sound and are classified 
as the southern dialeet speakers. Six Eskimos in the 
National Guard samples were listed as Aleuts and nine 
of the samples collected in Sitka were from subjects with 
Aleut blood. The Southwestern Indian sample was collected 
at the US Public Health Service Indian Hospitals in Albu- 
querque (eighty-eight samples) and Gallup (thirty samples). 
New Mexico. In Gallup, twelve were from student nurses 
and the remainder from patients with a variety of diag- 
noses. The specimens were collected for routine clinical 
determinations and the excess sera used for albumin 
determinations. Ninety-five of the specimens were from 
Indians stated to be Navajos; the remainder were from 
Indians from various loeations in the Southwest. No 
albumin variants were found among the latter, so they 
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will not be deseribed in detail. The albumin phenotypes 
were determined by starch gel eleetrophoresis using 
Ashton and Braden's discontinuous lithium hydroxide 
buffer, as described earlier’, 

Fast moving electrophoretic variants indistinguishable 
from the albumin Naskapi found in the N. askapi, Montag- 
nais and other Indians were identified in some of the sera. 
There were three examples in the Ungava Bay sample, four 
from the small Beaver sample and twelve from the Navajo 
sample. None of these variants were found in the total of 
188 samples from the Southern Eskimoan group nor the 
twenty-three Southwestern Indians of various affiliations. 
Of the fifteen Aleut samples, however, one was found to 
be albumin Naskapi (Table 1). An albumin variant found 
in Navajo Indians by Dr J. L. Robbins of Salt Lake City 
has the mobility of albumin Naskapi (personal communica- 
tion)?. 


Table 1, OCCURRENCE OF ALBUMIN VARIANTS 
No. of 
subjects Gene 
No. of with Type of variant frequency 
samples albumin AINs 
variant 
Eskimo, Northern 

language group 
Ungava Bay, Quebec 134 3 Naskapi 0-012 
Anaktuvak Pass, 

Alaska 55 0 — 9 
Barrow, Alaska 88 0 — 0 
Wainwright, Alaska 105 0 — 0 
Beaver, Alaska. 14 4 Naskapi — 

Total Northern 386 7 Naskapi 0-009 

Eskimo, Southern 

language group 
St Lawrence 

Island, Alaska 82 ü =- 0 
National Guard, 

Alaska 107 Oe e 

Total Southern 189 ü ew ð 

Aleut 
Sitka and National 
Guard, Alaska 16 1 Naskapi _ 
Navajo 
Arizona and New 
Mexico 95 12 Naskapi 0-003 
1 ? Albuquerque — 
?Mexico 


One serum taken from an individual recorded as a full 
blooded Navajo contained, in addition to albumin A, a slow 
moving variant the mobility of which was slightly faster 
than that of albumin Mexico. A variant of the same 
mobility has been found in several other Southwestern 
Indians (unpublished observations of Blumberg, Johnston, 
Agarwal, Melartin and Burch). Pending verification of 
this finding, this variant will be referred to as albumin 
Albuquerque (abbreviated Al Aq). 

These findings are consistent with our previous data 
in which we noted that albumin Naskapi is found in a 
large range of northern tribes and some southern relatives 
of the northern tribes. The Navajos are Southern Atha- 
bascan and are linguistically related to the Northern 
Athabascan of Alaska and Canada in whom albumin 
Naskapi has already been reported!. The existence of the 
trait in the remotely related Eskimos could be a result of 
simple intermixture with the adjacent Indian tribes, or 
to selection operating on both of these groups. This has 
been discussed previously!? and will be further developed 
elsewhere (unpublished results of Blumberg, Johnston, 
Agarwal, Melartin and Burch). There is also little evidence 
to support the notion that albumin Naskapi is restricted to 
Algonkin speaking tribes*, for it has now been found in a 
wide variety of other Indian and Eskimo groups crossing 
several linguistic and cultural barriers. The most likely 
explanation is that selection has operated to maintain 
this inherited variant in relatively high frequenoy in the 
populations in which it is found. 

In our studies, we have given the name albumin Naskapi 
to the fast moving variant found in each of the different 
tribes which has the same mobility as the fast variant 
originally described in the Naskapi Indians^?, We 
recognize that although some of these variants have the 
same electrophoretie mobility they may subsequently be 
found to have amino-acid differences which do not involve 





NATURE, VOL. 218. MAY 25, 1968 


charged amino-acids. Variants with the same mobility 
should be classified under the same name until such time 
as differences are found, when a new name for the variant 
can be applied. We have used a nomenclature in which the 
albumin phenotypes are designated as albumin A (common 
albumin), albumin Naskapi, albumin Mexico, albumin B, 
albumin Reading, albumin Gent and, tentatively, albumin 
Albuquerque!. The genes determining the segregation 
of these phenotypes are designated Al, AIB, ADNa, 
AlMe, and so on. This implies that all these variants are 
segregating at the same locus. If this proves not to be the 
case, then different albumin loci could be indicated by 
increasing the size of the locus symbol, that is Ala, Alb, Ale. 

Using family segregating for albumin B* and albumin 
Naskapi*, close autosomal linkage with the locus of the 
Ge genes has been shown ; this is one of the few examples 
of autosomal linkage known in man. Also, differential 
binding of certain substances to the albumin variants has 
been shown’; this may be of importance in the study of 
the pharmacogeneties of Indian populations because many 
important drugs are known to bind to albumin. 

We thank Drs D. Brecount, J. D. Sorgen, A. Kisch, D. 
Beddingfeld and Miss Anne F. Blumberg for the South- 
western blood collections. We also thank Miss Priscilla 
Roy for collecting the Fort Chimo specimens. Dr Monique 
Savioe, Government of Canada, gave p»rmission for studies 
of the Fort Chimo Eskimos. 
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APPLIED SCIENCES 


Diaphragm-type Shock Tube for 
High Shock Speeds 


DIAPHRAGM-TYPE shock tubes have been widely used in 
studies of gases at high temperatures^?, Their particular 
virtue is that they produce a reasonably homogeneous 
sample of test gas, with known properties, in the region 
between the shock wave and the interface zone. But one 
disadvantage is that the speed of the shock wave pro- 
dueed, and hence the temperature in the gas sample, is 
limited by the temperature of the driver gas. Substantial 
efforts have been made to inerease driver gas tempera- 
tures. Among these, heating by an are discharge has 
produced shock Mach numbers of approximately 40 
(ref. 3), while heating by free piston compression‘ has 
yielded values of approximately 30. It has been realized 
for some years that shock wave heating, using the double 
diaphragm technique*:*, afforded a means of improving 
the performance of shock tubes. Model experiments are 
reported here which show that this principle can be used, 
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Fig. 1. Operation of double diaphragm free piston shock tube. 


in conjunction with a free piston driver, to achieve shock 
Mach numbers of 50. 

Application of free piston compression to shock tube 
drivers has been discussed in detail elsewhere‘. Briefly, 
a piston is driven along a tube containing the driver gas, 
which is initially at low pressure. Compression of the 
driver gas allows it to absorb the kinetic energy of the 
piston, and to bring it momentarily to rest before it 
reaches the end of the tube. Rupture of a diaphragm 
then allows the hot, high pressure driver gas to be released 
to drive a shock wave through the shock tube. 

Fig. la is a sketch of the configuration studied here, 
and illustrates coupling of the double diaphragm shock 
tube to the free piston driver. As shown on the wave 
diagram in Fig. 15, rupture of the primary diaphragm as 
the piston approaches the end of the compression tube 
gives rise to a shock wave which propagates through the 
helium in the intermediate shock tube, and refleets from 
the end. On reflexion, the secondary diaphragm begins 
to yield. In general, this diaphragm may be expected to 
take a finite time to open and, depending on the initial 
pressure in the intermediate tube, the shock-heated 
helium may be subject either to expansion or further 
compression before it is released to drive a shock wave 
through the test gas. 

The experiments were conducted with a free piston 
compression tube 3 m long and 75 mm in internal diameter. 
In all the tests the initial helium pressure in the com- 
pression tube was 23 kN m-? and the primary diaphragm, 
which was of mild steel, was chosen to rupture at 3-8 x 
10* kN m-?. Assuming isentropic compression, and noting 
that the helium was initially at room temperature, this 
implies that the temperature of the helium at rupture of 
the primary diaphragm was 5,700? K. The intermediate 
shock tube was 1 m long and 25 mm in diameter, 
narrowing to 19 mm at the entrance. The secondary 
diaphragm was of commercial quality aluminium sheet 
0:89 mm thick. To ensure that the diaphragm *'petalled" 
in the desired manner on opening, it was necessary to 
scribe it to a depth such that in static tests it ruptured at 
a pressure of 1-3x 10* kN m-*. The test shock tube was 
12-5 mm in diameter and 1-2 m long. In order to observe 
the shock heated gas as it passed along the shock tube, 
a slit was made in the wall of the tube and then covered 
with ‘Perspex’. The slit was 1-6 mm wide and ran 
parallel to the axis of the shock tube for 0:5 m down- 
stream of a point 0-57 m from the secondary diaphragm. 


50 us 
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diaphragm (cm) 
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$ 
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Fig. 2. Streak photographs in argon. 


Streak photographs of the movement of the gas were 
recorded with an STL model 1D image converter camera 
and were used to measure shock speeds. 

A series of photographs was obtained with argon test 
gas (Fig. 2). As with all the results reported here, these 
were obtained with an initial helium pressure of 24 kN m-? 
in the intermediate shock tube. A previous series of trial 
runs had suggested that this pressure yielded the highest 
shoek velocity at a given initial shock tube pressure. It 
can be seen that the shock speed decreased somewhat 
over the length of the viewing section at the highest 
initial shoek tube pressure but inereased at the lowest 
pressure. In such cases, the average value of the shock 
speed through the viewing section was taken. 

Shock speeds obtained in air and in argon are plotted 
in Fig. 3 as a function of the ratio of the primary dia- 
phragm bursting pressure, Pr, to the initial test shock 
tube pressure, P,. It can be seen that shock Mach 
numbers of 50 have been achieved. Some scatter is 
observed in results obtained at similar pressure ratios. 
This was found to be associated with the condition of the 
sealing rings on the piston in the compression tube, the 
higher shoek speeds being obtained whenever the piston 
rings were renewed. 

A curve displaying the predicted variation in shock 
speed (Fig. 3) was obtained by using ideal shock tube 
theory to predict the speed of the shock wave driven 
through the helium in the intermediate shock tube, and 
assuming that at the initial intermediate shock tube 
pressure used, no further expansion or compression of the 
helium took place after shock reflexion. These assump- 
tions were validated by previous tests with a configuration 
essentially identical with the compression tube plus inter- 
mediate shock tube configuration used here. The speed 
of the shoek wave in the test gas was then obtained by 
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Fig. 3. Performance of double diaphragm free piston shock tube. 
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Time assuming perfect gas behaviour in the helium 
after shock reflexion, with an infinitely large 


area reduction in passing from the inter 
mediate shock tube to the entrance to the 
test shock tube. 

While the calculated shock speeds are in 
excess of those measured, the trend of the 
experimental results is correctly predicted 
Allowing that some reduction in the tempera- 
ture of the shock heated helium may be 

5 expected to arise from mixing processes and 
radiation effects, and that this will give rise 
to a reduction in shock speed, it may be 
concluded that the results obtained are con- 
sistent with accepted ideas of shock tube 

operation. Thus the experiments established the effective- 
ness of this type of configuration in producing high shock 
speeds. 

We thank Mr R. French for his help in performing 
the experiments, 

R. J. STALKER 
D. L. PLUMB 
Department of Physics, 
Australian National University. 
Canberra, Australia. 
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GENERAL 


Recognition of Syntactic 
Structure by Computer 


Bnoss! claims that our article on the recognition of 
syntactic structure by computer? is refuted by its first 
sentence, Had he read the rest of the article with equal 
care he would have seen that this is not the case. 

When the analyser is presented with a sentence such a« 
"An essential part of the capacity to understand utter- 
ances lies in the ability to recognize syntactic structure", 
it will produce simultaneously all possible analyses for the 
sentence which can be obtained by changing the open 
class words (subject to the constraint that the sentence 
must still be grammatical). For example, that sentence 
and the ambiguous sentence “An essential part of the 
excursion to paint factories lies in the opportunity to 
handle modern enamel” would both be analysed in exactly 
the same two (or more) ways. In other words, the pro- 
gram in effect plays Bross’s game with the Xs, and 
(being mechanical) is much better at it than he can hope 
to be. 

In fact, Bross's substitution in our opening sentence 
(“actor knew” for “essential part") gives an ungram- 
matical answer unless he also juggles very carefully with 
the remaining words. A more important point is that 
past tense forms of strong verbs are included in the closed 
class dictionary? as exceptions to the inflexional rules. 

P. BRATLEY 
H. DEWAR 
J. P. THORNE 
Department of Computer Science, 
University of Edinburgh. 
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Honest Jim and the Double Helix 


by 
JOHN HCLLANDER 
Churchill College, Cambridge 


The Double Helix 

A Personal Account of the Discovery of the Structure of 
DNA. By James D. Watson. Pp. xvi--226 4-19 photo- 
graphs. (London: Weidenfeld and Nicolson, 1968.) 
355. net. 


Tms book is a memoir by one of the two discoverers of 
the molecular structure of DNA, covering in detail the 
period from its author's arrival in Cambridge to the publi- 
cation of the note, in this journal, of their discovery and 
of their “notice that the specifie pairing we have postu- 
lated immediately suggests a possible copying mechanism 
for the genetic material". Since the specifie course of the 
research that led to the discovery is now generally 
received history, I shall not summarize it here. 

That it is hard to say exactly why this book is both 
fascinating and valuable does not detract, per se, from its 
virtues. It seems to have no particular sort of readership 
in mind—not the molecular biologist, nor the researcher 
in kindred or alien fields. Not, apparently, the lay 
reader: he may, if he has read enough, take a kind of 
pleasure in the diagrams of rejected models (the like- 
with-like pairings of bases, for example) which have some 
of the same historieal poignancy as an early diagram 
of the Copernican model of the solar system, with circular 
orbits and epicycles still. For that same lay reader will 
surely be left cold by the reproduction of two diffraction 
photographs (a paragraph or so of attached comment 
explaining exactly why the apparently “X”-like distribu- 
tion of blotches in the photograph indicates, as we are 
told it does, a helical structure would have helped con- 
siderably). 

All biographies, and most autobiographies and memoirs, 
are in some sense works of fiction. It is not particularly 
because of any falsification of fact nor of any unusual 
disposition of emphasis that this is so; rather is it a 
matter of the inescapable power of literary form to shape 
what would appear to be the most neutral and candid 
narration, reportage, description, characterization of 
people and institutions and, of course, dialogue. The 
formal conventions of scientific paper, note, review of 
the literature or speeulative discussion have the private 
virtue of protecting a writer from falling into unplanned 
or unavowed gestures, as well as the publie ones of enforc- 
ing the normal and the concise. 

Professor Watson's “Personal Account of the Discovery 
of the Structure of DNA" is an avowedly literary work, 
even though it may be questioned how aware, and in 
control, of some of his conventions the author was. The 
very unacknowledged symbolic resonance of the title, 
The Double Helix, is à case in point. It hardly betokens 
anything like Kekulé's aecount of receiving a vision of the 
elosure of the benzene ring on top of a London bus; it is 
much more an emblem of the inextricable intertwining 
of the lives, careers, personalities, and minds of Crick and 
Watson, not only through their work but, more remark- 
ably, through the nature of that work's success. The two 
men are forever locked together, in some way, through 
their discovery, but the schematic diagram of that involve- 
ment would probably not look the same as the one which 
defined the way the two co-workers were connected during 


the period, in 1952-53, covered in this memoir. Their 
differences of temperament, training and scientific 
concern seem to have resulted in what William Blake 
called the “opposition” which is "true progress"; cer- 
tainly a picture representing tireless co-workers, pushing 
side by side in parallel effort, would not apply to the 
juncture of their efforts. The brilliant, expansive, ira- 
provisatory physicist-become-erystallographer and the 
slighter personality of the naive, self-absorbed biologist, 
mostly ignorant of chemistry (and how much so exactly 
the author unfortunately obscures in a bit of joking 
anecdotal disclaimer), emerging from these pages show 
only one common alignment. 

That is in the direction of the consciousness of success, 
of course, and, perhaps inadvertently, Watson has given 
some sort of legitimacy to a new fictional prototype 
of the scientist. There exists a long literary history of 
such prototypes. of course, ranging from the myth of 
Newton as something very close to a Deist Giver of Order 
in eighteenth-century poetry ("God said, ‘Let Newton 
be,’ and there was light”), through Wordsworth's version 
of him as embodying the solitariness of the theoretical 
vision (“Voyaging on strange seas of thought alone"); 
the usually ignored power and complexity of Mary 
Shelley's Frankenstein; the scientist as Equivocal Hero, 
pushing “the art of the possible" to its limits (Galileo's 
Eppur si muove); American myths of the inventor as 
discoverer (Edison, Steinmetz), and of the Microbe Hunter, 
jazzed up, in its canonical form with the Moral Burden 
(^O, but the control group—-they're sick children too i); 
the Plodder; the Flyer—from the Edenic overtones in 
Newton's falling apple of knowledge onward, various 
cultural and intellectual climates have selected various 
forms of scientific pursuit (as if those various ways of 
doing science were not as different from each other as are 
most modes of human activity) for mythologizing in 
many styles. The new myth that lurks in the pages of 
Watson’s account is like that of the researcher as Expedi- 
tionist, not so much because of the doctrine of “Tt was 
there, so we had to climb it", as in the context of “The 
Dash for the Pole" (before the Ruritanian team gets 
there). 

I suspect that far more scientists than lay readers are 
going to be uneasy about this presence. The celebrated 
eandor to which Sir Lawrence Bragg calls attention in his 
slightly apologetic introduction is one of the most proble- 
matie questions about The Double Helix. In this account, 
the desire to reach the treasure before the rival prince 
(in this case, Linus Pauling) seems to have acted on the 
two researchers with an energizing power lying somewhere 
between those of religion and pharmaceuticals. It is this 
apparent revelation, made all the more radiant by the 
casualness of its exposure, which will perhaps be taken by 
some scientific readers as testing the limits of frankness 
far more than some of the tedious and rather imperceptive 
observations about Cambridge life, manners and conversa- 
tion which keep appearing as "background" to the 
sequence of events of the discovery itself. These observa- 
tions, incidentally, only become relevant or even interest- 
ing when they apply to gaps between periods of com- 
munication, discussion and aetual model-building during 
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the last "dash for the pole" stage of the research, following 
on Pauling's tentative model of what he later said was to 
have been a salt of DNA. There, with a sense of shorten- 
ing time, the most basie eonventions of narrative deter- 
mine that the hiatuses between bursts of progress become 
more interesting in themselves. But the desire for fame, 
perhaps for a Nobel Prize, keeps appearing not only in the 
relatively inaccessible world of deep motivation, but on 
the surface as well. It would perhaps be fruitless to wonder 
about whether the author is doing himself a disserviee or 
not in his mode of reduction of the complexities of motiva- 
tion here. The book's implicit attitude toward success 
recalls that of a very different sort of personal memoir 
published in New York last year, to which some American 
intellectuals objected on the grounds that the author had 
bent over too far backward in misrepresenting the driving 
force in his career as literary critic and editor. It is 
perhaps also true that, in the language of Mr Norman 
Podhoretz in the aforementioned Making It, the desire 
for fame is the "dirty secret" to which Professor Watson's 
candour will have given access. In any case, it will have 
revealed very little about the personalities of Drs Crick, 
Wilkins, Franklin, Bragg. Donohue and the other re- 
searchers who appear in these pages. 

“I have never seen Francis Crick in a modest mood,” 
begins the account, and while this may seem frank to 
some, it will strike other readers as somewhat fumbling. 
Modesty is not a matter of mood (and the remark was 
surely not intended merely to praise its subject for lack 
of affectation); there is a difference between lack of 
modesty and vanity in any case, and it may even be true 
that modesty sits only with awkwardness on the very 
brilliant. Of a concern for such matters this memoir is 
as innocent as it is of any sense of the past. Not that one 
expects from it the usual opening “review of the literature"; 
but it is precisely because that for the author the memory 
of an event seems to entail no memories of the fabric of 
the past in which the event arose that it 1s so interesting. 
He emerges from the pages of his own account as someone 
with limited access to his own past and to its effects on 
his present, as well as to generalizations and inferences 
about human complexity that men in the eighteenth 
century learned to frame from moralists and, in our own 
time, from the novel. Perhaps if The Double Helix (and 
it must be remembered that this is not anything like a 
raw journal of contemporary events) had been more 
spurred and shaped by specifically novelistic impulses, 
it might have come closer to truths about just those 
aspects of the process of discovery, what goes on in those 
hiatuses mentioned before, to which this memoir feels 
compelled to give lip service and is equipped to give no 
more than that. I am not thinking only of the moment 
when, as the author puts it, ‘as the stimulation of the last 
several hours had made further work that day impossible, 
Francis and I went over to the Eagle. The moment its 
doors opened for the evening we were there to drink a 
toast to the Pauling failure. Instead of sherry, I let 
Francis buy me a whiskey. Though the odds still appeared 
against us, Linus had not yet won his Nobel.” This 
description hides such a wide range of instances of what 
might have actually happened on the way to, and at, 
the Eagle, that one feels that the selection of motive 
(“we were there to drink a toast to . . . ") deliberately 
reduces the dramatie relation between the co-workers to 
something like a conspiracy. 

Perhaps precisely because it raises so many interesting 
questions about the sociology of knowledge in the sciences, 
about the uses and limits of the concept of teamwork, 
about the scientist's laek of eonsciousness of traditions of 
prior work on which he is necessarily at the moment 
building, this book has such great appeal. But, after all, 
its single unique value will always lie in what was given 
its author at the beginning, the chance to record what it 
was like to participate in so historie a discovery. If 
memory and expression cloud or colour that record, the 
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history of science will in the future correct it. But 
perhaps never in the recent past has there been provided 
this kind of raw material for the historian to work on. 


PIGMENT-CELL BIOLOGY 
Advances in Biology of Skin 


/ol. 8: The Pigmentary System. (Proceedings of a 
Symposium held at the University of Oregon Medical 
School, 1966. Publication No. 183 from the Oregon 
Regional Primate Research Center.) Edited by William 
Montagna and Funan Hu. Pp. xxiii+ 659. (Oxford, 
London and New York : Pergamon Press, 1967.) 210s. 


THE first international pigment-cell conference was held 
in 1946 and in 1948 its proceedings were published as a 
book'. This was a classic model of what such a book 
should be; an almost irresistible inducement to every 
reader to become interested in and better informed about 
pigment cells. As the late Myron Gordon stated in his 
editorial foreword, “Perhaps the greatest achievement 
was in bringing the subject of pigment-cell biology into 
prominence”. The present volume has not the same 
appeal and is unlikely to help in keeping it there. 

During the intervening twenty years research procedure 
has changed. The earlier workers observed naturally 
oceurring phenomena and formed hypothetical explana- 
tions for them which they then went on to explore, using 
simple experimentation. Since all this came about às & 
logical sequence, they were able to write about it in an 
almost narrative fashion which was easily followed, 
informative and satisfying. 

The modern trend, as represented by much in the 
present volume, aims more towards isolated incidents of 
technical achievement, guided by a blunderbuss policy 
of accumulating chemical and ultrastructural data about 
pigment cells on the rather clumsy rationale that any 
such overall gain in knowledge must sooner or later lead 
to improved understanding. Furthermore, there is a dis- 
turbing hint of naive arrogance in the way some of this 
new work is presented. Masson’s 1948 paper is described 
twenty years later as "remarkably prophetic”, as though 
it had been little more than metaphysically inspired 
guesswork, the correctness of which now amazes the 
contemporary writer. Masson was not guessing. He was 
writing, with modesty and simplicity, about some of the 
conclusions he had reached after very many years of 
meticulous observation, profound thought and logical 
deduction. The fact that after twenty years of increas- 
ingly sophisticated and mechanized investigations today's 
workers often arrive at the same conclusions does not 
imply that Masson was & prophet who foretold the coming 
of the technological messiahs. It merely suggests a certain 
obtuseness on the part of those who could not accept 
Masson’s conclusions at the time, because they had not 
his experience and could not follow his reasoning. 

The first of the thirty-five chapters in the present 
volume (by Fitzpatrick ef al.) is a neat and expert sum- 
mary of progress in the chemistry of melanogenesis and 
its relationship to the ultrastructure of the melanocyte. 
In it the authors quote Professor E. B. Chain's warning 
that, “when the chemist in his approach to biochemical 
problems neglects the biological aspects, the work will 
usually remain dull and of limited general significance. . . ." 
'The truth of this dictum is clearly demonstrated by most 
of the eontributions to this book, which is by far the 
dullest about pigmentation that I have read. As if to 
show that the almost purely chemical content of this 
chapter does not deny their enthusiasm for Professor 
Chain’s point of view, the authors proclaim in its title 
that it concerns ‘‘melanin biology". This titular attribu- 
tion of life to a chemical totem may have been a slip 
of the pen, but it sounds dangerously like an unworthy 
evasion of Professor Chain’s advice. 
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There are a few chapters setting out broad and promising 
new fields of research (for example, Montagna and his 
co-workers on pigment cells in primates) and others 
(for example, Hadley and Quevedo on physiologieal and 
morphological colour change) describing rounded and 
meaningful biological researches. These papers present 
stimulating ideas as well as hard facts and they are in 
the tradition of 1948; but they are a minority. Too 
many of the other ehapters are little more than detailed 
accounts of recent additions to chemical and ultra- 
structural knowledge about pigment cells and of the 
technical methods by which they have been obtained. 
Since much of this has already appeared in journals (and 
what has not will do so), one wonders if it is necessary 
to reproduce it at such length in a book of this kind. 
A smaller and more interesting book could have been 
made with the minority group of papers as its main 
substance. An appendix containing the findings and 
conclusions of the technical papers, in the form of fully 
referenced abstracts, would have provided adequate 
information for the general reader. 

In the coda to the opening chapter is the remarkable 
statement that “the melanocyte is as well understood 
as any mammalian cell". We may have an unrivalled 
quantity of factual knowledge about its chemistry and 
ultrastructure but, as is made abundantly clear by some 
of the other chapters, we cannot yet claim much under- 
standing of its biology. Tennis is a game played with 
racquets; but complete knowledge of the molecular 
structure of a tennis racquet would not confer under- 
standing of the game. Biology is concerned with à game 
called life; but knowing about biochemicals and under- 
Standing biology are not quite the same thing. 

Judging from this book, the soul has begun to go out of 
pigment-cell research. Some will hail this as the dawning 
of a more advanced scientific era for the subject; others 
will deplore it as the passing of a golden age and the 
beginning of an extravagant period of decadence. Anyone 
who reads the whole of this book and is familiar with its 
ancestor of 1948 will know which view he takes. 

I. W. WHIMSTER 


1 The Biology of Melanomas (edit. by Miner and Gordon) (NY Academy of 
Beiences, Special Publications, 1948). 


SMALL LEARNING AND LESS 
CHEMISTRY 


Chemistry of Learning 

Invertebrate Research. (Proceedings of a Symposium 
sponsored by the American Institute of Biological Sciences, 
held at Michigan State University, September 7—10, 1966.) 
Edited by W. C. Corning and 8. C. Ratner. Pp. xii + 468. 
(New York: Plenum Press, 1967.) n.p. 


Tue brain consists of chemical substances; living organ- 
isms are inherently chemical; there will therefore be 
ehemieal aspects to learning. Of such as are now known, 
this book reveals little. Its title is misleading. On cover 
and spine appears only Chemistry of Learning. On its 
title-page comes the smaller-type qualification Inverte- 
brate Research. Only in the second paragraph of its 
preface is the reader told that the greater part of the 
book is given to “planarian research". Some of the free- 
living flatworms of the phylum Platyhelminthes have 
been used in work which aimed at investigating learning, 
and part of the present book makes more understandable 
the shortcomings of these experiments; it does not recount 
the "chemistry of learning”. 

Of the book's twenty-seven chapters, the seven longest 
oecupy about half the text and concern morphogenesis, 
neuroanatomy and behavioural studies, mainly in plan- 
arians and in hydra. Notable characteristics of some 
species of planarians are their ability to undergo asexual 
reproduction and a remarkable degree of regeneration 
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after damage or bisection, for example. re-forming a 
complete animal after decapitation. The nature of the 
nervous system of Dugesia dortocephai which can 
regenerate in this way. has been the subject of fresh 
neuroanatomical studies well described by J. B. Best. 
These studies, using electron microscopy, have shown well- 
characterized nerve terminals and synaptic connexions, 
with synaptie cleft and adjacent thickenings and with 
aggregations of synaptic vesicles at their presynaptic side. 
Neurosecretory granules, multivesicular bodies and neuro- 
tubules are also in evidence, together with a richness of 
fine fibre connexions; accessory cells akin to neuroglia 
are also reported. In comparison with higher animals, 
"all the basic parts seem to be there", although they are 
miniaturized and less numerous than in the vertebrate 
brain; chemical information is not as yet available to 
accompany this account. The presumed neurosecretory 
granules, or their secretion, are given no chemical identity. 
Chemically characterized factors in morphogenesis would 
also be relevant to the book's title, but do not feature. 
A reader persistent in seeking information on chemistry 
of learning reaches on page 310 the chapter entitled 
“The Biochemistry of Memory". Here is given an anec- 
dotal account of experiments with planarians, modified 
in behaviour by exposure to light and electroshock. The 
modification in behaviour was retained under certain 
conditions of regeneration. Possibly. also. disrupted (but 
not finely ground) preparations from the planarians modified 
in behaviour, when fed to other planarians, altered their 
behaviour in a fashion related to the changes induced by 
light and eleetroshock. At this point, where quantitative 
descriptions of chemical fractionation and of the biological 
test-systems used to test these specific fractions are most 
needed, little or none is given. The reader is not told of 
chemical characterization and identification but of a sug- 
gestion that "one of the nucleic acids, probably RNA, 
might be the memory molecule", and that “ribonuclease 
seemed to wipe out the memory". Is it pedantie to com- 
ment that chemistry and biochemistry are disciplines of 
scientific thought and experimentation, and not slogans ? 
There is much of value in the individual contributions 
to this book by its twenty-six authors or co-authors. 
D. M. Vowles makes excellent use of brain lesions and 
changed sensory input in understanding visual dis- 
erimination and behaviour in the wood art, Formica rufa. 
M. M. Jenkins's account of planarian behaviour indicates 
both its regularities and its fascinating anpredictability. 
Reactions of hydra to glutathione and its analogues, and 
the uptake of some organic compounds by planarians, 
are also described. But the significanee of many con- 
tributions has been blurred by the book's titling and 
presentation. The chemistry . . ., the biochemistry . . ., 
the molecule . . . have raised expectation falsely high and 
degraded the book's subject. In Joyce’s strange but 
apposite phrase, we see a pier as a disappointed bridge. 
Contributing also to this clouding is the omission of much 
which is satisfactory in chemical approaches to behav- 
ioural studies, to learning or to memory; in particular, 
of work which has been carried out using higher animals. 
H. Molrwarmw 
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of these ideas are worked out in considerable depth, with 
an eye to the A-level course that is to come, so that 
teachers may be aware of the modern superstructure for 
which the elementary course forms the foundation. The 
authors hope that teachers, drawing on the information in 
this book, will feel freer to introduce into the basic course, 
in a simple form, many ideas that have previously been 
thought too difficult to mention at the O-level stage. 

The book opens with a defence of the investigational 
method, liberally supported by quotations from Arm- 
strong, and proceeds to a consideration of six topics which 
have had an established place in school chemistry and 
which, in the light of modern knowledge, need to be 
abandoned or reinterpreted. The authors make a good 
case for abandoning the conventional treatment of 
physical and chemical changes, equivalent weights, 
atomic theory and valency, and they give reasons for 
modifying the traditional approach to formulae and 
equations, to acids and to oxidation and reduction. In 
all these topics their aim is to break down the rigid 
structure of formal definitions, which has been a feature 
of O-level chemistry, and to replace it by an evolving 
pattern of open-ended concepts that grow naturally out 
of the student’s experience in the laboratory and are 
capable of further development at a later stage. Part ! 
ends with a useful summary of modern nomenclature, 
based on the recommendations of the Chemical Society 
and of the International Union of Pure and Applied 
Chemistry. 

The second part deals briefly, and rather discursively, 
with some of the ideas that occur in the early stages of 
the course; the identification of elements and their 
classification in the periodic table, and the introduction 
of the particle theory leading to the qualitative concepts 
of atoms, lattices, molecules and ions, and, through 
quantitative work, to gram-particles. 

In parts 3 to 6 a number of major themes that run 
through the Sample Scheme come under close serutiny. 
They are: electrochemistry, structural chemistry, energy 
changes, reaction rates and equilibria. For each in turn 
an opening chapter outlines its role in the Sample Scheme, 
and is followed by an extended development the aim of 
which is quite frankly to educate the teacher. The 
authors are well aware of the dangers of simplifying 
complex ideas for presentation to young pupils, and they 
have tried to show precisely why misleading or erroneous 
statements at this stage give trouble later. For example, 
in the section on electrochemistry they show why it is 
unwise to talk about “the ease with which atoms lose 
electrons” or to attempt to connect the positions of 
elements in the eleetrode potential series with their 
ionization energies. They also take the opportunity to 
clarify the sign convention for voltaic cells, by insisting 
on the use of complete cell diagrams, and to link cell 
voltages with free energies and equilibria. 

Understandably, the longest section of the book (nearly 
one-third of it) is concerned with structural aspects of 
chemistry, particularly in the inorganic field, a region in 
which recent advances have been most spectacular and 
most at variance with traditional teaching practice. 
Primitive structural formulae using “hook and eye" 
diagrams based on "'valencies" dietated by the octet rule, 
and the attempt to link physical properties of solids with 
bond type are both shown to be fallacious and discarded 
in favour of modern interpretations based on lattice 
stricture and co-ordination number. The use of oxida- 
tion number is recommended in dealing with purely 
algebraic aspects of empirical formulae. The structures 
of the elements and of certain compounds are then 
described, and detailed instructions are given for the 
calculation of radius ratios in close packed structures and 
of densities from crystallographic data. This section ends 
with a survey of the construction and use of various 
types of structural model. 
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A distinctive feature of the Nuffield O-level course 
is the emphasis at all stages of the course on energy 
changes in chemical systems. Part 5 makes the case for 
this integrated treatment, and proceeds to an informal, 
and essentially non-mathematical, account of heat, work, 
free energy and entropy (‘unfree energy"), and ends 
with a section on Born-Haber cycles. There is a fresh- 
ness in the writing of this part of the book that will make 
it specially welcome to the many teachers of chemistry 
who were brought up on a more rigorous, mathematical 
treatment and whose approach to this subject has been 
one of extreme caution not untinged with awe. They will 
find here many fertile ideas that they can transmit to 
their pupils at any stage of school chemistry. 

By contrast, the next section (the first of two in part 6) 
is an unexciting and careless piece of work. The treat- 
ment of reaction rates, collision theory, energy of activa- 
tion, and catalysis follows the lines laid down in several 
modern texts, but tends to be less reliable. Some of the 
calculations are suspeet and one (page 325) includes an 
error of 10%, energy-level diagrams are drawn with a 
graduated scale on the reaction co-ordinate, there is a 
curious and unlikely mechanism for the iodination of 
acetone, and the mechanism quoted for the hydrolysis 
of an ester by hydroxyl ions, described as "catalysis", is 
also improbable. The sixth part is completed by a brief, 
but helpful, seetion on equilibria and tbe phase rule. 
Further short sections are eoncerned with the materials 
of chemical industry, radiochemistry, extra-curricula 
aspects of school chemistry, and the relationship of 
chemistry to other sciences. 

This book serves a useful purpose in collecting together 
a number of topies that have traditionally been taught 
badly or not at all, and should certainly be consulted by 
teachers who are anxious to bring themselves up to date. 

Errors, apart from those already mentioned, are rare; 
they include the statement on page 353 that “An acid 
solution in which H*(aq)- 1g.ion l can be regarded as 
having pH 1", the omission of units from an expression 
for AG (page 269), Cu'* in place of Cu? (page 93) aud, 
unforgivable in a book that aims to set standards of 
nomenclature, “the tetra-amine copper(II)ion" (page 176). 


Nuffield Foundation Laboratory Investigations 

Stage III. Options 1-7 and 9-11, 2s. each; Nos. 12 and 
13, 3s. each. Published for the Nuffield Foundation by 
Longmans/Penguin Books; Longmans Green and Co., 
Ltd. 

Stage IHI of the Nuffield scheme, which comes at the end 
of the five-year course and is intended as the climax to 
it, consists of a range of optional topies, each designed 
to oeeupy the student for approximately half a term in 
& sequence of experiments that he can carry out on his 
own with the help of loose-leaf sheets of instructions, 
Laboratory Investigations, that can be issued separately to 
him. The topies include water, crystals, colloids, metals 
and alloys, electrochemistry, analysis, historical problems, 
acidity-alkalinity and periodicity. They vary widely in 
complexity and degree of sophistication, some being aimed 
at pupils who intend to specialize in chemistry and others 
at those whose limit will be O-level. Thus option 12 
(electron transfer) presents a simple treatment of a topic 
that is worked out in much greater depth in option 5 
(chemical changes and the production of electrical energy), 
and option 6 (an investigation of the structure of a few 
compounds) provides the student with fewer instructions 
and less detailed information than is given in most of the 
other topics. 

In principle, this variety seems desirable, for students 
do vary widely in competence and resourcefulness, but in 
practice it can be confusing, especially in a text that is 
by no means free of errors. In options 4 and 9 reference 
is made to diagrams that do not exist, and in option 9 
another diagram appears out of context. Again, in 
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option 4 a negative sign is omitted from one value of 
AG, a complicated phase diagram is produced with no 
explanation or even a heading (though letters printed on 
the eurves suggest that some description was intended), 
and the last experiment is headed, "Effect of quenching 
temperature on silver steel"—Nwhatever that may mean ! 
Option 12 contains the remarkable equation Cl — 2Cl-?, 
and the author of option 13 ought (if he had read option 
10) to be aware of the confusion that results from de- 
seribing à concentrated solution of ammonia as "strong 
ammonia solution". If the student is to be encouraged 
. to think for himself with a minimum of guidance, he 
must at least be able to rely on the accuracy of the 
instructions that are given to him. 

Nevertheless, there are in these pages plenty of sound 
ideas—and some original ones (notably in options 5 and 
T)—that will be welcome to all teachers of chemistry at 
the school level, and their use need not be confined to 
pupils who have previously studied the earlier stages of 
the Nuffield course. Several of these options would, for 
example, make useful projects for pupils who have the 
opportunity to work in the laboratory out of school hours, 
a purpose for which their loose-leaf form makes them 
particularly suitable. 


Nuffield Foundation Chemistry Background Books 
Dissolving, The Structure of Substances, Chemical 
Engineering, and Catalysis. 2s. 6d. each. Published for 
the Nuffield Foundation by Losgmans/Penguin Books; 
Longmans Green and Co., Ltd. 


The four Background Books (Dissolving, Structure of 
Substances, Chemical Engineering, Catalysis) form part 
of a series that are intended for issue to Nuffield students 
at appropriate stages in the course to stimulate interest 
and to set their laboratory work in a wider context. 

It seems to have been assumed that to make these 
books palatable to their young readers all that was 
necessary was a wealth of illustrations and a prolific use 
of colour. No doubt these things are important, but the 
illustrations ought to be relevant to the text and their 
contribution should be to convey ideas that are suitably 
visual. Many of the illustrations in these books appear to 
have been included for no other purpose than that of 
filling up the page, and some of them are very weird. 
What, for example, would a child who knows nothing of 
Heath Robinson make of the diagrams in "Chemical 
Engineering" ? Moreover, the use of colour, welcome in 
moderation, has run riot here. Whole pages of small 
print have to be read against a dark coloured, and some- 
times patterned, background. Unfortunately, the text does 
not compensate for these defects; the writing is dis- 
eursive and too continuous to appeal to young pupils. If 
the questions at the end were less vague and were inte- 
grated with the text to provoke more thoughtful reading 
of it, these books would undoubtedly stand a better 
chance of achieving their aim. E. J. HARTWELL 


BOTANICAL LITERATURE 


Index to Botanical Monographs 

A Guide to Monographs and Taxonomic Papers relating 
to Phanerogams and Vascular Cryptogams found Growing 
Wild in the British Isles. Compiled by Douglas H. Kent. 
Pp. xi--163. (London: Academic Press, Inc. (London), 
Ltd; New York: Academic Press, Inc., 1967. Published 
for the Botanical Society of the British Isles.) 425.; $7.75. 
Tux literature of taxonomic botany is the largest in the 
whole of biology, and individual taxonomists tend to 
make their own private indexes of certain parts of it in 
view of the unsatisfactory nature and incompleteness of 
most of the available abstracting systems. Mr Kent has 
for many years been responsible for the compilation of a 
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valuable series of abstracts from the literature which are 
published in the Proceedings of the Botanical Society of the 
British Isles and he has put together for this book those 
references to monographs, taxonomic and cytotaxenomic 
papers published since 1800 that he came across during 
his searches through the literature. His book is intended 
mainly for students of the British flora although it will 
be of considerable use to botanists and allied scientists 
throughout Europe and other North Temperate regions. 

After an introduction containing a short but detailed 
list of some of the major works which include monographs, 
such as Engler and Prantl’s Pflanzenfamilien, there follows 
a list of abbreviations of the titles of about four hundred 
periodicals referred to in the main part of the text. These 
abbreviations are not always satisfactory or sensible, 
such as Bot. Arch. for Botanisches Archiv (Berlin) and Hor. 
Archiv. for Botanisches Archiv (Künigsberg) respectively, 
and Fedde. for Feddes in Feddes Repertorium; but, on 
the whole, they are reasonable. A larger list of taxonomic- 
botanical periodicals is given by Brummitt and Ferguson 
in the Index to European Taxonomic Literature for 1966, 
Regnum Vegetabile, vol. 53 (1968), which differs frequently 
in its system of abbreviations, and the recently announced 
Botanico- Periodicum-Huntianum will cover 12,000 period- 
ical titles and will use "internationally acceptable un- 
ambiguous abbreviations". It is encouraging to see 
questions of botanical literature being tackled vigorously 
after so many years of neglect. 

The main part of the book comprises nearly 1,900 
references. The nomenclature is based on that given by 
Dandy, List of British Vascular Plants, brought up to 
date when appropriate. This up-dating can be confusing 
at times, as in the case of Rhynchosinapis, where a refer- 
ence is given to O. E. Schulz in the Pflanzenreich, in 
which work the generic name Brassicella is used. In 
other cases the previous incorrect generic name is given 
in parentheses such as Petrorhagia (Kohlrauschia). — 

The work is certainly a valuable compilation and will 
be widely used by botanists who want an initial orienta- 
tion regarding the literature of a particular genus. It is 
necessarily incomplete, surprisingly so in some instances, 
but there has to be a limit and crities would do well to 
remind themselves that there is no other comparable 
work available, and we should be grateful to Mr Kent for 
providing us with this valuable tool, the need for which 
has often been voiced. The book is clearly and well 
printed, strongly bound, and reasonably priced. 

V. H. Heywoop 


STEREOISOMERISM 


The Stereochemistry of Macromolecules 
Edited by A. D. Ketley. Vol. l. Pp. xii 4-412. 1755. net. 


Vol. 2. Pp. xiii4-383. 170s. (London: Edward Arnold 
(Publishers), Ltd; New York: Marcel Dekker, Ine.. 
1967.) 


ALTHOUGH the occurrence of stereoisomerism in the 
addition polymers had long been reeognized, it was not 
until recently that methods were discovered for the syn- 
thesis of stereoregular molecules.  Sehildneekt in 1948 
deseribed two forms of poly isobutyl vinyl ether, one of 
which was crystalline and recognized as stereoregular in 
structure. Little attention was paid to this discovery 
until Natta showed that the catalysts developed by 
Ziegler for the polymerization of ethylene at room tem- 
peratures and pressures could be used to prepare crystal- 
line polypropylene and other crystalline polyolefines. 
Since 1955 progress in this field —which is important and 
significant both in regard to the fundamental and tech- 
nological study of polymers—has been so rapid and is 
still continuing at such a rate, that even today it is 
difficult to present an entirely satisfactory theory of the 
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eatalytic mechanisms involved. The flood of articles 
relating to possible mechanisms and other theoretical 
aspects has been immense. The volume of this—often 
controversial—literature and the extensive data contained 
in hundreds of patents make a survey of the field very 
difficult. In spite of these problems the increase in 
knowledge in this comparatively new major area of 
research is enormous. In this sense the present three- 
volume work, in whieh an attempt has been made to 
bring together the latest knowledge of stereospecifie poly- 
merization, is very weleome and of considerable value. 

Volume 1 presents a compilation of the latest points of 
view of Ziegler-Natta catalysts of the polymerization of 
olefines and dienes. In volume 2 the emphasis is shifted 
to stereospecific polymerization by catalysts other than 
the Ziegler-Natta type. [Volume 3—to be published 
shortly—deals with the determination of the steric struc- 
ture of polymers and the influence of struetural features 
on physical, mechanical and chemical properties of 
poly mers.] 

In the two volumes being reviewed the emphasis is 
placed on the mechanism of the reaction. The first three 
chapters of volume 1 deal with the nature and properties 
of the catalysts and the mechanism of olefine polymeriza- 
tion. The ideas of Cossee and Arlman are given a special 
plaee in that they present a definitive mechanism which 
may be a fruitful base for the planning of future research. 
The other chapters in this volume describe the copoly- 
merizations of olefines and the polymerization of dienes by 
Ziegler-Natta catalysts. The final chapter summarizes 
the manufacture and commercial applications of stereo- 
regular polymers, with partieular emphasis on polypro- 
pylene. 

The various chapters of volume 2 cover the stereo- 
specific polymerization of: (1) vinyl type monomers by 
alkali-metal based catalysts; (2) vinyl ethers; (3) alde- 
hydes, ketones and ketenes; (4) epoxides; and (5) free 
radicals. Chapter 6 deals with conformational effects 
induced in polymers by rigid matrices such as solid state 
and surface polymerization, canal complexes, etc. The 
final chapter, which summarizes briefly those stereo- 
regular polymers which function as structural materials 
or as reserve food materials in the living cell, namely, 
starch, glycogen, cellulose, glucose and other sugars, and 
rubber, directs the attention of the reader to the huge 
and largely unexplored but extremely important study 
of biological macromolecular systems. 

The volumes provide a very fascinating and excellent 
survey of a very significant area of polymer science and 
can be recommended to all scientists and technologists 
interested in the stereochemistry of macromolecules. 

C. E. H. BAWN 





QUESTION AND ANSWER 


Dialogues on Fundamental Questions of Science and 
Philosophy 
By A. Pfeiffer. Translated from the German by Jutta 
Mendelssohn and Ursula Meadows. (The Commonwealth 
and International Library of Science, Technology, 
Engineering and Liberal Studies.) Pp. xi+ 128. (Oxford, 
London and New York: Pergamon Press, 1967.) 25s. net. 
Tms little book consists of a series of dialogues, largely 
on the seventeenth-eighteenth century pattern, dealing 
with the fundamental issues in science and philosophy. 
There is also a very telling foreword by Dr K. Mendels- 
sohn. The first part is concerned with science and theory 
of eognition, whereas the second deals with the ethical 
problem, nature and culture. In a word, these pages 
record the experience of one born into a world of order 
and stability, who lives to see most of that milieu broken 
and shattered into a soulless materialism, which his 
logie and surroundings compel him to accept. Professor 
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Pfeiffer says that his teachers were Planck and Nernst 
(and who eould possibly have had better?), yet his 
reactions are very different. He became chief scientist 
to a large scientific instrument company——one can guess 
that it was Zeiss or Leitz—and then was absorbed behind 
the iron curtain. Question and answer are obviously 
those of the author before and after the main transitions 
in his life. He comes to the eonclusion—not a very novel 
one—that science and art can be accepted by intelligent 
mankind as substitutes for religion. Yet he cannot 
wholly obliterate his early impressions, which leave a 
hankering for metaphysies and a strong tension between 
biology and ethies; indeed, every indication of & mind 
in torment. 

These “conversations” are worth careful reading; they 
are good-tempered and well to the point. What they lack, 
perhaps only to people whose lives are quite different, is 
any basic sense of humility. There is no place for the 
numinous, no recognition of the “wholly other", as 
another, and possibly greater, German philosopher has 
written, 

Professor Pfeiffer, now at Dresden, has given the West 
something to think about. The city of his adoption was 
at one time indeed the Temple of the Muses. One wonders 
whether it will become so again, and so hospitable, if his 
philosophy takes its icy grip on mankind. 

F. I. G. RAWLINS 


PLANCK'S LIFE AND WORK 


Max Planck als Philosoph 
By Hermann Kretzschmar. Pp. 116. (München und Basel: 
Ernst Reinhardt, 1967.) 11 DM. 


From time to time articles have appeared in various 
places dealing with the life and work of the great theor- 
etical physicist, Max Planck. Good as some of them are, 
they tend to get lost or to become maccessible as time 
goes on. Now we have a very readable and handy bio- 
graphy. Of all men, Planck needs a sympathetic recorder 
who understands genius and ean make it live. The title 
is significant, “Planek as Philosopher”. Roughly, a couple 
of world generations sometimes have little idea beyond 
h=6'55 x 10-7 ergs what it is all about. This book goes 
far to lift the veil. 

We are now a hundred and ten years away from Planck’s 
birth, not a great span in historical time, but a vast 
distance in terms of philosophical physics. Moreover, the 
effect on collateral subjects has been profound. For 
example, it would not be far wrong to claim the master 
of the quantum theory as the greatest physical chemist 
of his generation; yes, greater than Nernst and more 
powerful than Ostwald or Clausius, both of whom did 
much for what is now taken to be chemical physics. 

To accept all this is to realize what the present author 
is striving to proclaim. The essence of Planck’s stature 
was his reluctance. Born into a distinguished legal 
family, graduating summa cum lande", but without too 
much praise, he subsequently revealed a veneration for 
natural law no less profound than that of Leonardo da 
Vinci. And yet how differently it functioned. Planck 
eared little for applied science and mechanical con- 
trivances. He was convinced that one law governed 
nature and mankind’s grasp of it. Law was absolute, 
not statistical. Hence his struggle against discontinuity 
and Boltzmann's position. Time and again he veered away 
from the great edifice of physics which his logic forced 
him to recognize. Here was manifested his inveterate 
reluctance. 

In one important respect Planck acted true to type, in 
that with advancing years he became more and more 
interested in philosophical questions, one aspect of his 
talents with which these pages are most concerned. There 
was a parallelism between thought and nature. He was 
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not attracted by the school of E. Mach nor that of the 
dialectical materialists which is discussed at the end of 
this volume. Indeed, his theological beliefs were an essen- 
tial part of his outlook. Not only did they influence his 
epistemological tenets, but they sustained in him that 
mixture of dignity and poise which were the outward 
signs of a lively faith. Through it he triumphed over his 
personal tragedies and sorrows. 

It is instructive to contemplate Planck as a teacher. 
How different, for example, from Arnold Sommerfeld 
with his brilliant circle at Munich, where Planck had 
been at school. No large following developed at Berlin, 
though the early death of Von Mosengeile robbed science 
of a pupil of outstanding promise. As with some other 
master minds, Planck seemed to have needed “‘co- 
brilliance” if progress with research students was to 
oceur. 

Some of the most interesting material before us is 
contained in a running conversation between Planck 
and his friend Hartmann in 1935. They talked about 
everything on Earth ineluding the preliminaries to atomic 
fission, in which context Hahn's work became known in 
1938. Here indeed was the true philosopher, ready to 
acknowledge that metaphysics may well advance, if 
common cause is made with natural knowledge. 

A moral of all this is plain, especially for academic 
erities and reformers. We evaluate university efficiency, 
productivity and so on at our peril. The sheer achieve- 
ment of one Max Planck makes nonsense of all attempts 
to measure the gift of learning, or to force it into Pro- 
crustean beds made for more ordinary mortals to sleep 
in. F. I. G. RAWLINS 


MAPPING WEATHER 


British Weather in Maps 

Second edition. By James A. Taylor and R. A. Yates. 
Pp. xv +315. (London: Macmillan and Co., Ltd.; New 
York: St Martin’s Press, 1967.) 50s. net. 


Tuts book introduces the reader to the most interesting, 
the most complex, and probably the most expensive 
document issued daily by Her Majesty's Government— 
the daily weather report. It is intended for the student 
rather than for the general reader, and accepts what is 
surely one of the soundest pedagogical principles, that to 
achieve some degree of rapport with numerical material 
the student must be encouraged to manipulate it himself. 
Twenty selected weather situations are presented with 
admirable clarity and & method is illustrated by which 
each complex pieture may be broken down into some of 
its component parts. No really specialized knowledge is 
called for, but patient application is assumed and it is 
surely hoped that both interest and some degree of 
awareness will follow. That this is not, in fact, the way 
our forecasters work is entirely irrelevant. Their job is 
done before the report goes to press. 

For the first 240 pages the page-numbering of the 
second edition is identical with that of the first and the 
situations analysed are unchanged. The two editions can 
therefore be used together in class. Many of the upper- 
air insets have been improved, however, as also have a 
number of the explanatory figures in the text. A new 
chapter on "Classifications of British Weather and 
Climate" has been added, although the impression left 
on me is that the exercise, however desirable, still 
seems to be both exasperating and, at second hand, 
unrewarding. The fun is in the attempt rather than in 
the achievement. 

It is a sad comment on rising costs that the price of 
the present volume is well over twice that of the original 
edition, though that was certainly remarkable value 
for money. P. R. Crowe 
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CORRESPONDENCE 


How Insects Hear 
Srr,—An evolutionary thought on the variety of hearing 
organs in nocturnal insects. 


In days of old and insects bold 
(Before bats were invented), 

No sonar cries disturbed the skies-- 
Moths flew uninstrumented. 


The Eocene brought mammals mean’ 
And bats began to sing: 

Their food they found by ultrasound 
And chased it on the wing?. 


Now deafness was unsafe beeause 
The loud high-pitehed vibration 
Came in advance and gave a chanee 
To beat echolocation’. 


Some found a place on wings of lace 
To make an ear in hastet; 

Some thought it best upon the chest* 
And some below the waist*. 


Then Roeder's key upon the breeze 
Made Sphingids show their paces. 
He found the ear by which they hear 
In palps upon their faces’. 


Of all unlikely places ! 


Yours faithfully. 
J. D. Pye 

Department of Zoology, 

King's College, Strand, WC2. 

! Jepsen, G. L., Science, 154, 1333 (1966). Early Eocene Bat from Wyoming. 

* oami D: R., Listening in the Dark (Yale University Press, New Haven, 

a5). 

3 Roeder, K. D., and Treat, A. E., Amer. Sei., 49, 135 (1961). The Detection 
and Evasion of Bats by Moths. 

‘Miller, L. A., and MacLeod, E. G., Science, 154, 891 (1960). Ultrasonic 
Sensitivity: a Tympanal Receptor in the Green Lace Wing Chrysopa 
carnea. 

5 Roeder, K. D., and Treat, A. E., J. Exp. Zool., 134, 127 (1957). Ultrasonie 
Reception by the Tympanie Organ of Noctuid Moths. 

* Belton, P., Nature, 196, 1188 (1962). Responses to Sound in Pyralid Moths. 


? Roeder, K. D., Treat, A. E., and Vandeberg, J. S., Science, 159, 331 (1968). 
Auditory Sense in Certain Sphingid Moths. 


New Name for the Kilogram 


Sig,—Attention was drawn by C. W. Allen (Nature, 
218, 209; 1968) to the absurdity of having the multiple 
name kilogram for a fundamental unit in the ST system 
of units. After a search through the alphabet, new 
names and symbols for the kilogram were suggested. 
bar(r)am, qur(rjam, abbreviated b or q——for a smoother 
introduction of the SI system. The author pointed to the 
possibility of confusion with other well used unite and 
prefix symbols and, in particular, rejected the symbol k. 

l agree with Allen's objections to the name kilogram., 
However, I do not see a real chance that these new names 
will ever be accepted, since they too completely abandon 
the currently used symbols and names. I therefore suggest 
the alternative that “kilo” should be chosen as the name 
for the unit and k as its abbreviation. Fractions and 
multiples should be formed in the standard way: mk 
(millikilo) for g, uk (microkilo) for mg, and, consequently, 
kk (kilokilo) for a thousand kg. The unit k, used by itself, 
could not cause confusion with the prefix k, as prefixes 
are not used alone. Nor does confusion arise between m 
as a unit and m as a prefix. In mm the first and second 
m have different meanings. Nobody feels embarrassment 
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about this ambiguity. The same could hold for k as a 
multiple prefix and k as a weight unit, notwithstanding 
their identical pronunciation in kk. 

This proposal bears an easier relation to current use of 
weight units than Allen's. An additional merit in the 
chemieal and related fields, both of Allen's and my 
proposals, would be the elimination of the existing 
impractical imbalance between weight units and (allowed) 
volumetric litre-units. Instead of assigning to one ul. 
of water a weight of an mg, one should now call it a uk, 
ml. would eorrespond to mk, l. to k: 


Weight (now) kg g mg ug 
Volume L ml. ul. nl. 
Weight (my proposal) k mk uk nk 


Į fully realize that the SI system has been accepted inter- 
nationally since 1960, but Britain's change to the metric 
system could offer the opportunity to reconsider it. 


Yours faithfully, 


P. J. GROENEN 


Central Institute for Nutrition and Food Research TNO, 
Zeist, The Netherlands. 


The Symbol u 

Srg,—In 1857 an astute young botanist of Holland, 
Willem F. R. Suringar (1832-98), solved a problem of 
microscopy. By inventing the symbol u he established 
the metric unit for microscopical measurement. In his 
Dissertatio botanica inauguralis continens Observationes 
phycologicas in Floram Batavam (1857), he wrote “men- 
suras designavi partibus decimalibus millemetri cujum 
partem millesimam littera y. notavi" and “u millemetri 
pars millesima". Later, in his Algae Japonicae (1870), 
he re-stated his unit of microscopic measure as the micron 
(1 m.m.m.) or lp. Very simple as this seems now, it was a 
brilliant innovation. This Greek letter, as I learn from 
Dr W. T. Stearn, to whom I am indebted for the historical 
verification, had not been used before with scientific 
connotation, though the large Greek M had a numerical 
value of 40 assigned to it in classical times. Previously 
microscopic measurements had been in fractions or deci- 
mals of a line (twelfth of an inch), which varied slightly 
from country to country. Sand-grains, human blood- 
corpuscles, hairs of varying calibre, and so on, had been 
used for comparison. The innovation standardized 
measurement with such elegance that it was gratefully 
and universally received. It has been taught in all schools 
of biology and geology to the present time and it has been 
employed in all books and periodicals dealing with such 
measure. 

It comes as a surprise, therefore, to learn that this 
common, international acceptance of unquestioned priority 
is omitted in leaflets recently issued in advocation of the 
Systéme International d’Unités. Instead, the symbol 
u is used in a different sense as an adjectival abbreviation 
for “micro” meaning a millionth, and the thousandth of a 
millimetre is symbolized as um. Enquiries elicit no 
explanation but reveal a disturbing ignorance. Physicists 
and engineers, it is said, have used u in the sense of 
“micro” for some twenty-five or thirty years, having modi- 
fied apparently the traditional use. Biologists have gener- 
ally little idea whence this came. International biological 
unions seem not to have been consulted. 

It is even more disturbing to read that editors are 
advised to enforce the use of the ugly and superfluous 
um. It is a weakness, and suspicion arises that it is not to 
assist the minds of men but to mechanize their thoughts 
for the convenience of machines. Presumably those of us 
who have taught and used u in the traditional sense all 
our lives are expected to break with a vast heritage of 
eurrently used literature, apologize for our precocity, 
and teach that the micron is unmetrie: yet we may well 
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outnumber the advocates of the micrometre. There is 
not much convention that international science agrees 
upon other than priority, and the truth will out. By itself 
uis the metric micron. We are continually asked to shorten 
our scripts. This was and is an approved way. 

Yours faithfully, 

E. J. H. Corner 

91 Hinton Way, 
Gt. Shelford, Cambridgeshire. 


Announcements 


The following have been elected officers of the American 
Geophysics Union: President, Professor H. E. Lands- 
berg, research professor at the University of Maryland’s 
Institute for Fluid Dynamics and Applied Mathematics; 
Vice-President, H. E. Newell, associate administrator of 
NASA; General Seeretary, C. A. Whitten, chief research 
group of the Coast and Geodetie Survey, ESSA, Rockville, 
Maryland. 


Dr L. J. Morris of the Unilever Research Laboratory, 
Colworth House, Sharnbrook, Bedford, has been awarded 
the Colworth Medal for 1967 in recognition of his work 
on the development of new techniques in the identification 
of fatty acids. 


The International Union against Cancer, with the 
funds provided by the American Cancer Society, is to 
award fellowships for research on cancer. The awards 
will be given to experienced investigators who have shown 
their ability for independent research and who wish to 
broaden their experience by a period of study at a single 
institution in another country. Further information can 
be obtained from the International Union against Cancer, 
PO Box 400, CH-1211, Geneva 2, Switzerland. 


CORRIGENDUM. In the communication "Psycho-aetive 
Drugs, Exploratory Activity and Fear" by R. Kumar 
(Nature, 218, 587; 1968), the sentence beginning on the 
third line of the second column of page 587 should read: 
"Among the drugged animals, only the dexamphetamine 
group was significantly less active than its unshocked 
eontrol (P « 0-01)". 


CoRRIGENDUM. In the article "Upper Miocene Primates 
from Kenya" by L. S. B. Leakey (Nature, 218, 527; 1968) 
reference 7 should read: “Hopwood, A. T., J. Linn. Soc. 
(Zool.), 38, 437 (1933). 


ERRATUM. In the communication “Inducing a Preference 
for Morphine in Rats without Premedication" by R. 
Kumar, H. Steinberg and I. P. Stolerman (Nature, 218, 
564; 1968). the sentences beginning on the fifth line of 
the second column of page 565 should read: “Daily 
choice trials were continued for several weeks and both 
groups regularly drank significantly more than 50 per cent 
of their liquid intake in the form of morphine solution 
(for example, for trials 19-28, (3:77, P«0-01). The 
average dose of morphine drunk on choice days amounted 
to approximately 30 mg/kg”. 


Erratum. In the communication "Dark Reactivation of 
Damage induced by Ultraviolet Light in Mammalian 
Cells in vitro” by Masakatsu Horikawa, Osamu Nikaido 
and Tsutomu Sugahara (Nature, 218, 489: 1968) the 
footnote to Table 1 should read “Ten minute counts; 
background was about 2-5 c.p.m." (not 25 c.p.m.). 


Erratum. In the communication “Uranium in Fallout 
Particles” by T. Matsunami and T. Mamuro (Nature, 218, 
555; 1968), the sentence beginning on the twelfth line of 
the second paragraph should read: “Fig. 1 shows an «-ray 
spectrum of 230 hot particles from the ground from the 
fifth Chinese explosion (December 28, 1966). The back- 
ground, taken to be the «-ray spectrum of a blank speci- 
men prepared by the same procedures, has been sub- 
tracted”. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, May 27 


UxivERSITY OP LONDON (at the Wright-Fleming Institute, St Mary's 
Hospital Medical School, London, W2), at 5 p.m.— Professor H. Harris: 
Genetic Mom in Hybrid Animal Cells" (last of four Almroth Wright 
,ectures). 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.30 p.m.— 
Professor A. F. Huxley, FRS: “The Mechanism of Nerve Conduction” 
(Lecture for Sixth Form Pupils from Schools in London and the Home 
Counties, To be repeated on May 28, 29 and 30.) 


Tuesday, May 28 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Mansion House, 26 Portland 
Place, London, W1), at 5 p.m.—Annual General Meeting. 6 p.m.—Presi- 
dential Address. 


INSTITUTE OF BrOLOGY (with the support of the Eugenics Society, in the 
Lecture Hall, Natural History Museum, Cromwell Road, London, 8W7), at 
5.10 p.m.— Professor J. S. Weiner: “Human Adaptability: Its World-Wide 
Study within the International Biological Programme" (Eighth Darwin 
Lecture in Human Biology). 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, SW1), at 5.30 p.m.-—Informal Discussion on “UNESCO's Activities 
in Engineering for the Benefit of Developing Countries", introduced by 
Mr Kurt Billig. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.80 p.m.— Colloquium on "Some Present Day Protection Problems", 


UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, King's College, 
Strand, London, WC2), at 5.30 p.m.— Professor Sir Francis Knowles, Bt.: 
"Seeretlons of the Brain" (Inaugural Lecture). * 


_ University OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WC1), at 5.45 p.m.—Dr C. F. A. Schaeffer (Paris): "Ras 
Shamra—Ugarit” (further lecture on May 30).* 


Socrmry OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 14 
Belgrave Square, London, SW1), at 6 p.m.—36th Annual General Meeting, 
followed by Mr W. D. Mitchell: "Plastics in Art and Architectural Design". 


Wednesday, May 29 


UNIVERSITY OF LONDON (at the Institute of Urology, 8t Philip's Hospital, 
Sheffield Street, London, WC2), at 5 p.m.—Dr D. W. Hill and Mr A. R. 
Constable: "Isotope Handling". (Fifth of eight lectures on "The Use of 
Isotopes in Urology".)* 


INSTITUTION OF CIVIL ENGINEERS, JOINT ROAD DIVISIONAL BOARD/ 
TRANSPORTATION ENGINEERING GROUP (at 1 Great George Street, Westmins- 
ter, London, SW1) at 5.30 p.m.—Informal Discussion on “The Role of the 
Engineer in Town and Country Planning". 


_ INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMMUNICATIONS 
GROUP (at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street. London. WC1), at 6 p.m.—Mr I. J. P. James, Mr D. J. 
Perkins and Mr D. J. Pyke: ‘The E.M.I. Colour Television Camera’’-— 
“Design Philosophy of the 2001"; Mr E. W. Taylor, Mr D, E. Kent and Mr 
L A. Fairbairn, “Electrical Design of the 2001". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at 8-9 Bedford Square, London, WC1), at 6 p.m.— 
Selentific Papers. 





Thursday, May 30 


Royan SocrgTY (at 6 Carlton House Terrace, London, SW1), at 4.30 p.m. 
—Dr M. F. Perutz, FRS: "Structure and Function of Haemoglobin” 
(Croonian Lecture). 


, POLAROGRAPHIC Soctrry (in the Department of Metallurgy. Royal School 
of Mines, Prince Consort Road, London, 8W7), at 5 p.m.—Seientific Papers. 


University OF LONDON (in the Edward Lewis Theatre, Middlesex Hospital 
Medical School, Cleveland Street, London, W1), at 5 p.m.—Dr R. F. Kimball 
(Tennessee): “The Effect of Repair on Mutation Induction by Radiation and 
by Chemieals",* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2). 
ri 5.80 p.m.—-Annual General Meeting. followed by a programme of technical 
films. 

Universrry OF LONDON (in the Botany Theatre, University College 
London, Gower Street, London, WC1), at 5.30 p.m.-—Professor A. L, Cullen: 
'!Eleetronies and the Quantum"'.* 


Friday, May 31 


BRITISH INSTITUTE OF RADIOLOGY (joint meeting with the Photobiology 
Group, in the Reid-Knox Hall, British Institute of Radiology, 32 Welbeck 
Street, London, WI) at 10 a.m.—Meeting on “Overlapping Effects of 
Ultraviolet and Ionizing Radiations". 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p.m.— Professor G. A. Smart: “The Diferen- 
tial Diagnosis of Thyroid Enlargement".* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

ASSISTANT LECTURER/ LECTURER IN PLANT BIOCHEMIsTRY — The Registrar, 
queen Mary College (University of London), Mile End Road, London, El 
(May 31). 

ASSISTANT LECTURER (with a specialinterestin Pacific Asia, Latin America, 
or the Islamic World) in GrograpHy—The Secretary, University of Exeter, 
Northcote House, The Queen's Drive, Exeter, Devonshire (May 31), 

LECTURER in APPLIED MaTHEMATICS— The Registrar, The University, 
Newcastle upon Tyne NE1 7RU (May 31). 
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LECTURER IN THE SOCIOLOGY OF EDUCATION with particular reference to 
the developing of courses in methods of teaching social studies and social 
sciences in secondary and further education-—The Secretary, University of 
London Institute of Education, Malet Street, London, WC1 (May 31). 

TUTORIAL ASSISTANTS (2) (men or women graduates with interestain human 
geography) in the DEPARTMENT OF GEOG&RAPHY— The Registrar, The Uni- 
versity, Leicester (May 31). | ; 

TUTORIAL FELLOW in PHILOSOPHY, and TUTORIAL FEDLOW in the THEORY 
OF SCIENCE/PHILOSOPHY—-The Secretary of Science, Physica Building. 
University of Sussex, Falmer, Brighton, Sussex, quoting Ref. 440/1 (May 
31). ; 

SENIOR DEMONSTRATOR in EXPERIMENTAL PHYSICS-—The Registrar and 
Secretary, University of Durham, Old Shire Hall, Durham (June 3). . 

LECTURER (with experience in teaching physics) in EDUCATION (Physics) 
— The Registrar, King's College (University of London), Strand, London, 
WC2 (June 4). 

LECTURER IN 
(June 5). 

LECTURER (with a special research interest in one or preferably more of the 
following: experimental cartography (particularly computer mapping; map 
transformations, CRT display); the mathematical basis of computer simu- 
lation of geographical processes; geographical information systems; manj 
machine interface in geographical problem solving) in the DEPARTMENT OF 
GEOGRAPHY— The Registrar (Room 39, O.R.B.), The University, Reading 
(June 5). 

ASSISTANT in the DEPARTMENT OF GEOGRAPHY-—The Secretary, Bedford 
College (University of London), Regent's Park, London NWi (June Th 

ASSISTANT LECTURER or LECTURER (with a special interest in animal 
learning or a related topic and experience of work in an animal laboratory) 
in the DEPARTMENT OP PsycHoLOGY-—The Secretary, University College 
London, Gower Street, London, WC1 (June 7). sts 

COMPUTER MANAGER in the UNIVERSITY COMPUTER UwIT-—The Registrar, 
The Senate House, University of Bristol, Bristol (June 

LECTURER (biochemist) in the DEPARTMENT OF HUMAN Genetics, Western 
General Hospital—The Secretary, University of Edinburgh, Old College, 
South Bridge, Edinburgh (June 7). 

LECTURER or ASSISTANT LECTURER (with an interes: and some research 
experience in economie geography) in GEOGRAPHY-—The Registrar, The 
University, Sheffield (June 7). 

CHAIR OF APPLIED MATHEMATICS— [he Registrar (Room 38, O.R.B.), The 
University, Reading (June 8). : 

DEMONSTRATOR (interested in either cell biology or in microbiology, and 
completing an appropriate honours or postgraduate degree this summer) in 
the DEPARTMENT OF BotaNy—The Registrar, The University, Liverpool, 
quoting Ref. RV/494 (June 8). 

LECTURER (registered medical practitioner) in SOCIAL AND PREVENTIVE 
MEDICINE— The Registrar, The University of Manchester, Manchester, 13, 
quoting Ref. 88/68 (June 8). 

SENIOR LECTURER in UPPER ATMOSPHERIC STUDIES in the DEPARTMENT 
OF ENVIRONMENTAL SCIENCES— [he Secretary, University of Lancaster, 
University House, Bailrigg, Lancaster, quoting Ref. L. 315/A (June 8). i 

LECTURER IN ENGINEERING (CIVIL)—The Registrar, The University of 
Manchester, Manchester, 13, quoting Ref. 85/68 (June 108, 

j CHAIR OF SOCIOLOGY — The Registrar, The University of Warwick, Coventry 
(June 15). 

CHAIR OF MEDICINE at Monash University, Melbourne, Austraiia—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (Australia, June 17). 

DEMONSTRATOR (medically or dentally qualified candidate) IN ANATOMY 
—The Registrar, The Senate House, University of Bristol, Bristol (June 17). 

SENIOR LECTURER or LECTURER IN PHILOSOPHY at the University of 
Canterbury, Christchurch, New Zealand— The Association of Commonwealth 
Dt (Branch Office), Marlborough House, Pall Mall, London, Swi 

une 17). 

LECTURER (with a good honours degree and preferably a higher degree) in 
the DEPARTMENT OF PHARMACY, University of Ife, Nigerin--The inter- 
University Council, 33 Bedford Place, London, WC1 (June 26). 

LECTURER Or ASSISTANT LECTURER (with a good honours degree and at 
least two years industrial or research experience, bu: recently graduated 
West Indians will also be considered) in the DEPARTMENT OF ELECTRICAL 
ENGINEERING, University of the West Indies, Trinidad— The Inter-University 
Council, 33 Bedford Place, London, WC1 (June 27). 

PROFESSORIAL FELLOW IN MICROBIOLOGY in the DERARTMENT OP MICRO- 
BIOLOGY, John Curtin School of Medical Research, Institute of Advanced 
Studies, Australian National University— The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pal! Mall, London, 8W1 
(Australia and London, June 28). 

ASSISTANT KEEPER (with some training and an interest in general geology 
and mineralogy) IN GEOLOGY; and an ASSISTANT KEEPER (with à degree or 
qualification or experience in ethnology} in ETHROLOCY in the Manchester 
Museum— The Registrar, The University of Manchester, Manchester, 13, 
quoting Ref, 87/68 (June 29). 

LECTURER IN SOCIOLOGY at the AUSTRALIAN NATIONAL UNIVBRSITY-—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (Australia and London, July 15). 

SENIOR RESEARCH FELLOWS and RESEARCH FELLOWS in the fleld of geo- 
physics ín the DEPARTMENT OF GEOPHYSICS AND GEOCHEMISTRY, Institute of 
Advanced Studies, Australian National University— The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (Australia and London, August 1), 

POSTDOCTORAL FELLOW (graduate in chemistry or biochemistry and 
preferably with a special interest in purine chemistry) in the DHPABRTMENT 
OF BOTANY to carry out studies to isolate and identify the endogenous cyto- 
kinins in the potato plant—The Registrar, University College of Wales, 
Aberystwyth. 

READER IN MATHEMATICS (May 31); 
(May 31); READER IN STATISTICS (May 31); SENIOR LROTURER or LECTURER 
IN CHEMICAL ENGINEERING (May 31); LECTURER IN MATHEMATICS (June 
26); and SENIOR TUTOR IN MaTHEMATICS (June 10) at the University of 
Adelaide— The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (closing date for applications as 
stated in parentheses after each post). 

SENIOR LECTURERS (with good academic qualifications and relevant 
experience in any appropriate braneh of mathematies, computer science, 
statistics. operational research or systems analysis) in the DEPARTMENT OF 
MATHEMATICS, COMPUTING and STATISTICS, for work io degree level— The 
Registrar, Leicester Regional College of Technology. P.O. Box 143, 

icester, 






PHnosopruv—The Principal, St Hilda's College, Oxford 








SENIOR LECTURER IN PATHOLOGY 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 
on Age. Pp, 36. (Londen: Office of Health Economics, 1968.) 
28, 25 


-— a zo 

University of London. University College Annual Report, 1966-1967. 
Pp. 123. (London: University College, 1968.) 253 
Department of Education and Science. Science Policy Studies 2: Occu- 
pational Choice—a Review of the Literature with special reference to Science 
und Technology, By J. R. Butler. Pp. v--25. (London: H.M. Stationery 
Office, 19068.) 3s. 6d. net. [253 

Ministry of Technology and Fire Offices' Committee Joint Fire Research 
Organization. Fire Research Technical Paper No, 21: Explosibility Tests 
for Industrial Dusts. By Monica M. Raftery. Pp. vi- 13. 6s. net. Sym- 
posium No. 2: Behaviour of Structural Steel in Fire— Proceedings of the 
Symposium held at the Fire Research Station, Boreham Wood, Herts, on 
24th January, 1967. Pp. v--135. 60s. net. (London: H.M. Stationery 
Office, 1968.) [253 

Bulletin of the British Museum (Natural History). Geology. Vol. 15, 
No. 5: Colonial Phillipsastraeidae from the Devonian of South-East Devon, 
England. By C. T. Serutton. Pp. 181-281 +18 plates. (London: British 


Museum (Natural History), 1968.) 80s, [263 
_ Cotton Research Corporation, AnnualReportfori967. Pp.25. (London: 
Cotton Research Corporation, 1968.) [273 


Institute of Geological Sciences. Geological Survey of Great Britain. 
The Geology of the Church Stretton Area (Explanation of 1 : 25,000 Geo- 
logical Sheet 8049.) By J. E. Wright. Pp. vi--89. 4s. net. Geological 
Sheet SO49, Church Stretton. 10s. 6d. net. (London: H.M. Stationery 
Office, 1968.) [283 

The Carnegie Trust for the Universities of Scotland, Sixty-sixth Annual 
Report, 1966-07. Pp. 53. (Edinburgh: The Carnegie Trust for the Uni- 
versities of Scotland, 1908.) [283 

BBC Engineering Monograph No. 72: Colour Sensitometric Parameters in 
Colour Film Telerecording. By C. B. B. Wood, E. W. Taylor and G. D. 
Judd, Pp. 15. (London: BBC, 1968.) 5s. [283 

Philosophical Transactions of the Royal Society of London. Series B, 
Biological Sciences. No. 788, Vol. 253 (28 March 1968): Further Studies on 
the Rectal Complex of the Mealworm Tenebrio molitor, L. (Coleoptera, Tene- 
brionodae), By A. V. Grimstone, Ann M. Mullinger and J. A. Ramsay. 
Mp. ERE * plates 18-32. (London: The Royal Society, 1908.) d 
Education and Science in 1967: Being a Report of the Department of 
Education and Science. Pp. 161. (Cmnd.3564). (London: H.M. Stationery 
Office, 1968.) 13s. net. 293 

Field Studies Council. Annual Report, 1966-67. 
(London: Field Studies Council, 1968.) 

BBC Lunch-time Lectures Sixth Series—5: Satellites—Present Use and 
Future Ideas in Broadcasting. By D. B. Weigall. Pp. 18. (London: BBC, 
1968.) [293 

Department of Education and Science. Statistics of Education 1966, 
Vol. 8: Further Education, Pp, xiii+70. (London: H.M. Stationery 
Office, 1968.) 17s. 6d. net. [293 

Gardens to Visit 1968. Pp. 48. (Dorking: Gardeners’ Sunday Organ- 
ization, White Witches, Claygate Road, 1968.) 1s. 4d. (including 
postage). [14 


Pp. 39 +8 photographs 
[293 


[14 

White Fish Authority. Speed, Hold Capacity and other Design Para- 
misters of Freezer Trawlers. Pp. 12. (London: White Fish Soon 
1 .) 14 

Royal Institute of Chemistry and the Royal Society. The British Com- 
mittee on Chemical Education. Teacher Training of Chemistry Gradustes— 
an Enquiry. Pp. 45. (London: The Royal Institute of Chemistry, 1968.) 
38. 6d. 


[14 

Silbury Hill. By Richard Atkinson. (Background information on the 
Silbury Dig, as televised live and in colour on BBC-2. Pp. 12. (London: 
British Broadcasting Corporation, 1968.) 2s. [14 
Science at Keele. Pp. 12, (Keele: The University, 1968.) {14 


Tate and Lyle, Ltd. Research Centre. Annual Report's968. Pp. xx + 359. 
(Keston, Kent: Tate and Lyle, Ltd., 1968.) [14 
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International Atomic Energy Agency. Bibliographical Series, No. 27: 
Photonuclear Reactions, Vol. 2 (1963-1906). Pp. 302. 168 schilings; 46s.: 
$6.50. Safety Series, No. 24: Basic Factors for the Treatment and Disposal 
of Radioactive Wastes. Pp, 41. 26 schillings; 7s. 2d,; $1. Technical 
Reports Series No. 77: AEA Laboratory Activities—Fourth Report. 
Pp. 148. 26 schillings; 7s. 2d.; $1. Technical Reports Series No. 78: 
Operation and Control of Ion-Exchange Processes for Treatment of Radio- 
active Wastes. Pp. 147. 78 schillings; 21s. 9d.; $3, Microbiological 
Problems in Food Preservation by Irradiation. (Report of a Panel organized 
by the Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture, 
Vienna, 27 June-—1 July 1966.) Pp. 148, 78 schillings; 21s, 2d,; $3. 
(Vienna: International Atomic Energy Agency; London: H.M. Stationery 
Office, 1967.) [223 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada. Memoir 349: Reconnaissance Geology of Shelburne Map-Area, 
Queens, Shelburne, and Yarmough Counties. By F. C. Taylor. Pp. 83 
(11 plates). $2.25. Memoir 352: Geology of Glenlyon Map-Area, Yukon 
Territory. By R. B. Campbell. Pp. 92 (7 plates) $2.75. Paper 66-6: 
Groundwater Resources of Steinbach Area, Manitoba (Townships 1 to 12, 
Ranges 6 to 11, East of Principal Meridian). By J. E. Charron. Pp. v +34. 
$1.50. Paper 66-22: Mississippian Subsurface Geology in the Pembina 
Area, Alberta. By H. L. Martin. Pp. v+14. $3.50. Paper 66-33: Prince 
Rupert and Skeena Map-Area, British Columbia. By W. W. Hutchison. 
Pp. ¥+27. $1.50. (Ottawa: Queen's Printer, 1967.) [223 

Institutt for Atomenergi, Kjeller. Kjeller Report 193: Cross-Sections 
of Some (n, p) and (n, x) Reactions Induced by Reactor Fast Neutrons. By 
E. Steinnes. Pp. 9. Kjeller Report 124: Comparison of 928 Measured by 
the Coincidence Method and by the Chemical Separation Method. By Toralf 
B. Skaali. Pp. 24, (Kjeller. Norway: Institutt for Atomenergi, Kjeller 
Research Establishment, 1967.) [223 

Radiation Research Reviews, Vol. 1, No. 1 (March 1968), Published 
quarterly. Edited by G. O. Phillips and R. B. Cundall. Pp. 1-107. Sub- 
scription price per volume 209s, 6d.; $25; 90 D.fl, plus postage. (Amster- 
dam: Elsevier Publishing Company, 1968.) [253 

Norges Teknisk-Naturvitenskapelige Forskningsrad. (Royal Norwegian 
Council for Scientific and Industrial Research.) Arsberetning for Budsjettaret. 
1/1 1966-31/12 1966. Pp. xxxv--194, (Oslo: Norges Teknisk-Naturviten- 
kapelige Forskningsrad, 1967.) [253 
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APPOINTMENTS VACANT 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOLOGY 


. Applications: are invited for the following posts 
in Geology, tenable from October 1, 1968: 


l. Temporary Assistant Lecturer or Lecturer in 
Mineralogy and Petrology for one year. 

2. Temporary Assistant Lecturer or Lecturer in 
Engineering Geology for one year. 

3. Research Demonstrator in Geology for one 
year in the first instance. 

Salary scales: Assistant Lecturer, £1,105 to 
£1,340 per annum. Lecturer, £1.470 up to à 
maximum of £2,010 per annum; Research 
Demonstrator, £920 by £25 to £970, together with 
F.S.S.U. benefits. 

Purther particulars quoting reference No. B.6, 
may be obtained from the Registrar, University 
College of Swansea, Singleton Park, Swansea, by 
whom applications (six copies) should be re- 
ceived by Monday, June 10, 1968. (1909) 





PHARMACOLOGY 


Parke Davis & Company have vacancies 
for honours GRADUATES of British Uni- 
versities and TECHNICAL ASSISTANTS 
with a minimum of '" A " level Biology or 
experience in Pharmacological Departments. 


We offer competitive salaries and our 
conditions of employment are comparable 
with those operating in industry generally. 


Please write, giving details of education, 
qualifications and career to date to: 


Personne] Manager, 
PARKE. DAVIS & COMPANY, 
Staines Road, 
Hounslow, Middlesex. — (2052) 


UNIVERSITY OF LIVERPOOL 


MARINE BIOLOGICAL STATION 
PORT ERIN, ISLE OF MAN 


Applications are invited for a research 
assistantship or Ph.D. studentship, tenable 
for three years from October I, 1968, to 
study the effect of marine pollutants on the 
growth of the early stages of species of 
Laminaria and on assimilation in their 


mature fronds. Candidates should have a 
good honours B.Sc. in botany and prefer- 
ably be able to dive or be willing to learn. 
A rescarch assistant would receive a salary 
of £800 by £50 to £900 per annum and a 
Ph.D. student a net salary of £500 per 
annum. 


Applications, stating age and qualifica- 
tions, together with the names of two 
referees, should be received not later than 
July 8, 1968, by the Registrar. Please 
quote Ref.: RV/503/N. (1974) 
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Veterinary Surgeon 


Experimental Animal Unit 


He will take charge of this unit for animals used for the 
manufacture, testing and development of vaccines. His duties 
will cover all aspects of the establishment, care and mainten- 
ance of the animals (primates and small laboratory reared 
animals). Control tests and experimental work are involved. 
Experience with primates would be an advantage but training 
will be given. Ref.: U.376. 


Microbiologist— 
Immunologist 


An opportunity has arisen for a suitably qualified graduate 


Aerobic bacteria 


to work on immunity to aerobic bacteria. The work is mainly 
directed towards organisms of veterinary importance. A 
veterinary qualification would therefore be an advantage. 
There are first-class facilities for research in this field and 
prospects for promotion. Ref.: U.2. 


Both appointments will initially be based in the South—at 
Sefton Park, Buckinghamshire (Animal Unit) and Greenford, 
Middlesex (Aerobic Laboratory) respectively. But candidates 
must be prepared eventually to move to Speke near Liverpool. 


The company offers bonus and pension schemes and provides 
generous removal assistance where applicable. 


Please write, quoting the appropriate reference number and 
giving brief details, to the Personnel Manager, 


EVANS 


MepicAL 


EVANS MEDICAL LIMITED 
SPEKE, LIVERPOOL 


A Glaxo Group Company 









VACANCIES : DEPARTMENT OF RESEARCH AND SPECIALIST SERVICES 


PROFESSIONAL OFFICERS 


Applications are invited for the following vazancies for professional officers in the Depari- 
ment of Research and Specialist Services : 

PLANT PATHOLOGIST—Piant Protection Branch , 
The successful applicant will be required :o undertake research into specific plant disease 
problems and will also be required 1o carry out a certain amount of advisory work in 
general plant pathology. X A 

The applicants should possess a degree in agricuhure or an honours degree ín scíence and 
have specialised in piant pathology. 

ENTOMOLOGIST-—Piant Protection Branch 

The successful applicant will join a team of entomologists investigating the biology and 
control of cotton pests at the Gatooma Research Station in the midlands area of Rhodesia. 
Applicants should possess a good degree in natural science or agriculture, Post-graduate 
experience in entomological research is essential. 

BIOMETRICIAN—Biometrics Branch . 

The post is suitable for an individual interested in the practical problems of agricultural 
research. The successful applicant will be required co advise on the planning of experiments 
and surveys, to provide assistance in evaluating results from a wide spectrum of projects 
dealing with crops and animals. The Branch has access to a computer and within the 
range of work encountered the Biometrician will find opportunity to pursue his own research 
interest. 

Applicants should preferably possess an honours degree in mathematics with mathematical 
statistics, or have majored in biometry. Holders of other scientific and agricultural degrees 
who have had experience in biometry will be considered. 

SALARY : Salaries are in the grade £1.248 to £3,144 with suitability barriers at £2,376, 
£2,760 and £2,952. Promotion is on merit. Commencing salaries are assessed according 
to basic qualifications, i.e., £1,392 for a four year degree. £1,560 for a Masters’ Degree, and 
£1,728 for a Doctorate, whilst additional increments may be granted for up to ten years’ 
relevant experience, Good pensions are granted on retirement. Vacation leave, holiday 
grants and medical aid benefits are generous. , : 
Inquiries should be addressed to the. Director, Department of Research and Specialist 
Services, P.O. Box 8108, Causeway, Salisbury. from whom further details and application 
forms are available. 

The closing date for applications is July 31, 1968. (2080) 











Volume 218 
JUNE 1, 1968 


NATURE 


All Change at the Museum 


Sm Jous WoLFENDEN as chairman of the University 
Grants Committee may not have agreed with the 
Government’s policy of making the committee more a 
government department than an autonomous advisory 
body, but he bent to the civil service wind and neither 
made public the advice he gave nor commented on the 
Government’s decisions. How will he fare in the face 
of the storm that is surely brewing between the trustees 
of the British Museum, now led more vociferously 
than ever by the new ehairman Lord Eccles, and the 
British Government, which Mr Gordon Walker seemed 
to have committed, last year, to finding an alternative 
site to Bloomsbury for a new British Museum library ? 

Things seem to have been going Lord Eccles’s way 
lately. He seems confident that the Dainton Com- 
mittee on the future of librarians will recognize what 
he calls the overwhelming evidence for the Bloomsbury 
site. The departure of Mr Gordon Walker must be 
more gratifying to the trustees than to almost anybody 
else; it must almost seem something of a victory. 
And now he and the trustees have managed to persuade 
Sir John to spend his last five years in publie office as 
director of the museum. Sir John, who freely admits 
that he has no experience of museums, does know his 
way about Whitehall and the universities, and that 
should provide a double bonus for the trustees. He 
may well help them get more money, but he is unlikely 
to challenge their views or have any fixed opinions on 
the future of the museum. Indeed, with Lord Eccles 
behaving a little like director as well as chairman of 
the trustees, and with Miss M. Webb, who now runs 
the National Reference Library of Science and Inven- 
tion, appointed as assistant director, presumably to 
oversee the library, it is to be hoped that there will 
be some decisions left for Sir John to make. 

But if his function is to look after external relations 
at the museum, everybody may be pleased—even, 
perhaps, the Government. Sir John is an outsider to 
the museum service, and in the event of a real show- 
down with the trustees over the site for the new library, 
he may well be less outspokenly an awkward customer 
then. Sir Frank Francis, the retiring director, and 
an old museum man, has done nothing to hide his 
dislike of Mr Gordon Walker’s decision. In the 
circumstances, it is predictable that the Museums 
Association has taken umbrage that a professional 
was not appointed, but its argument is not worth much. 
For one thing Sir John will be dependent on his col- 
leagues for advice. In any case, professional museum 
curators had their chance, and according to Lord 
Eccles no one of sufficient calibre applied. But it is 
also plain that if the long-term interests of the museum 
and— more particularly—its users are to be safeguarded 


in the years ahead, the skills of curators will not be 
nearly sufficient. 

Although Sir John Wolfenden may cften find him- 
self the prisoner of events at the museum, the same need 
not be true of his successor at the University Grants 
Committee. Much will depend on the conception of 
the commission’s role which the Department of 
Education and Science wishes to perpetuate. Sir 
John Wolfenden may have been unlucky to have 
superintended over the commission during the period 
in which its independence was eroded by the pressure 
of the sheer scale on which universities are now financed. 
It may now be too late to return to that old liberal 
notion that the UGC could act as a cushion between 
the Government and the universities, taking public 
money and then sharing it out among the universities 
as it deemed best. Not merely is the scale of the opera- 
tion now so large that a chaste convention like this 
must prove unworkable, but there are also difficulties 
in making sure that a thoroughly autonomous univer- 
sity system can be properly articulated with other 
parts of the educational system. In the process of 
transforming the UGC into a kind of extra-mural 
branch of the Department of Education and Science 
—for the best of reasons—the authorities have taken 
away one of the great virtues of the system as it used 
to be. The UGC is no longer able to speak up for the 
universities with a clear voice when it seems as if 
some issue of principle is threatened. The result is 
that the interaction between the universities and the 
Government has become dangerously one-sided. 

This is the consideration which should weigh most 
heavily with the Minister of Education in his search 
for a successor to Sir John Wolfenden. How is it 
possible to keep a proper eye on the way in which the 
universities ask for money, and then spend it, without 
reducing them to the status of mute pensioners of the 
public purse? There is at least a case for asking 
whether the best solution is not the one that is bound 
to seem the most radical of all—the abolition of the 
UGC as an independent entity. The advantage is that 
people would at least know where they stand. In 
particular, it would then be much easier for the Com- 
mittee of Vice-Chancellors to set itself up as an inde- 
pendent commentator on government poliey on higher 
education. In the process, of course, it would find 
itself being transformed into the instrument for 
formulating the demands of the universities for financial 
support—and it would probably find itself less depen- 
dent on rules of thumb than the UGC has been in 
recent years, In the long run, it could become a much 
more aeceptable instrument of rationalization within 
the universities than ever the UGC could be. 
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Irish Science Policy 


Tue Irish Civil Service Commissioners have recently 
been advertising for scientists to take the post of 
secretary-general of the new National Science Council, 
set up at the end of 1967. The science council itself 
sprang from recommendations made in a report called 
Science and Irish Economic Development, prepared by a 
survey team appointed by the Minister for Industry 
and Commerce in 1963 (Stationery Office, Dublin, 
7s. 6d.). The survey team seems to have been at a loss 
to decide who should receive the report and put its 
recommendations into action, and therefore decided to 
make the formation of the National Science Council the 
principal recommendation of its report. The council 
is to be concerned with natural Sciences, engineering, 
architecture, agricultural and veterinary sciences, and 
health and social sciences. This is a very wide-ranging 
brief, and the survey team was led to recommend it 
after examination of the systems which operate in 
Israel, Norway, Netherlands and Spain. The schemes 
which operate in larger countries, the report remarks 
tartly, are extremely complicated and often unsatis- 
faetory. "They have evolved in such a piecemeal and 
ad hoc fashion as to be almost useless except as 
examples of what to avoid in a small country." 

The task of the council will be to provide advice to 
the Irish Government through the Minister for Finance, 
to whom it will directly report. It seems that the 
council will not be dispensing funds of its own, but 
simply advising the Government on the best distribu- 
tion of funds between the competing interests, In 
addition to the central council, which is to be chaired 
by Professor C. O. hEocha, professor of biochemistry 
at the University College of Galway, the National 
Science Council will be able to set up divisional councils 
devoted to particular fields of activity. These divisional 
councils would generally include representatives from 
all the interests involved, but the central council 
would not be a representative body. 

Although the remit of the council is wide, the actual 
budget for science in Ireland is of course small. In 
1963 the total spent on research and development was 
only £3-83 million, including a contribution of £1-2 
million from industry, which barely qualifies as true 
research expenditure. The survey team said that this 
figure was very low by comparison with countries such 
as Norway, which spent £14-6 million in the same year, 
for à population only 25 per cent larger than that of 
Ireland. As befits an economy still based firmly on 
agriculture, very nearly half the research expenditure 
goes on agricultural research, and another 39 per cent 
is spent on industrial research. The agricultural 
research body, An Foras Taluntais, is the biggest 
spender. But as Ireland is now working hard to 
encourage industry by means of generous tax conces- 
sions, one of the first responsibilities of the science 
council may be to tell the Government that not enough 
is being spent. The new secretary-general, when he is 
appointed, may find that the immediate need is not to 
decide on priorities, but to drum up support. 


200,000 Ton-up Boys 

WHERE will the oil companies discharge their giant 
tankers? Memories of the Torrey Canyon are still 
far too fresh for anyone, and least of all an oil com- 
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pany, to be surprised by the reaetion which greeted 
Shell's announcement last week that it intends partially 
to unload its 200,000 ton tankers at sea, some five 
miles off the coast. The company did nothing to 
inspire confidence by saying that because the opera- 
tions will take place outside the territorial limit, the 
company was not strictly obliged to ask anyone’s 
permission. It was also tactless to say that if oil is 
spilt it would probably drift into the Atlantic rather 
than ashore. But Sheil, of course, has found itself in 
a difficult position. It won hands down the scramble 
for 200,000 and 300,000 ton tankers among the big 
seven oil companies, who relish calling themselves the 
seven deadly sisters. (And after Torrey Canyon who 
can quarrel with that?) Of the seven 200,000 ton 
tankers now afloat, Shell owns four and has a fifth 
on charter. It plans to get as many as ten or eleven 
more into service in the next year, and by the mid. 
1970s expects to own a fleet of twenty-two and to 
have seven more on charter. 

Being first in the field, Shell claims to have bought its 
tankers more cheaply than its competitors. When 
the orders were placed, the shipbuilders were looking 
for work, but as orders rolled in, prices went up. The 
only snag in Shell's plans is that the size of the ships 
is not yet matched by that of any of the ports now 
available in Britain for ships drawing 63 feet of water. 
So Shell has either to run the tankers 30,000 tons light 
and, drawing 54 feet, enter one of its European term- 
inals at Rotterdam, Goteburg, Le Havre or Marseilles 
or partially unload at sea. The first option could cost 
up to £150,000 a run, so Shell has chosen the second. 
As plans stand, a 70,000 ton tanker will tie up to the 
200,000 tonner moving at 3 knots up the English 
channel. The vessel will anchor and, it is said, with 
the maximum of precautions 30,000 tons of oil will be 
pumped into the smaller vessel so the big tanker can 
sail to a port on the mainland of Europe. Shell claims 
that the operation will not be attempted in bad weather 
— defined as a force 5 or stronger wind or in six feet 
or higher waves; simulations made last winter have 
apparently suggested that it is more economie to have 
a fully laden tanker occasionally at anchor for two or 
three days waiting for good weather than to run the 
ships 30,000 tons light. Although all this is only a 
temporary measure. Shell can certainly expect very 
close serutiny of its operations. 

But Shell's problems are after all about to become 
those of the whole industry. What do the other 
companies—Gulf, BP, Esso, Mobil, Texaco and 
California Oil—intend to do ? They all no doubt hope 
that by the time most of their ships are in service, the 
ports will be ready. Only Esso, which has one 190,000 
and one 170,000 tonner in service, faces the problem 
now and these ships should be able to get into Milford 
Haven as it is. Esso’s refinery at Fawley will be 
supplied either by smaller tankers or by the big ones 
after they have partially discharged at Milford Haven. 
Mobil. without facilities at Milford Haven, also intends 
to use a two port discharge system; ships will partially 
discharge at Le Havre or Rotterdam and then sail to 
Coryton on the Thames. Texaco with facilities at 
Milford Haven should have no problems when it 
receives its six 200,000 tonners that are on the stocks, 
California Oil, which has a refinery near Rotterdam, 
has only just started operations in Britain and has no 
fixed plans as yet. 
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Dawlish Warren 


from a Correspondent 


Dawrrsu WARREN at the mouth of the River Exe in 
South Devon is one of several places on the coast of 
Britain which is being seriously eroded. The Warren 
is a structure which extends from the western shore 
and runs eastwards across the mouth of the Exe, and 
it consists of two ridges of low sand hills, known as 
the Inner and Outer Warrens which are separated by a 
dry low-lying area called the Greenland Lake. Periodi- 
cally, however, the line of the Outer or seaward Warren 
is broken, such occasions occurring when a high spring 
tide coincides with a south-easterly gale. Since 1787 
much of the Outer Warren has been removed by erosion. 
A considerable area formerly covered by the Outer 
Warren is still, however, represented by a great 
expanse of sandbanks which extend for some 300 m 
(1,000 ft.) to the seaward of the present-day high-water 
level. These sandbanks link to the east with an even 
more extensive bank known as the Pole Sand. Simi- 
larly, on the landward side of the Warren the course of 
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The extent of Dawlish Warren and the area of New Red Sand- 
stone breccia and Late Pleistocene gravels above the level of 
low water of medium spring tides. 


the River Exe is restricted by banks of mud, sand and 
gravel, the largest of which is the Great Bull Hill. There 
have been several theories as to the sedimentary history 
of the Warren. E. M. Durrance of the Department 
of Geology, University of Exeter, has done some detailed 
seismie studies on the thickness of recent sediments 
infilling the buried channel of the Exe on both the 
Warren and the intertidal banks. The results of the 
survey indicate that Dawlish Warren is a far more 
complex structure than has previously been thought, 
and they provide clues both to its origin and to its 
future history. A platform of New Red Sandstone 
breccia slopes from its outcrop at low-water level in 
the south-west to a depth of —23 m (—75 ft) in the 
north-east, and is deeply cut down to —45 m (— 150 ft) 
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by a number of channels running north-west to south- 
east across it. These channels have been later infilled 
with Late Pleistocene (Middle Weichselian) gravels 
and re-channelled to depths about —30 m (— 100 ft). 
The surface of the subsequent composite New Red 
Sandstone breccia and Late Pleistocene gravel was then 
inundated by the Flandrian transgression and was 
submerged to various depths. In the west, near 
Langstone Rock, and in the east, in an area extending 
from Warren Point to Exmouth, this surface is at a 
level above low water of ordinary spring tides and it 
appears to have acted as a trap for a coarse pebble 
layer soon after its submerging. On rising above high- 
water level, possibly as a result of deposition during 
periods of high flood water, this pebble layer appears in 
turn to have acted as a trap for wind-blown sand. 
Durrance thinks, therefore, that the growth of the 
Warren began from these two nuclei simply by the 
accretion of pebbles and wind-blown sand, with possibly 
very little net lateral movement of sediment taking 
lace. 
E Between the two high level areas of Langstone Rock 
and Warren Point, the intervening New Red Sandstone 
-Late Pleistocene surface is at a depth, exclusive of 
channels, of —14 m (—45 ft). During historical times 
this area seems to have been occupied by the main 
channel of the River Exe. Exmouth fort, dated 1646 
and marked by the Ordnance Survey as being situated 
on the south-west shore of Warren Point, would have 
been in an ideal position for the command of a channel 
opening to the west of the present mouth of the Exe. 
The present course of the Exe between Warren Point 
and Exmouth occupied a channel cut through the New 
Red Sandstone-Late Pleistocene surface, both divisions 
outeropping above low-water level of ordinary spring 
tides in the Pole Sand and Checkstone Ledge, and 
covered by only a thin veneer of dry wind-blown sand 
on the Exmouth shore. This suggests to Dr Durrance 
that the present channel, with an average depth of 
only 4 m (12 ft) at low water of ordinary spring tides, 
occupies an unstable position and of very recent origin. 
This agrees with R. Polwhele's observation in 1797 
(The History of Devonshire). 


Well-bred Animals 


Tue Laboratory Animals Centre at Carshalton, Surrey, 
has as healthy a set of animals as anybody could hope 
to find. The centre has a record to be proud of; not 
only does it have the largest collection of inbred strains 
in the world, but it was also the first centre of its kind 
to be established. 

The twenty or so species of animals at present held 
in the eentre include rats, mice, cats, Libyan gerbils, 
Chinese hamsters, sheep and goats. These are invaluable 
in experiments conducted both in Great Britain and 
abroad (Nature, 218, 519). Within the foreseeable 
future it is expected that reptiles, amphibia and fish 
will be added to the list as their experimental use 
grows. 

The concept of having to use stray animals in experi- 
ments is now just about as obsolete as the earlier 
practice of stealing cadavers from graveyards for 
anatomical investigations. As Mr J. Bleby, director 
of the centre, pointed out, it is mainly the hospitals 
and universities that continue to use stray animals for 
their experiments, claiming that they cannot afford 
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to buy animals from the centre, which charges £15 for 
a cat, In the long run, however, Mr Bleby maintains 
that carefully bred, often vaccinated and genetically 
defined animals obtained from the centre are more 
economical as fewer need to be used. 

About 90 per cent of all animals used in experiments 
in Britain come from commercial breeders who are 
under the direct control of the Medical Research 
Council. This accredited breeders scheme was started 
by the Laboratory Animals Centre in 1950 to boost 
large-scale production of the animals, and is voluntary. 
But the demand for specialized strains of animals has 
become so great that the breeders alone cannot cope 
and the centre now maintains a number of strains from 
which breeding nuclei are supplied. Together with the 
specific pathogen free (SPF) and germ-free animals, 
these breeding nuclei have become a major feature of 
the centre. 

SPF animals are, as the name suggests, without 
disease, but they still have a normal gut flora. Germ- 
free animals, on the other hand, are completely without 
bacteria and the technical difficulties in rearing these 
animals are considerable. For this reason, the rearing 
of small germ-free animals at Carshalton is still at the 
pilot stage under the direction of Dr D. K. Blackmore. 
These animals will be used to restock the SPF unit 
should any mishap occur there, such as infection of 
the animals. They can also be used, however, in 
specific studies such as determining the synergistic 
effect of certain bacteria or, as Dr H. B. Stoner at the 
centre suggested, to find out why some food additives 
become toxie in the human body; this could either 
be a result of the action of the gut flora, or part of the 
normal human metabolism. 

Germ-free swine and cattle are also being reared at 
the Royal Veterinary College, London, with consider- 
able success. Here they are being used by Dr P. C. 
Trexler and his colleagues to study respiratory diseases; 
for the production of monospecific antisera against 
viruses; and for investigating the role of the normal 
bacteria in the economy of the animal. Even more 
striking is the news that a human child was born in 
December under germ-free conditions. The reason 
for this strange delivery was given by Mrs M. Tuffrey 
at the Institute of Child Health and is that the child had 
a one in four chance of being born with a specific defect 
of the immunological mechanism; the mother had 
already lost one child as a result of this defect. The child 
was therefore delivered prematurely by caesarean sec- 
tion in a specially designed isolator at University College 
Hospital, and was then transported in an isolator to 
the Institute of Child Health where she was kept in a 
maintenance isolator for seven days during which 
time she was fed on sterile canned milk. As it turned 
out, the results of a number of tests carried out during 
this time showed that the child was in fact normal, 
but Mrs Tuffrey said that it could have been kept 
in isolation. for up to one month had the need 
arisen. She added that as babies usually die as a 
result of this deficiency at four months, there would 
have been time for the clinicians to diagnose and try 
to treat the disease, perhaps by grafting immuno- 
competent tissue such as the thymus. Mrs Tuffrey 
suggested that the treatment of patients who are 
unduly susceptible to infection in a protective environ- 
ment such as a germ-free isolator would be useful in a 
number of diseases such as leukaemia, burns and, of 
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course, in helping those transplant patients receiving 
immunosuppressive treatment. Whether or not gnoto- 
biotics has advanced sufficiently to justify the delivery 
of a human child under germ-free conditions seems, 
however, debatable. 


Hot Soak for Seeds 


ONE ofthe best ways to spread plant diseases is through 
the sale and shipment of seed. In some cases, such as 
celery leaf rust, only one infected plant in 10,000 is 
needed to cause an epidemie in the crop. Particularly 
critical are fungal diseases lodged within the seed 
where seed dressings cannot reach them. The prob- 
lem in dealing with these diseases has been to kill the 
fungus but not the seed. 

This type of disease can now be completely elimina- 
ted by a process developed at the National Vegetable 
Research Station (near Warwick) which was on view at 
last week’s Chelsea Flower Show. The treatment is 
first to soak seed for twenty-four hours in a solution 
containing 0-2 per cent of the fungicide “‘Thiram’ at 
30° C. The seed is then dried by driving air through it 
for several hours. So far this treatment has been found 
to give complete control in eleven commercially impor- 
tant plant species with infections involving eighteen 
different seed-borne diseases. The plants, with the 
number of specific diseases which can be controlled 
given in parentheses, are: pea (2), celery (1), carrot (2), 
brassicas (2), beet (3), trefoil (1), flax (1), oats (1), 
wheat (2), barley (2), lobelia (1); tick-beans have 
shown 70-80 per cent control. For the many flower 
seeds which are sensitive to the treatment the concen- 
tration of the soak is cut by half. 

For the first time this year the principal celery seed 
company in the United Kingdom is selling "Thiram' 
soaked seed. Dr Keyworth, the head of the plant 
pathology department at the National Vegetable Re- 
search Station, points out: "We've now got a method 
where we can give 100 per cent guarantee that seeds are 
free from fungal disease and this is the very first time 
that anyone anywhere can say this". This should have 
sales appeal abroad. The treatment also substantially 
increases germination rates and this makes it popular 
with growers. The economic advantage of seed. 
soaking over controlling a disease in the field is great. 
A few pence for seed treatment as against £100 to 
spray for celery blight in a ten acre field is a comparison 
which has been quoted. 


Disease as a Social Problem 


Tus Arthritis and Rheumatism Council for Research 
and the British Rheumatism and Arthritis Association 
have together compiled a report. on the social conse- 
quences of arthritis and rheumatism. The most 
interesting parts of this report are drawn from a more 
analytical statistical study on arthritis in Britain by 
the World Health Organization. 

It is estimated that some 30 million working days are 
lost in a year as a result of arthritis, at a cost to the 
country of £130 million. Miners, because of the often 
cramped conditions of their work, have the highest 
number of lost days—134 days lost/100 menjyear. 
Then come electrical linesmen, lorry driver mates and 
other jobs connected with lifting heavy loads. At any 
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one time, nearly half the British population has some 
sign of osteo-arthritis and thousands of children get a 
form of arthritis called Still’s disease. Another way of 
expressing all this is that only two people in a hundred 
in Britain can hope to escape some form of rheumatism 
or arthritis by the time they are seventy. 

'The sociological report suggests that in contrast to 
the "ingrown" publie attitude that arthritis is an 
inevitable accompaniment of old age, an education 
programme is needed to inform the publie that this is 
not so; that early treatment can do a great deal for the 
sufferer, and that welfare can do much to relieve the 
suffering already present. But is this not an over- 
optimistic view ? The causes of arthritis are innumer- 
able and often unknown. As Dr A. M. Denman of the 
Rheumatism Research Unit in Maidenhead points out, 
some cases of arthritis where the cause is known can be 
cured and others ean be controlled but not cured. At 
the other extreme, diseases of unknown origin such as 
rheumatoid arthritis can sometimes be controlled by 
large doses of aspirin, and eytotoxie drugs will kill 
cells infiltrating the synovial membrane of infected 
joints. Unfortunately, however, undesired effects often 
accompany the use of these drugs. 

Dr Lucille Bitensky and Dr Joseph Chayen of the 
Kennedy Institute of Rheumatology are hopeful that 
they are on a path which may lead to an effective 
treatment for rheumatoid arthritis. They have been 
using mierochemical techniques to investigate the 
activity of enzymes within the lysosomes of the synovial 
membranes of joints. According to the two workers, 
by using very thin slices of intact tissue and examining 
it through a scanning and integrating microdensito- 
meter, they have shown that the apparent activity of 
cathepsins within the lysosomes increases near the 
junction between the synovial membrane and the 
articular cartilage, and is very much higher than 
normal in rheumatoid patients. 

As has been shown by much detailed work undertaken 
at Strangeways Research Laboratory, the permeability 
of lysosome membranes can be altered under certain 
physiological conditions, and it seems that in the 
rheumatoid patient the permeability is greatly in- 
creased; the cathepsins leak out and attack the 
cartilage. Drugs such as hydrocortisone, the two 
doctors say; stabilize the membrane by acting on the 
lipid portion. Their own work, however, suggests that 
stabilization can also be achieved by aiming at the 
protein component of the membrane. Dr Bitensky 
and Dr Chayen have shown that the lysosome mem- 
brane of rheumatoid tissue grown in culture can indeed 
be stabilized by changing the redox potential of the 
cells. Why the lysosome membrane in rheumatoid 
patients becomes permeable to the enzymes in the first 
place, however, is still not known. 

It is obvious that there are serious sociological 
consequences of rheumatism and arthritis. The 
report indicates that these range from light restriction 
of movement to severe isolation and economic hard- 
ship; in addition, psychological factors may produce 
stress in a family where there are severely afflicted 
parents. It suggests that more should be spent on 
research into rheumatism than the present £400,000 a 
year. But because research, for example, into the 
inflammatory response underlying rheumatoid arthritis 
is of interest in several fields including transplantation, 
it is difficult to define lines of research which are associa- 
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ted with arthritis and rheumatism only. Perhaps the 
best solution is to have better organization of large 
teams representing many disciplines who can work in 
well-equipped centres on the many underlying mechan- 
isms concerned with the disease, and then apply the 
results clinically. 


Prizes for Teachers 


Tue fifth series of Guinness awards to science and 
mathematies teachers were presented last week, in 
London, to teachers in service, in training or working 
overseas. The subjects described in the award-winning 
entries covered topies such as scientifie models, clubs, 
approaches to teaching of various subjects and, from 
the winner, a record of experiences and suggestions for 
starting work with the Nuffield approach to junior 
science teaching. Prizes were also presented to the 
winners of the third national mathematical Olympiad : 
the top five schoolboys from the seventy finalists in the 
national mathematical contest which is also sponsored 
by Guinness. Speaking after the presentation, Lord 
Snow condemned the Government for not allowing a 
team of young British mathematicians to go to Moscow 
to compete in the international Olympiad. In the 
equivalent competition in Yugoslavia last year the 
British team came fourth, a creditable performance. 
In refusing to allow a team to compete this year, Lord 
Snow believed that the Government, through an 
administrative decision, must have stirred up unneces- 
sary ill-will in Russia, and all for £1,500 which is the 
sum required to finance the team. Before presenting 
the awards Mrs Shirley Williams, Minister of State 
at the Department of Education and Science, upheld 
the honour of the Government from beneath an elegant 
felt hat with the comment that although this year’s 
contest had been missed the DES was prepared to con- 
sider suggestions for the organization of a team for 
next vear. 


Planning the North-West 


THE problems of the increasing holiday traffic in the 
north-west of England are the subject of a new report 
by the National Parks Commission. The report, The 
Coasts of North-West England (HMSO, £1 5s), is the 
sixth in a series on coastal preservation and develop- 
ment. There are to be nine reports altogether, based 
on nine regional conferences arranged by the com- 
mission with loeal planning authorities. When all the 
reports have been published there will follow a final 
report on "The Planning of the Coastline” which will 
be a digest of the work of the conferences and other 
special studies together with recommendations to the 
ministers. 

About a tenth of the whole coastline of England and 
Wales is involved in the area covered by the North- 
West England regional conference. As ten different 
local planning authorities are responsible for this varied 
coastal region, it was natural that the subject of co- 
operation in surveying and analysing problems was 
discussed. Fairly informal co-operation between some 
of them already takes place at regional level, but it 
was agreed at the conference that coastal preservation 
and development is an obvious field for closer integra- 
tion. Much of the diseussion revolved around. the 
belief that you cannot plan the north-west coast with. 
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out considering also its hinterland. Additional tourist 
and recreational pressures were bound to result from 
the development of the M6 motorway and it would be 
vital to relieve congestion on the Lake District: for 
example, by improving road access around its southern 
and western edges and opening up parts of the coast 
that were at present under-used. It was suggested 
that increased pressures on the Lancashire coast further 
south might be diverted inland to new recreational 
Schemes; possible recreational schemes were mentioned 
for Aintree and in the Trough of Bowland. 

The conference could not forget that the Cumber- 
land and North Lancashire coasts and Merseyside are 
all parts of development areas where the Government 
is encouraging the growth of industry. Among the 
major changes which could affect parts of the north- 
west are the 2,400 megawatt nuclear power station 
soon to be built at Heysham: a £530 million port 
development for 100,000 ton ships at Crosby at present 
being considered; and the Morecambe Bay barrage— 
now the subject of a feasibility study. 

Apart from the digest of the conference, the report 
also contains land use statistics for the 257 miles of 
coastline in the area and a review of the movement of 
the retired population in the area. There is also a 
useful summary map in colour showing the main 
developed and protected areas along the coast together 
with some aspects of recreational use. One detail 
{included with all the other reports, too) is a diagram 
of the coastal eyesores; pillboxes and other war- 
time structures, rubbish tips, areas of barbed wire 
and abandoned barges and other vessels. The Ministry 
of Defence should be encouraged to take them away. 


Computer Hook-up 

Tue British Post Office is beginning to consider how 
its existing Datel service for the transmission of data 
for computers over telephone and telegraph lines will 
need to be extended in the future. To this end, a unit 
is being set up to study data transmission networks, 
and may have some kind of preliminary report available 
in nine months to a year’s time. Reduced to its essen- 
tials, the choice seems to be between improving the 
Datel system to keep pace with the demands made on 
it or to go in for an entirely new kind of network. The 
Datel system itself is based on the existing telephone 
system, with the addition of units called "modems" 
at the transmitting and receiving ends, which make the 
connexion between the line and the data handling 
equipment. In this way, users can be linked with large 
central computers and, with the introduction of 
multiple aecess machines, numbers of remote users 
can use the computer in a manner approaching a 
conversation. 

Data transmission in the United States is at present 
based on the same kind of system as the Datel service 
in Britain. The difference in the United States is that 
the American Telephone and Telegraph Company, 
which runs the system, is allowed a monopoly only so 
long as it uses the existing telephone system. Otherwise 
data transmission services would have to be hived off 
into another eompany. This means that, to avoid 
losing the growing data business, the American Tele- 
phone and Telegraph Company has to show that the 
best way of handling data is to exploit the telephone 
network by adding modems at the ends of the lines. 
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Because of the Post Office monopoly of communica- 
tions systems, this problem does not arise in Britain 
and the Post Office can consider the problem without 
being influenced by commercial necessity. As it is, the 
existing system has a number of drawbacks. For one 
thing, it makes poor use of telephone lines—a system 
designed purely for the transmission of data could 
carry more information at a greater speed. Another 
factor is that up to now the users of multiple access 
computers have had to be within a few miles of the 
machine, otherwise the cost of trunk calls makes use of 
the machine prohibitively expensive. 

One of the alternatives which will no doubt be 
considered by the Post Office study group is put for- 
ward by a group at the National Physical Laboratory. 
This system is aimed at providing the remote user 
with a rapid response from the computer, so that a 
conversational type of interaction is possible. The 
system also uses existing telephone lines but with 
computers at the intersections of the lines which control 
the routing of messages and data through the system. 
This means that every message or block of data in the 
system carries some indication of its source and des- 
tination. Messages enter and leave the system by 
interface computers, connecting subscribers within a 
small geographical area to the main network. The 
advantage of such a system seems to be that it can 
handle data rapidly, making efficient use of existing 
telephone lines. The fear that such a system would 
lead to choking of trunk lines is not justified, according 
to the National Physical Laboratory. A network 
such as this linking twenty towns would perhaps cost 
in the region of £10 million and have a response time 
of less than 100 ms. 

What is important is that to make the fullest use of 
computing facilities throughout the country a decision 
on what form the data network is to take should be 
made as soon as possible. As it is, a number of separate 
special purpose networks are already being set up, for 
the banks and airline bookings for instance, leading 
to avoidable duplication of facilities. Before this 
situation gets out of hand, the Post Office must 
announce its decision on how computer networks are 
to develop in the future. 


More Civil Servants 


Despite the air of uncertainty which has spread 
through the British Civil Service since the Fulton 
Commission was appointed to examine it, the Civil 
Service Commissioners, responsible for recruitment, 
report a successful year (HMSO, 65.). In particular, 
entry to the Administrative Grade, from which the 
senior civil servants of the future emerge, continued 
at a high level. There were over 27 per cent 
more candidates who wanted to join this grade, and 
149 were declared successful, against 112 in 1966. 
Some successful candidates, the report admits, declined 
appointment, and others preferred to do research work 
or voluntary service overseas before buckling down to 
work in Whitehall, but the number who did &ccept 
was enough to fill the vacancies. 

Another of the commission's preoccupations is to 
increase the number of applicants who come from 
universities other than Oxford and Cambridge. Again 
they are cheerful about progress; in 1966, for the 
first time, applications from other universities made up 
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more than half of the total; and this record was main- 
tained in 1967. In the first quarter of 1968, the other 
universities seem to be making further gains, with 
60 per cent of the applications. : 

The story in the scientific classes is less encouraging. 
Posts in the chemical, geological and biological sciences 
have been fairly easy to fill, but there remain significant 
shortages, the report says, of mathematicians, physicists 
and research engineers. This is partly a reflexion of 
imbalances in educational output, the commissioners 
think, but they can hardly claim that it does not also 
reflect the opinions of talented graduates in these 
disciplines of a career in the scientific civil service. 
The report also says that "the limited degree of flexi- 
bility in determining starting salaries is an inhibiting 
factor in all cases where demand exceeds supply". 
In these edgy days before Fuiton, this is as near to a 
direct criticism of the service as the commissioners 
allow themselves. They are sharper about the universi- 
ties, however; many of the candidates with higher 
degrees “do not appear to have derived sufficient benefit 
from their extended stay at university, and a PhD is 
not necessarily a reliable pointer to suitability for the 
Scientific Officer class". Many of those with thirds 
and pass degrees, they add, would have been the better 
for a more practical course of study. 


Defence Research 


Tug Select Committee on Science and Technology 
continued its investigation of the British defence 
research effort by attempting to discover what part the 
Treasury plays. Some members feel that it is an en- 
tirely negative part, and the Treasury representatives 
who gave evidence on May 23 did not entirely succeed 
in dispelling this impression. 

Briefly, the role of the Treasury is to operate as a 
financial longstop, examining such things as the 
defence budget costings, the annual estimates, the staff 
complements at the Ministries of Defence and Tech- 
nology and the financial procedures and managerial 
efficiency of the departments. It also examines and 
approves (or, presumably, occasionally disapproves) 
individual research and development contracts. This 
is done by a group of people which includes no scientists 
or engineers, but just, as the witnesses put it, “talented 
administrators’. The civil research projects of the 
Ministry of Technology, for example, are overseen by 
the Science and Technology Division of the Public 
Sector Group. With a name like that, one might 
expect to find some scientists and technologists in the 
division, but apparently there are none; the witnesses 
explained that the concern of the division was not to 
question the technical feasibility of projects, but to 
supply economic expertise. 

Mr Eric Moonman attempted to find out how people 
were selected for this division. The witnesses said that 
there were no formal or written instructions. The staff 
were simply administrative civil servants. Mr Parkyn 
was concerned that there was no incentive for scientists 
on defence contracts to save money. If they spent less 
in a financial year than was budgeted for, the money 
could not be set aside for the next year, but instead 
reverted to the Treasury. Did this not encourage 
extravagance ? The witnesses thought not, and 
suggested that any other system would be much 
harder to operate. 
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Parliament in Britain 
by our Parliamentary Correspondent 


Flats Collapse i 

Mr ANTHONY GREENWOOD, Minister of Housing and 
Local Government, gave the membership of the com- 
mittee which is to investigate the collapse of the biock 
of flats at Canning Town in London. Mr Hugh Griffiths 
QC would be chairman of the committee, and he would 
be assisted by Sir Alfred Pugsley, professor of civil 
engineering at the University of Bristol, and Sir Owen 
Saunders, professor of mechanical engineering and 
vice-chancellor of London University. The task of the 
committee is to "inquire into the circumstances affect- 
ing the collapse of the flats at Canning Town on May 
16; to ascertain and report the cause or causes; to 
consider the implications of the findings; and to make 
recommendations”. (Written answer, May 21.) 

Heavy Water 

Mr Dickson Mason, for the Scottish Office, declined 
to give any directive to the North of Scotland Hydro- 
electric Board to go ahead with plans for a 200-ton-a- 
year heavy water plant. Mr Alisdair Mackenzie, who 
had asked for the minister to issue such a directive, 
said that the plant would be based on an interruptible 
power supply. Mr Mabon said that the board was 
always ready to enter into discussions with any 
industry which wished to begin operations in the area. 
(Written answer, May 22.) 


Porton 

Mr Tam DALYELL asked a long series of questions about 
the Microbiological Research Establishment at Porton. 
In a series of replies, Mr John Morris for the Ministry 
of Defence said that Porton had developed a portable 
resuscitator, a mobile laboratory pathogen unit which 
was being widely demonstrated, and a needleless in- 
jector. It was producing for sale to the WHO an 
antigen for testing human and monkey serum for 
evidence of infection with the vervet monkey disease 
agent, and had a programme of research on decon- 
tamination. Information about the work on monkey 
disease had been widely distributed to forty laboratories 
all over the world. (Written answer, May 22.) 


Planning College 

Mr Aran WiLLiAMS, Under-Secretary at the Depart- 
ment of Economie Affairs, declined to commit himself 
on the possibility of establishing a National Planning 
College, as suggested by the TUC. The Fulton Com- 
mittee would be reporting in just over a month, and 
it would be better to wait until then before deciding. 
Mr Stratton Mills (Con.) suggested that the answers 
from the Government Front Bench raised grave doubts 
about whether the planners were fit for their jobs. 
Mr Williams retorted by promising that if a planning 
college were set up, a planning kindergarten would 
also be set up, for the Opposition. (Oral answer, 
May 23.) 


Hypersonic Flight 

Mr Wepewoop Beny, Minister of Technology, said 
that research on hypersonie flight had been reduced 
at RAE Farnborough over the past two vears. The 
Plowden Committee had recommended that preference 
should be given to more modest types of aircraft, and 
so the research on hypersonie flight had been reduced 
to a level sufficient to maintain an interest in the 
field. (Written answer, May 23.) 
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What are Pulsating Stars? 


Tuose who are anxious that Europe should make the 
most of its technical facilities must find it satisfying 
that what may turn out to be one of the most impor- 
tant discoveries in astronomy in recent years was made 
on the east of the Atlantie. By now it is well known 
how the discovery of pulsars had to await the com- 
pletion last July of the one-mile radio telescope at 
Cambridge, how the radio pulses were at first attributed 
to interference until parallax measurements indicated 
a source outside the solar system, and how an explana- 
tion in terms of vibrating neutron stars eventually 
seemed probable. Since then, the Mullard Radio 
Astronomy Observatory and Hoyle's Institute of 
Theoretical Astronomy at Cambridge have made 
much of the running, together with the Nuffield Radio 
Astronomy Laboratories at Jodrell Bank. That the 
first reports of optical pulsations from one of the 
pulsars should come from the United States is hardly 
surprising, however; clouded skies make Europe a 
poor location for optical astronomy. 

The detection by the Kitt Peak and Lick Observa- 
tories of optical pulsations from CP 1919, reported 
at the New York conference on pulsars, came when 
astronomers were beginning to suspect that the pulsa- 
tions were only in the radio spectrum. This itself 
would have been difficult to explain, but the report 
that the period of the optical pulses is twice that of 
the radio pulses, and the possibility that optical pulses 
at other harmonics of the radio pulses exist, does not 
make the problem any easier. CP 1919 is the pulsar 
tentatively identified with an 18th magnitude blue 
star by Sir Martin Ryle and Miss Judy Bailey earlier 
this year, but the discovery of optical pulsations does 
not mean the identification is now certain. Although 
the Kitt Peak telescope was pointed at the blue star, 
the field of view of the electronic detection equipment 
connected to the instrument was such that light 
pulses from stars within 20" of arc of the blue star 
could be detected. This means that the Kitt Peak 
measurements can be explained if light from the blue 
star was varying by 4 per cent, or if light from a nearby 
fainter object was varying by a larger amount. 

So far, theoretical interpretation of the pulsed radio 
signals has barelv kept pace with the flow of new 
measurements. At first, an explanation in terms of 
the radial oscillation of compact dense stars seemed 
likely. The notion that the signals are coming from 
the long sought neutron stars was put forward chiefly 
because of the approximately 1 second interval between 
pulses; it seemed imconceivable that white dwarf 
stars—known to exist—could vibrate so rapidly. Any 
explanation has to aecount for two apparently incom- 
patible features; the regularity of the period and the 
randomness of the pulse amplitude. In fact, the period 
is maintained so accurately that the problem of loss of 
energy by gravitational radiation is real, for oscillating 
neutron stars at least—white dwarfs do not seem to 


have this difficulty to the same extent. This led to 
explanations in terms of the gravitational lens effect 
in a binary system of neutron stars, for here there is a 
straw to cling to. There is controversy whether bodies 
in free-fall, as the two components of a binary are, 
emit gravitational energy according to general relativ- 
ity, and thus pulsars became important as a testing 
ground for general relativity. The prediction of the 
binary theory that systematic differences between 
alternate pulses should exist was not borne out, 
however, and in spite of the diversity of the theories 
put forward since then, radial oscillation of compact 
stars may yet prove to be the solution. White dwarf 
stars, ruled out because their fundamental period of 
vibration seemed to be at least 8 seconds, may in fact 
vibrate with a period as low as 1-5 seconds, according to 
revised calculations. 

How do the optical measurements from the United 
States fit in with this? As yet, the reports from Kitt 
Peak and Lick have not been assimilated by astrono- 
mers—many will no doubt want to see the measure- 
ments checked. The search will then be for a mechan- 
ism to generate light pulses at half the rate of the radio 
pulses. Possibly a rotating white dwarf can oscillate 
so as to emit pulses of radio energy in the direction of 
the Earth twice in each revolution, the light pulses 
coming from a flare-like disturbance on the star's 
surface triggered by shock waves from the oscillation. 
Whether or not an analysis along these lines ean fit 
in with the observations now being made by radio 
observatories, the optical result suggests that rotation 
is somewhow involved. 


Opticians at Brighton 
from a Correspondent 


Tue theme of the Southern Optical Congress, held at 
Brighton on May 21-23, "Future Dev velopments”, was 
interpreted by those attending as a renewed effort by 
the Association of Optical Practitioners and the 
British Optical Association to achieve full professional 
status for their members. The activity of these organ- 
izations to promote education and research was demon- 
strated by the congress programme. Miss J. Stone was 
awarded the BOA research medal for her investigation 
into the refractive properties of the growing eye. As a 
child ages, the eye enlarges, and the power of the cornea 
and lens alters to compensate. 

Mr M. J. Gilkes lectured on retarded readers, 
giving a general survey of dyslexias as well as other 
social causes. Dr P. Jenner discussed unusual normal 
eve appearances, likely to be confused with pathology, 
and Dr L. J. Fish described the corneal and fundal 
changes associated with prolonged medication, some of 
which lead to opacification of the cornea or lens, and 
some to retinopathies. Mr A. J. Phillips described 
investigations into the effectiveness of commercially 
available "night driving" spectacles, many of which 
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reduce overall retinal illumination and cause the 
driver to be better adapted to the dark. Consequently, 
although they relieve the sensation of glare from on- 
coming headlights, the recovery time is prolonged, and 
the use of any such filter should be discouraged. The 
speaker described filters placed on the windscreen, or 
spectacles, uniformly or progressively tinted, or even 
striped: none met with his approval. 

The forty-ninth  Ettles Memorial lecture was 
delivered by Dr G. B. Arden, who described how the 
recording of electrical potentials from the eye and brain 
can be used to make clinical diagnoses of ocular 
pathology. The electro-oculogram, produced by the 
secretory pigment epithelium, and the electroretino- 
gram, produced by the nerve cells of the retina, can 
both be used to provide information when other clinical 
methods fail (for example, in infants or when the media 
of the eye loses transparency). These tests could give 
advanced warning of eye disease, and could be used in 
prognosis. The recent use of special purpose com- 
puters for the on-line averaging of small biological 
potentials has greatly increased the scope of these 
methods. It is now possible to record the responses of 
the fovea, either by a modification of electroretino- 
graphic technique, or by recording the responses of the 
optic cortex. The techniques are very new, but rival 
other methods in sensitivity. 

The more traditional interests of the participants 
were catered for by a vigorous trade fair. This, and a 
final session at the congress, emphasized that no matter 
what their aspirations, the livelihood of ophthalmic 
opticians is still tied to the sale of appliances. 


Biopolymers and Biological Membranes 


from a Correspondent 


Tur second Polymer Meeting Point on May 24 was 
organized on behalf of the Polymer Consortium at 
Essex University, Colchester, by Professor M. Gordon. 
These meetings are designed to promote industrial- 
academie contacts and to explore the interfaces of 
polymer science with adjacent disciplines. 

Professor D. Chapman (Unilever Ltd, Welwyn, and 
Sheffield University) spoke on recent physical studies 
of lipids and biological membranes at Welwyn. Lipids 
and proteins are important components of biological 
membranes. Professor Chapman has recently been 
studying, using à variety of physical techniques, the 
behaviour of lipid molecules and their interaction with 
protein. In addition to these studies on the individual 
components of cell membranes, various studies have 
also been carried out using techniques such as nuclear 
magnetie resonance spectroscopy on biological mem- 
branes. Phase changes on heating lipid molecules 
were elucidated by NMR, DTA and DSC spectra. 

The aim of the talk was to assess the present know- 
ledge about the structure of biological membranes and 
to try to see the way in which these recent physical 
studies are helping to provide some information about 
membrane organization. Discussion of the paper 
focused on the effects of sonication on the structure of 
membranes, with particular regard to relevant informa- 
tion contained in NMR line widths. 

In the second lecture, Dr J. Hijmans (Royal Dutch 
Shell Laboratories, Amsterdam) presented a model for 
the helix-coil transition in branched synthetic self- 
complementary DNA. A molecule was pictured as a 


809 


network of rings in the random coil state joined by 
helical sections. The model allows the calculation of a 
number of properties such as the mean fraction of 
bonded pairs, the mean size of helices and rings and the 
mean degree of branching of the rings, as function of 
temperature. Some comparison with literature data 
was included. f 

The relative importance of hydrophobic against 
base-base bonds was considered in the discussion that 
followed. It was also pointed out that Dr Hijman’s 
model of the helix-chain transition led to far-reaching 
mathematical similarities with the eritical (gel) point in 
polyfunctional polymerizations. . 

Professor Julian H. Gibbs (Brown University, 
Providence) gave the final lecture in which a mathe- 
matical model for the kinetics of synthesis of polypep- 
tide chains on polyribosomes was diseussed. Only 
steady state solutions have been found. Even some of 
these, however, display some of the phenomena one 
encounters in automobile traffic. The inability of one 
growing-centre (i.e., ribosome plus peptidyl transfer 
RNA) to "pass" another which precedes it on the same 
mRNA template was shown to introduce, under 
appropriate boundary conditions, the phenomena of 
traffic jams, traffic shocks and occurrence of a maxi- 
mum in the curve for total rate of synthesis against 
ribosome density on the polyribosomes. The results of 
the radioactive pulse-labelling experiments of Dintzis 
and Ingram and the possible appearance of poly- 
ribosomes under electron microscopic investigation 
were given a simple and natural interpretation in the 
light of the theoretical results. 


Catalogue of Arboviruses 
from a Correspondent 


Peruaps the most significant publication on arboviruses, 
the Catalogue of Arthropod-borne Viruses of the World, 
has just been published (US Government Printing Office, 
$5:25). This catalogue has been available to partici- 
pants in the Arbovirus Information Exchange for 
several years, but it is now available to all who require 
it. It represents the working catalogue as at February 
1967. It provides details of the source and manner of 
isolation of 204 viruses provisionally classified as arbo- 
viruses, together with what is known about their 
physical, chemical and antigenic properties, their 
natural and experimental host range, their pathogene- 
sis, geographical distribution and the frequency and 
symptomatology of human infections with them. 
Registration of viruses and information about them 
has been submitted voluntarily by scientists throughout 
the world. Although the amount of information 
available about individual virnses varies greatly with 
the length of time since its isolation, and with its 
apparent importance in human disease, the catalogue 
is a very valuable compilation of this very large and 
complex group of viruses the full importance of which 
is only now becoming apparent. 

The steady increase in the number of known arbo- 
viruses is shown by the annual additions to the cata- 
logue which in 1960 contained 43 viruses. Since then 
the number has increased in 1961 to 58, in 1962 to 
110, in 1963 to 128, to 1964 to 141, in 1965 to 161 and 
in February 1966 there are 204 viruses registered. 
This is an expression of the increasing rate at which new 
arboviruses have been isolated: before 1930, only five 
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were known and by 1949 only 34; however, 96 new 
viruses were isolated during the following decade and 
the rate does not appear to be slackening in the 1960s. 
The largest number (75) of viruses has come from 
South America, approximately equal numbers (41-45) 
from Asia, Africa and North America, and smaller 
numbers from Europe (17) and Australia (16). Many 
of the viruses have been placed in antigenic groups: 
registrations show 20 in group A, 42 in group B, 13 in 
group C, 14 in the Bunyamwera group and 10 in each 
of the California, Guama and Phlebotomus groups. 
There are at least 14 smaller antigenic groups and at 
least 49 further viruses which are unrelated to any 
of the recognized groups. Of the registered viruses 
55 per cent (112) were isolated from culicine mosqui- 
toes, 11 per cent (25) from anophelines and 12 per 
cent (26) from ixodid ticks. From man 33 per cent 
(69) have been isolated, from rodents 21 per cent (42) 
and from wild birds 10 per cent (18). The catalogue 
also shows that 18 per cent (37) have not yet been 
isolated from arthropods and 39 per cent (79) have not 
yet been isolated from vertebrates. The clinical 
classifications of infections produced by viruses show 
that 33 viruses ere recorded as having caused febrile 
illness in man, 11 febrile illness with a rash, 9 have 
caused “haemorrhagic fever" and 18 encephalitis. A 
further 14 viruses have caused frequent or severe clinical 
illness after laboratory infections, and similar infections 
with another 28 have caused milder or less frequent 
diseases. Frequent or severe naturally occurring 
disease in man has been caused by 37 arboviruses and 
less frequent or milder disease by another 33. Signifi- 
cant human mortality has been attributed to 14 viruses 
and some deaths to a further 8 viruses. In addition a 
substantial number of arboviruses are of considerable 
veterinary importance: 7 in horses, 5 in sheep and 5 
in other domestic animals or birds. 


Molecular Hybridization 
from a Correspondent 

Tur meeting of the Biochemistry Society held on 
May 23-24 in Newcastle included a colloquium on 
“Hybridization Techniques in Nucleic Acid Research", 
and attracted a number of other papers in the same 
field. In the colloquium Professor P. M. B. Walker 
from Edinburgh discussed the evidence for the mini- 
mum length of the intact sequence which is necessary 
before stable DNA-DNA or DNA-RNA duplexes can 
be reformed. Because this sequence length is almost 
certainly less than thirty nucleotides, it is paradoxical 
that cistrons coding for all proteins are not related in 
families as Britten suggested, and equally that hybrid- 
ization experiments show gross differences between 
the DNA of mice and rats, and even between Drosophila 
melanogaster and simulans as Forbes Robertson 
described in another paper. 

Dr J. E. M. Midgley of Newcastle proposed a graphi- 
cal method of analysing DNA-RNA experiments, 
particularly in conditions of DNA excess; he has 
applied the method to a study of the E. coli ribosomal 
eistrons. E. Brody from Geneva described studies 
on the RNA species made during T, infection. He 
particularly stressed the dangers of using DNA. 
primed RNA polymerase because not all DNA cistrons 
may be transcribed and, if symmetrical transcription 
occurs, RNA-RNA hybrids seem to form in preference 
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to DNA-RNA hybrids even in the presence of DNA. 
Dr M. Birnstiel of Edinburgh described his elegant 
experiments on the ribosomal cistrons of Xenopus, 
where the power of the hybridization method has been 
considerably enhanced by exploiting density gradient 
centrifugation methods and by careful attention to 
such parameters as molecular weight. This has allowed 
Birnstiel to make a fairly complete and convincing 
description of the ribosomsal cistrons in Xenopus. 

Finally in the colloquium, Dr R. S. Gilmour of 
Glasgow gave a very clear account of the masking 
hypothesis of differentiation and of the experiments 
of the Beatson group which support the idea that 
chromatin in different tissues can transcribe in vitro 
different kinds of RNA which are similar to those found 
in vivo. In the discussion some doubts were expressed 
whether the RNA they were able to study is in fact 
messenger RNA, and about the proportion of the 
in vitro made RNA which could react with the DNA. 
These difficulties were underlined by other contributed 
papers; for example, Dr M. Melli and Dr J. O. Bishop 
showed that, in rats, RNA made in vitro bound 
preferentially only to certain fractions of the primer 
DNA, and W. G. Flamm described a highly redundant 
nuclear satellite from the guinea-pig the abundance of 
which may seriously bias hybridization experiments. 

In other sessions less connected with the hybridiza- 
tion, several papers from the MRC Demyelinating 
Diseases Unit in Neweastle gave evidence for a DNA- 
polysaccharide complex in the brain of animals infected 
with the scrapie agent, and an interesting system 
involving free and membrane-band ribosomes in 
Vicia faba was described by P. I. Payne and D. Boulter 
of Durham, although G. Coleman of Sheffield presented 
some salutary evidence on the effect of ionic strength 
on the binding of ribosomes to membranes. 


Prebiotic Synthesis 
from our Cell Biology Correspondent 


THe list of amino-acids and nucleic acid bases that 
have been synthesized under allegedly prebiotic condi- 
tions continues to increase. Earlier this year (Science, 
159, 1108; 1968), Steinman, Smith and Silver reported 
the first synthesis of an amino-acid containing sulphur 
-methionine. Apparently this is one of the products 
obtained by hydrolysing the cloudy precipitate which 
is produced by irradiating ammonium thiocyanate 
solutions with ultraviolet light and, in turn, ammonium 
thiocyanate is one of the products produced when 
mixtures of methane, ammonia, water and hydrogen 
sulphide are sparked. So now a total of at least 
fifteen amino-acids have been made under prebiotie 
conditions. Matthews and Moser reported the synthe- 
sis of fourteen amino-acids from polymers of hydrogen 
cyanide last year (Nature, 215, 1230: 1967). 

Sanchez, Orgel and Ferris over the past two years 
have deseribed the prebiotie synthesis of the purines 
adenine and guanine. Adenine can be formed from 
hydrogen cyanide and guanine from cyanogen and 
hydrogen cyanide. Hydrogen cyanide is, of course, 
the most abundant product containing nitrogen, from 
the action of electric discharges on mixtures of nitrogen 
and methane, and cyanoacetylene is the second most 
abundant. Cyanoacetylene and cyanogen are also 
formed by passing hydrogen cyanide and acetylene 
through a heated tube. Moreover, hydrogen cyanide 
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can be oxidized to cyanogen either during electrical 
discharge in the gaseous phase or by photo-oxidation 
in aqueous solution. Clearly the prebiotic synthesis of 
amino-acids and purines presents few problems, but 
what about the pyrimidines uracil and cytosine ? 

Uracil has been obtained by heating malic acid, 
urea and poly-phosphoric acid at 100° to 140° C and, 
in very low yields, by heating aqucous solutions of 
acrylonitrile, urea and ammonium chloride in aqueous 
solution at 135° C, but it is stretching the imagina- 
tion too far to claim these as plausible prebiotic 
conditions. Ferris, Sanchez and Orgel, however, have 
just reported in the current issue of J. Mol. Biol. 
(83, 693; 1968) the synthesis of both cytosine and 
uracil under much milder and therefore more plausibly 
prebiotic conditions. They have found that cyano- 
acetylene, a major product of electrical discharges on 
nitrogen-methane mixtures, reacts with aqueous 
cyanate at 100° C to yield cytosine. Apparently up 
to 19 per cent of the products of reaction can be 
cytosine. When cyanoacetylene is added to cyanate 
at room temperatures, three chromatographically 
separable products are obtained and all three yield 
cytosine on heating in aqueous solution. Furthermore, 
cyanogen on cyanoformamide can replace cyanate in 
the reaction. Once cytosine has been formed it is a 
simple step to hydrolyse it to yield uracil. 

Although the concentrations of reactants necessary 
to give a reasonable yield of cytosine are quite low, 
both eyanate and cyanoacetylene are unstable. The 
half-life of cyanoacetylene in aqueous solution is at 
most a few years and cyanate hydrolyses to ammonium 
carbonate within a hundred years. This severely 
restricts the range of possible prebiotie environments 
which could sustain pyrimidine synthesis. It seems 
very unlikely that sufficiently high concentrations 
could ever have aceumulated in the primeval oceans or 
in ponds for that matter. A possible alternative is 
reaction in a eutectic phase. 

What makes these latest results particularly signifi- 
cant is that they show that all the purines and pyrimi- 
dines and many of the amino-acids can all be obtained 
from a small family of cyanides which have closely 
related structures and are produced in a plausible 
prebiotic simulation. Could the primeval amino-acids 
and bases have been formed by any other route ? 


Deformylase 
from our Cell Biology Correspondent 


Few, if any, of the completed proteins of E. coli have 
N-formylmethionine as the N-terminal residue. As 
Waller (1963) proved, the great majority have either 
methionine, alanine or serine at the N-terminus. 
If this is accepted, one of the consequences of the model 
of protein synthesis, in which formylmethionine initi- 
ates all protein chains, is that bacteria contain an 
enzyme, or enzymes, which removes the formyl group, 
and in some cases the methionine as well, from the 
N-terminus of the polypeptide. Last year, Fry and 
Lamborg (J. Mol. Biol., 98, 423; 1967) reported some 
preliminary evidence for an enzyme in E. coli that 
deformylates peptides, and Weissbach and Redfield 
(Biochem. Biophys. Res. Commun., 27. 71; 1967) also 
reported the presence in E. coli of an enzyme that 
removes the formyl group from N-formylmethionine 
but not from other N-formyl amino-acids. 
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Adams, who with Capecchi initially proposed that 
N-formlymethionine is the chain initiating amino- 
acid, has just reported the isolation of a deformylase 
from E. coli (J. Mol. Biol., 88, 571; 1968). Unfortun- 
ately the enzyme is very labile under experimental 
conditions and strongly inhibited by thiols and this 
has prevented any significant purification. It also 
prompted Adams to isolate the same enzyme from 
Bacillus stearothermophilus, a bacterium which grows 
happily at 65° C. The idea is that enzymes from 
this species might be more stable at experimental 
temperatures and this seems to be so. Extracts from 
both species contain an activity which cleaves the 
formyl group from the peptide F-met-ala-ser to yield 
formate and met-ala-ser. Neither extract cleaves off 
the methionine residue nor does it cleave formyl- 
methionine alone. The Æ. coli extract has also been 
shown to cleave formate from Æ. coli proteins made 
in vitro. As Capecchi (1966) showed, most of the E. coli 
proteins made in a cell free system have the formyl 
group intact presumably because the deformylase does 
not survive the cell fractionation procedures used to 
make the cell free system. 

Although the peptide deformylase does not split 
formate from formylmethionine, E. coli, but not B. 
stearothermophilus, contains a second activity which 
hydrolyses formylmethionine. This is probably the 
enzyme Weissbach and Redfield worked with, and 
Adams believes it to be acetyl-ornithine deacetylase 
which has nothing to do with initiation. 

Formylmethionine peptides are hydrolysed by the 
deformylase much faster than other formyl peptides, 
the dipeptide acetyl-met-ala or formylmethionine 
alone. This argues that the deformylase is specifically 
designed to cleave formate from proteins initiated 
with formylmethionine and the reaction seems to be a 
straightforward hydrolysis. As the deformylase only 
clips off the formate group, there must be a second 
enzyme to remove the methionine residue, but so far this 
activity has not been isolated. This hypothetical 
enzyme is probably a methionine-specific aminopepti- 
dase. And from the limited data on N-terminal 
residues and sequences of E. coli proteins, Adams 
proposes that the enzyme might have specificity such 
that if the N-terminal formylmethionine is followed by 
alanine or serine the methionine is removed. But if 
methionine is followed by other amino-acids, it is left 
at the N-terminus. 


Odd Proteins 


from our Molecular Biology Correspondent 


Tue postulate, embodied in the formulation of the 
allosteric hypothesis, that sub-unit enzymes should have 
high symmetry and an even number of sub-units has 
so far held good, and it has been reasonable to suspect 
that it might be a general rule, applicable irrespec- 
tively of whether allosteric regulation obtains. The 
few apparent contradictions have hitherto always 
turned out to be false alarms. : 
À new study of the enzyme arginine decarboxylase 
(from E. coli) has now appeared (Boeker and Snell, 
J. Biol. Chem.,948, 1678; 1968), which gives seemingly 
irrefutable evidence that this can dissociate into five 
sub-units, each containing two polypeptide chains. The 
enzyme contains pyridoxal phosphate, and its isolation 
in homogeneous form is described in an accompanying 


812 


paper (Blethen et al., ibid, 1671). By mild treatment 
the apoenzyme, free of prosthetic groups, can be pre- 
pared and, when this is titrated back with pyridoxal 
phosphate, each mole (referred to the molecular weight 
of the holoenzyme) binds ten moles. At the pH corres- 
ponding to maximum activity (about pH 5), sedimen- 
tation equilibrium gives the molecular weight as 
850,000 with a sedimentation coefficient of 23-38. If 
the pH is raised, and divalent cations are absent, 
dissociation occurs, with loss—substantial or complete 
—of activity, to a species of 8-08, with molecular 
weights, again determined by sedimentation equilib- 
rium, of 165,000. This suggests that there are five 
sub-units. When a substrate analogue is now added to 
the dissociated species, new boundaries appear in the 
ultracentrifuge and components of sedimentation 
coefficient 12-1, 16-4 and 19-58 are found in addition 
to the 8S and 238 forms. From the usual relation 
between sedimentation coefficient and molecular weight 
for globular species, these correspond precisely to all 
the aggregation states from one to five. These striking 
results are excellently borne out by electron micros- 
copy, using negative staining. At pH 5-4 the molecules 
present the unmistakable appearance of five sub-units 
in a elosed shell with a five-fold symmetry axis. 

The holoenzyme contains ten pyridoxal phosphate 
groups, and it does indeed appear that the monomer 
contains one such group, for the authors briefly state 
that in dissociating solvents a molecular weight of 
about 85,000 is found. Whether there is one monomer 
specles or two is unknown. At all events, arginine 
decarboxylase presents a case which is so far unique, 
and can perhaps be regarded as freakish. 

However, another situation, thought to involve odd 
sub-units, is described by Paetkeu ef al. (J. Mol. 
Biol., 88, 721; 1968), who has studied the rather more 
familiar enzyme phosphofructokinase. Its activity is 
controlled by the inhibitor ATP. The active form of 
the enzyme has a molecular weight of some 380,000 and 
can be made to dissociate into smaller sub-units, and 
also to aggregate. Sedimentation equilibrium in 5-5 M 
guanidine hydrochloride produced an apparent molecu- 
lar weight of 45,000-50,000. When the denaturant 
concentration is inereased to 6 M, this value is appar- 
ently halved. The survival of sub-unit structure in 
5-5 M guanidine hydrochloride is remarkable indeed. 
(It is difficult to form an impression of the precision of 
the data because the procedure is rather briefly des- 
eribed.) To these findings must be added the earlier 
measurements of ATP binding by Kemp and Krebs. 
who found that one mole of fructose 6-phosphate was 
bound per 90,000 g of protein, but that the same 
weight bound three moles of ATP (but only one of 
AMP or ADP). If this is to be regarded as the pro- 
tomer (in the parlance of allosterism) it must therefore 
contain three regulatory and one catalytic site, and the 
suggestion is that there are in fact four chains per 
protomer, corresponding to the molecular weight in 
6-5 M guanidine hydrochloride. (This would mean. 
however, a curious constitution for the species of 50,000 
moleeular weight.) Counting of peptides in a peptide 
map, and a new procedure based on labelling of trypto- 
phan-containing peptides, confirm that more than one 
type of chain is present. Paetkeu et al. point out that 
the protomer must be either of the form A,B, with A 
the regulatory and B the catalytic sub-unit, or A,BC. 
Either will, in principle, explain the observed behaviour 
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(assuming the numerology is good), but many questions 
still remain. 


Solar Flares 


from a Correspondent 

Ox September 1, 1859, an amateur solar observer, 
Richard Carrington, was busy drawing a sunspot 
group whieh he was observing by means of an image 
of the Sun projected on a screen when, to his astonish- 
ment, two patches of intensely bright light suddenly 
appeared over the spot group. He immediately hastened 
to summon a witness to the phenomenon, but ‘‘on 
returning 60 seconds later was mortified to find it was 
already much changed and enfeebled". Carrington 
had seen the flash phase of an intense solar flare, and 
had started a train of investigation which has con- 
tinued with ever increasing activity to the present 
day. 

The sudden short-lived increase in optical emission 
from the chromosphere, which is usually visible 
only in monochromatic light, is now known to be only 
one, and perhaps a minor, aspect of the flare pheno- 
menon. At the COSPAR Symposium on Solar Flares 
held in Tokyo from May 9-11, there was much discus- 
sion of the ultraviolet, X-ray, radio frequency and 
energetic particle emissions which are perhaps of 
greater significance than the optical emission in under- 
standing the basic processes taking place. The energy 
release in a flare takes place with explosive suddenness, 
generating a blast wave which can be photographed 
as it races across the solar surface with a velocity of 
hundreds of kilometres a second. This same blast 
wave propagates out into space through the solar wind 
signalling its arrival at the Earth a day or so later by 
the sudden commencement of a magnetic storm and 
an associated auroral display. 

Flares play a key part in the complicated sequence 
of terrestrial phenomena related to solar activity and 
an understanding of the basic flare process is clearly 
important if we are to have a complete picture of Sun- 
Earth relationships. In spite of a vast accumulation of 
observational data, however, the source of energy 
for the basie flare process has not yet been identified. 
Some 109? ergs are required for a major flare and, in 
the absence of any plausible alternative, it has been 
customary in the past to assume that the source of this 
energy is the sunspot magnetic field. Consequently, 
many of the postulated flare mechanisms are essentially 
devices for the rapid conversion of this magnetic 
energy into the required forms—-optical, X-ray, radio, 
energetic particles, blast wave and so on. Some 
scepticism about this by now almost traditional belief 
was expressed at the symposium and the present mood 
is one receptive to alternative possibilities. Two or 
three such possibilities were discussed, including the 
suggestion that the energy is stored in the form of 
energetic protons trapped in the sunspot field in much 
the same way that protons and electrons are contained 
in the Earth’s magnetosphere. 

The energetic particle flux from solar flares represents 
a radiation hazard both to astronauts and to travellers 
in future high flying supersonic airliners, and in conse- 
quence the subject of flare prediction is currently 
attracting considerable attention. One session of the 
symposium was devoted to this problem, but progress 
is necessarily relatively slow. 
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SCIENCE IN EUROPE 
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European Science is far from Dead 


Tue articles on the pages which follow are published 
so as to draw attention to the continuing diversity and 
richness of European science. In the past two decades, 
which have been marked by the rapid growth of scienti- 
fic activity in the United States and the Soviet Union, 
there has naturally been a tendency for those who live 
and work in Europe to be a little downcast by the com- 
paratively modest scale on which their own efforts 
can be deployed in science and technology. And, of 
course, there is no immediate prospect that European 
nations, either separately or in combination, will 
quickly be able to emulate the super-powers in all the 
things they do. In high-energy physics, for example, 
both the United States and the Soviet Union are well 
ahead with plans to build particle accelerating machines 
which are bound to excite the envy of European physi- 
cists who will now, most probably, have to wait an 
even longer time before it will be known whether the 
300 GeV machine which CERN is keen on building will 
ever win the financial support of European nations. 
By the same test, there is no prospect that Europe 
will be able—or even willing—to mount gigantic 
programmes of space research comparable in any 
meaningful way with those of the super-powers. 
Even in education, where everybody seems to be agreed 
that a continuation of the economic and social develop- 
ment of Europe must depend, it will be a long time 
before European resources devoted to higher education 
ean match the spending of the United States. There 
is, however, no reason why chastening comparisons 
like these should depress those whom they concern. 
Not merely is there still a lot of life in Europe, but 
there are also the materials with which Europe may 
be able to contribute as remarkably to the second half 
of the twentieth century as to the first half. 

This is one aspect of the comparison between Europe 
and the rest of the world which tends to be forgotten. 
The contribution of European laboratories and scient- 
ists to the foundations of modern science in the decades 
up until the Second World War was quite remarkable 
by any standards. Not merely were there great men 
in a host of different laboratories, but there was a 
community of scholarship within which new ideas 
could prosper. Although there is no question that 
a radical reform of the European system of higher 
. education is now long overdue—the report by Professor 
Ben-David which is quoted by Dr Alexander King is 
a powerful argument in that direction—it should not 
altogether be forgotten that the same system served 
splendidly as a framework for the intellectual up- 
heavals of a few decades ago. In the same spirit, it 
may occasionally be permissible for Europeans to recall 
the way in which people like the late Dr Robert 
Oppenheimer were able to influence the development 


of science in the United States by being the first to 
take back from Europe a convincing tale of the develop- 
ment of quantum mechanics in Europe. To recall 
these past achievements is not in any sense to seek to 
diminish the outstanding attainments of scientists 
in the United States or elsewhere, nor is it to be taken 
as a sign that all is well with the arrangements for 
sustaining scientific activity in Europe. A proper 
awareness of the potentialities of Europe should, how- 
ever, be the starting point for attempts to recapture 
the vigour of the early decades of this century. 

It is hoped that the articles which follow will help 
to illustrate how much Europe can expect to accom- 
plish with its own resources in the years ahead. In 
spite of the preoccupation with the technology gap, 
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events are moving steadily in the right direction. In 
most countries, for example, there is a healthy pre- 
occupation with the quality and the reform of higher 
education and a growing appreciation of the intimaey 
of the connexion between teaching and research. In 
several places (not all of them represented in this 
necessarily restricted symposium of articles) there have 
been quite dramatie changes in the pace of scientific 
work in the past few years. With all the trouble there 
has been in France in the past few weeks, it is, of course, 
ironical to reflect that the Government of France has 
been able deliberately to stimulate a rapid reinvigora- 
tion of French science, but the example of what it has 
been possible to do by careful forward planning and 
the judicious spending of money will no doubt be 
valuable for governments elsewhere. It may also be 
of more than passing interest to see how astronomy in 
Britain has suddenly become a growing point in 
scientific research. Professor F. Hoyle's account (see 
page 827) of this substantial change in the direction of 
science policy may serve as a proof to others of how 
even the most unfavourable circumstances need not 
restrict developments which are in the long-term 
interests of the scientific community. At present, in 
Europe as à whole, there is also great potential profit 
in the way in which the flow of people and ideas between 
East and West has flourished in the past few years. 
There is no discernible obstacle to a still closer relation- 
ship between all European nations, and events seem 
to be moving steadily in that direction. In other 
words, there is every reason to expect that opportuni- 
ties for scientific developments in Europe will become 
even greater and more numerous than they have been 
in the past. 

If opportunities exist, it will still need energy and 
initiative to make full use of them, and events of the 
past few years have made it plain that there are 
several courses of action which need to be pursued. 
Indeed, there are so many things which might be done 
to strengthen the foundations of European science that 
the most immediate difficulty is to know which of them 
should be taken most seriously. Those who would 
make European science prosper can, however, be con- 
fident that a further stimulation of the ease with which 
people can be exchanged between the various countries 
of Europe cannot fail to be immensely beneficial. 
There has been a warm welcome for the way in which 
governments in Western Europe are now contributing 
funds towards an informal system of exchanges operated 
by national academies (among which the Royal Society 
in London has played a prominent part), but this is 
only a beginning. For one thing, there is a need of 
much more expenditure on these activities, and it is 
also important that they should operate much more 
widely. But why, in any case, stop at the exchange of 
people? Why not also exchange research grants ? 
And when will students (undergraduates as well as 
postgraduates) be encouraged to study at universities 
elsewhere ? 

The prospects for out-and-out collaboration on 
particular projects are much harder to assess, as the 
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article by Dr J.-J. Salomon makes clear (see page 819), 
and it is by now plain that for each success like CERN, 
there is at least one failure (like ELDO, for example). 
But this does not mean that collaborative projects 
should never again be attempted, and indeed there is a 
strong case for the fuller development of the European 
Molecular Biology Organization along the lines for 
which Dr John Kendrew argues on page 840. The test 
should always be the extent to which a formal organ- 
ization for collaboration will be able to do a useful 
job. 

Solving the technological problems with which 
Europe is beset will necessarily be a more difficult 
problem, if only because—as now seems commonly 
agreed—the concept of the technological gap is out- 
rageously too simple. Industrial competitiveness in 
the twentieth century requires not just inventiveness 
but attention to a great many problems, some of them 
not technical at all but social. Plainly there is an urgent 
need that European nations should consider seriously 
all kinds of proposals for the reform of educational 
systems. By comparison with the United States at 
least, most European university systems are too hier- 
archical, too rigid, too poorly endowed with resources 
and too limited in their conception of how they may 
be able to contribute to the health of society. 

In the long run, however, the competitive relation- 
ship between Europe and the super-powers—and the 
capacity of Europe to provide the kinds of technical 
and financial assistance which the rest of the world 
requires—will depend on the success with which it 
proves possible to make more efficient use of the 
resources which exist in Europe. As things are, too 
many European countries are wasting their resources 
on the pursuit of similar objectives. The zeal with 
which at least four European nations have set their 
hearts on the development of fast breeder reactors is 
admirable but also a means of making sure that 
successful designs for fast reactors will turn out to 
be more expensive than they need be and less saleable 
than they could have been. The difficulty is to per- 
suade the countries concerned that commercial 
developments like these need not become matters of 
national pride. A nation which can successfully 
manufacture engines for jet aircraft need not also 
seek to prove its prowess by manufacturing fast 
reactors as well. The trouble, of course, is that tacit 
agreements to eschew particular lines of development are 
only likely to be palatable if there are accompanying 
understandings that those who develop successful 
products will be able to sell them freely more or less 
everywhere in Europe. This, of course, is the point 
from which the foundation of the European Economic 
Community was begun nearly two decades ago. The 
events of the past few years have shown how slow is 
the process of economic integration even when a 
suitable framework for it exists. The underlying 
difficulty is that thorough economic co-ordination also 
requires political and social integration. In spite of 
all the disappointments of recent years, however, time 
is on the side of closer integration. 
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Closing The Technology Gap 


by Discussions at the Organization for Economic Co-operation and 


A. KING 


Development (OECD) on the technology gap now extend beyond 
research to cover the general fields of management, education and 


attitudes to change. 


THE recent meeting of the science ministers of the OECD 
countries, held in Paris in March of this year, has marked a 
turning point in the evolution of policies and structures of 
science in the European countries. The main topic of 
diseussion—the technological gap between Europe and the 
United States—appeared in the end to be more concerned 
with management, education and attitudes to change than 
with research. Nevertheless, analysis of this great com- 
plex of problems concerned with the differential develop- 
ment of societies and the studies of its various elements, 
prepared for the ministers, has focused attention on the 
shortcomings and structural defects of science and educa- 
tion in Europe, which may speed up reform. 

Many voices have been raised (particularly in the United 
States) in indignation that “the gap" should be discussed 
as technological when, in their view, it was something 
quite different. This may well be, although a more 
appropriate yet still simple label has yet to be suggested. 
Nevertheless the debate on the gap, even including its 
more melodramatie and least relevant aspeets, has been 
outstandingly important for two reasons. Firstly it has 
raised politieal and publie interest in many questions of 
Science and education as shown by the innumerable 
political moves and counter-moves concerning technology, 
and the exceptional success of Servan Schreiber’s book 
Le Défi Americain. Secondly it has demonstrated the 
importance of the interactions between research, educa- 
tion, technology and economie and social development, 
without, however, being able to quantify them. It will not 
be possible in the future, for example, to determine educa- 
tional policies without taking into account economie and 
social objectives; equally it is no longer feasible to consider 
fundamental research as completely isolated from the 
goals and purposes of a society or of an industry. 


The Technological Gap 


It may be useful to discuss the technological gap 
problem further. Gaps in technology have, of course, 
always existed. What is new in the present situation is 
an uneasy feeling that with the rapid expansion of research 
activity, particularly in the USA, an irreversible situation 
may be building up. Certainly existing data do not indi- 
cate as yet any influence of the gap on the economic 
growth performance or on the trade position of the 
eountries concerned. There is, however, a growing appre- 
ciation of the role of science as an initiator of development 
and as a dynamic element in the evolution of society. Not 
only has there been a great increase in the quality as well 
as the quantity of American research as judged by numbers 
of Nobel prizes and other partial indicators, but it appears 
that there is a leadership of USA based firms in the 
research-intensive sectors of industry and in advanced 
products of the more traditional industries. This is par- 
ticularly true of products which did not exist fifteen vears 
ago, such as computers, transistorized components, 
titanium fabrication, satellite communication, whereas in 
sectors such as pharmaceuticals and plastics, where the 
important innovations were made in the 1920s and 1930s, 


the European position is strong. The various indicators 
used to test technological disparities all suggest that US 
firms have, in recent years, the highest rate of original 
innovation. Of 140 major innovations examined by 
OECD, 60 per cent were of American origin. US firms 
have also the largest. share of world exports in the research- 
intensive product groups (about 30 per cent) and the 
largest receipts for patents, knowhow and on on (about 50- 
60 per cent of the receipts of the total OECD area). One 
commonly suggested explanation for this situation is the 
large size and homogeneity of the US market and the 
influence of government procurement of advanced pro- 
ducts. Nevertheless the successful performance of some 
American firms in the existing European market, despite 
its political and economie fragmentation, indicates that 
even a broader European market would not solve the 
problem. US firms have frequently turned into eommer- 
cially successful products the results of research and 
invention of European countries, while there are few cases 
of the reverse situation. 

It would appear therefore that the United States has, 
at least in the growing points of industry, a greater 
capacity than Europe in turning discovery and invention 
into innovation. While the international diffusion of 
new products and techniques enables less innovative 
countries to make use of innovation from overseas and this 
maintains their trade and growth performance, concern 
persists as to how such countries will exploit their scien- 
tific and industrial capacities in the future, should present 
trends continue. 

'There are, of course, historical and economie reasons for 
each partial explanation of the disparities; it would seem 
that other important clues are to be found in the different 
extents and conditions of government support for tech- 
nology, the basie condition of education, management 
skill and initiative and in attitudes to change whieh 
differ greatly across the Atlantic. 


Research and Development 


The gap between expenditure on research and develop- 
ment of the US and that of the more industrialized 
European countries seems very wide at first sight. In 
1964, the US devoted 3:4 per cent of its gross national 
product to research and development, while for the econo- 
mically advanced European nations taken together, it was 
1-5 per cent, with UK at 2-3 per cent, the EEC at 1-3 per 
cent and Japan at 1:5 per cent. The proportion of this 
expenditure which has direct economic impact is hard to 
ascertain. Certainly the US figure is greatly inflated by 
expensive defence and space activities, in whieh the 
development element is high and the spin-off indetermin- 
ate. Nevertheless, since much of this expenditure is 
undertaken within industry it has a generally stimulating 
influence on competitive technology, particularly perhaps 
in the growth of new management and planning practices, 
which do not develop when large and complex technological 
systems are as yet unknown. 

The largest disparity in research and development is, 
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i fact, in industry. This sector, within industrialized 
Western Europe, spends only about 26 per cent of the US 
figure, while in other sectors it is 32 per cent. Within 
industry also, the US, more than Europe, concentrates 
effort on the advanced, so called research-intensive indus- 
tries, while a higher proportion of American than European 
expenditures in such industries comes from the Govern- 
ment. A further characteristic of American industrial 
research is that it tends to be concentrated in bigger units 
than those of Europe. For example, 63 per cent of US 
industrial researeh is on programmes where total research 
and development expenditure is $100 million or more per 
annum; there is not one European firm with a programme 
of this magnitude. This concentration on programmes of 
scale is greatest in the research-intensive industries. If, as 
is commonly believed. there is a threshold of level, above 
which the statistical probability of suceess is high, the 
dispersion of European effort. into small research parcels 
is of concern. 


Manpower 

In fundamental research there is a particular situation 
in that the proportion of such activity within the total 
research and development effort is less in the US (and 
UK) than in most European countries, especially the 
smaller ones. Nevertheless it appears that the annual 
growth of fundamental research in the US is considerably 
greater than the general increase of research and develop- 
ment activity, which is not true for Europe. The high 
level of European expenditure on fundamental research 
is explained by its location in centres of higher education 
which have relatively little concern with application. The 
position of the United States is strong in most fundamental 
fields and particularly so in cases where instrumentation 
and maintenance costs are high. Once again an important 
feature is its tendency to concentrate in large units. 

Contrary to earlier assessments, the recent OECD study 
indieates that although the proportion of the United 
States labour force possessing a higher education is much 
greater than in Europe, this is not true as far as scientists 
and engineers are concerned. In fact the European man- 
power resources for technology are higher than in the US. 
In that country, graduates are more likely to enter 
managernent positions, with the result that there is a well 
trained body of managers in private industry. The gap 
stadies thus put the spotlight on the importance of 
general edueation rather than that of scientists and 
engineers, 


Fundamental Research and the Needs of Society 


A main feature in the present situation, and one to 
which the structures of research have not yet fully adap- 
ted, is the change in the nature of scientific activity itself. 
The vastly increased extent of scientific research and the 
ever growing sophistication of technique necessitate sub- 
ventions from government and industry which alter the 
relation of the researeh worker and those who support 
him. Fundamental and applied research, applied physies 
and engineering approach ever more closely together. The 
scientist working with the aid of industrial funds is 
expected to be creative in the general build-up of basic 
scientific knowledge within the interests of his patron; 
already there are prescribed limitations, within which a 
far-sighted employer will allow the necessary freedom of 
choice of topic and method. If, on the other hand, Govern- 
ment is the mycaenus, apparent restrictions may not be 
obvious, but there is a moral obligation to society which 
ean hardly be ignored. The Government, providing funds 
for fundamental research, is no simple philanthropist. It 
realizes (however dimly) that research has to be supported 
for one or a combination of the following reasons: 

(i) for its importance in the educational system, in 
ensuring its vitality and in the production of skilled 
scientists required for a whole range of economic and 
social purposes: 
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(11) for the discovery of new knowledge, as an input to 
technology. or more erudely for purposes of national 
prestige; 


(in) to inerease the level of seientifie awareness of the 
country, not only through the high level training which 
alone research provides, but in the creation of a scientifie 
community which is aware of the nature, methods, trends 
and limitations of world research, without whieh inno- 
vation in industry must be second-rate. 


A combination of these motivations has led at its best 
to a new relationship of research with society, privilege and 
freedom in balanee with responsibility. "This is particu- 
larly striking in the United States where a close working 
partnership has arisen, not without a degree of friction and 
mutual eritieism, it must be admitted, between university. 
industry and government; this is a dynamic equilibrium 
from which all three elements clearly profit. The facet of 
responsibility is evident, for example, in the development 
of the National Ac ademy of Sciences of Washington under 
Frederick Seitz to offer and have aecepted by Congress à 
collective statesmanship of science instead of a series of 
specific pressure groups for high energy physics, molecular 
biology and so on. Another feature of this equilibrium is 
the part played and indeed relished by scientists and 
engineers in the United States, in major technological 
adventures related to political goals. So far these have 
been connected with space and defence, but they have 
created a situation and public acceptance which tomorrow 
can well extend to the major educational and social goals 
of contemporary man. 

In Europe the quality of scientific enquiry remains high. 
although in a relative sense it achieves fewer rewards than 
hitherto in the form of Nobel prizes and so on. Yet this 
high quality of research is insufficient to prevent a brain- 
drain, significant because of its appeal to the highest levels 
of scientific quality in terms of conditions of work, oppor- 
tunities for exciting initiative, the sophistication of tech- 
nique and the employment possibilities of the United 
States. Here, perhaps, is the real gap of the future; on 
the one hand high quality admixed with traditionalism 
and rigidity, and on the other an adaptation of attitudes 
and structures of research, insufficient perhaps but 
plotting out new directions. dynamic and self-questioning. 


European Defects 


The difficulties in Europe stem from its past successes, 
producing both in attitudes and structures a traditional- 
ism and rigidity which make it difficult to adapt to con- 
temporary needs and exploit the promise of new discovery. 
The situation varies from country to country, but there is 
a common pattern, varying in degree from institution to 
institution. The present unrest amongst the students 
in France and Italy symbolizes the deep frustration and 
dissatisfaction with the status quo of the university drawn 
from and in many ways still similar to the medieval seats 
of learning which arose in response to the requirements of 
an utterly different world. It may be argued that in the 
United States, too. the same frustrations exist, but the 
degree of aggravation seems to vary with the adaptability 
of the organizations concerned. Here we are concerned 
only with the research element of the problem, but that, 
too, is more grave in Europe because so much of research 
takes place within the university and there is often a total 
absence of the dynamic fertilizing relation between 
education, industry and the state. 

Here we can only summarize some of the difficulties; a 
deeper analysis can be found in Professor Ben David's 
study Fundamental Research and the Universities, recently 
published by OECD. 


(1) The Structural Problems 

While there are many interesting examples of university 
reform in Europe, the general and somewhat caricatured 
pieture is of a university, isolated from industry and the 
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life of the people, highly centralized within the bureau- 
cracy of the state, the professors civil servants. Such an 
institution is frequently still organized in the form of a 
colony of 'ehairs" with littl mutual interaction, the 
individual professors appointed for life (with an advanced 
retirement age) on the assumption that a single person is 
capable of representing, more or less on his own, à scien- 
tific discipline throughout his life span, although with the 
rapid advances of knowledge there is need for wave upon 
wave of new men and new ideas. This rigidly hierarchical 
system, which does not encourage contact between its 
faculties, makes difficult the evolution of multi-disciplinarv 
contact and the arising of borderline fields from which so 
much of scientific progress now comes. The university. 
from which so many of the discoveries of science have 
come, on which innovation in society and industry depend 
is, of all national institutions, one of the most impervious 
to innovation from within. In spite of education having 
become in most countries the greatest recipient (or nearly 
80) of national investment, it is often almost completely 
lacking in modern concepts of management and may often 
reject the need for management almost completely. Its 
instruction which in the past has attracted generations of 
scholars, its student intake having, until recently, been a 
very small proportion ef the age group, now seems irrele- 
vant to the much larger proportion of the population now 
pressing for entry. True the higher vocational teaching of 
medical, engineering and other schools represents response 
to need, but over much of its range teaching appears 
archaic, unrelated to future employment prospects. 

This, then, is the environment for fundamental research 
and one which, with all its limitations has, until now 
proved highly creative. The system is proving insuffi- 
cient, and in some Western European countries parallel 
struetures for research, financed by the state, have been 
created, often located within the university. The Eastern 
European equivalent is the Aeademy system which, while 
isolating research activity in usefully large units. deprives 
higher education of its vitalizing proximity. The policy 
aim must be to ereate a combined system of research and 
training, capable of contributing to and benefiting from 
the continuous scientific and technological advance. The 
European tradition of adding on to existing systems and 
Structures does not seem to achieve this. As Ben David 
says. the requirements are for a feasible system, capable 
of continuous innovation in which the units possess some 
degree of autonomy to embark on experiments not only in 
new fields of science but in the creation of new methods of 
teaching and research. There should at the same time be 
exchange, assessment and competition between these 
units, evaluating the new experiments, speeding innova- 
tion and extinguishing the provedly inefficient. 


(2) Problems of Country Size 

With the rapid extension of scientific knowledge, it is 
inereasingly difficult for each institution of research and 
even each country to give average coverage to the whole 
range of disciplines. In Europe and especially in its small 
nations, attempts to do so provide a thinly spread effort 
with only occasional strong points. Such a situation 
demands a degree of specialization and concentration 
within each country of a limited number of fields of 
research and higher training, linked to similar points of 
quality abroad, and with easy access to similar concen- 
trations in other specializations, in other countries. This 
is the concept of a regional network of centres of 
excellence. 


(3) Funding of Research 


In many countries funding of research comes through 
the ordinary educational channels and tends to suffer since 
the pressure of entrants to higher education, for which 
funds are seldom sufficient, claims more for teaching and 
less for research. True, there are special funds in most in- 
stances to provide for equipment and assistance to those 
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specially qualified in research. The smaller the country 
the more difficult it is to do this in such a way as to 
encourage new men and new ideas. Too easily the alloca- 
tion of research funds becomes a formal and repetitious 
cutting of the annual cake by those with established 
reputations. Since, in a particular small European 
country, those eminent in a particular field will be limited 
in number, the accepted tends to be encouraged and the 
new and speculative excluded. It is extremely difficult 
in such eireumstances for younger men with ideas to 
achieve support. One remedy would be to introduce, on 
the assessment panels, specialists from foreign eountries 
to help break the ingrown monopoly. 


(4) Mobility of Scientists 

High mobility of employment, which is a eharaeteristie 
of the United States, is much less common in Europe. Not 
only does it take place geographically over the whole area 
of the North American continent, but it is common 
between universities, industry and government, and even 
within individual firms there is an easy and honourable 
transition from research and development to manage- 
ment. 

The American scene with its achievements, seale and 
freer attitudes exerts an enormous attraction to the 
Europeans. Not only is there the phenomenon of the 
one-way brain-drain, but research workers generally 
attempt to keep au courant with American advances and 
know intimately the work of the main schools on 
their subject, at the same time ignoring what is going on 
in neighbouring countries or even in universities in the 
same country. This polarization of European research, 
together with its immobility, has another sympton, 
namely, that many of the outstanding research institutes 
of Europe attraet foreign workers, but these are domin- 
antly Americans seeking quality, and only a few are 
Europeans from other countries. i 

The encouragement of mobility of research workers in 
Europe would seem important for the cross- fertilization. it 
would bring. There is need for a review of the obstacles to 
such movement, legal and psychological, security of return, 
provision of sabbatical leave, and so on. At the research 
level, language is not a serious barrier and preoccupation 
with the problem of equivalence of degrees is a diversion. 

This is, of course, only one aspect of the problem. Even 
more important is the acceptance of internal mobility 
within each country between universities, industry and 
government, which in turn is a facet of the total problem 
of the place of the university in society. 


International Co-operation 

There has been a great increase in the extent of inter- 
national scientific and teehnical co-operation in the last 
fifteen years, especially in Europe. Some of this has come 
from the pressure and enthusiasm of groups of scientists 
as in the case of CERN and EMBO; some has been of 
political origin, such as ELDO or the Cancer Research 
Institute. The former are proving by far the more 
creative. 

With the increasing cost of research. the problems of the 
smaller countries in achieving a threshold effort in par- 
ticular specializations, and the eee ee of a 
gradual integration of economie policies, international 
co-operation becomes a real possibility for the extension 
of national resources. This is true only if the activities 
undertaken in common and with the sharing of costs 
are planned as part of the national policy for science and 
closely related to domestic activities. At present this is 
seldom the case and international co-operation is some- 
what random and inefficiently linked to national objec- 
tives. In many instances, too, it operates with a somewhat 
narrow and short-term application of the principle of the 
juste retour, in which countries contributing a certain 
proportion of an international budget expect to receive the 
proportion back in the form of contracts. research grants, 
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or salaries of nationals. It is doubtful if such co-operation 
between the European countries can become really effec- 
tive without the establishment of a true European com- 
munity of scientists, with the mobility, national criticism 
and common objective which this would imply. 

Common effort in technology is still more difficult and 
can only be established if co-operative and competitive 
elements are in equilibrium. The primary need is a 
political will to undertake important schemes, a formula- 
tion of eommon objeetives, a degree of economie integration 
or at least harmonization and, in many cases, a common 
government procurement poliey concerning technologieally 
advanced produets. This intergovernmental co-operation 
in technology must go hand in hand with general economie 
co-operation and ineluding industrial policy and procure- 
ment. There are innumerable other difficulties including 
the problem of ensuring efficient management of such 
projects and many technical questions such as language, 
standards specifications and the like. Nevertheless 
programmes of sufficient substance to be meaningful in 
many areas of advanced technology such as nuclear 
energy, aviation, space, computer development and many 
of civil technology are beyond the resources of the 
individual countries and will depend on the identification 
of common objectives between groups of countries. 

Although economic and political co-operation in Europe 
is necessary if technological co-operation is to sueceed-— 
the other side of the coin, technological co-operation as an 
aid to economic integration, there are necessary steps 
which can be taken without awaiting full agreement on 
the major political issue. These include :— 

(i) establishment of a European network of fundamental 
research activity; 

(ii) co-operation on many topics of direct government 
eoneern—road research, meteorology, urbanism, new 
approaches to transportation, conservation of the environ- 
ment, educational technology, agricultural research and 
soon. Such problems in which the competitive ingredient 
is small offer immediate opportunities. Their pursuit 
separately in the many small countries of Europe means 
duplieation, waste of resources and submarginal and 
dispersed effort in many places; 

(iii) international discussion of technological objectives, 
identifieation of common areas of interest, joint evalua- 
tion of sehemes, progress in advanced management 
development, harmonization of standards, patent legisla- 
tion, a common approach to innovation in the education 
systems and so on. 
















Institutional Needs 


European structures for research and development have 
mainly grown by accretions to institutions created during 
the late nineteenth century for the needs of an economy 
and society which has passed. Much has been done during 
the present century in the establishment of governmental 
organizations for researeh and development on certain 
mission-oriented topics, but the efficiency and general 
validity of such an approach are in dispute. Again a few 
countries such as Britain have experimented in new 
directions such as the establishment of facilities in common 
to groups of universities and the successful "research unit” 
approach of the Agricultural and Medical Research 
Councils. By and large, European research institutions 
have not evolved in new directions to meet new needs. 
The United States has been forced to experiment on new 
institutional approaches because of their massive efforts, 
especially in defence, atomic energy and space within which 
very large and complex technological projects have 
emerged, which would not fit into the conventional and 
university and bureaucratic framework. We have there- 
fore the advantage of being able to evaluate the experience 
of a whole range of new types of institution to see whether 
particular types, or features of these, would fit European 
needs. These include the highly developed contract 
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system for government research and development under- 
taken by industrial firms and universities, a whole 
spectrum of not-for-profit institutions, various types of 
contract research centres such as the Rand Corporation, 
the Aerospace Corporation, the Applied Physies Labora- 
tory of the Johns Hopkins University, the Argonne, 
Brookhaven and Oak Ridge National Laboratories. Such 
organizations vary greatly in their roles, missions, manage- 
ment struetures and relations with government. "They 
have, however, in their diversity, provided means of rapid 
development which could not have funetioned within the 
conventional structures. Such developments are not 
restrieted to the United States. Japan, for example, has 
responded in a different way, creating some fourteen large 
institutions, common to the university system as a whole. 
That on solid state physics, for example, is sufficiently 
large to contain important and cross-fertilizing units on 
most sub-specializations of this field, to constitute a great 
national resource which by new discovery and by training 
supports major, successful development of industry. 


Possibilities 

With regard to the overall instruments of co-operation 
between the European countries, it is not of course pos- 
sible to make concrete suggestions at this time as to the 
major responsibilities in view of existing political un- 
certainties. The following is therefore a listing of what 
appear to be the important needs and desirable functions 
without indications of possible or preferable institutional 
attachment. 





(1) The establishment of a European network of centres of 
excellenee in particular subjects, starting perhaps on 
a pilot basis in a few fields requiring interdisciplinary 
attack. This would require provision of promotional 
funds either internationally or reserved for the 
purpose within the participating countries. 


(2) The creation of a European Community of Scientists 
to encourage contact, common approach and mobility 
within Europe as a whole. The recent initiation of 
the Physical Society and Institute of Physies is a 
weleome beginning for a super science. Eventually 
there will be a need for a European Research Council 
or Academy of Sciences. 


(3) Constitution of a European Agency for Seience and 
Technology. There is need for a central point of 
debate and negotiation between the co-operating 
countries, established by governments but operating 
in the closest contact with industry. Such an organ- 
ization would have study and planning functions; it 
would link science, technology and industry with the 
broad economic and political desiderata; it would 
undertake, for example, "look out" and scanning 
funetions with regard to new technology, and evolve, 
apply and teach techniques of technological forecasting 
and planning. It would evaluate programmes and 
projects of scientific and technological co-operation 
between its countries and assist in the launching of 
such schemes as were accepted. Its work would be 
essentially that of study, negotiation and catalysis 
rather than operational. A specific task would 
be to establish common programmes and rationalize 
the use of resources on topics of direct government 
concern such as transportation, urbanism, environ- 
mental pollution and so on. 





A final word: what do we mean by Europe-—the Europe 
of the Six, of the broader membership of the Western 
European states, or Europe "to the Urals’? Shall its 
attitude to research and development be one of introverted 
European conservatism or of common development done 
in a progressive spirit of balanced competition and 
co-operation with the United States, Japan and other 
advanced countries ? Who can give the answer? 
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COMMON INSTITUTIONS 


Feasibility of Multilateral Co-operation 


by What follows is a personal assessment of the outlook for European 


J. J. SALOMON 


collaboration in science and technology. A fuller version will appear 
in European Scientific Organizations, edited by Eric Moonman, to 


be published by Penguin Books. 


EcvRoPE may be the most suitable area in the world for 
scientific and technological co-operation. It is, in fact, 
the only area where there are research institutions jointly 
administered by several governments and where scientists, 
engineers and technologists work alongside international 
civil servants. In spite of apparently similar university 
traditions, however, the geographical proximity of 
countries apparently comparable in scientific and tech- 
nological development and the common hope of speeding 
up the creation of a political unity by means of common 
specialized institutions in the final analysis are limited 
even though the advantages of sharing work and combin- 
ing resources are obvious. Moreover, the limited experi- 
ence so far has led to more failures than successes. 

No European country. however large, is capable of 
undertaking alone a research programme in any field or 
type of research, fundamental or applied, on the scale of 
that of the United States or the Soviet Union. The 
dialogue between policy-makers and the scientific com- 
munity is frequently falsified by the limited number of 
specialists in each of the disciplines. The turnover of 
expert advisers in the consultative bodies cannot be 
sufficiently rapid or balanced to ensure the renewal of 
ideas, the expression of different points of view and the 
avoidance of pressure groups. 


Resources 


From the point of view of both capital and manpower, 
the pooling of resources is the only adequate response to 
the conditions under which scientific and technological 
competition will henceforth operate. This competition 
is like a new sort of game where not only the speed of 
reaction and the size of the stakes decide the rate and 
extent of the gains, but also where the tactics possible 
are entirely conditioned by the strategy of the most 
powerful partners. In this sense, intergovernmental 
co-operation in science and technology is the only way in 
which the European countries can at the same time con- 
centrate resources and avoid being eliminated from the 
game. 

“Beneficiaries” of the conquests of science and tech- 
nology, and called on to assume increasing financial 
responsibility, governments have discovered in such 
co-operation a means of realizing more quickly and 
economically certain national goals. Indeed—thus and in 
contradiction with what is often thought by governmental 
administrators—the problem of science policy is the lack 
of human rather than financial resources. Co-operation is 
often the best method by which small countries can 
enable their scientists to participate in the most highly 
advanced science, for them to be “in the running" and 
thus prepare their universities and industries for scientific 
change and retain or provide the competences necessary 
for the exploitation of technical innovation. 

It is significant that in the thinking of those attempting 
to create "Europe" (at Strasbourg as well as Brussels). 
scientific research has been seen as only one aspect of 
“cultural poliey"-—an end rather than a means. It 
was not until the first Ministerial Meeting on Science 
(OECD, October 1963) that governments suddenly dis- 
covered the "proliferation" of international scientific 


organizations and became aware of the need to co-ordinate 
efforts for the harmonization of initiatives or at least for 
a certain measure of co-ordination between national 
projects and international scientific activities. The 
emergence of national institutions especially responsible 
for science policy led to a clearer view of available re- 
sources, of the most urgent needs and of the role of 
co-operative activities as a complement rather than & 
substitute. The first comparison between the research 
and development efforts of Europe, the United States and 
the Soviet Union paved the way for the debate on “tech- 
nological gaps" at the same time as it underlined the lack 
of coherence in the decisions on which co-operative activi- 
ties depend. 

Inter-governmental organizations pursuing one form 
or another of scientific activity have multiplied at a rate 
which justifies talk of proliferation, Some have heavy 
operating expenses and carry out programmes which, 
by their nature and extent, have a direct influence on the 
scientific and technological potential of their member 
countries. The resources allocated by governments to 
international scientific activities quite often represent a 
considerable percentage of the total national budget for 
research and development, but such international invest- 
ments are not necessarily financially unproductive. 

Not surprisingly, therefore, governments want to 
establish the criteria on which they could direct their 
investment in international scientific co-operation. Tt is 
clear that these criteria—if indeed they have ever existed 
—have never been recognized in the light of the progress 
of science, its increased and increasing cost, the multiplica- 
tion and diversification of machinery, institutions and 
programmes. Moreover, these changes have not been 
accompanied by an adjustment of the national institution 
responsible for deciding on or supervising participation 
in international scientifie activities. Finally, and most 
important, the future development of international scienti- 
fie organizations hangs on the political "mortgages" 
determining the future of Europe. 








Motives 

Any inventory of the reasons why these organizations 
have led to so many difficulties has to take into account 
what could be called the technical-political limitations of 
such co-operation. Indeed, not all branches of science and 
technology are suited to co-operative activities or can be 
dealt with by the creation of inter-governmental organiza- 
tions. Experience has shown that governments will 
not undertake large-scale combined action except when 
prompted by one or more of the following motives: 


(1) The research is to be devoted to an essentially 
extra-national subject (meteorology, oceanography and 
the like). 


(2) It requires expenditure which no country could 
meet from its own resources (nuclear research, space 
research). 


(3) The scientific activities in question are believed to 
contribute to some wider economie or military projeet 
for which the countries are pooling their efforts. 
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(4) Participation in a particular form of co-operation 
will enhance the prestige of the country. nationally or 
internationally. 

In the case of countries such as France, Germany and 
the United Kingdom, the sharing of effort represents a 
means of supplementing national research activities 
and reducing their cost. Then there are the countries 
whose resources are smaller or whose scientific efforts 
cannot cover all sectors of research, for whom co-operation 
represents, often, the only means of engaging in large- 
seale activities and the only way in which their research 
workers can be associated with the latest scientific 
developments. Lastly, there are the developing countries. 
few of which possess the structures and resources necessary 
for the stimulation of research activity. 





Politics 


In forming a picture of the possibilities offered by 
inter-governmental co-operation and its limits, we must 
give at least as much thought to the motives of politicians 
as to the needs felt by scientists in their search for truth. 
At all events, they explain why scientists and their 
government representatives sometimes appear to be 
speaking different languages. Certain ambitious pro- 
grammes of genuine scientifie value are put forward which 
governments feel unable to support, while others are 
adopted without governments realizing the extent to 
which they would be committed financially; and there 
are co-operative projects which have been launched as a 
result of purely political pressure, with no real benefit to 
science or even to national scientific efforts. 

It is often said that in no field is co-operation between 
countries more feasible than in science. There is much 
truth in this. but the desire for co-operation has its limits. 
Viewed as the theory and practice of accumulated know- 
ledge, science is acknowledged to be universal, but as an 
activity which can yield results that may determine 
the position of a country within the hierarchy of nations 
it is not unaffected by nationalistic considerations. The 
situation in Europe is unparadoxieal: there are, on the 
one hand, the reasons and pressing needs for more exten- 
sive international co-operation, and, on the other. the 
obstacles to this co-operation. 

From the point of view of the scientific organizations. 
the lack of a common identification of the aims, pro- 
grammes, management of research and its exploitation 
is the price paid for the lack of political unity in Europe. 
The situation is much the same as if. in the United States, 
each state viewed the totality of American scientific 
effort in different terms and participated in it for reasons 
which would benefit only itself. In international com- 
petition European scientific organizations face a double 
handicap: that of being the sum of different efforts, 
and that of responding to diverging aspirations. 


Policies 


From this results a complex of difficulties, both technical 
and political, and which explains why multilateral co- 
operation has not really been able to prove itself. It is 
easy to see that all these difficulties are tied up with the 
political "mortgages" on which the future of Europe is 
suspended: some are due to lack of co-ordination both 
between national and international programmes and 
between the activities of the organizations themselves: 
others arise from the uncertainty to which these organiza- 
tions are condemned, their programmes being the object 
of severely negotiated compromises or periodic re-apprai- 
sals by governments. On all these points the example 
of nuclear and space research is particularly apposite. 

The contribution of each country to the common effort 
is conditioned by the objectives, accomplished or in the 
course of implementation, of its own science policy. How 
ean these different policies be harmonized into one coherent 
if not convergent. overall policy ? This is the question to 
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which cach from their own viewpoint, expert groups and 
policy committees, each in turn or collectively, address 
themselves: a question which is all the more diffieult to 
resolve if the programme concerns research with a promise 
of application—that is to say, the majority of cases. 
CERN is often held up as a model for the creation of new 
scientific organizations. But if this successful example of 
international co-operation has no equivalent, this may 
be beeause particularly favourable circumstances and 
conditions were in favour of its creation—a combination 
of circumstances which do not exist today. 

The example of CERN illustrates the limits of co-opera - 
tion which in other cases are demonstrated only by a series 
of difficulties that were never surmounted. The first 
favourable circumstance, between 1947 and 1948, to the 
creation and development of CERN was political and was. 
as Professor Kowarski has reminded us, ‘“The statesmen’s 
search for domains of common interest in which a joint 
effort could be made to produce tangible manifestations 
of European unity "!. The idea of building a big accelera- 
tor came only later. and was the result of the encounter 
between this political drive and the concern of the nuclear 
physicists that Europe should not be excluded from the 
pursuit of the study of high-energy physies. 

In all other cases of international scientifie organizations. 
the "technical" factors are inevitably subordinated to the 
repercussions of the different national situations and moti- 
vations. Since each country expects to benefit its own 
interests, common agreement on the programmes to be 
pursued, and particularly where exploitation of the results 
is concerned, is difficult to achieve. The unfortunate 
history of Euratom's research programme is a good 
example of how differences between national policies can 
compromise the formulation of a common policy. It is 
not only that the nuclear efforts of the six countries are 
unequal, but that the objectives of their nuclear policy 
and their means of achieving them are poles apart. Some 
member countries concentrate their efforts on enriched 
uranium and others on natural uranium reactors. While 
France has chosen to perfect a system of nuclear arma- 
ment, other countries are concerned solely with the civil 
applications of nuclear energy. How in these circum- 
stances can a common effort be conceived? As an 
extension of national projects ? As a complement to the 
collective activities of the participating countries? Or 
as the co-ordination of the national programmes? More- 
over, a common nuclear policy presupposes a common 
energy policy. 


Competition 

It is hardly surprising that Euratoin’s research pro- 
gramme has suffered from the difficulties of integrating 
national projects—not to speak of the problems arising 
out of the different conceptions of the role of the Executive 
Commission which, in accordance with the Treaty of 
Rome, has supra-national authority. For all these reasons, 
the “contracts of association" have given rise to endless 
problems, since instead of complementing national 
activities within the framework of a concerted policy, 
they have led to the awarding of grants or loans to national 
research programmes the objectives of which have little 
relation to the common effort. 

Again because of the absence of a concerted policy, 
there is no real co-ordination between the international 
scientific organizations. The ad hoc basis tor decisions 
leading to their creation leads inevitably to overlapping 
of their scope and to converging if not indistinguishable 
activities. Participation in these organizations varies 
from one to another. The control which the member 
countries exercise over their programmes cannot therefore 
ensure the exclusivity of certain areas of research. Hence 
the duplication of efforts by which governments are 
legitimately embarrassed since they are frequently at the 
same time obliged to find the means of contributing 
financially to several organizations to which they are 
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committed. While these duplications of work are inevit- 
able, however, their consequences should not be exag- 
gerated. The progress of science has, after all, always 
mvolved a certain competitiveness between the different 
scientists and laboratories. Why therefore should there 
not be competition between the research teams who work 
on the same problem in different international organiza- 
tions ? At least in the ease of research per se it is extremely 
difficult to know whether the multiplication of efforts 
has not an overall beneficial effect. 

Much more serious is the fact that in the same sector 
of research the objectives and activities of international 
organizations are not formulated within an overall frame- 
work. The space sector is the most striking example of 
this. Resulting from preoccupations and needs felt in 
differing degrees by different countries, the creation of 
the three space organizations during the period 1962 to 
1964 involved no direct link between them at the various 
stages of discussion. 


Communication 

The working together of scientists from different 
countries in one laboratory certainly poses difficulties 
which should not be minimized: the diversity of their 
training, languages and attitudes is not the most favour- 
able factor for communication (even scientific) or for the 
efficiency of an enterprise. Thus one finds the example 
of an international scientific organization where certain 
researeh units have gradually reconstituted themselves 
around people of the same nationality, just as though 
an eminent university scientist were to collect about him 
in his institute only his own "protégés". It is not known, 
by the way, whether the overall work of the organization 
has been impaired by this state of affairs. In this con- 
nexion, it is to be regretted that there has been no research 
carried out in Europe on the behaviour of scientists in an 
international laboratory and the organizational and 
“ecological” factors affecting their creativity. 

Nevertheless, however great these difficulties, their 
importance should not be exaggerated: the day-to-day 
tasks, the habit of working together, the feeling of partici- 
pating in the same venture, are cireumstances in which 
they ean be overcome. However, it is necessary that the 
venture be seen as a joint engagement, and, in particular, 
that the objectives and programmes are not periodically 
subjected to reconsideration for non-technical reasons. 


Bilateral Alternatives 


More generally, the hesitations that have beset the 
setting up or carrying out of large-seale projects (the 
Orgel reactor of EURATOM, the rocket ELDO-1, the 
LAS satellite of ESRO) and the lack of a long-term strategy 
have served to give the impression, in both political circles 
and amongst the general publie, that international eo- 
operation activities suffer from an inherent weakness: 
the great "machins" created to respond, jointly, to scien- 
tifie and technological problems appear to be no more 
efficacious than those supposed to resolve international 
conflicts. After the great hopes raised by the promise of 
international scientific co-operation just after the Second 
World War—an optimism justified by the fact that no 
area of co-operation would appear, theoretically. to raise 
fewer political problems—-has followed a period of recon- 
sideration in which governments, disenchanted, wary and 
reluctant, are taking stock and re-examining their policies. 
Some are still hopeful of recuperating their stakes, others 
are determined not to engage in new joint ventures. 

These factors explain to a large extent why many 
governments prefer to enter into bilateral agreements. 
The conditions for the establishment. management and 
the carrying out of a programme for technological develop- 
ment, such as the Concorde, are more flexible and more 
efficient than those required by multilateral co-operation. 
Those taking part have & greater feeling of participation 
in the common endeavour in that they can more clearly 
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see the benefits to themselves; the agreement is for a defined 
project to be carried out within a determined tame, not 
therefore susceptible to institutionalization— and, particu- 
larly. to the risk that the common project will develop 
according to its own impulsion and pass beyond the 
control of the governments concerned. This is not to say 
that bilateral co-operation ean avoid all the difficulties of 
co-operative ventures, or overcome those with which 
international organizations are so often faced by reason 
of the reconsideration of engagements entered into by 
one or another government. The Concorde project was 
no less jeopardized than the ESRO-ELDO rocket at a 
certain moment-—and for the same reasons. However, 
the spreading out of the participants, and therefore of the 
outlays, does not offer the same security as in the ease of 
a bilateral agreement. 

Nevertheless, the areas where the co-operating of two 
partners is sufficient to ensure the necessary investment 
in capital and manpower are limited, Moreover, a market. 
larger than the five countries in question is necessary to 
ensure an outlet for the product. And finally, the tech- 
nieal arguments for bilateral co-operation are no less 
subject to political pressure than in the case of multi- 
lateral co-operation. If the specialized scientific organiza- 
tions appear, from the technical aspect, too open to the 
participation of any country, because of the differences 
in the contributions each may make to the common 
endeavour, bilateral agreements appear, from a political 
point of view, to be by definition too restricted. 


Promise 

In fact. multilateral agreements are bound to develop 
and to multiply in Europe. The creation of a larger space 
industry is one of the conditions for technological develop- 
ment. Another condition would be that publie contracte 
effect the same impulsion on the European scale as they 
have exercised in the United States. For instanee, if 
Europe is to achieve a competitive level of research and 
produetion in the computer field, the electronic industries 
must be able to rely on orders from national administra- 
tions as well as from international organizations, This 
has already led to the constitution of industrial consortia 
in the nuclear and space sectors, grouping firms from 
several countries. The impulsion provided by a larger 
market, the spur of publie contracts, the concentration of 
efforts: in the light of these three factors it is difficult 
to see that the multiplication of bilateral agreements will 
be sufficient to meet the needs and promise of a Europe 
determined not to be outdistanced in world competition. 
Bilateral co-operation is a tactic: it can serve to fill 
certain gaps, sometimes to achieve certain aims, but its 
advantages do not make up for the lack of a strategy 

'This is why, in spite of its present limitations, multi- 
lateral co-operation still retains its promise. Europe has 
no other means of raising its research and development 
effort to the level of its ambitions. It is clear that in the 
most expensive sectors-—-atomic, space, electronic- 
present discussions lead to a co-ordination of national 
efforts and to a more coherent pattern of the activities 
of the intergovernmental organizations. Putting in 
order, re-grouping, reconsideration of the new structures 
which might result, new instruments, a new start: between 
the work of the “Research Group" of the Economic 
Poliey Committee of the Common Market, that of the 
Programmes Committee of the European Space Con- 
ferenee or that of the OECD Committee for Science 
Policy, a "scientifie and technological Europe” is trying 
to find itself—a Europe which can only be realized within 
a multilateral framework. Whatever may happen, it 
cannot avoid repeating the mistakes of the past except 
by the effort of a common will: although there is no 
political Europe, one can say that European science exists, 
but there is no scientific Europe. 








! Kowarski, L., An Account of the Origins and Beginnings of CERN, document 
61-20, CERN, Genéve-Mevrin. July, 195] 
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Buoyant Support for French Science 


The past few years have seen steadily increasing support for French 
science, which has been transformed within a decade. 


Tuis is not the easiest time at which to survey the condi- 
tion of scientific research in France. 
this year and for several months towards the end of 1967, 
university life in France has been dominated by the 
protests of students, and frequently by substantial parts 
of the faculties as well, against supposedly objectionable 
features of the university system. All this has been happen- 
ing during a period which has also seen a quite remarkable 
growth of scale and increase of vigour of university 
research, and it is too soon to know just how these 
heartening developments will be affeeted by the changes 
in the pattern of university life which will no doubt 
follow from the student protests. It may, however, be 
timely to recall that many of the changes which are now 
being asked for, and particularly the demand of the 
students and their supporters that French universities 
should be more independent of the centre, were among 
recommendations of a remarkable conference at Caen in 
1966 which seemed, then, to mark a turning point in the 
development of the university system in France. 

The conference, which was attended by some 300 rep- 
resentatives of higher education, science and the French 
Government, also won the blessing of two ministers of 
the Government—M. Alain Peyrefitte, then Minister- 
Delegate for Scientifie Research, and M. Christian Fouchet, 
Minister of National Education. Tts recommendations 
were quite radical. On universities, the conference wanted 
to see the creation of a number of universities that would 
be at once "autonomous and diversified", and which 
would not be tied to particular catchment areas for the 
reeruitment of students. Among the several recommenda- 
tions on the conditions of employment for university 
staff, what the conference had to say about the attach- 
ment of teachers to universities and not to faculties, the 
organization of universities into departments and the 
provision of professional training and retraining in 
educational methods are probably the most significant. 


Proposals 


On research, the conference asked that there should be 
a deliberate attempt to duplicate sources of finance for 
the research institutes. In practice, what seems most to 
have worried the participants at the conference is not an 
absolute shortage of funds for research—for by 1966 the 
universities were cheerfully aware of the new generosity 
of the French Government towards academic research — 
but rather the danger that the commanding position of 
the CNRS (Centre National de la Recherche Scientifique) 
as a source of funds should carry with it the danger, on 
paper at least, that support might be fortuitously denied 
to deserving people. The conference also called for a 
reform of medical education, the exploitation of computers 
in the management of information and for closer links 
between French universities and European industry, 
chiefly through the provision of research contracts. 

There is little doubt, however, that the outstanding 
achievement at the conference was the approval given to 
its proposals by M. Christian Fouchet, who declared at 
the end of the proceedings that “I intend to arrange for 
studies on the launching of new experimental university 
structures to begin immediately. ... You have raised the 


For the whole of 





during speed trials, 


Experimental “aerotrain’’—hovertrain unit 


question of the monolithic structure of the French univer- 
sity in higher education, but you well know that reper- 
cussions will follow throughout the structure and that the 
whole system will be under attack. But I accept this risk". 

Evidently the tide in the past two years has been 
flowing somewhat more quickly than M. Fouchet and his 
colleagaes can have expected, but the events of the past 
few weeks should not obscure the great improvements of 
the structure of higher education and scientific research 
in France which have been brought about in the past two 
years. Indeed, French laboratories, inside and outside 
the universities, have been more cheerful in the past two 
years than at any time in the past decade. Their optimism 
has been a sharp contrast with the despondency which 
afflicted them in the fifties. To be sure, everybody seems 
to have recognized that there still remains a long way to 
go. It remains to be seen whether the riots in the universi- 
ties in recent weeks will hasten the particular processes 
of reform which are particularly likely to benefit the 
cause of scientific research. 


Growth 

The tangible evidence of recent progress will not, 
however, beforgotten. On the university front, for example, 
the development of the universities of Grenoble and, 
more recently, Toulouse, is a striking proof of what 
can be done to strengthen existing institutions even within 
the framework of the substantially unchanged system of 
higher education in France. It is true, of course, that a 
government bent on policies of regional devolution (as 
most modern governments seem to be) can only have 
welcomed the growth of two provincial university institu- 
tions into much more authoritative institutions. In 
practice, however, beth Grenoble and Toulouse seem to 
have derived a great deal of the impetus for their growth 
from local initiatives. At Grenoble, for example, the 
resourcefulness of Professor L. Néel and the interests of 
the commercial company Air Liquide seem to have been 
partieularly important, and have given the university a 
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commanding intellectual position, to begin with in the 
physies of low temperatures and the solid state. At 
Toulouse, a great deal of the impetus for development 
seems to have come from the presence in the neighbourhood 
of the Sud-Aviation plant (where the French half of the 
"oneorde project is being carried out) although the 
university had independently won an international 
reputation for itself, by the late fifties, with the develop- 
ment of the first megavolt electron microscopes. More 
recently, the university has broken new ground with the 
use of computing machinery for the handling of technieal 
information. The intention is that the region of Toulouse 
should continue to develop as a centre in which the 
university has close links with regional industries, which 
is one of the reasons why Toulouse has been chosen as the 
site for a new college of aeronautical engineering. 


Expansion 

Paris has not by any means been neglected in these 
developments, for one of the chief innovations of recent 
years has been the foundation of a new Faculty of Science 
Lin effect, a technical university—at Orsay, south-west 
of Paris and more or less at the centre of a complex of 
laboratories and research institutes the chief of which 
are the main laboratories of the CNRS and of the Atomic 
Energy Commission. Although the establishment at 
Orsay began in 1956 as a kind of overflow from the Faculty 
of Sciences in Paris proper, it has now emerged as an 
entirely autonomous and as an almost lavishly equipped 
institution. 

Plainly, much of what has happened in the past few 
years in France has served substantially to strengthen 
the foundations for a vigorous programme of scientific 
research, but there has been as much concern for the more 
immediate problems of making the best use of existing 
resources. Budgets have been increasing year by year 
since the early sixties, and the Government of France is 
dedicated to the declared aim of increasing its expenditure 
on scientific research until the proportion of the GNP 
spent on activities like these is more nearly like the 
proportions thus spent in the United States and the 
United Kingdom. Within this framework, the budget of 
the CNRS has been increasing in the past several years 
by an average of 17 per cent a year, and this has been the 
chief source of renewed optimism in the universities 
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because a large part of what the CNRS spends goes on the 
direct support (salaries as well as equipment) of university 
research workers. 

The Government is also, however, dedicated to a number 
of other programmes of technical development which 
command various degrees of conviction among the techni- 
cal community. The scale of expenditure on space 
rocketry, for example, is greater in France than in any 
other country but the United States and the Boviet 
Union. There is a plan (le plan calcul) to build up & 
domestie computer industry, although the first tangible 
fruits of this project have not yet appeared. More recently 
the French Government has set up organizations for the 
pursuit of research and development in oceanographic 
connexions. Apart from basic research of & classical 
character, there are programmes which inelude sub- 
marine survival (in the Mediterranean) and underwater 
engineering (based on a new establishment at Brest). 
Although these programmes fit in well with well-estab- 
lished lines of interest among French scientists, 16 18 
presumably not just a coincidence that substantial sums 
are being invested in fields which have also recently 
become well endowed in the United States. 

Nobody will be surprised if the benefits of these invest- 
ments show themselves in unexpected ways. Although 
groups of professionals such as those who met at Caer in 
1966 are constantly asking for a closer integration between 
French science and industry, the closeness of the connexion. 
which already exists is already a considerable cause of 
admiration and even envy elsewhere in Europe. The 
grandes écoles have undoubtedly had a lasting influence 
on the temper of French science even though their own 
existence may now be cast in doubt by the re-examination 
of the structure of higher education in France. 

No doubt the decisiveness of French science poliey—- 
which is not necessarily to be equated with wisdom— 
stems from the tightly knit organization which now 
exists. Briefly, organizations such as the CNRS report 
directly to the Minister for Scientific Research, Atomic 
and Space Affairs. Advice on strategy is provided by 
the Délégation Générale à la Recherche Scientifique et 
Technique, which seems to have been extremely fortunate 
in recruiting a small staff of the temper which has done 
a great deal to make French economie planning effective 
in the past decade or so. 






Science Policy: Fears of the Inquisition 


The National Research Council lacks both the money and the means 
to direct an effective science policy. 


Tur excellence of Italian science in such fields as nuclear 
physies has been achieved in the face of research funds 
that are minimal by European standards and a science 
poliey the administration of which is sometimes weak and 
confused. 'The three examiners appointed by the OECD, 
or inquisitors as the Italian Government now seems to 
regard them, have apparently found much to criticize in 
their study of Italy's science policy, according to the 
confidential draft released by dissident scientists at the 
National Research Council. 

The primary responsibility for science research in Italy 
rests with the National Research Council (CNR), which 
finances eleven research institutes of its own as well as 
supporting research at the universities. The task of the 


CNR is to co-ordinate national science policy; its powers to 
implement its decisions are, however, largely advisory. 
It does not control the important laboratories attached to 
the defence, health and other ministries, and the nuclear 
energy programmes which it initiated in 1952 were 
granted autonomous status under the National Council 
for Nuclear Energy (CNEN) in 1962. The CNR disposes of 
about a fifth of the Government funds allocated to 
research. In both administrative and financial terrns, 
the ability of the CNR to co-ordinate and direct the 
national research effort, and to ensure the best use of 
Italy’s scarce scientific manpower and research funds, 
is severely circumscribed. 

The stresses of this situation are reflected in the annual 
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Table 1. RESEARCH SPENDING IN 1966 BY SECTOR AND SOURCE (MILLION LIRE) 


Min- Min- 
istry of Min- Min- istry of 
Source Educa- CNE CNEN istry of istry of Agri- 
tion Health Defence culture 
Sector 
Mathematical sciences 1,800 754 — — 12 
Physical sciences 2,586 3,061 7,814 300 2,471 
Chemical sciences 3,700 3,108 150 100 110 ~ 
Biological and 
medical sciences 11,200 3,913 292 534 208 
Geological sciences 1,200 934 — — — 
Agricultural sciences — 1,600 1,993 63 — = 1,324 
Humanities 12,182 2,425 — mai 71 -— 
Nuclear research — — 17,681 - 300 = 
Space research — 679 300 — 
Engineering and 
technological 
research 5,000 3,198 — -— 3,191 
Subsidies for inter- 
disciplinary 
research — 3,435 — 378 
Total spending by 
source 30,260 23,500 26,000 934 8,547 1,324 
Percentage of total 14-90 8-92 9-87 0-36 3:21 0:50 


reports made by the president of the CNR to the Council 
of Ministers. ‘In our university institutes", Professor 
Polvani said in 1963, “the professor and his professional 
assistants are also obliged to do the work of the glass- 
blower, the electrician, the assembler, the bookkeeper, the 
librarian, the photographer, the typist and so forth. This 
polyvalenee is anachronistie and counterproductive and 
must be corrected and abandoned as quickly as possible". 
Professor Polvani went on to deplore the universities’ 
financial and organizational inability to set up original 
research projects and their failure to encourage young 
people to do research. Although research grants to univer- 
sities have more than doubled, from 26 million lire in 1963 
to 57 million lire in 1966, the current unrest among 
Students and research workers suggests that the grounds 
for these complaints have not yet been wholly eradicated. 

In the annual report of the CNR in 1966, President 
Caglioti again referred to the parlous state of scientific 
education: “One must remember that, however numerous 
are the deficiencies and gaps in the sectors of pure research, 
the situation in the technological sectors is infinitely 
more serious. This derives primarily from the still limited 
development of instruction in technology in all our schools 
and at all levels". 


Budget 

Spending on seientifie research, President Caglioti 
declared, “has not in our country reached dimensions 
adequate to our needs and traditions". A country of 
ltaly's size must necessarily be selective in its support of 
scientifie activity, but there are several fields in which 
Italy has no cause to be ashamed of her achievements. 
"The situation in Italy in the fields of mathematics, 
physics, a good part of chemistry and several sectors of 
biology, can be considered to be of international quality". 

The distribution of research funds (see Table 1) makes 
clear the emphasis placed on nuclear research, which in 
1966 accounted for 23 per cent of the public funds avail- 
able. From the founding of the School of Physies in Rome 
by Corbino and Fermi, nuclear research has now extended 
to the electron synchrotron at Fraseati. Frascati is also 
the site of the linear accelerator which began to function 
in October 1966. 

In the field of nuclear energy a vigorous research pro- 
gramme is carried out under the National Council for 
Nuclear Energy (CNEN). By 1975 Italy plans to have 
nuclear power stations capable of supplying between 
3,500 and 4,500 MW: it compares with Britain’s estimated 
13,000 MW of nuclear power by 1975 and Germany's 
7,000-9,000 MW. The CNEN announced last year its 
plans to construct an experimental 35 MW CIRENE 
reactor. 

Space research is another major item on Italy’s research 
budget. Besides contributing a total of 13.710 million lire 





Contribu- 
tions to Percen- — State Perceu- 
Other inter-  Totalof tage of owned Private General tage of 
Min- national publie total of enter- enter- total general 
istries organ- sector public prises prises total 
izations sector 
s Ra 2,566 st — 0 2,566 0:97 
2,823 19,055 13-67 19,055 7T 23 
i = j 5-14 ~ 7,168 2-72 
500 16,647 11-94 - 16,647 6.32 
ae = 2,134 153 - 2,134 0-81 
= 463 5,443 3-90 -— - 5,443 2-06 
60 14,744 10-57 — l 14,744 5-60 
14,600 33,081 23-72 ~ 33,081 12-56 
13,710 14,689 10-53 ~ 14,689 5:58 
6,211 — 18.600 13-34 25,583 98,1443 142,626 54:13 
1,510 5,323 3:82 — — 5,923 2-02 
.211 33,606 — 138,450 = 25,883 98,443 263,476 -— 
2:36 12-78 52-93 — 971 37:36 100 seem 


to ELDO and ESRO in 1966, Italy conducts a satellite 
programme of her own, the San Marco project, by means 
of a launching arrangement with NASA. 


Lack of Power 


Whatever the spending on individual seetors, the 
research funds as a whole are remarkably sparse by 
European standards. In 1963 Italy devoted 0-64 per cent 
of her GNP to scientifie research, compared with 0-89 
per cent for Belgium, 2-04 per cent for Germany and 2-25 
per cent for Britain. One reason for this neglect of science 
may be that there is ne government body charged both 
with the responsibility of co-ordinating the whole field of 
scientific research and with the strength to fight for its 
decisions. There is a ministry with precisely this responsi- 
bility—the Ministry for the Co-ordination of Scientific 
and Technological Research—-but it seems rather doubtful 
that the minister has been endowed with the power to 
discharge his duties. A recent report of the Centro Studi 
Investimenti Sociali commented, “The most ineffective 
institutional situation appears to be that of the minister 
charged with the co-ordination of research activity". 
The minister's constitutional position denies him any 
administrative power and limits him merely to expressing 
his opinion on the annual proposals put forward by the 
president of the CNR. Whether the recently proposed 
Ministry of Scientific and Technological Research will 
be any better equipped remains to be seen. 


Deficiencies 

The CNR itself. however. has no general powers to 
co-ordinate research. The principal institutions of 
scientific research are firmly embedded in the organiza- 
tional structures of their respective ministries with the 
result that the decisions of the CNR have little chance of 
being put into aetion. Aecording to the CSIS report, the 
CNR itself “is aware of its inability to conduct an effective 
co-ordination, partieularly with the universities, in which 
the CNR merely takes cognizance of the research being 
conducted there. Concerning the research institutions 
outside the universities, :here are widespread complaints 
at the existence of waste and duplieation, and at the 
CNR’S incapacity to undertake general co-ordination of 
all research aetivity conducted by publie institutions in 
Italy, as well by private enterprises that receive publie 
funds and by international bodies in which Italy partici- 
pates". 

The most notable failing of the CNR, the CSIS report 
considers, is the use that has been made of its grants 
towards the universities. The grants have not been tied 
to specific research and instead have been used by the 
universities as general subsidies. A major problem is to 
"unchain the CNR from its task of making good the 
deficieneies in publie education at the universities". 
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New Directions in Education and Science 


Germany, the birthplace of the university, is facing the need for 


fresh thinking about higher education. 
is taking place within the existing structures. 


In science, a rapid expansion 
But here too a 


re-definition of aims may be necessary. 


GERMANY s. educational problems scarcely needed the 
emphasis they have been given by the student riots in 
Berlin. But if the riots have helped to accelerate change, 
the chances are that everybody will be better off. The 
problems are familiar enough—a growth of student 
numbers outstripping the growth in university accommo- 
dation, a tendency for studies to take longer and longer to 
complete, and a feeling that the organization of the 
universities, the composition of the academic staff and 
the function and content of the courses are not entirely as 
they should be. All these things were known long before 
the students drew attention to them forcibly—and steps 
had already been taken to correct some of them. 

The German Science Council—the Wissenshaftsrad- 
has recommended first that there should be three distinct 
types of university degree; the first degree for all students, 
the advanced degree (Aufbaustudium) and extension 
courses (Kontaktstudium). The first degree, to last four 
years, would end with a diploma qualifying the student 
in much the same way as first degrees elsewhere. The 
advanced degree would enable the graduate both to con- 
tinue theoretical studies and to do research work. The 
extension eourses are intended as an attempt to keep 
professionally trained people aware of the changes which 
may have taken place in their subjects since graduation. 
These recommendations, put forward in June 1966, have 
the support of the Federal Government, but are difficult 
to put into practice because of the way education is organ- 
ized in the Federal Republic. 

Dr Gerhard Stoltenberg. until recently Federal Minister 
for Scientific Research, recognizes that the implementation 
of these changes cannot be achieved without a reorganiza- 
tion of the strueture of the universities themselves. He 
says that the expansion of university education can only 
be achieved if qualified members of the middle grades 
of university staffs are given more responsibility and the 
right to participate in university management. The way 
in which lecturers are chosen by examination (Habilita- 
tion) will also have to be changed, he suggests, to enable 
qualified people of wide experience to come into the 
universities from the outside without having to sit the 
examination. 


Specialization 


These changes will bring the German university system 
much nearer to the British system. Indeed, there seems at 
one stage to have been a plan to reduce the first degree 
course to three years; fortunately, it was recognized that 
this would enforce sixth form specialization on the same 


scale as in Britain, and the plan was dropped in favour of 


the four year course. One of the most interesting develop- 
ments in German education, however, is the development 
of specialist Gymnasien which lead to qualification to 
university entrance in one subject only. This really does 
begin to echo the obsession with specialization which 
Britain is now trying to break away from, but the feeling 
is that these specialist Gymnasien will remain only a fringe 
feature of German education. 

For the foreseeable future, the German universities 
will continue to select their students on the basis of the 
Abitur examination. In principle, all Abiturien are 
entitled to a university place, and between 80 and 90 





Dr Gerhard Stoltenberg, until recently Federal Minister for Scientific 
Research. 


per cent do indeed get them. But there are some faculties 
where overcrowding, particularly of laboratories, has 
become so acute that it is no longer possible to admit 
all those who have passed the examination. Dr Stolten- 
berg has said that even under the most favourable condi- 
tions, and taking the most hopeful assumptions about 
expansion of the universities and their internal reorganiza- 
tion, it will not be possible for the universities to go on 
accepting such a high proportion of the Abiturien. Estim- 
ates suggest the numbers of students passing the Abitur 
will reach 71,000 by 1970 and 96,000 by 1975, compared 
with 51,000 in 1966 and 31,216 in 1950. The universities 
are already overcrowded—in 1966, 207,000 places had to 
accommodate 263,000 students, and by the eighties, 
student numbers could be between 400,000 and 500,000 
It is clear from this that there must be no slackening in 
the rate of growth of the universities, and Federal grants 
will be going up from DM 630 million in 1968 to DM 730 
million in 1969. 

The crucial issue in university expansion, and in the 
support of research at German universities, is the co- 
ordination between the Federal and Laender Governments 
The construction and expansion of universities have now 
become a joint undertaking of the two, and this kind of 
co-operation may also be possible in other fields. This is 
likely to be of great importance in the planning of the 
“centres of excellence” (Sondersforschungsbereiche) which 
have been recommended by the Science Council. 


Support for Science 

Scientific research in Germany is dominated by two 
organizations—the Maz- Planck-Gesellschaft zur Forderung 
der Wissenshaften (Max Planck Society for the Promotion 
of Science, MPG) and the Deutsche Forschungsgemein- 
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schaft (German Research Association, DFG). Both these 
organizations are independent of the Government, al- 
though they depend on the Bund and the Laender for 
financial support. Each spends its money over the whole 
range of research, and has Government representatives on 
the governing bodies. Some 20 per cent of the resources of 
each organization comes from private funds, mostly indus- 
trial, in contrast with the research councils in Britain, 
which have no private resources. While the MPG carries 
out the majority of its work in its 48 institutes, the DFG 
corresponds more closely with the Science Research 
Council in spending most in universities. The total 
expenditure of the two organizations was £20-18 million 
in 1963. 

The DFG is principally concerned with the advancement 
of fundamental research in the universities. Increasingly 
it has concerned itself with research into social problems, 
such as nutrition, pollution and noise abatement—in 
1965, 13 per cent of the funds of the DFG went on these 
three subjects. The DFG also acts as a platform for the 
exchange of views on scientific and research policy. The 
MPG, on the other hand, does most of its work in insti- 
tutes, which are run with complete freedom by the director 
and staff. The MPG prides itself on the speed with which 
it can set up institutes in new fields of research, and in 
recent years institutes in immunology, nuclear and plasma 
physics and cellular chemistry have been set up at great 
speed. 





Expenditure by MPG and DFG 


MPG DFG 


1964 DM 193-3 m DM 130-9 m 
1965 197-9 m 137.5 m i 
1966 208-2 m 160-9 m | 
1967 238-3 m 177-1 m 





The second Federal report on research, published in 
the middle of 1967, gives a general view of the support of 
research in Germany for the period up to 1971. This seems 
likely to be a cheerful time for German research workers, 
with Federal support inereasing by an average of 16 per 
cent a year. In 1966, the total support for research, 
from Federal, Laender and industrial sources, amounted to 
DM 11,380 million, about 2-4 per cent of the GNP. Almost 
a quarter of this went to support the MPG and the DFG 
and to build up the universities. The aim is to reach a 
situation in which support for research represents 3-0 
per cent of the GNP, and if present plans are maintained 
this will elearly be achieved. 

The Federal Ministry for Scientifie Research has estab- 
lished four "priority programmes" of research. These 
are atomic energy, space research, data processing and 
the most recent, oceanography. The adoption of oceano- 
graphy as a programme of special importance was stimu- 
lated by the realization that other countries—and particu- 
larly the United States, the United Kingdom and France 
—vwere spending far more on it than was Germany. But 
the priority programme is unlikely immediately to trans- 
form the situation. The Government has allocated 
DM 2-5 million (£450,000) for the first year of this new 
programme. To this must be added the expenditure of 
the Laender, DFG and Government departments (DM 28 
million). By 1971, it is estimated, the expenditure on 
oceanography will have reached DM 60 million. 


Nuclear Power 

Although mueh of the exploitation of thermal reactors 
has now been left to industry, there is still substantial 
expenditure by the German Government in nuclear 
research. The original intention here was to concentrate 
on basie rather than applied research, and the attempt 
was made to integrate nuclear research with traditional 
research. Later, as the programme expanded, inde- 
pendent research laboratories were set up, and applied 
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research was undertaken. The success of the programme 
can be judged by the fact that several months ago Seimens 
won a contract to supply Argentina with a 300 MW power 
station (admittedly of United States design). Of the 
twenty-five research or production reactors either working 
or under construction, only four are entirely financed by 
the Federal Government, but fifteen more receive Federal 
support. The programme is under the guidance and con- 
trol of the Deutsche Atomkommission. 

The principal centres for nuclear research are at Karls- 
rühe, which has 2,800 employees and costs DM 94 million 
a year to run, and at Julich. At Julich the decision was 
made to build the Euratom 300 MW thorium high tempera- 
ture reactor of which the Germans have sueh high hopes. 


Space 

A German space programme was announced by Dr 
Stoltenberg in July 1967. It covers the period up to 
1971, and rather more than half of the expenditure in 
this period will go to the European space agencies. In 
each year until 1971, the German contribution to ELDO, 
ESRO and CETS will be of the order of DM 150 million, 
of which ELDO is intended to take rather more than half. 
There are also collaborative projects with France—-the 
development of the Symphonie television satellite—and 
with the United States—the AZUR research satellites, 
and the design of a solar probe to be launched by NASA. 
Germany has wisely renounced the possibility of develop- 
ing her own large satellite launcher, but will continue 
research into propulsion systems. tracking and telemetry, 
testing of components and complete satellites, and a 
mobile launching base for sounding rocke 








| 

The German space programme (DM million) 

1967 1968 1969 1970 1971 
ESRO 48:3 492  35L5 572 572 
ELDO 91-8 1026 9320 860 80-1 
CETS 54 58 7.1 89 130 
National 

programme 118-8 160.4 221-1 2674 279-6 





Data Processing 

The Federal science budget for 1968 shows a sharp 
increase in the amount to be spent on data processing. 
The DFG is to set up eight regional computing centres, 
with an initial appropriation of DM 7 million and a 
total budget of DM 14 million. By 1971, this figure 
should rise to DM 20 million. The contribution from the 
science budget is DM 34 million, but the Ministry of 
Economie Affairs supplies another DM 30 million, and the 
present plans provide for at least DM 500 million to be 
spent before 1971. 

The possibilities for confusion which arise because of 
the division between the Federal Government and the 
Laender have already been mentioned. Earlier this year 
an agreement was signed which should have the effect 
of minimizing diffieulty. It provides for the Federal 
Government and the Laender governments to share 
equally the costs of scientific research as well as the costs 
of building or developing laboratories. The agreement 
also applies to the DFG and the MPG. In addition, it 
provides for either the Federal Government or the 
Laender to make additional payments if they wish; thus 
if the Federal Government wishes to concentrate on a 
particular development, it will not be inhibited by the 
fact that the Laender governments could afford similarly 
high amounts. In the first year of the agreement, the 
Federal Government does not intend to invoke this clause, 
except to give the DFG and the MPG an extra payment 
of £0-3 million each. But the future special areas of 
research suggested by the Science Council do not fall 
within the agreement, and separate arrangements will 
be made for the financing of new universities. 
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Trends in British Astronomy 


by 
F. HOYLE 


AsTRoNOoMICAL policy in Britain has been conditioned 
over the past half century by the weather. For astronomi- 
cal purposes, Britain may be considered as a raft in the 
ocean—not an ideal site. This led astronomers early in 
the present century to work out a policy which seemed 
highly rational at the time. The decision was taken to 
concentrate on theoretical work and on observation of the 
Sun, leaving most extra-solar system observation and all 
extragalactic observation to the US. 

How has this policy worked out, and how has it been 
changed in the past two decades ? As the pace of discovery 
has increased, the policy has worked less and less well. 
In the nineteen twenties and thirties much observational 
work was concerned with long-term programmes of a 
fairly routine nature. There was no very serious handicap 
in hearing about such results a week or two later than 
someone else. But in the past ten years, emphasis has 
swung insistently to the investigation of immediate issues. 
Has the first pulsed radio souree CP 1919 been optically 
identified ? If so, what kind of object is it? Questions 
like these. 

It was already becoming clear immediately after the 
war that astronomy was moving in the direction of greater 
urgency. And with the construction of the first radio- 
telescopes the contrast between being in immediate touch 
with observation and of being separated many thousands 
of miles became increasingly clear. Hence as long ago as 
1946 astronomers in Britain decided to reverse the policy 
of the early years of the century by constructing an optical 
telescope of about 100 in. aperture, named the Isaac 
Newton telescope. After many vicissitudes this telescope 
is now coming into operation at the Royal Greenwich 
Observatory. 


Policy Reversal 

Over the past two decades we have seen progressively 
more and more ambitious radio telescopes constructed in 
Britain. At first, radio astronomy and optical astronomy 
were thought of as almost non-overlapping subjects, but 
with increasing sophistication it has become abundantly 
clear that neither can flourish properly without the other. 
The effect of the rise of radio astronomy has therefore been 
to emphasize the need for further developments in optical 


The movable aerial of the 178 Mc/s radio star inter- 
ferometer at the Mullard Observatory, University of 
Cambridge. (Photo: Mullard.) 


Developments over the past half-century have led to a complete 
reversal of British policy for astronomy, and the future may see 
physics and chemistry united as one subject. 


astronomy. ‘Traditionally, Britain has had a strong 
interest in southern hemisphere astronomy, particularly 
in South Africa at the Cape and at the Radeliffe Observa- 
tory, Pretoria. It therefore seemed natural to promote 
the development of optical astronomy in the south. 
To this end the Science Research Council has joined with 
the Australian Government in the construction of à 
150 in. telescope, which it is hoped to complete by 1974. 
This instrument will be particularly well placed for co- 
operation with the Australian radio astronomers. 

So with the Isaac Newton telescope just finished, with a 
new 150 in. scheduled for 1974, with large radio telescopes 
at Jodrell Bank and at Cambridge, Britain may be said 
to have reversed entirely its policy toward astronomical 
observation—the policy of the early years of this century. 


Nuclear Physics 

'The requirements of theory have played an important 
part in this reversal of policy. A generation ago theoreti- 
cians were mainly interested in stars, with calculating 
stellar properties such as luminosities and radii. More 
recently, interest has swung towards the relation of stars 
to nuclear physics. The processes inside stars span the 
whole range of nuclear physics. If we regard the universe 
as our laboratory, then the stars are the nuclear section 
of the laboratory. 

Now it happens that to observe a particular star is 
not usually a particularly difficult or an extended task. 
This makes it possible to observe a comparatively large 
number of them, so that long term programmes for 
observing and classifying stars were found a profitable 
activity for large optical telescopes a generation ago. 

The situation is different for galaxies and for other 
objects in the extragalactic field. The objects of interest 
are usually some 5 to 10 magnitudes fainter than the 
stars that used to be of prime concern. Consequently, we 
cannot contemplate observing the extragalactic field in 
anything like the same detail. As an example, while the 
Henry Draper catalogue contains the description of some 
half a million stellar spectra, we know the red-shifts of 
only some 500 galaxies. Now that astronomical interest 


has swung increasingly to the extragalactic field it is 
inevitable that astronomers must be far more restrictive 
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in what they choose to observe. It is this shift of interest 
which has changed long-term observing programmes into 
much more immediate activities. The feed-back between 
results obtained and what one chooses to do next is far 
tighter than it used to be. Optical astronomy is now 
more difficult, in part because of increased emphasis on 
faint objects, in part because observing programmes are 
no longer a matter largely of routine. It has been these 
changes which have prompted the reversal of policy in 
Britain, the reversal already noted above. 


Radio Stars 


Now that I have set the background for what is hap- 
pening on the instrumental front, it is worth coming to 
the immediate present. Perhaps the most interesting 
theoretical prediction of the past two or three years has 
been that cosmic radio sources arise from large masses in 
small volumes. "This prediction would seem to have been 
amply confirmed by observation. For example, F. J. 
Low reported in February (Tucson) that of the order of 
l per cent of galaxies are emitting infrared radiation 
at a rate of at least 104° ergs s-'. One cannot set the 
length of time over which such an emission takes place 
to be too short, otherwise it is not possible to explain 
how as many as l per cent of all galaxies show this 
emission. It is reasonable to suppose a lifetime of ~ 10° yr 
for the galaxies in question requiring a total output over 
10° yr in excess of 3x 10® ergs. It is also known that the 
emission comes from the extreme central regions of the 
galaxies in question, where the mass cannot be very great, 
not more than about 10!" M. The total conversion of this 
mass into radiation would yield ~ 10% ergs, Evidently, 
then, the energy output is approaching what might be 
obtained from a very strong gravitational field, which is 
capable of yielding an output comparable with the rest 
mass. Nuclear energy is less efficient by a factor ~ 10-2, 
While nuclear energy might just be responsible for this 
particular observation, the case is beginning to appear 
doubtful. One would rather suspect that what nuclear 
energy is to stars, gravitational energy, and perhaps 
particle physics, is to galaxies and to radio sources. 

In the past few years. Lovell has succeeded in his 
ambition of detecting true radio stars—that is, dwarf 
stars in our own galaxy as radio sources. They are not 
significant emitters compared with the great extragalactic 
sources, but a few of them may appear among the large 
number of sourees which are now counted. The same is 
true for the new pulsed sources discovered at Cambridge. 
These appear to be galactic in origin. Their nature is 
still uncertain—the most likely models are the oscillations 
of a white dwarf or some process associated with the 
magnetosphere of a neutron star. 


Quasars 

The first steps towards the discovery of quasi-stellar 
objects were made some years ago at Jodrell Bank, in 
part by wide baseline interferometry which revealed 
the existence of radio sources of very small angular dia- 
meter, in part by Hazard’s development of a lunar occulta- 
tion technique. It is of interest that the most recent 
interferometric measurements at a wavelength of about 
10 em show the angular diameter of 3C 273B to be less 
than 0-002 in. If the distance of 3C 273 is cosmological— 
that is, about 5 x 10* pe—then the radio diameter is less 
than about 5 pe. This is a direct demonstration of the 
extreme compactness of the quasi-stellar objects. It 
has been estimated that 10°? ergs yr-! is necessary in 
the form of high-energy particles to maintain 3C 273B, 
80 we have another demonstration of an enormous store of 
energy associated with a small volume. 

Ryle and his colleagues at Cambridge have extended 
their radio source counts to very low flux values (down 
to about 10-? flux units at 408 MHz). The cosmological 
implications of these counts have been a subject of 
controversy over the past decade. The counts now seem 
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to be so complete that most aspects of the controversy 
can surely be resolved. 

The following is a list of discoveries of special interest 
made during the past two or three years. 

At Bristol, Fowler and his colleagues have discovered 
that elements with charge about 90 are present in the 
cosmic rays. 

At the Royal Greenwich Observatory, a new value of 
the density of the galaxy in the neighbourhood of the 
Sun has been derived from observations of radial veloci- 
ties in the galactic cap (joint programme with Egyptian 
astronomers), and a new value of the absolute motion of 
RR Lyrae stars has been found from observations of their 
motion. Progress has been made in the theory of the 
connexion between stellar motions and the ages of stars. 

At Manchester, Mestel has continued work on star 
formation, with special reference to the part played by 
magnetic fields in the interstellar plasma. 

At Edinburgh, new instrumental facilities have been 
designed and constructed. Work on automation and the 
computer control of measuring engines and telescopes 
and on new techniques of observation is seen as a major 
responsibility of the Royal Observatory. 


Future 

Now for myself. I would like to end this article by 
describing my own vision of the future of astronomy and 
cosmology, and by mentioning a result obtained recently 
that seems to support this vision. The usual outlook of 
science is that the local laws of physics are fundamental. 
that once the abstraet laws are stated in a purely local 
deseription everything else follows chemistry, biology, 
astronomy and cosmology. This view is understandably 
popular with physicists because it makes them top dogs. 
There have been challenges to it, however, in the nine- 
teenth century notably by Gauss and by Mach. In the 
twentieth century there have been sporadic outbursts 
against it by Schwarzschild, Tetrode, Fokker, and in the 
late nineteen-forties by Wheeler and Feynman. 

Wheeler and Feynman obtained an interesting and, I 
believe, a far-reaching result. In classical el ^etromagnetie 
field theory everyone is familiar with the fact that it is 
not hard to understand the mutual interaction of two 
charged particles a and b, provided a and b are distinct, 
but the theory becomes distinetly messy when we require 
the self-aetion of a on itself. The student finds he can 
make no progress beyond this point unless in some degree 
he "brainwashes" himself into accepting a not very clear 
argument. This was all changed in the work of Wheeler 
and Feynman. There is no self-action. What we usually 
describe as self-action represents the influence of the 
distant parts of the Universe. Under suitable cosmologi- 
cal conditions, the distant influence can produce exactly 
the self-action formula of the usual theory Although 
somewhat more awkward technically than the usual 
theory, this approach is more clear-cut conceptually, 
since nothing more difficult than the interaction of differ- 
ent particles is involved. 

Narlikar and I first became interested in this theory 
from the cosmological end. Wheeler and Feynman. had 
worked with a static universe in Euclidean space. General- 
ization to Riemannian space and to an expanding universe 
was the next step. It turned out from the work of 
Hogarth, and from our work, that some cosmologies 
yielded the correct radiation reaction formula while others 
did not. Our interest at this stage lay in the question: 
could this be construed as an indication of the correct 
cosmology ? 

It then beeame clear that one would proceed in a similar 
way with respect to gravitation and to mass, and that the 
resulting theory satisfied the requirements of Mach. At 
the same time it yielded the relevant results of Einstein’s 
theory, and it also had the property of conformal invari- 
ance, as does the electromagnetic theory. 

This made it seem worth while to seek a generalization 
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to quantum theory. In quantum theory, absorption and 
stimulated emission take the place of the classical inter- 
action of distinct particles, while spontaneous emission 
takes the place of the radiation reaction. We have recently 
been able to carry through this generalization obtaining 
exactly the usual formulae. Spontaneous transitions 
arise from the reaction of the universe on the atom. 
The same cosmological conditions apply as before, but. 
the details are more subtle. 


Balance 

Tt came as a surprise to us to find the same analysis, 
also yielding the Lamb shift formula, for it is usually 
maintained in theoretical physies that the level shift 
correetions demonstrate the need for independent degrees 
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of freedom of the electromagnetic field-—the vacuum. The 
new work shows that this is not so. 

These results have convinced us that local systems in 
their most basie properties are keyed to the large scale 
structure of the Universe. This view is at present little 
discussed, partly because most physicists are antipathetic 
to it, partly because astronomers hesitate to believe that 
their subject could be of such great importance. It 
implies a shift in the balance between physics and 
astronomy. Two centuries ago, physics was the poor 
relation of astronomy. In the present century, astronomy 
has been the poor relation of physics. If these ideas are 
correct, the two subjects will settle into a near-equality 
of importance—in fact, it will become meaningless to 
separate them. 








Organization of Scientific Research 


The need for a national science policy has been recognized officially 
in the Netherlands only recently. Since the Second World War, a 
complex system, including foundations and advisory councils, has 
grown up to deal with diverse aspects of pure and applied research. 


THE organization of scientific research on a national scale 
only began to develop in the Netherlands after the Second 
World War, although the beginnings of a science policy 
emerged from the “great depression” of 1873-96. when the 
Government took aetion to educate farmers in improved 
methods, based on the results of scientific research. Dur- 
ing the Second World War, research and development 
virtually stopped in the occupied Netherlands, but at the 
end of the war seience inevitably assumed prominence in 
the urgent rebuilding of the Dutch economy, necessary 
to re-establish the country on a comparable footing with 
other European countries. 

The first post-war development was the consolidation of 
the Netherlands Central Organization for Applied Scien- 
tific Research (Nederlandsche Centrale Organisatie voor 
"l'oegepast-Natuurwetensehappelijk Onderzoek, TNO) 
which had been set up in 1930. Its purpose was to use an 
annual grant from the Government to co-ordinate and 
encourage research—to be carried out in the publie 
interest —and to advise the Government on matters of 
applied science. As well as a central organization, there 
were provisions for the establishment of special TNO 
organizations, and by the late 1950s there were four of 
these, concerned with industrial research, nutrition and 
food, defence and health. At the end of the war TNO, 
which had been almost unnoticed by the occupying 
authority, had become something of a haven for bright 
young scientists and was well placed for its expansion. 

'The importance of pure research as an adjunct to applied 
research was acknowledged in 1950 with the formation of 
the Organization for Pure Research (Nederlandse Organ- 
isatie voor Zuiver-Weltschappelijk, ZWO). This body was 
set up to promote and support natural sciences, humanities 
and social scienees, using funds supplied by the govern- 
ment. Unlike TNO, ZWO does not carry out any research 
itself. 

Another innovation after the war was a rethinking of the 
role of the universities, which culminated in the Scientific 
Education Act of 1960. This act created an Academic 
Council, consisting of representatives of the universities, 
which deals with all university problems, especially with 
scientific development, and gives advice to the Minister of 
Education and Science. There are now state controlled 
universities at Leiden, Groningen and Utrecht. The 


Municipal University of Amsterdam and the University 
of Nijmegen are privately controlled. There are also 
three technical universities at Delft, Eindhoven and 
Enshede which are controlled by the state Other 
establishments with university status are the Catholic 
Economie University at Tilburg, the Economic University 
at Rotterdam and the Agricultural University at Wagen- 
ingen. All universities receive support from the state, 
and those which are wholly state controlled have complete 
freedom with regard to their choice of research. 

Dutch participation during the early days of nuclear 
energy research, in 1940-45, was handicapped by the 
country’s isolation from the progress of physica in the 
allied countries, but in 1955 the Reactor Centrum Neder- 
land (RCN) was established, to develop atomic energy for 
peaceful purposes. As with TNO and ZWO, the G 
ment. which sponsors the organization, participates in 
the control of the centre by its representation on the board 
of governors. There is an Advisory Council for Nuclear 
Energy, which advises the Government on all aspects of 
nuclear research and on co-operation with international 
organizations. RCN itself works in close co-operation 
with Euratom. The centre has its reactor at Petten. 
where research includes the determination of nuclear level 
parameters. the theory and calculations of nuclear 
reactors, and aspects of solid state physics to which the 
methods of nuclear physics can be applied, for example, 
crystal structure analysis, and radiation damage in 
metals. 

The steady growth of scientific research since the end 
of the Second World War, with new organizations and 
institutes being created when necessary, has produced a 
rather diffuse system in which it is difficult to see any 
clear structure. The work is carried out by a large number 
of bodies, many of which are financed directly by the 
Government, or indirectly through Government sponsored 
foundations. "There are also several councils which advise 
the Government on its science policy. 

Scientifie research is carried out in a large number of 
institutes which are run, sponsored or co-ordmated by the 
universities TNO, ZWO and private industry. TNO 
has more than forty institutes, most of which operate 
within the special organizations. although a few, which 
provide general services like the statistics department, 
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belong to the central organization. The largest of the 
special organizations is concerned with industrial research. 
This administers institutes which are concerned with 
achieving better and cheaper production in Specific 
branehes of industry, such as the metal and leather 
institutes, or in particular processes—the TNO Central 
Technieal Institute, for example, carries out research 
into drying milling mixing and other processes. TNO 
institutes also carry out contract research work; small 
firms without research departments can take their prob- 
lems to TNO to be referred to the appropriate institutes 
for investigation. The large industries which have their 
own research facilities also consult TNO with problems 
which are beyond their scope. Between 15 and 20 per 
cent of TNO’s contract research comes from these indus- 
tries. The adaptable structure of TNO, with its capacity 
for carrying out research in such a variety of branches of 
applied science, makes it eminently suitable for this sort 
of co-operation with industry. 

TNO has responsibility for agriculture through the 
National Council for Agricultural Research which is part 
of the central organization. This council co-ordinates the 
activities of various work groups which are concerned with 
special aspects of agriculture and horticulture, such as 
eradication of weeds, plant pathology or hygienie milk 
production. The National Council for Agricultural Re- 
search also advises the Ministry of Agriculture on the 
distribution of funds to the many state controlled institutes 
in which most agricultural research is carried out. 


Industrial Research 


Research performed or sponsored by industry in the 
Netherlands is chiefly concerned with metals, chemicals 
and food. Two-thirds of this industrial research is earried 
out by five large enterprises: Philips, the Royal Dutch 
Shell Group, Unilever, Algemene Kunstzijde Unie (AKU) 
and the state owned mines (Staatsmi jnen). Their research 
capacity is about equal to the total contributions of the 
Government to research. The Government’s expenditure 
on research and development in 1966 was 797 million 
guilders (approximately £91 million) and that of industry 
was estimated to be 850 million guilders. The high value 
of industrial research is partly a result of the fact that the 
larger firms, with establishments in many countries, 
carry out a relatively large part of their research in the 
Netherlands. Unilever, for example, has two of its 
principal research laboratories at Duiven and V. laardingen, 
where research includes work on meat, and the growing, 
processing and preservation of vegetables. Philips, as 
well as carrying out a great deal of research in solid state 
physies, also has a large programme in molecular biology. 

Among the many topies of research being pursued in 
university science departments there is some interesting 
biochemistry and biophysies in progress at Leiden and 
Groningen. A group at Groningen are working on the 
analysis of protein sequences, and various aspects of 
protein synthesis and metabolism. Also at Groningen, 
protein structures are being investigated by X-ray 
methods. At Utrecht there is a world centre for work on 
colloids and surfaces in the department of physical 
chemistry, and some of this work is now being directed 
towards biological membranes. 


Universities 


Many research programmes and projects being carried 
out in the various institutes receive support from ZWO 
which apportions its budget, provided by the Government 
approximately as 60 per cent for physies, 23 per cent for 
other basie sciences, 6 per cent for medical sciences, and 
li per cent for social sciences and humanities. The 
money is given in the form of fellowships and grants to 
individuals and grants to research projects and institutes. 

There are close relations between ZWO and the universi- 
ties. One of ZWO’s contributions to scientific co-ordina- 
tion is the guide to current scientifie investigations in the 
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Netherlands which is compiled and kept up to date by ZWO. 

ZWO is financially responsible for one large foundation, 
that for fundamental research on matter (Stichting voor 
Fundementeel Onderzoek der Materie, FOM ) and for 
three smaller foundations: the Foundation for Funda- 
mental Medieal Research, the Foundation for the Advance- 
ment of Tropical Research and the Foundation for 
Chemical Research. FOM is prominent in the selection of 
research projects and new lines of research. This founda- 
tion takes the initiative in creating new research establish- 
ments. The Amsterdam Laboratory for Mass Separation, 
which is operated by FOM, has recently made an important 
advance in developing a machine to separate uranium 
isotopes by high speed gas centrifugation, something 
which has been a subject of discussion for about ten 
years. Theoretically such a method should make possible 
the manufacture of enriched uranium with much less 
capital investment than is required for a gaseous diffusion 
plant, although the commercial prospects of the process 
are as yet uncertain. 


Advisory Councils 


As well as these executive bodies performing and 
supporting scientific research, there are several advisory 
couneils serving the Government. For example, the 
Ministry of Education and Sciences finances and is advised 
by the Royal Netherlands Academy of Sciences and 
Letters, the oldest scientific council in the country—it was 
founded in 1808. In its advisory capacity the academy 
has subcouncils dealing with social science, biology and 
medicine. As well as giving advice, the academy is able 
to make proposals to the Government. 

The Academie Council, which resulted from the Act on 
Scientific Education of 1960, advises the Ministry of 
Education and Sciences. Important among the many 
other committees, councils, advisory bodies and founda- 
tions is the Central Council for Nuclear Energy. The 
council advises the government on matters of national 
policy in all branches of nuclear science. This council 
comprises three independent advisory bodies, the Indus- 
trial Council for Nuclear Energy, the Scientific Council 
for Nuclear Energy, and the Health Council, which give 
advice concerning these three aspects of nuclear physics. 

In September 1966 a Bill came into effect providing 
for the creation of a new advisory body, the Science 
Policy Council. This council is responsible for all branches 
of research and development, and its creation was 
the first official recognition in the Netherlands of science 
policy in its own right, This council has a very impor- 
tant task in drawing together many different elements, 
and developing an integrated policy for science. 


Table 1. GOVERNMENT EXPENDITURE ON RESEARCH AND DEVELOPMENT 
(Million guilders) 
1964 1967 
Government institutes 30-2 57-0 
Higher education 233-1 381-8 
TNO 79-7 100-8 
ZWO 20-6 40-7 
Research institutes chiefly government financed 15 47 
Industry 2-4 174 
International organizations 344 54-9 
Not specified 11 11-2 
Total 477-3 796-8 
Percentage of total government expenditure 5:395 4-070. 
Percentage of gross national product 07795 098% 


Ever since the 1880s the Dutch Government has 
accepted its responsibility towards scientific research by 
providing financial support. Almost half of its total funds 
for research and development goes to the universities, 13 
per cent goes to TNO, 5 per cent to ZWO, 7 per cent 
comprises contributions to international organizations, 
3-5 per cent goes to defence research, and 2-5 per cent to 
industry. Table 1 shows how Government contributions 
to the various research bodies have increased since 1964, 
representing an increase of 67 per cent in total expendi- 
ture on research and development, compared with an 
increase of 39 per cent in total Government expenditure. 
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BELGIUM 


Nuclear Energy Research Centre at Mol 


by 
J. GOENS 


Ar the end of the nineteen-forties there was a strong feeling 
in interested circles in Belgium that, in spite of uncer- 
tainties, the development of atomie energy offered such 
potentialities that it was impossible for a small but highly 
industrialized country like Belgium to stay out of this new 
field. Anyway, the country had a long tradition of the 
preparation and use of radioactive material and of non- 
ferrous metals, while fundamental research in nuclear 
physies and chemistry and in radiobiology had greatly 
increased since the end of the Second World War, stimu- 
lated by the Interuniversitary Institute for Nuclear Scien- 
ces, This led to the establishment in 1952 of the Centre 
d'Etude de l'Energie Nucléaire (CEN)—in Flemish: 
‘Studiecentrum voor Kernenergie’ (SCK)—with the 
statutory aim of “undertaking all research related to the 
applications of nuclear energy as well as promoting and 
encouraging the scientific and technical studies of such 
applications”. These terms of reference were very broad 
and to implement them the following philosophy was 
adopted. First, programmes should be limited so as to 
fall within the scope of Belgian means, but they should 
nevertheless be of such depth as to become a means of 
promoting international collaboration; second, personnel 
should have practical training; third, an infrastrueture 
should be organized to tackle the problems connected with 
the chosen field of work. 

The basis of the programme was the study of the fuel 
cycle for water reactors. This subject was not beyond the 
means of Belgium, as it would have been in the case of the 


development of a reactor type; it was of direct interest to 


CEN-SCK laboratories at Mol. 


Aerial view of the On the 


extreme 


Applied research was the main purpose of the Nuclear Energy 
Research Centre when it was established in 1952, but present work 
includes solid state and theoretical physics, radiobiology and genetics. 


the Belgian factories which had shown interest in water 
reactors. Besides, if based on present worth, the fuel cycle 
in a nuclear power plant has an economic importance 
equivalent to that of the total plant 
Because Belgian industry was able to produce 
oxide fuel independently, it was decided to concentrate 
the bulk of the activity of CEN-SCK on the study of 
plutonium bearing fuel for water reactors und on the 
reprocessing of such fuel after irradiation 

The practical training of personnel develop :d alongsid: 
the construction of equipment. This equipment now 
includes three reactors and two critical assemblies, the 
the basis ol 


investments. 
uranium 


design and construction of whieh were to b 
nuclear engineering in Belgium with American and British 
help in the form of bilateral agreements for co-operation 
Of the three reactors, two—BR1 and BR2—are experi 
mental while the third—BHR3-—is the 
energy for a small power plant. 

BRI, a graphite-moderated, air cooled, natural uranium 
reactor, has a power of 4 MW (th) and a maximum neutron 
flux of 2 x 101? n/em?/s; it went critical in May 1956. BR2 
is a high flux reactor, partially moderated with beryllium, 
light water cooled and fueled with highly enriched uranium ; 
101$ n/em?/s for 


ones, source of 


its neutron flux reaches a maximum of 6 » 
a power of 65 MW (th). 

BR3, a pressurized water reactor : 
American firm, has a net electrical power of 10-5 MW 

Of the two critical assemblies, one—BR02—is th: 
nuclear model of BR2, while the other-— VENUS—wa 
initially built to test the spectral shift VULA AIN concept 


supplied by an 





left is the BRI reactor hall, on the right the BR2 containment building 


and behind it the BR3 power plant. 
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These main facilities are completed by a group of labora- 
tories or installations for chemistry, metallurgy, physics, 
health physics, postirradiation examinations, radio- 
isotope production and waste disposal. 

The investments made in the Mol Centre amount to 3-4 
billion Belgian frances (£28-3 million); 2-8 billion (£23-3 
million) of which were spent for services rendered and 
supplies made by Belgian industry. There are at present 
more than 1,300 employees at the Centre, 300 of whom are 
staff members with academic or technical college degrees. 

The know-how acquired by the participating industries 
during the construction phase was later further enhanced 
by the transfer of personnel who had spent part of their 
career at the Centre. A large proportion of the 70 engin- 
eers and technicians trained during the first cycle of 
operation of the BR3 power plant now take part in the 
operation of the Franco-Belgian nuclear power plant 
(SENA) and more than 100 former CEN employees have 
joined the nuclear manufacturing industry. It should 
also be mentioned that more than 100 CEN former staff 
members have joined international research organizations, 
mainly Euratom, and about 20 went to universities or 
technical colleges; finally, between 1958 and 1967, the 
CEN accepted 2,300 trainees, of whom 900 were 
foreigners. 








Fuel Cycle 


The programine of the Centre at present covers applied 
and basie research and fields related to the general public 
interest, In applied research, activities remain centred on 
the fuel cycle. Improved uranium oxide fuel for pressur- 
ized water reactors is being developed; the use of hetero- 
geneous fuel characterized by a higher concentration of 
the fissile material at the periphery of the fuel pin is being 
studied, as well as the possibilities offered by the incorpora- 
tion of combustible poison in the fuel pins. Both types of 
fuel will be irradiation tested in BR2 on a single cluster 
basis and in BR3 on a statistical basis. The largest effort 
on PWR fuel is nevertheless made in relation to the 
development of mixed plutonium-uranium oxide fuel. Tt 
can make use of the experience accumulated since 1960 
when the plutonium laboratory, jointly operated by 
Belgian industry and CEN, was put into operation. In 
1963-1964 plutonium bearing pins were first irradiated in 
BR3 up to a burn up of 6,000 MWd/t while the present 
loading of BR3 contains 37 plutonium pins, 18 of UKAEA 
and 19 of Belgian make. These pins have as yet accumu- 
lated a 15,000 MWd/t burn-up without any indication of 
failure and they should eventually reach 22,000 MWd/t at 
the end of this year. 1t is already foreseen that the next 
BR3 core will have about one-third of its fuel elements, 
that is about 450 pins, enriched with plutonium. There is, 
meanwhile, a reactor physies programme in the VENUS 
critical facility, aiming to gather by 1972 all data necessary 
to a partial reloading of a commercial PWR power plant 
with plutonium bearing fuel. 

Besides the work on water reactor fuel, some aspects of 
the fabrication of the fuel for high temperature gas cooled 
reactors have been developed at Mol at the request of the 
Dragon projeet and other sponsors; they pertain to the 
spheroidization and consolidation of oxide fuel particles. 
Irradiation tests performed in Dragon and in other 
reactors have indicated satisfactory performance of these 
particles. 


Fast Reactors 

Greater emphasis has gradually come to be placed on the 
development of the mixed plutonium-uranium oxide fuel 
for use in fast reactors and more specifically in the proto 
type to be commonly built by Germany, the Netherlands 
and Belgium. Several pins are at the moment being 
irradiated in BR2 in a sodium cooled loop in which a 
hardened neutron flux is obtained by screening the thermal 
neutron component with cadmium and boron carbide. 
Other pins should be irradiated in the near future in the 
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Dounreay Fast Reactor and possibly in the Fermi Fast 
Breeder Reactor when it returns to operation. This oxide 
fuel programme is performed in collaboration with 
industry which will take over the production. 

The Centre is doing further work on improved fuel for 
second generation cores of fast reactor. This work aims 
at the development of a mixed uranium-plutonium carbide 
fuel canned in an improved ferritie sheath. 

The main problem with carbide fuel is to obtain a good 
stoichiometry and to maintain it under irradiation. 
Exploratory work has begun on uranium carbide using 
several buffer metals—titanium, manganese and vanadium 
— with a special emphasis on vanadium. First results on 
the U-C-V system indicate a rather large deviation from 
the phase diagram published in the literature. 


Strength of Elements 

Although existing materials are adequate for the can- 
ning of the fuel elements for the prototype reactor, the 
present situation calls for long term improvement with 
regard tc the radiation embrittlement induced by helium 
formation, especially in nickel bearing steels. The steel 
under development at the CEN consists of a ferritic base 
material into which a fine dispersion of a ceramie material 
is introduced. The base material is iron with 13 per cent 
chromium possibly modified by molybdenum and/or 
tungsten addition while alumina, titania, zirconia and 
magnesia have been considered for the dispersed ceramic 
phase.  Encouraging results have been obtained; for 
example, an ultimate strength of more than 15 kg/mm? 
for a 30 per cent elongation at 700° C. The irradiation 
behaviour of these steels is now under study. Compati- 
bility tests between vanadium containing carbides and 
stainless steel cans in the presence of sodium have been 
performed: the results obtained up to now are too dis- 
persed to draw a definite conclusion; however, ferritic 
steels have shown a far greater compatibility with uranium 
carbide than austenitic steels, especially when sodium 
bonding is used. 

The correct interpretation of the irradiations in BR2 
has entailed concentrated work in neutron dosimetry 
especially on the spectral indices. The necessity for 
having available standard neutron spectra has led to 
generating such spectra through partial moderation of the 
uranium-235 thermal fission spectrum within a cavity in 
the thermal column of the BR1 graphite reactor. This 
device proved to be a good tool for a better assessment of 
neutron spectrometry techniques and for accurate integral 
testing of basic nuclear data. 

Fast reactor fuels will present the reprocessing plants 
with new problems entailed by their high burn-up rate, 
ultimately to be of the order of 100,000 MWd/t—to be 
compared with the 25,000 MWd/t burn-up of thermal reac- 
tor fuels—and their high content of fissile material. For 
several years, reprocessing techniques based on the direct 
fluorination of the fuel, have been developed at the Centre, 
under Euratom contracts; they are at the moment being 
applied to these problems. A programme on the reproces- 
sing of fast reactor fuel at present being pursued is aiming 
at: 

(1) the demonstration of the fluorination process with 
regard to the recovery of plutonium, 

(2) the decontamination of uranium and plutonium, 

(3) the economies of the system. 


The basic principles of the method have been established 
and a reference flow sheet has been elaborated. 

With regard to applied research it is worth mention- 
ing that Belgian industry has been using the Centre's 
equipment—for some programmes other than those 
pertaining to the fuel cyele. The main example was the 
use of the BR3 power plant as a test bed for the spectral 
shift concept in the scope of the so-called VULCAIN 
programme pursued in collaboration between Belgian 
industry and the UKAEA. A critical facility, called 
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VENUS, was built to confirm experimentally the physies 
characteristics of spectral shift cores, while the BR3 plant 
was modified to receive new core internals and to achieve 
the leak tightness required by the use of heavy water. The 
plant was back in operation in December 1966 and has 
since then achieved a load factor higher than 90 per cent. 


Basic Research 


Although, according to its statutes, the main activities 
of the Centre should remain in applied research, it was 
considered to be in the best national interest to use the 
equipment, especially the research reaetors, for basic 
research. To be acceptable at Mol, the programmes in 
basic research should have a need for the unique facilities 
of the laboratory or should be a support for the applied 
research or for the activities in the publie service performed 
there. In any ease, it should not be a duplication of other 
work performed in Belgium in the universities, for 
example. Activities in basie research are now partly 
covered by association contracts with various Belgian 
universities, enhancing the use of the Mol facilities and 
giving further assurance against unnecessary duplications. 
The fields covered in basic research at Mol are solid state 
physies, low energy nuclear physics and radiobiology. 

In solid state physies, a number of different teehniques 
are applied to the study of structural and lattice defects 
and radiation damage in various materials such as uranium 
dioxide and other oxides. Direet methods, such as trans- 
mission electron microscopy as well as indirect methods 
such as magnetic susceptibility, electrical conductivity, 
Hall effect, and mechanical damping, are used to identify 
structural defects and study their behaviour. In recent 
years special emphasis was put on the study of the 
physieal properties of single crystals of uranium dioxide, 
but this work has now decreased with the interest 
gradually shifting to other oxides in single crystal form. 

The applied programme on ferritic steels has been 
supported by the solid state physies department which is 
studying the more basic aspects of the properties and 
behaviour of such steels. A time of flight spectrometer, 
using one of the neutron beams from BR2, is used for the 
study of the dynamical properties of crystal lattices. The 
phonon and magnon dispersion curves of nickel, iron and 
zine were recently measured and analysed, and some pre- 
liminary results concerning the magnetic seattering by 
UO,, KMnF, and MnS were obtained. 

In low energy nuclear physies, there are three experi- 
mental programmes: one on neutron cross-section deter- 
minations, a second one on the study of fission, and the 
third concerned with nuclear spectroscopy, while a theo- 
retical programme covers Projected Hartree Fock calcu- 
lations. Recently neutron cross-section determinations 
have been made on uranium-235 and europium-151 and the 
analysis of the niobium resonance cross-section as meas- 
ured at Columbia University is being investigated. 

The work on fission has led to the discovery of new 
short lived isotopes resulting from uranium-235 fission; 
the yields and half lives of these isotopes have been 
measured. This project is pursued in collaboration with 
the Central Bureau for Nuclear Measurements of Euratom 
at Geel using their LINAC as a pulsed neutron source 
to study the fission of uranium-235 in the low energy 
resonance region. 

The decay schemes of thorium-233, molybdenum-101, 
gallium-72 and manganese-56 have been studied in nuclear 
spectroscopy. 


Other Fields 


In the field of theoretical nuclear physics the Projected 
Hartree Fock calculations have been applied to lithium-6 
and lithium-7. A standard shell-model calculation was, on 
the other hand, carried out for the low lying levels of 
eopper-59 while the method of effective interaction was 
applied to nuclei with 30 neutrons. 

The radiobiology programme includes studies on the 
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early cytochemical and biochemical effects of ionizing 
radiations on plant and mammalian tissues and on the 
modifications of these effects by radioprotectors. It was 
found that the administration of a mixture of radio- 
protectors before X-irradiation increases the short term 
(30 days) and the long-term survival of mice. The dose 
reduetion faetors are respectively 2-8 and 2 times larger 
than those observed for the most potent protectors when 
given separately. 

In geneties, studies on radiation induced chromosome 
rearrangements in spermatogonial stages have demon- 
strated that translocations in spermatogonia are produced 
at a constant rate for X-ray doses ranging from 25 to 600 
r. This behaviour is in contrast with observation on 
spermatozoa of Drosophila, where the rate of translocation 
increases as a function of the X-ray doses according to a 
power law with an exponent between | and 2. These 
results suggest that mammals and men irradiated with low 
doses have a greater risk of chromosomal damage for the 
first generation than was estimated on the basis of the 
coneave dose response in Drosophila. 

Moreover, and here we already enter the field of the 
general public interest, the radiobiology department 
performs, under contract with the Ministry of Publie 
Health, a number of studies on the radioactive pollution 
of the environment. Other tasks in the publie interest are 
the routine measurement of the radioactive fallout in 
Belgium and, again under contract with the Ministry of 
Publie Health, the monitoring of radioactivity in food. The 
same Ministry has further asked the collaboration of the 
Centre for a major study of currents in the Seheldt 
estuary. A release of 500 Ci of bromine-82 in the river was 
made in the course of this work. 

The waste disposal service of the Centre, operated by 
industry, is further used to treat all waste arising from the 
use of nuclear techniques in hospitals and laboratories in 
Belgium. 








Production 

Finally, the Centre produces radioisotopes and it oper- 
ates the BR2 material testing reactor. Although these 
operations provide a substantial income, they do not 
completely cover their eost, so that these activities have 
to be considered as publie services. In order to reduce the 
cost, the isotope production is performed in conjunction 
with the French Commissariat à l'Energie Atomique and 
an Italian private company. "The Centre's main task in 
this association consists in the production of high specific 
activity Co and Ir sources and of tritium labelled mole- 
cules. The production in 1967 of a first batch of 25 mg of 
actinium-227, by irradiation of 50 g of radimm-226, 
should also be noted; this production programme is 
going to be pursued and amplified at the request of 
Belgian industry. 

The BR2 reactor, operated in association with Euratom, 
has been serving the programmes of the six countries of 
the European Atomic Energy Community; moreover, 
irradiations were and are still performed for the United 
Kingdom and Japan. In 1967, 35 per cent of the reactor's 
used space was utilized for fuel material irradiation, 46 
per cent for structural material and 20 per cent for radio- 
isotope production. The operation record of the reactor 
has been very good until now. Unfortunately in 1967 a 
sixty-day shut-down was required in June and July due 
to a eurium contamination caused bv a leaking americium 
capsule. 

This short summary of the Centre’s activities gives, it is 
hoped, a survey of the challenges offered by the develop- 

gy The future of the Centre is at 
present well defined for the next five years as concerting 
the new national nuclear energy research programme. 
Thought is nevertheless already being given to the use of 
the accumulated experience in non-nuclear fields and more 
especially in materials research, to keep alive what may be 
considered a major national asset. 
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Molecular Sieving and Adsorption 


by Research and development in universities and industry in Sweden 


J. PORATH 


has provided methods for separating molecules according to their 
size, shape and sometimes charge by the molecular sieving effect of 


gel-forming polymers. 


Ever since its introduction about forty years ago, the 
analytical ultracentrifuge has been an extremely useful 
and often indispensable tool for the study and character- 
ization of biological macromolecules and other polymers. 
The eminent success of the ultracentrifuge as an analytical 
instrument and its inherent shortcomings as a preparative 
one have stimulated a search for a companion method 
by which molecules might be separated on the basis of 
differences in size and shape. 

Essentially complete group separations can be accom- 
plished very easily and on almost any desired scale by 
dialysis in particular “‘all-or-none”’ situations where some 
components of the sample dialyse readily while others 
dialyse extremely slowly or not at all. Dialysis loses its 
attractive simplicity and tends to become cumbersome, 
however, when the method is adapted to achieve complete 
separations of substances the dialysis rates of which 
cannot be made to differ by more than an order of 
magnitude. 

The need for a simple and general separation method in 
which molecular size and shape are the fundamental 
separation parameters has been satisfied to a large extent 
by the introduction of gel-forming polymers that act as 
molecular sieves. Even the adsorption phenomena, which 
are responsible for an annoying degree of uncertainty 
in size estimations made by the gel chromatography 
technique, have been tamed and turned to good use 
in many cases. With the recent introduction of specific 
adsorbants based on ‘Sephadex’ and agarose matrices. 
it now seems likely that the value of these gels as adsor- 
bants will soon rival or even surpass their already 
undisputed usefulness as molecular sieves. 





Molecular Sieving 


Consider a particle of gel surrounded by free solution 
containing various solute species of different molecular 
size. The gel consists of an irregular three dimensional 
matrix or network of cross-linked polymer chains that 
prevent bulk flow of the imbibed liquid. If the meshes of 
the matrix net are small compared with the dimensions of 
the solute molecules, the latter will be totally excluded 
from the gel phase: the network will thus be an im- 
penetrable barrier. Very small molecules, on the other 
hand, will be able to diffuse readily into the gel and will 
distribute themselves through a eonsiderable fraction of 
the space occupied by the immobilized liquid. Molecules 
of intermediate size will distribute within the gel to an 
extent limited by the size relations between the solute 
molecules and the spaces in the network. The network 
density determines the exelusion limit and the degree of 
penetration that will occur with solute molecules of any 
particle size. “Tailor made" gels for different molecular 
size ranges can thus be prepared. 

The principle of molecular sieving is easy to grasp, at 
least ideally, but how can it form the base for a simple 
and efficient separation method ? For such a purpose the 
following requirements must be fulfilled: (1) the solute 
substances must be able to diffuse rapidly into and 
within the available spaces of the gel; (2) a multiple 
contact process must be used; and (3) adsorption should 
not oecur. 


In order to allow rapid equilibration of the solute 
between the bulk solvent and the gel, the gel must be 
granulated. Multiple contacting is achieved by chromato- 
graphy. Adsorption can be minimized by careful selection 
of the matrix substance. Because molecular-sieve chroma- 
tography must be performed in granular beds, some addi- 
tional requirements must be met: (4) the bed should 
allow reasonably high flow rates; and (5) it must be mech- 
anically stable; which means that the gel grains should 
be uniform, should have a certain optimum size, and 
should preferably be spherical and rigid. The matrix 
must also be practically insoluble. 

Flodin and I solved the problem in the following way. 
A large number of gel forming substances were tested. 
Dextran, a polygluean with the repeating unit: 
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cross-linked with epichlorohydrin, was found to be the 
best. This was very fortunate; Pharmacia, a pharma- 
ceutical firm in Uppsala, had long specialized in the 
preparation of dextran and dextran derivatives. Bulk 
polymerized cross-linked dextran was used at first, but 
was later replaced by bead polymerized forms. These 
gels are now produced and marketed by Pharmacia Fine 
Chemicals under the trade name ‘Sephadex’. Fig. la 
illustrates the principle of molecular sieving in beds (gel 
filtration, molecular-sieve chromatography, gel permeation 
chromatography, exclusion-diffusion chromatography, and 
so on—a bewildering nomenclature !). 

The peak of a chromatographed solute zone will appear 
in the effluent after a volume, Fe, of solvent has passed 
the column. If the V, is determined entirely by the 
partition of the solute between the travelling liquid in 
the column and the volume V; of liquid trapped in the 
gel, the following inequality must always obtain 

Vox Ve<VotVi< Vi 
where V, and V, are the void volume and the total bed 
volume, respectively (Fig. 15). 

At an early stage our colleagues often pointed out that 
“the maximum separation distance” in the chromato- 
grams, corresponding to Vi, was too short to permit the 
development of a very useful method. This fact, however, 
is often an advantage. For example, when the low molecu- 
lar weight substances have left the column, after passage 
of the solvent volume V,+ Vi, the column is restored to 
its original condition and is ready for a new run, so the 
column can be used for evelie processes. 





Application and Extension of the Method 
Fig. 2 shows the elution diagram obtained in one of the 
first chromatographic experiments performed with the 
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Fig. 1. a, Schematic illustration of molecular sieving in a bed of gel 
beads, When the solvent flows in the direction indicated by the arrow 
a solute that is excluded from the gel (molecules signified by large 
dots) will move through the bed faster than a solute that is able to 

netrate the gel (small dots). 6, In the chromatogram, the solutes 
llustrated in (a) will appear as separated peaks. The excluded sub- 
stance emerges in the effluent after a solvent volume, Vo, equal to the 
total volume of the spaces between the beads, has passed through the 
column. The second onto yu nar later at the volume Ve 

(Ve< Vo Vi). 


molecular-sieving gels: a desalting of serum proteins. 
Gels having a very loose network are required if serum 
proteins themselves are to be separated by molecular 
sieving. With columns of ‘Sephadex G-200'* three fairly 
well separated groups of serum proteins can easily be 
obtained (Fig. 3). 

A demand for molecular sieves with higher exclu- 
sion limits soon arose. The best solution, to date, 
is provided by the agarose gels introduced by Hjertén. 
Agarose, one of the major components of agarose gels, is 
a polysaccharide with the repeating unit: 
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* The manufacturer has labelled ‘Sephadex’ in a series from *6-10'-*G-200" 
indicating an increasing capacity for swelling in water. The water regain 
values of ‘Sephadex 6-200' and *G-10' are approximately 20 g/g and 1 g/g, 
respectively. ‘Sephadex 6-200' is preferably used in the molecular weight 
range 50,000-500,000, while ‘Sephadex G-10' is suited for fractionation of 
low-molecular weight solutes (molecular weight < 700). 
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and, like agar, it dissolves in hot water and forms a gel 
on cooling. Serum macroglobulins and even subcellular 
particles and viruses can be effectively fractionated on 
agarose columns’. 

Fairly sharp sieving selectivity toward solutes of almost 
any size can thus be obtained by choosing or preparing à 
gel with the proper network density. Furthermore, the 
separation power of a column can always be inereased by 
inereasing the length of the gel bed. Very great effective 
bed heights can be achieved by coupling relatively short 
columns (50-100 em) in series or by recycling’. Often 
impressive improvements in separation can be achieved 
by decreasing the size of the gel particles and/or increasing 
the regularity of the packing. 

Often separations can be effected by the use of a 
specific carrier substance that forms a large complex 
with one of the substances to be separated. The molecular 
sieving is repeated under various conditions as shown in 
Fig. 4. The operations are explained in the legend to the 
figure. Certain substances occur in nature as complexes, 
but in other cases the complexing carrier must be added. 
The method can be extended: a complexing agent that 
is by itself too small to alter the elution volume of the 
complexed substance significantly can be made effective 
by first coupling it to an inert soluble polymer, for 
example, dextran, provided, of course, that the complex- 
forming capacity is not lost in the process. 

Molecular sieving in beds of granular gels is unique 
among chromatographic methods in at least one respect: 
the very large molecular size range of particles that can 
be fractionated. Tightly cross-linked gels will permit 
separation of small molecules and ions (molecular weight 
<100) while gels of low network density can be used 
to separate different viruses (molecular weight > 107). 
Another important advantage of gel chromatography 
is that almost any buffer can be used (very low ionic 
strengths cannot be used in certain cases. 

A third attractive feature of molecular sieving in gel 
beds is the very high capacity. Efforts are now being made 
to develop technical scale columns. Industrial columns 
with total bed volumes up to 2,500 1. and which can be 
operated at flow rates greater than 100 l./min have been 
constructed at Pharmacia Fine Chemicals for use in simple 
fractionation problems such as the separation of proteins 
from low molecular weight material in whey, and removal 
of high molecular weight pyrogens from crude penicillin. 
Food and pharmaceuticals can now be improved by use 
of gel chromatography on an industrial scale. In my 
laboratory attempts are being made to free rape seed 
extracts from toxie glucosides by molecular sieving. The 
ultimate goal is the production of protein suitable for 
human consumption. 

Molecular seiving in organic solvents is also possible. 
Cross-linked polystyrene, for example, has been used for 
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Fig. 2. Diagram showing the separation of serum proteins from 

ammonium sulphate (sample volume: 3 ml.) on a column (2-5 x 17-5 em) 

of cross-linked dextran in distilled water. @—— €, The weight distribu- 

tion in the effluent; x---x, Folin-Lowry colour; QO.... O, 
absorbancy at 280 my. 
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Fig. 3. Chromatogram of serum on ‘Sephadex G-200°. Five millilitres 
of serum was applied to a column (3 x 100 em) in 0-1 M tris-HCl buffer 
of pH 8-1 containing 1 M sodium chloride. Rate of flow: 10 ml./h. 
—— , Absorbancy; € @, isoagulutinin anti-A activity in arbitrary 
units. The following characteristic proteins are found in the peaks: 
IgM, molecular weight ~ 1,000,000, in peak A: IgG, molecular weight 
^ 150,000, in peak B; serum albumin, moleeular weight ~ 685,000, in 
peak C. 








this purpose (“gel permeation chromatography" )*. Gels 
of graded “organophilic” character can be produced from 
cross-linked dextran*?. A commercial gel, ‘LH -Sephadex', 
can absorb alcohol, chloroform and a number of other 
organic solvents as well as water. Determann’s monograph 
on gel chromatography” gives further details. 


Adsorption 

The molecular-sieving behaviour of proteins and other 
substances in gel beds has encouraged several investigators 
to prepare calibration curves relating distribution co- 
efficients or effluent volumes to moleeular dimensions or 
molecular weights and to use the resulting curves to 
estimate the molecular sizes of unknown substances», 
Such chromatographic estimations are often extremely 
useful, especially when the distribution of a substance in 
the ehromatogram ean be made by measuring some 
specific biological, chemical, or physical activity. In such 
cases the molecular weight estimate can be made while the 
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Fig. 4. The “carrier” method for increasing the separation efficiency. 
The fraction from a chromatographic experiment (upper curve) con- 
taining the substance wanted, X, is mixed with a carrier C to form the 
stable complex YC. The mixture is then run on the same column as 
before (in another buffer if necessary). The complex XC, being of 
larger molecular size, wil move ahead of the carrier and the con- 
taminating substances (middle eurve). The complex-containing fraction 
is again transferred to the column and molecular sieving is now allowed 
to take place in a medium where .Y and C dissociate (lower curve). 
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substance is still in very crude form. As a rule, however, 
the gel matrix material is not inert toward the solutes. 
The sieving effects are therefore often accompanied by 
other phenomena that either oppose or—less frequently 
—enhancee the exclusion process. Particularly striking is 
the “aromatic adsorption’ on ‘Sephadex’ ‘in aqueous 
solutions!'-?? or on ‘LH-Sephadex’ in alcohol? 3, It should 
be mentioned that substances can be separated according 
to their contents of hydroxylie, earboxylie and other 
groups, or their degree of unsaturation. "The gels of high 
network density are particularly advantageous for the 
utilization of the adsorption effects. 

The mechanisms of these effects seem to involve rather 
complicated interactions between the network, the sub- 
stanee, the solvent, and other components of the solvent 
medium':'5, The most interesting fact from the practical 
viewpoint is that the distribution coefficients are usually 
independent of concentration over a very wide range. 
Consequently, the adsorbed substances will travel at 
characteristic speeds in the columns and will elute in 
symmetrical zones, provided that molecular complexes 
are not formed. The adsorption properties of the gels are 
additional separation parameters that are often very 
useful in practice. 

There are many published examples of the use of 
adsorption on ‘Sephadex’. As an illuminating case, I 
select the fractionation of isoflavones, whieh (like other 
aromatie substances) are retarded to different extenta 
according to their content of phenolic and alkoxylic 
groups (Fig. 5). The peaks elute in nearly the same 
position whether the sample contains pure synthetic 
products only or is a crude urine or faeces extract con- 
taining these substances. Gel adsorption chromatography 
is far superior to liquid-liquid partition chromatography 
involving immiscible solvent systems because of its 
relative insensitivity towards contaminants. 

Adsorption of a more specifie kind is encountered in a 
very few cases. The dextran chains in ‘Sephadex’ can 
attract: substances that form complexes with glucose or 
polyglucans. Dextranase and certain other polyglucanases, 
along with antibodies against dextran, can be mentioned 
as examples. Certain plant extracts contain proteins that 
adsorb strongly to ‘Sephadex, We have recently found 
in the plant Vicia cracca a phytohaemagglutinin that 
adsorbs to ‘Sephadex G-100', but which ean be eluted 
easily by ineluding glucose in the buffer”. 
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Fig. 5. Chromatogram of a mixture of isoflavones. A sample con- 

taining 5 mg of each of the isoflavones in 5 ml. of 0-1 M sodium hydroxide 

was separated on a ‘Sephadex’ column (4-5 x 37 em) in 9:1 M ammonium 
hydroxide (reproduced by permission of Dr A. Nilsson). 
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'Sephadex' and agarose are gel substances with very 
low content of fixed charged groups.  Polyelectrolytes 
such as proteins and nucleic acids do not bind electro- 
statically to the gels unless the ionic strength is very low. 
This is the key to the success of gel chromatography. 
Agarose was originally prepared by Hjertén for use 
as an anticonvection agent in electrophoresis—a pre- 
requisite for its use is the near absence of adsorption. 
The fact that irreversible adsorption does not occur with 
‘Sephadex’ and agarose make these gels particularly suit- 
able as starting materials for the preparation of adsorbants 
with earefully controlled adsorption properties. 

Ion exchangers are made by introducing carboxylic, 
sulphonic, or amino groups, for example, into the un- 
charged gel-forming substances. 

Particularly interesting, however, are the specific 
adsorbants that can be synthesized by binding adsorption- 
active substances to ‘Sephadex’ or agarose. Substances 
present in trace amounts in tissue extracts or biological 
fluids might be purified ten thousand times or more in 
a single step by specific adsorption. For this reason 
specific adsorbants, especially immunosorbants, based on 
cellulose, polystyrene, polvamino-acids and other polymers 
have been prepared in many laboratories!*?. Desorption, 
however, is a bottle-neck problem. Unsatisfactory de- 
sorption may depend on several faetors, one of the most 
important being the presence of fixed charged groups in 
the polymer used for preparation of the adsorbants. In 
my opinion, therefore, 'Sephadex' and agarose, particu- 
larly the latter, are superior base materials for the specific 
adsorbants. 

In our laboratory, a good deal of thought and effort 
has been devoted to the problem of finding a simple and 
efficient way to couple proteins and other substances to 
carbohydrates. Isothiocyanato ethers gave good results 
with ‘Sephadex’ and dextran, but this approach was later 
abandoned because it would not work with agarose. 

A very simple and versatile method was finally dis- 
covered partly by chance. The story is an interesting 
illustration of scientific serendipity and deserves to be 
told. It began with the idea, put forward by my col- 
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Fig. 6. Specific adsorption of isoagglutinin A from human plasma 
(30 ml.) on a column (1x 10 em) of blood group substance A coupled 
to 2 per cent agarose, Rate of flow: 30 mL/cm?/h. At pH 5-0 inactive 
material was eluted. Unspecifle adsorption cannot be avoided when a 
multiple charged polymer is coupled to the gel. The isoagglutinin was 
eluted at pH 3-5 in this particular experiment. (At higher salt con- 
centrations the inactive adsorbed material can be eluted at a higher pH 
and the isoagglutinin can be completely desorbed at around pH 5-0.) 
'The method will be described in "gone ewe (Kristiansen, Sundberg 
and Porath). 
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laborator, Dr Rolf Axén, that amino-acids and protems 
should react with cyanamide derivatives of the polymers. 
The latter were produced by reacting ‘Sephadex’ amino- 
ethers with cyanogen bromide. The reactions were found 
to take place and resulted in the expected fixation of 
glycine, the test substance used. We were surprised to 
find, however, that the amount of glycine that became 
fixed to the ‘Sephadex’ greatly exceeded the original 
amino-ether content of the gel. Apparently, some reaction 
unknown to us had occurred. 

Experiments were then made with unsubstitutec 
‘Sephadex’, cellulose and agarose with excellent results. 
Many kinds of soluble polysaecharides were tested and 
these also reacted readily. Activation of the carbo- 
hydrate with cyanogen bromide in alkali followed by 
treatment with proteins (amino-acids, peptides, and so 
on) in alkaline, neutral or slightly acid solution will result 
in coupling of the solute, via its amino group(s) to 
‘Sephadex’, agarose or any other carbohydrate. The 
yields are high under optimum conditions?*?!, 

The derivatives formed are stable in all media used. for 
protein chromatography. The following structures have 
been proved to be present in the coupled products: 
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The positions of the hydroxyls involved are not known 
precisely. The basic character will be retained when 
coupling takes place according to formula (a) or (b) with 
the formation of imino carbonate and isourea, respectively. 
We believe that the retention of the basicity might some- 
times be important to the proper function of the immuno- 
sorbants. Two different cyanogen bromide activated 
carbohydrates can be cross-linked with a diamine, lysine 
for example. 

Dr Kristiansen, Mr Sundberg and I coupled partially 
de-acetylated blood group substance A to agarose. Fig. 6 
shows the chromatogram obtained with a plasma sample 
containing isoagglutinin anti-A on an  A-substanee- 
agarose column (see legend to the figure). The purification 
obtained was more than 25,000-fold in a single step and 
the yield appears to be quantitative. Specific adsorbants 
have also been utilized in clinical analysis. A radio- 
immunoassay method has been worked out by Wide, 
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Axén and myself??:22 with antibodies (or antigens) coupled 
to ‘Sephadex’ particles. 


Future Prospects 


In the biotechnical field much developmental work 
remains to be done. Gel substances with better mech- 
anical properties are desired and more efficient equipment 
is needed for industrial applications. Continuous processes 
have not yet been developed. 

In organic chemistry today gel chromatography is 
rarely used, even in the research laboratories. It is a 
technique of the future and is already an “open sesame" 
for those not very skilful in purifying organicals by erystal- 
lization. But few have cared to try. Much remains to be 
done: new types of gels must be produced, systematie 
investigations must be carried out with different solvents, 
and better columns must be developed. By the introduc- 
tion of suitable substituents into the gel substances a 
capacity to form molecular complexes might be harnessed 
for separation purposes. Attempts are being made at 
our institute to utilize ‘Sephadex’ derivatives for Merrifield 
peptide synthesis. Peptides thus formed and still attached 
to the gel might bind complementary substances. Such 
completely synthetic adsorbants might have useful 
applications. 

I wish to express to Pharmacia, Uppsala, my gratitude 
for most valuable co-operation over many years in our 
joint efforts to develop the ‘Sephadex’ methods for use 
in science and industry. 


IRELAND 
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My collaborators and I have received generous financial 
support from the Swedish Technical Research Council 
and the Swedish Foundation for Scientifie Research and 
Industrial Development which is gratefully acknowledged. 

I should also like to thank Dr David E:ker for his help 
with this manuscript. 
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The Dublin Institute for Advanced Studies 


by 
J. L. SYNGE 


THe Dublin Institute for Advanced Studies is a state- 
supported body set up by Act of the Oireachtas in 1940. 
The bold idea of establishing such an institution devoted 
to academic research on the highest level was due to 
Mr de Valera (then Taoiseach), who framed his plan after 
consultation with Professors G. D. Birkhoff, A. W. Conway 
and E. T. Whittaker. 

The Institute is composed of three constituent schools. 


Trinity College, Dublin. (Photo: Irish Tourist Board.) 


Schools of Celtic Studies, Theoretical Physics and Cosmic Physics 
make up the Institute, which was founded nearly 30 years ago for 
academic research on the highest level. 


The Schools of Celtic Studies and of Theoretical Physics 
were founded in 1940; the School of Cosmic Physics was 
founded in 1947. Each school has a governing board, a 
director, and a staff consisting of two to four senior 
professors and others of lower rank. To deal with matters 
of common interest and for the general direction of the 
Institute, there is a council, with a registrar and a small 
administrative staff. The whole structure comes under 
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the responsibility of the Department of Education. To 
that department the council submits annually an estimate 
of the funds required during the next financial year, and 
a grant-in-aid to the Institute is included in the annual 
budget. For the current year the grant is £171,190, but 
this sum does not include capital expenses such as new 
buildings. Although the Institute is a corporate body and 
could receive and administer other funds placed at its 
disposal, in fact it is financially dependent on the annual 
grant from the Government, except that certain research 
programmes in the School of Cosmic Physics have, from 
time to time, received financial support from other sources 
by way of contract. 

Although the Institute is a separate organization, it 
has close connexions with the Irish universities. The 
senior professors sit on the governing boards of their 
schools, but the rest of the membership is made up almost 
entirely of university professors. The Provost of Trinity 
College, Dublin, and the President of University College, 
Dublin, are (together with the President of the Royal 
Irish Academy) ex officio members of the council, of which 
the chairman is at present Professor E. J. Conway, FRS. 
The connexion with the universities is formally recognized 
in a regulation that each school must give an annual 
statutory lecture in one or other of the two Dublin 
colleges, but a more rea! contact is maintained through 
informal discussions, seminars and other meetings. The 
Institute of Advanced Studies has no power to confer 
degrees, but work done in the Institute may be recognized 
by either of the universities as satisfying a doctoral 
requirement. 


Structure 


Now that a merger of universities has been officially 
proposed, the position of the Institute relative to the new 
structure naturally comes under consideration. Here I 
ean only express my personal view, which is that the 
Institute has justified its existence during a period of 
nearly thirty years, by encouraging and developing certain 
aspects of national culture and by gaining international 
prestige in certain fields of knowledge, and that its status 
of independence should be maintained. 

This article is concerned primarily with the two scientific 
schools of the Institute—Theoretical Physics and Cosmic 
Physies. The latter is divided into three sections— 
astronomy, cosmic rays and geophysics. Each of these 
sections is in the charge of a senior professor. Senior 
professors in the two schools who have held or are holding 
appointments in theoretieal physies are E. Schródinger, 
W. Heitler, J. L. Synge, C. Lanczos, J. R. McConnell 
and L. O. Raifeartaigh; in cosmic physics, astronomy 
section—H. A. Brück, M. A. Ellison and P. A. Wayman; 
in cosmic physies, cosmic rays section—L. Janossy and 
C. O'Ceallaigh; in cosmic physics, geophysics section— 
L. W. Pollak and T. Murphy. 

The title “senior professor" calls for a word of explana- 
tion. It is written into the Act and has an honorific 
significance. Other appointments are made by the council 
with the concurrence of the Department of Education, 
but a senior professor is appointed by the President of the 
Republie on the advice of the Government. He need not 
be old, but may be, for he does not have to retire before 
70, and his appointment may be renewed annually up 
to 75. 

After the facts I come to something harder, not ordinary 
facts, but human values, a much more elusive matter. 
Why pursue research at all? The pragmatic answer, the 
Baconian answer, is that all research ultimately leads to 
technologieal advances and so is to the benefit of man- 
kind. That is true. But I believe that it would create a 
wrong idea of the urge which generated and maintained 
the Institute if we were to think that technological 
advances lay just around the corner. Important as they 
are, they have not been a prime motivation. If I may 
attempt a diagnosis, I would say that the prime motiva- 
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tion has been an alliance of national pride with that thirst 
for natural knowledge which we have come to accept as 
part of the life of civilized man. One might say that the 
purpose of the scientific schools of the Institute is to play 
a small but effective part in trying to satisfy man's in- 
satiable desire to understand how nature works. Occasion- 
ally members of the staff give advice where that advice 
may be technologically of value, but there has never 
been any pressure to move in the direction of technology, 
and no sign of such. 

But what do the schools actually do ? A good question, 
answered each year in an annual report to the Department 
of Education. Such reports at best make dull reading, 
and the more you condense them the duller they get. 
Accordingly I have asked the three senior professor i 
cosmie physies to supply brief statements about their 
respective sections. 








Astronomy 

Professor Wayman describes the astronomy section: 
Dunsink Observatory was, from its foundation in 1783, 
part of the University of Dublin (Trinity College) and as 
such was the home and work-place of nine professors of 
astronomy, all except the first receiving the honorary 
title of “Astronomer Royal for Ireland". The most 
distinguished among these were Sir William Rowan 
Hamilton (1827-65) and Sir Edmund Whittaker (1906—12). 
In 1947 the observatory was purchased by the state to 
form the astronomical section of the School of Cosmic 
Physics. The principal interest has been in securing 
observational data by making observations outside Ireland 
and in carrying out the processes of measurement, ealeula- 
tion and diseussion, supplemented by instrumental and 
theoretical work, at Dunsink. The original idea of estab- 
lishing the observatory at a site outside Dublin no longer 
applies, because for modern work it is often imperative to 
travel to really good sites where equipment can be usefully 
established, sometimes under co-operative schemes; Ob- 
servational work is at present being executed by a staff 
member as a guest at Sacramento Peak Observatory, New 
Mexico, and, on a more permanent basis, facilities have 
been established since 1952 at the Boyden Observatory 
in the Orange Free State, where a 60-in. reflector is 
available for photoeleetrie work now and will soon be 
ready for spectrographie work, and where the 32-in. 
Baker-Schmidt telescope can provide enormous amounts 
of good photographic material. A programme devoted 
to extensive observations of the Cepheid variable stars 
in the Magellanic clouds has been initiated and completed 
since 1965 and the measurement and reduction processes 
are being dealt with by means of an iris-diaphragm 
photometer and by calculation with an TBM 1620 com- 
puter at the observatory. 

Solar observations, contributing extensively to the 
International Geophysical Year and the International 
Quiet Sun Years, constituted the principal work carried 
out by M. A. Ellison, mainly from the viewpoint of solar- 
terrestrial relations. From 1958 to 1965 material was 
obtained by a heliograph at the Royal Observatory, Cape 
Town, provided through the British National Committee 
for Geophysics. Present interest in the Sun at Dunsink 
concerns analysis of the velocity-field in the chromosphere 
by measuring the Doppler shifts in the hydrogen lines of 
the solar spectrum. Other fields of current interest con- 
cern the application of statistical theory to all types of 
astronomical data where the power of such methods is 
required, and the development of an application of 
television techniques to the inspection of astronomical 
photographs. 


Cosmic Rays 

Professor O'Ceallaigh deseribes the cosmic ray section: 
During the first five years following the foundation of the 
school, the research work of Janossy and his collaborators 
consisted mainly of experimental and theoretical studies 
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of the properties of showers, penetrating and extensive, 
using a counter-controlled cloud-chamber and counter 
arrays. Later work in this field tended to concentrate on 
time-variations of air showers and the study of cosmic 
ray jets. 

In 1953 my colleagues and I began using nuclear re- 
search emulsions. This was a continuation of the work of 
the Bristol school of Powell and proved highly successful 
in establishing the properties and interactions of the 
unstable elementary particles, such as K-mesons and 
hyperons. Since 1955, much work has been done, in 
collaboration with leading laboratories, on the decay and 
interaetion of K-mesons Ko ‘Stack Collaboration), Euro- 
pean K--Collaboration, and on the properties of hyper- 
fragments. Much of the material has been obtained from 
exposures arranged through the generous collaboration 
of tbe directorate of the high energy accelerators at 
CERN, Geneva, Brookhaven, Long Island and Berkeley, 
California. In addition, Tmaeda and his collaborators 
have continued the earlier tradition in important studies 
of extreme-high-energy jets, using nuclear emulsion stacks 
exposed in high- altitude flights (ICEF Collaboration) and 
have considered various models to account for the 
observed properties. 

Recently, in collaboration with the group of P. B. Price 
and R, L. Fleischer, work has been undertaken on the use 
of dielectrie materials as detectors of heavy and ultra- 
heavy cosmic ray primary particles. Preliminary studies 
of the spectrum ‘of low energy cosmic ray particles would 
indicate that this technique is likely to become of great 
importance in the field of cosmie rays and astrophysies 

Professor Murphy deseribes the geophysies section: 
In the field of geophysical research, work on condensation 
nuclei was carried out in the early years as it had been a 
subject long studied in Dublin. "The pioneering work by 
MeClelland of University College was continued and 
reached a high level under the Nolans of University Col- 
lege and Pollak of this school, culminating in the methods 
of counting and measuring the characteristics of con- 
densation nuclei. The Nolan-Pollak counter is now 
acknowledged as the standard instrument in this field. At 
present the emphasis has changed to the earth sciences, 
the main study being the elue idation of the structure and 
tectonics of Treland as a territory which lies on a con- 
tinental margin. This is being attempted by gravity and 
magnetic surveys and seismological investigations. 














Theoretical Physics 

It now devolves on me (J. L. S.) to describe the work 
of the School of Theoretical Physics. I propose to take for 
granted the books and papers written in the school 
since 1940 on the assumption that those who have been 
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interested in them know them already, and that others 
would be bored by a recital. (The years 1940-55 are 
covered in a Fifteen Year Report, brought out in 1961.) 
Instead, let me attempt to deseribe the atmosphere of 
the school, an atmosphere due largely to the personality 
of Erwin Sehródinger. 

Sehródinger was born in 1887, and carried forward the 
tradition (very aceeptable to the Irish) that it was possible 
to be what may be called a universal man. His interests 
were unusually wide. Philosopher, poet and linguist, he 
appeared on the Dublin scene as a figure destined to be 
classical in the history of physics—-the discoverer of the 
Schrödinger equation. This gave him the prestige to 
exercise himself freely, and the keyword was freedom—- 
freedom to roam wherever the mind led. Thus the School 
of Theoretical Physics has not concentrated on set pro- 
grammes but has exhibited an almost alarming variety 
of interests. Few have been so far from the accepted lines 
of physieal research as Schródinger's excursion into biology 
in his book What is Life? which represented one of the 
statutory lectures of the school. Nevertheless, although 
various aspeets of quantum theory and general relativity 
have been the dominant inter the school has con- 











tributed to numerical analysis, statistical mechanies, 
variational methods, classical mechanies, opties, and 
so on. 


In addition to permanent members of the staff, scholars 
are appointed in the several schools. In theoretical physies 
there are usually about six scholars at any time, appointed 
for one year but generally with renewal for a second year. 
Irish scholars are given priority in the sense that a 
master's degree is usually aecepted as sufficient formal 
qualifieation, but the best Irish students are inclined to 
go abroad to study, and as a rule there are only one or 
two of them. The others come from abroad. At the present 
time there is one from each of Ireland, Austria, Pakistan 
and Japan and two from India. Those coming from 
abroad are expected to have their doctorates. In some 
cases they are supported by grants from outside sources, 
but otherwise they receive stipends of up to £1,000 
according to qualifications and circumstances. Sehródinger 
(I think rightly) attached great importance to the presence 
of the scholars. They have a dual role. They learn—more 
from informal discussion than from formal lectures, of 
which only a few are given—but they also teach in the 
sense that they bring with them various ways of looking 
at the problems of physies and so help to save the school 
from becoming too inbred intellectually. Former scholars 
are to be found in chairs in many parts of the world, and 
the school may feel reasonably proud that Treland has, 
with profit to herself, made an international contribution 
to physics. 


EMBO and the Idea of a European Laboratory 


by After five years of discussion, the European Molecular Biology 


J. C. KENDREW 


HüsronicALLy, the conception of a European laboratory 
of molecular biology antedated the creation of EMBO, 
the European Molecular Biology Organization. It all 
began in the autumn of 1962 while Leo Szilard happened 
to be in Geneva. He and Viki Weisskopf, at that time 
Direetor-General of CERN, two ex-European American 
citizens temporarily back on this side of the Atlantic, 


Organization is still without a laboratory, but enthusiasm for the 
idea is not diminishing. 


together with the Italian physicist Gilberto Bernardini, 
seem to have found the time even during the Cuban crisis 
to think up between themselves the idea of a European 
laboratory of molecular biology, and on the telephone 
proceeded to get a number of molecular biologists in- 
terested, including Francis Crick, Sydney Brenner, Jim 
Watson and myself. In March 1963 a group of Europeans 
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met in Geneva and the idea began to crystallize into the 
shape that we provisionally, and significantly, christened 
CERB—or Centre Européene de Recherches Biologiques, 
by analogy with CERN. Later there were other meetings, 
and eventually advantage was taken of a summer school 
at Ravello near Naples in August 1963 to stage a full-scale 
discussion between biologists from most European 
countries and from the United States. This had three 
main results: first, it was decided that the enterprise 
should be European rather than world-wide; second, an 
additional, and it has turned out very important, object 
was added to that of founding a laboratory, namely the 
plan for fellowships and funds for travel and for advanced 
teaching courses. Finally, it was decided to create a 
formal body known as the European Molecular Biology 
Organization with a council which elected Max Perutz 
as its chairman, and with a membership initially consist- 
ing of about 150 invited molecular biologists, and sub- 
sequently increased by annual nominations and elections 
by the members. 

Alas, Leo Szilard did not long survive these discussions, 
but since that time EMBO has pursued its two original 
objectives, first. to set up an international laboratory and, 
second, to establish a fund for fellowships, for travel and 
for advanced courses. As it has turned out. the second 
objective was realized before the first; in consequence of 
generous gifts, especially from the Volkswagen Founda- 
tion, and also from Interpharma and from the Govern- 
ment of Israel, EMBO is now actually disbursing fellow- 
ships and travel grants and is supporting summer schools 
and workshops. Furthermore. a series of inter-govern- 
mental conferences, arranged through the good offices of 
the Swiss Government, has resulted in the drafting of an 
international agreement to provide governmental funds 
in support of these activities of EMBO, and it is hoped that 
this agreement will be signed very soon, so ensuring the 
continuation of the work after the termination of the 
Volkswagen grant at the end of 1968. Thus the fund, 
originally proposed by Waddington early in 1963, is 
already well established. 

What of “CERB” ? Although the hope of founding it 
was the original impetus for the formation of EMBO, the 
laboratory has not yet received general approval by the 
governments, indeed it has hardly been discussed in any 
international forum, let alone built, though several govern- 
ments—the French, the Austrian and the Italian— have 
generously offered to provide a site and to play host if 
it were built on their soil. In spite of the delay the found- 
ing members of EMBO retain their original enthusiasm 
for it, believing that the laboratory is still an essential 
part of the plan for putting European fundamental 
biology on a firm basis for the future. Why ? 


Co-operation 

The special feature of molecular biology is that it is 
highly inter-disciplinary. Effective research in this field 
demands the co-operation of many different diseiplines 
and techniques, some biological, some chemical and some 
physical; and, more important, it demands the closest 
mutual interaction between people interested in the same 
problems but viewing them against diverse scientific back- 
grounds. It follows that a small, geographically isolated 
group is at a serious disadvantage compared with the large 
multi-disciplinary centre. It is not, as in high energy 
physics, a case of needing a single, large and very expen- 
sive machine; nevertheless to pursue molecular biology 
effectively it is necessary to assemble a substantial capital 
of men and equipment. This requires money, and also, 
equally important, it requires a flexible administrative 
framework independent of the rigid subject demarcations 
which only too often dominate the organization of 
universities. 

Because all these conditions could be satisfied there, the 
growth of molecular biology in the United States has been 
spectacularly rapid and the general quality of the work 
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done there is extremely high. This transatlantic develop- 
ment has quite outpaced our progress here in Europe. 
Yet many (though not all) of the most fruitful parts of 
the subject developed from European roots. Of course 
top-quality work is still done in Europe, yet to a large 
extent the centre of gravity has moved across the Atlantic. 
People have moved across the Atlantic, too, attracted by 
the good facilities they find on the other side. The molecu- 
lar biology drain from all European countries has been 
appreciable, and from some it has been substantial. For 
several reasons the group of European biologists which 
originally diseussed these problems was alarmed at the 
extent to which Europe was losing its initiative in a 
scientific movement of the greatest excitement and vigour; 
they felt that in the European countries there was intel- 
lectual capital running to waste, and the EMBO pro- 
gramme, of which the laboratory was and is a vital part, 
was devised with the object of recovering lost ground and 
establishing a firm European base. 


Resources Required 

It is true that there are a few laboratories in Europe, or 
groupings of laboratories, which can rival anything in 
the United States; but the number is extremely small, 
in our opinion much too small, related to the size of the 
European scientific community. In most European 
countries the national resources, financial or human, 
would be insufficient to create the kind of concentration 
and scale of effort that the subject demands. Furthermore, 
in many European countries the university system is still 
rigid and hierarchical. still dominated by traditional 
subject divisions, to an extent inimical to the develop- 
ment of a young, interdisciplinary subject like molecular 
biology. Thus there grew the idea of creating a European 
laboratory, not to supersede, but to supplement, existing 
laboratories in Europe, and to provide an additional 
strong interdisciplinary centre especially for the training 
of young people who would eventually return to their own 
universities and inject this new element into teaching 
courses. 





European Laboratory 

To almost everyone actually working in the field the 
idea of a European laboratory seems immensely attractive. 
as being the obviously right way to pursue a field of 
research as highly international in its devotees as it is inter- 
disciplinary in its approach. Most molecular biologists feel 
that such a laboratory would be the most exciting pos- 
sible place to work, as well as the most profitable 
scientifically. This is in strong contrast to the coolness 
with which some other scientists, including many other bio- 
logists, have greeted the idea, particularly in this country. 
To someone in the field like myself it seems so clear that 
the European laboratory could be one of the best in the 
world that it is really very hard to understand why some 
of one’s colleagues from other disciples are so un- 
enthusiastic, why they seem to believe that international 
laboratories should only be created as a last resort, if 
absolutely no other way exists for collecting together the 
necessary resources (as in high energy physics, where 
large accelerators are certainly beyond the resources of 
any individual countries) It may be that molecular 
biologists see things differently because of the inter. 
disciplinary nature of their field, or because their contaets 
with workers in other countries have been unusually 
close; but, whatever the reasons for their different out- 
look, molecular biologists naturally feel that they them- 
selves are the most competent judges of the conditions 
under which their own subject can best flourish, In this 
connexion it is interesting that many ex-European 
molecular biologists now emigrated to the United States 
have expressed the most active interest in a possible 
return to Europe by way of an appointment at an EMBO 
laboratory—and this before the recent announcements of 
new stringencies in the financing of research in the United 
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States. Actually, the outlook for science in the United 
States seems at the moment so bleak that this alone, if 
no improvement. soon comes in sight, may do a great deal 
to halt or even reverse the brain drain; and indeed there 
are other psychological factors, as well as the new rules 
about immigration quotas, which may have the same 
effect. But this would not in my opinion weaken the case 
for an EMBO laboratory, for although, as I have indicated, 
the original ideas were formulated against the background 
of the brain drain, this is only one symptom of the prob- 
lems holding back developments in Europe, and we 
believe that the EMBO laboratory would have a positive 
value quite independent of any effect it might have on 
the emigration of biologists. 


Original Work 


The arguments for the laboratory have been fully 
rehearsed elsewhere, in the public statements made by 
EMBO, and here I shall only mention a few of the more 
important, and one or two which seem to me to have 
been misunderstood. Of course the main purpose of any 
research laboratory is to carry out original work of the 
highest quality in its chosen field; and unless an EMBO 
laboratory could meet this condition there would indeed 
be no point in founding it. The prime requirement, of 
course, is to assemble a team of first-class research 
workers, and a series of confidential enquiries that we 
have made convinces us that we could count on a sufficient 
number of molecular biologists of the very highest quality 
joining the laboratory. We therefore believe that the 
EMBO laboratory could be as productive as any in the 
world, provided that suitable financial and administrative 
arrangements could be made. The last proviso is very 
important, for it is obvious that while some international 
research activities (CERN, for example) have been out- 
standing successes, others have not; and certainly there 
would seem to be scope here for a penetrating organization- 
and-methods type study of existing organizations. 


General Benefits 


Besides carrying out original researeh of high quality, 
we think that the laboratory eould be of great benefit to 
the European biological community. and to European 
universities, in many direct and indirect ways. We have 
indeed planned it with this consideration very much in 
mind. For example, we think it should have facilities for 
research training courses, with a teaching laboratory 
containing advanced equipment; experience of the EMBO 
summer-sehool programme shows that there is a great 
unsatisfied demand for such courses, which are difficult or 
impossible to arrange in existing institutions—in uni- 
versities because they have not the equipment, or in 
research institutes because they have not the space. We 
have also proposed that the laboratory should explicitly 
set out to provide research services for other laboratories; 
for example, by having facilities for the large-scale pre- 
gan- 
isms, enzymes, soon perhaps repressors and other rare 
eell constituents; or by maintaining cultures of micro- 
organisms; or by undertaking the development of 
advanced instrumentation beyond the capacity of most 
national laboratories. We think that, just as visiting 
research teams corne to CERN for periods of weeks or 
months to carry out experiments, so there might well be 
eases where visiting groups of molecular biologists would 
use advanced equipment available only at the central 
laboratory. Finally, we believe that an EMBO laboratory 
ean be of service to the European universities by helping 
to create the highly trained manpower which will “certainly 
be needed in inereasing numbers as the molecular biological 
approach becomes important in more and more areas of 
biology, and as teaching syllabuses are revised in con- 
sequence of the development of the subject. 

Some have objeeted to the EMBO laboratory plan on 
the grounds that it would draw rare talent away from the 
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universities of Europe, and so far from helping to stop the 
transatlantic brain drain would create an intra-European 
brain drain on its own account. But the EMBO plan calls 
for a laboratory in which only the leaders of research 
groups, perhaps fifteen or twenty in number, would have 
tenure positions; some of these would, we believe, be 
recruited from ex-European emigrés as a brain drain in 
reverse, and the remainder would be so few in number 
that no single country would lose more than one or two-— 
a loss which all could certainly afford, and which in our 
view would be by far offset by the ereation of the new 
laboratory as a forum and a focus for the biologists of 
Europe-—and, incidentally, a place to which many of them 
would wish to go on a temporary basis from time to time, 
as an alternative to the transatlantic visitations which 
they all make at present. 





Objection 

Another objeetion which has been voiced is that, while 
molecular biology may be the dernier cri today, this will 
not always be the case, and if the subject is given special 
treatment in the form of an international laboratory the 
result will be wasted bricks, mortar and manpower in the 
years to come. Our belief is that molecular biology is 
simply not the kind of subject which goes out of date; 
of course the name will do so (the sooner the better, some 
will think), and that will itself be the measure of the extent 
to whieh the moleeular biologieal approach informs and 
beeomes integrated with every part of biology. We 
therefore do not believe that laboratories of molecular 
biology will soon become moribund and redundant. A 
related objection is that an EMBO laboratory would be 
the thin end of a wedge—if the molecular biologists get 
an international laboratory, then others may want it too. 
Well, why not? If it can be shown that there are other 
fields which, because they are interdisciplinary, or because 
they need very expensive equipment, or for other reasons 
would benefit from international institutes, then by all 
means let them be founded. aran the development 
of European sentiment tends in this direction; this senti- 
ment may not be very obvious in this country, but it is 
increasingly in the air across the Channel, as anyone who 
attended the recent inter-governmental meetings on the 
founding of EMBO will testify. 

In this connexion it is a remarkable sign of the times 
that in the past few weeks there has been serious talk of 
founding what would amount to a European Research 
Council, provided with funds available for the direct 
support of research activities; a reference was recently 
made to this idea by the then Secretary of State for 
Education and Science, Mr Gordon Walker, in a speech 
to OECD. Needless to say, developments of this kind 
would be very much in line with the ideas which prompted 
the founding of EMBO, and there is no doubt that EMBO 
would be glad to see its activities carried out within the 
orbit of such an organization. 

Science is an activity of its very nature so international 
in spirit that in my view it is one of the most fruitful 
avenues towards the kind of international co-operation 
we all hope for in a wider sphere, Sensibly planned inter- 
national scientific organizations, including laboratories, 
can contribute to these wider objectives as well as being 
valuable simply as a way of furthering their own field. 
To create them is certainly not justified unless there are 
good scientific reasons for doing so, and these may not 
always exist. Our contention is that the EMBO laboratory 
has in fact a major contribution to make, both to the 
development of biology and to the education of biologists, 
and that its foundation would thus have great scientifie 
value as well as contributing to the growth of the pan- 
European idea. EMBO finds it indeed encouraging to be 
exposed to a climate of European opinion distinctly 
warmer than it was even a few months ago, and looks 
forward to the opportunity of playing its part in the 
development of Eurcpean science. 
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The J. Heyrovsky Institute of Polarography 


by Polarographic methods at the institute, named after its founder, are 


A. A. VLCEK chemistry. 


Tue J. Heyrovsky Institute of Polarography was estab- 
lished on April 1, 1950, as the "Central Polarographic 
Institute”. In 1952, when the Czechoslovak Academy of 
Sciences was founded, the institute became one of the first 
establishments incorporated into the academy. In 1964 
the institute was renamed after its first head and the 
founder of polarography, Professor J. Heyrovsky. 

The institute rose from the Heyrovsky school of polaro- 
graphy. J. Heyrovsky started his electrochemical studies 
at University College London, with Professor Donnan. 
After the First World War his studies, concentrating on 
the processes at the dropping mercury electrode, con- 
tinued at the Department of Physical Chemistry of the 
Charles University in Prague. In the early twenties the 
basic principles of polarography were laid by Heyrovsky 
and his first students and collaborators. In the pre-war 
years polarography developed into a science with good 
theoretical background and broad applications in analyt- 
ical chemistry, biochemistry and many other fields. After 
the Second World War, new fields for the development as 
well as for the application of polarography were opened 
and other electrochemical methods were derived from its 
basic principles. In its first years, the aim of the institute 
was to follow this main line of research. Thus transport 
phenomena at dropping and streaming mercury electrodes 
were investigated, mechanisms of several processes of in- 
organic as well as organic compounds were elucidated 
and the foundations laid of the study of the influence of 
adsorption at the electrode surface on the electrode pro- 
cess. Furthermore, new methods were being developed to 
get a deeper insight into the mechanism of the electrode 
process. Among these were oscillographie polarography, 
the Kalousek’s commutator method and some pulse tech- 
niques. From the numerous possible applications of 
polarography in analytical chemistry, the use of electro- 
chemical principles for continuous analysers attracted the 
greatest effort of the workers in the institute. 


Wider Investigations 


It soon became apparent, however, that the rather 
narrow specialization on classical polarography could not 
represent the only line of research in the institute. This 
fact first emerged from the interest of some members of 
the institute in the relation of the polarographic behaviour 
and the structure of the compounds undergoing the 
reaction at the dropping mercury electrode and to cor- 
relate, in à general way, the mechanism of the eleetrode 
reaction with other properties of the compounds studied. 
The polarographic, or generally the electrochemical, 
behaviour started to be regarded as one of the important 
properties of the compounds and polarography, in a 
broader sense, was shown to be a useful method for 
elucidation of some of the general problems of inorganic 
and organic chemistry. The second important impulse 
for the broadening of the research interests of the institute 
was based on the necessity to lay theoretical foundations 
for further development of fuel cells, batteries, electro- 
synthetic methods or homogeneous catalysis. The well 
developed background of polarography and many years 
of polarographic experience were a suitable starting point 
for the more general study of electrochemistry. The 


approach to these studies, however, differs in several of 


ita aspects from that used in some other electro- 


now being applied to general problems of organic and inorganic 


chemical schools in the world. The main problem in the 
study of the electrode process taking place under polaro- 
graphic conditions amounts to the description of all the 
steps of the process including the transport of the material 
to or from the electrode. This inclusion of the transport 
was regarded by some electrochemists as a drawbaek of 
the polarographie method or the polarographie way of 
thinking and approaching the electrochemical problems. 
A sophisticated theory of the transport phenomena at the 
dropping mercury electrode, which can easily be general- 
ized for other types of electrodes. has, however, been 
developed. This theory makes it possible to solve the 
kineties of the electrode processes and the inelusion of 
transport phenomena brings a new piece of information 
to the mechanism of the process. 


General Properties 


This polarographie background 
general approach to many of the problems being solved 
in the institute. The feeling, mentioned previously, that 
electrochemical behaviour is not a category per se 
but represents one of the closely related properties consti- 
tuting the chemical behaviour of molecules is an 1mpor- 
tant factor of the general philosophy of the institute, 
and stresses that electrochemistry is not an isolated 
science but a natural part of chemistry which uses all 
the results of other branches of chemistry and, at the 
same time, contributes equally to general chemical 
knowledge. It is true that electrochemistry many 
specific aspects and requirements, but we feel that all the 
electrochemical results can and have to be translated into 
the common chemical language. 

The scientifie programme of the institute is at present 
and for future years concentrating on the study of 
oxidation-reduction reactions in general, the greatest 


predetermines the 


has 
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emphasis being laid on heterogeneous redox processes, 
that is, processes taking place at electrode surfaces. The 
central point of these investigations is to elucidate the 
mechanism of the redox process in all its stages, that is, 
the reactions preceding the redox reaction proper, the 
redox reaction itself and the follow-up reactions including 
the determination of unstable intermediates and products 
of these reactions. The overall mechanism of the redox 
reaction depends on the conditions under which it pro- 
ceeds. Thus redox reactions are studied at inert elec- 
trodes, that is, at electrodes with a very weak interaction 
between the reacting particles and the surface, and at 
catalytic electrodes, that is, under conditions of strong 
interaction between the reacting particles and the elec- 
trode surface. The electrode~solution interface exerts an 
influence on the electrode process in all cases. For these 
reasons, the structure of the electrode double layer is 
studied, the interaction of substances with electrode 
surfaces under ‘‘non-faradaic conditions" are followed and 
the direct influence of the composition of the interface as 
well as the nature of the electrode surface are investigated. 
The results obtained from the study of electrode processes 
are generalized and compared with results of the investi- 
gations of homogeneous redox reactions so that specific 
effects functioning in the main types of redox processes 
can be specified. In the future, the inclusion of other 
types of redox reactions, for example, photochemical ones, 
is planned. The results obtained from these studies are 
used to obtain correlations between molecular structure 
and the mechanism of the redox process, and to solve 
structural problems of inorganic and organic chemistry. 
The study of the mechanisms and intermediates of the 
electrode processes forms a basis to develop electro- 
synthetic procedures. The generalized results have been 
applied to the study of homogeneous catalysis of redox 
or hydrogenation reactions. The investigation of the 
processes at catalytic electrodes represents the starting 
point of the work on new electrochemical energy sources, 
the main emphasis being laid on the development of the 
fuel cells. The analytical applications are directed pre- 
dominantly to the design of continuous analysers. 








Internal Structure 


The internal structure of the institute arises from the 
aforementioned lines of research. There are seven research 
departments, an electronic laboratory, auxiliary services 
(scientific information group, mechanical and glass- 
blowers’ workshops) and the administrative offices. 

The departments are constituted according to the 
specialization and specific interests of individual members 
of the institute. Within each department, research groups 
concentrate on special problems. The solutions of some 
problems, however, need the co-operation of several 
specialists and in such cases temporary research groups 
are formed from members of various departments. 

The Department of Kinetics of Electrode Processes and 
a group at the Institute of Physical Chemistry of the 
Czechoslovak Academy of Sciences contributed together 
to the theory of transport processes at the dropping 
mereury electrode. Equations deseribing the limiting 
currents as well as the current-potential curves were 
derived for various types of transport, mainly for pro- 
cesses in which the preceding reaction or the redox 
reaction proper represents the rate determining step. A 
great deal of interest was also directed to the study of 
such processes in which the product of an electrode 
reduction is reoxidized by a fast chemical reaction to the 
original depolarizer. Most of the experimentally studied 
systems were Inorganic complexes. These studies form a 
basis for the use of polarography as a method for the 
determination of fast chemical reactions. Further studies 
have shown the limitations of this approach especially 
those caused by the influence of the double layer on the 
velocity of the chemical reaction. Further studies of this 
department were concentrated on adsorption at the drop- 
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ping mercury electrode and on the influence of the 
adsorbed layers and the double layer on the electrode 
reaction proper. Theoretical foundations were laid for the 
description of these processes and the relations between the 
nature of the process and of the specific effect influencing it 
were rationalized. One of the most useful techniques in 
these studies was shown to be the study of i-t curves at the 
dropping mereury electrode. In the later stages of the 
research, the influence of adsorption on the structure of 
the double layer itself was studied. A great deal of 
attention has been devoted to the elaboration of new 
methods for studying the electrode interface. 

In addition to these studies, whieh concentrated pre- 
dominantly on the dropping mercury electrode, the pro- 
cesses at catalytic electrodes have been followed, mainly 
oxidation of organie compounds and the reduction of 
oxygen. In the latter studies, carbon electrodes doped 
with silver were found very effective. This work, now 
being extended to some other types of electrodes, was 
closely related to investigations in progress in the Depart- 
ment of Catalytic Electrodes. This department is eon- 
cerned with the study of porous gas diffusion electrodes, 
the problems of their strueture and theoretical description 
of processes taking place in these electrodes. The elec- 
trodes, made by powder-metallurgy processes, are tested 
for long term performance in low temperature, low pres- 
sure systems of fuel cells, mainly based on oxygen-hydro- 
gen system with an alkaline electrolyte. A special catalyst 
was developed for these purposes which was shown to be 
very efficient not only in the eleetrode process but also 
in the catalytic hydrogenation of organie compounds. 
Carbon electrodes for long term performance are also 
being developed as well as thin large-area electrodes 
Recently the kinetics of hydrogen oxidation have been 
followed and work started on new catalyst doped elec- 
trodes, in which the catalyst is not necessarily a metal. 








Redox Behaviour 


In the Department of Electrochemical Behaviour of 
Co-ordination Compounds the redox behaviour of com- 
plexes has been correlated with their structure. The 
main aim of the study was, if possible, to predict the rate 
and mechanism of a redox process from the known 
properties of the reactants. To achieve this it was neces- 
sary to develop procedures for systematic interpretation 
of experimental data and for the detection of inter- 
mediates. Correlations, based originally on the extended 
Pauling model of co-ordination compounds, were found 
and later extended to the molecular orbital model. In 
particular, the correlation between spectroscopie and 
redox properties, kinetic as well as thermodynamic, has 
been studied for series of substitution inert complexes. 
The correlations originally deduced made it possible to 
prediet the formation of low valent eomplexes as the 
product of electrode reaction. In many cas such pro- 
ducts were found (for example, Ni(CN)'^, low-valent 
nickel dipyridyl complex, Mn dipy;, Co dipy;, Co(CN)?, 
ete.) These and other low-valent series (phosphine, 
arsine, bis-arene, carbonyls) have been studied electro- 
chemically, with one goal being the definition of the redox 
state of the central metal atom. 

The redox behaviour of bounded ligands (for example, 
nitronyl, hydride, conjugated systems) is extensively 
studied. The department also studies the homogeneous 
redox processes, especially of low-valent complexes 
(Co(CN)?~, carbonylate ions, Co dipy;) and the mechanism 
of the formation of hydride complexes and organometallie 
species, especially electrochemical processes in which such 
species are formed. Catalytic redox cycles, based on low- 
valent complexes (Co dipy‘, Co(CN)!"), have been exten- 
sively studied. The system Co dipy;-NaBH, has been 
shown to be particularly effective in the catalytic reduc- 
tion of organic as well as inorganic compounds. 

The Department of Electrochemical Behaviour of 
Organie Compounds follows a similar approach. As a 
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result of the specific nature of organic compounds, how- 
ever, this has to be partly modified. The emphasis was 
laid on the description of the substituent effect on 
the polarographic behaviour. To express these effects 
the Hammett and Taft equations were used and 
their general applicability to the half-wave potential 
was shown. Many series of organic compounds were 
studied from this point of view. For some of them 
it was possible to separate the influence of various effects 
the substituents exert on the polarographic behaviour of 
the parent compound. The general nature of the afore- 
mentioned as well as of some other extrathermodynamic 
correlations has been analysed by statistical methods. 
Electrode reactions of some special series of organic 
compounds have been studied in more detail to elucidate 
their mechanism and to detect the intermediates formed. 
Various electrode reactions resulting in bond rupture were 
studied. For heterocyclic compounds derived from pyri- 
dine, the formation of electroactive intermediates and the 
dependence of the mechanism on the potential of the 
electrode were shown. 

Very interesting results were obtained from the study 
of organic compounds bearing two electroactive groups 
(for example, p-disubstituted benzenes). The adsorption 
of organic compounds, depolarizers as well as products, is 
extensively studied to elucidate its role in the electrode 
reactions of organie compounds. Electrochemical methods 
were also used to follow reactions of organic compounds 
in solution (for example, the elimination reactions of 
Mannich bases and their sulphur analogues). 


intermediates 


The study of intermediates and products, especially 
their detection and the chemical reaction of very unstable 
ones, is à common interest of both the organic and 
inorganic departments. Various chemical and electro- 
chemical, as well as optical, methods are investigated or 
developed for detection of intermediates with very short 
life times. Eleectropreparative methods based on con- 
trolled potential conditions are also studied in both groups. 

The use of non-aqueous solvents represents another 
common line of research in the institute. A technique has 
been developed for eleetrochemical measurement under 
the complete exclusion of oxygen and water. Non-aqueous 
solvents are broadly used to follow electrode as well as 
homogeneous redox reactions of inorganic and organic 
compounds (especially those with very reactive inter- 
mediates) and for potential applications in electrochemical 
energy sources. 

The use and development of new electrochemical 
methods based on other polarization conditions or fol- 
lowing different measurables from classical polarography 
are motivated by the previously mentioned lines of research 
(measurement of fast electrode reactions, detection of 
intermediates and study of double layer composition). In 
the rather broad development programme in this field 
the general rule is being followed that no new method 
needs to be developed unless it provides a new type of 
information. The Department on Oscillographie Polaro- 
graphy is mainly engaged in the study of electrode 
reactions using Heyrovsky's applied eurrent method and 
in the application of this method to analytical purposes. 
The instrumentation specialists of the institute also 
partieipate in the design of commercial models of oscillo- 
polarographs, classical polarographs and some other 
electrochemical instruments. 

The Department of Electrochemical Analysers develops 
instruments for continuous analysis based mainly on 
polarographic or eoulometrie principles. Examples of 
such deviees developed inelude those for sulphur dioxide 
determination in air or in gases during the production of 
sulphurie acid, for nitrogen oxide, nitrous oxide and 
oxygen determination in gases, for determination of 
oxygen in feed-water, and of hypochlorites in textile 
baths. The apparatus for sulphur dioxide determination 
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is now being tested for use in a chain of stations for con- 
tinuous air pollution monitoring. A special device was 
also designed for the measurement of oxygen consump- 
tion by living tissues. The form of the instrument 
makes possible measurements under various conditions 
in vivo. 

The analytical laboratory of the institute carries out 
research on the application of complex-forming agents 
for the analysis of mineral raw materials and various 
produets. Methods of separation, electrochemical and 
optieal as well as other analytieal methods, are also fol- 
lowed. Most of this work is concentrated on morganie 
analysis. 

Apart from the research activities. the institute is also 
engaged in teaching. It is possible to study for the PhD 
degree in the institute after completion of the basic 
education at the university. Each year five to seven 
students finish their PhD in the institute. Several mem- 
bers of the institute are also regularly active at Charles 
University in Prague (physical and inorganic chemistry), at 
the School of Chemical Engineering in Pardubice (inorganic 
and organic chemistry) and at the University of Bratislava 
(pharmaceutical chemistry). 

Members of the institute collaborate closely with other 
institutions on running advanced postgraduate courses imn 
electrochemistry and long-term postgraduate courses for 
foreign students. 

The institute continues the fortnightly seminars, started 
in the pre-war years at the Charles University by Pro- 
fessor Heyrovsky. The seminars are devoted to the latest 
developments in electrochemistry. Foreign scientists often 
lecture at these seminars. 

The institute maintains close contacts with scientific 
institutions in other countries. These contacts range from 
work on problems of mutual interest to regular exchange 
of lecture tours and fellowships. There are always several 
foreign students or specialists working in the laboratories 
of the institute. The members of the institute frequently 
lecture abroad and several of them were engaged for longer 
periods of time as professors at various universities, 
mainly in the United States. Great Britain and the 
German Federal Republic. Younger members of the 
institute frequently go abroad for postgraduate or 
advanced studies (predominantly to USSR, USA, Great 
Britain and Germany). 





Publications 

Each year almost one hundred original papers are 
published from the institute. Members of the institute 
have written several books, mainly on polarography, 
organie polarography, oscillographic polarography, elec- 
trochemistry, co-ordination chemistry and special topics 
in analytical chemistry. Most of these books have been 
translated into foreign languages. Up to 1966 the Biblio- 
graphy of papers dealing with polarographic methods was 
published each year. 

The institute has organized several intermational 
meetings. including the First and Fourth International 
Polarographie Congresses (in 1951 and 1966). 

In 1966 it was decided to start regular yearly meetings, 
designated “Heyrovský Discussions”, which consist of 
invited introductory lectures and diseussion of the most 
pending problems of eleetrochemistry and related seiences. 
Each meeting is limited to one special, clearly defined 
problem which is discussed freely and extensively in all 
its aspects. The first Heyrovsky discussion took place 
in 1967, the second in 1968; both have shown that dis- 
cussion of this type can contribute a great deal to the 
development of science. 

The future development of the institute will follow 
from the general problems mentioned here. An increase 
of the institute's staff of 115 by about 30 per cent is 
expected in the next 7 or 8 years and it is hoped that in 
the next few years the institute will be housed in à new 
building. 
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Facing the expected needs of electrochemistry as well 
as of chemistry in the future, the research activities of the 
institute are expected to concentrate on the foundations 
of the theory of redox reactions, of electrochemical energy 
sources, of electropreparative methods and of homo- 
geneous catalysis as already mentioned. The under- 
standing of redox reactions together with the knowledge 
of principles of homogeneous and heterogeneous catalytic 
processes, however, may contribute to the understanding 


YUGOSLAVIA 


NATURE, VOL. 218, JUNE 1, 1968 


of biochemical redox processes. The long-term programme 
of the institute is expected to include these problems in 
future years. It is hoped that the general policy of the 
institute to have electrochemistry as the main subject of 
study and way of approach but with application to the 
solution of fundamental problems in related branches of 
science will contribute to the widening of human know- 
ledge of all aspects of the redox process, one of the most 
important processes in nature. 


Development of Scientific Research 


by Post-war changes in Yugoslav science policy reflect the changing 


D. M. MALSIMOVIC 


THE current situation and trends in the development of 
research in Yugoslavia must be regarded against the 
background of the entire progress attained in this field 
during the post-war period. One of the striking features 
of that process was the changing science policy, reflecting, 
in a more or less adequate manner, the character and 
methods of social growth in general. 

The post-war period of scientific advancement started 
from a relatively modest heritage. The whole of tho 
nineteenth and the beginning of the twentieth centuries 
were marked by the struggle of the Yugoslav peoples for 
liberation from foreign rule and for national recognition 
and revival. The science which grew up during that age 
of revival was striving towards the same aims, and was 
therefore concentrated on historical and linguistie research 
and on the geography, biology and geology of the national 
territories. That research provided the impetus for the 
foundation of the Yugoslav Academy of Sciences and 
Arts (Zagreb, 1867) and of the Serbian Academy of 
Sciences and Arts (Beograd, 1886), and resulted in the 
establishment of the first universities (Zagreb, 1874; 
Beograd. 1905). Later the University of Ljubljana and 
the Slovene Academy of Sciences and Arts were founded 
in 1919 and 1939 respectively. 


Post-war Developments 


Until the outbreak of the Second World War research 
was almost exclusively concentrated in universities and 
academies of science, its contents mainly following the 
traditional pattern of activities in these institutions, and 
in keeping with the predominantly agrarian structure of 
the national economy. The fact that in the late 1930s 
there were about 1,000 university teaching staff indicates 
to some extent the scope of scientifie research at that time. 

After the changes in the social system, introduced after 
the Second World War, considerable support was given to 
the promotion of research. It was considered that the 
planned development of the socialist society, and particu- 
larly that of the economy, should be founded to the 
highest possible degree on the results of scientific study. 
In practice, however, these ambitions encountered 
numerous difficulties, the greatest of them being the lack 
of scientific staff and experience in organizing research. 

During the first years after the war, the state administra- 
tion, both federal and republican, controlled most of the 
funds for financing development in all spheres of publie 
life, including scientific institutions. At first, from 1947 
to 1950, the academies of seience were entrusted with the 
function of direct organizers of scientific establishments 
and research, because of their scientific tradition and 


social structure of the country. 


reputation, and possibly also following the patterns of 
organization employed in some other countries. The work 
of the academies and of their institutes was co-ordinated 
by the Academic Council, from 1948 to 1957, which was 
set up by a decree of the federal government. In perform- 
ing their task of organizing and advancing research, the 
academies concentrated on those branches of science 
which corresponded to the composition of their members 
at the time, that is, on the arts and the humanities and, 
to a lesser extent, on the natural sciences. In the sub- 
sequent stages of scientific development, however, the 
academies did not play the same part as the academies of 
science in other socialist: countries. 


Intervention 


As a consequence of this tendency of the academies 
to confine their activities to a limited field of scientific 
research, the federal administration began taking direct 
measures. From 1948 onwards it started forming a group 
of five nuclear research institutes, which gradually became 
the principal centres of research in natural sciences in the 
country. A group of institutes for research in contem- 
porary social phenomenology was also established at that 
time. The republican authorities, on their part, set up a 
number of research centres for agriculture-~including 
veterinary medicine and forestry—as well as for technical 
and other scientific branches. 

All these institutions were financed by the founders, 
exclusively by budgetary methods. The administration 
—whieh has been undergoing, from 1951, a process of 
decentralization and reduction of its functions in favour of 
self-management in the economy and in society as a 
whole—however, never established strong centres of its 
own to control the work of these research institutions. The 
only exception was the Federal Nuclear Energy Commis- 
sion, which ran the group of nuclear research institutes in 
the name of the federal government. The other research 
centres determined and implemented their programmes 
more or less independently. A lack of co-ordination 
between them soon became apparent. The programmes of 
the institutes generally reflected the inclinations of their 
staff, and the results obtained by them had little direct 
bearing on the development of the economy. An exception 
to this rule was the research establishments for agriculture, 
civil engineering and geology, which contributed con- 
siderably to the advancement of the relevant economic 
branches. The nature of these fields of research made 
them more oriented towards practical problems, in addi- 
tion to some other favourable circumstances influencing 
their course of development. 
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Parallel to, and almost independent of, the process of 
formation of autonomous scientific institutions, research 
in universities grew in scope and intensity as part of the 
overall rapid expansion of university education. This 
activity had all the classical characteristics of university 
research, 

During the first 10 to 15 years after the Second World 
War, the economy had almost no influence on scientific 
work. The industrial enterprises were absorbed in the 
efforts to construct and run numerous new factories, with 
imported equipment and new techniques, and had not 
enough experts to spare for research and development. 
Finally, because of the situation in the domestic market 
(greater demand than supply) and scant participation in 
world trade, there was no pressure on factories to turn to 
research in order to improve their technology and labour 
productivity. 


Disparity 

The combined effects of the administrative methods in 
establishing and financing research centres and of some 
other circumstances resulted in a great disparity between 
the scientific effort and the needs of economic growth. 
This state of affairs was also reflected in the prevailing 
structure of scientific institutions and research personnel, 
where technical sciences were relatively poorly repre- 
sented. 

The concepts of a new science policy, which began to 
be implemented from 1957, were aimed principally at 
altering this situation with regard to the structure, 
orientation and social position of scientific research. The 
federal and the republican councils for the co-ordination 
of scientific affairs were established at that time, with 
functions and composition which lent them the character of 
both governmental and social bodies. The general trend 
in the evolution of the entire system of social organization 
towards an increasing legal and economie autonomy of all 
working organizations, including scientific institutions, 
had already begun. Consequently. the administrative 
competences of these councils over scientific establish- 
ments. which were extremely limited to begin with, were 
further reduced, until they disappeared completely in 
1965. 

The federal and the republican research funds were 
established shortly after the councils for the co-ordination 
of scientific affairs had been set up. The budgetary 
resources for research were gradually concentrated in 
these funds, while. at the same time, the method of 
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financing scientific establishment directly from the federal 
and the republican budgets diminished in scale. Although 
the resources were allocated from budgets, these funds 
were distributed independently, which meant that they 
could be more flexible and adaptable to the specific 
requirements of investment in research, for example, 
long-term contracts or loans. 

From their inception, the research funds adopted the 
new system of financing specific research pr jects, instead 
of the former budgetary allocations of lump sums to 
institutions. The basis for the transaction was the contract 
drawn up between the research fund and a scientific 
institution for work on a definite project. Although this 
change was a matter of form rather than substance during 
the first years, the new system of financing gradually 
asserted itself, with the exception of nuclear sciences 
where budgetary methods were retained. 

The research funds allocate their resources according 
to programmes drafted by the corresponding research 
councils. There are problems in formulating adequate 
selective programmes—as there are in other countries— 
but this exceeds the scope of this article. It should be 
stressed, however, that the system of financing by means 
of contracts has so far been effective in inducing research 
establishments to examine all the aspects of a project 
before proposing that it should be included in the pro- 
gramme, and that these establishments manifest a greater 
sense of responsibility for the conduet of a research project 
if it has been arranged under contract with a research 
fund. Another feature of the new policy adopted by 
research councils and funds is to encourage different 
scientific institutions to join forces in working on specific 
large-scale projects; this element has so far proved useful 
in achieving greater co-operation among research centres. 


Contracts 

Parallel to these innovations, à series of measures were 
taken to stimulate the interests of economic organizations 
in research and development. These measures had two 
aims: to prompt the existing scientific establishments 
and relevant enterprises to enter into direct contractual 
arrangements on concrete projects, and to encourage 
larger enterprises to set up institutes and research units 
of their own. 

It should be stressed at this point that the situation in 
industry described here has now changed: there are more 
qualified personnel, new techniques have been introduced, 
and the changed economie conditions are forcing industrial 
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enterprises to make increasing efforts in order to market 
their products at home and abroad. 

The trend towards greater collaboration between re- 
search institutions and industrial enterprises is showing 
progress, although accompanied by numerous difficulties. 
Apart from the fact that the change from research in 
freely chosen subjects to research for the needs of the 
economy, with the results immediately tested in practice, 
naturally required a period of readjustment on the part 
of the research institutions, other problems appeared as 
well. These institutions preferred allocations from the 
budget or from research funds rather than being financed 
by the economy, claiming that the tasks entrusted to them 
by economic organizations were more of a technical than 
of a scientific character. Economic enterprises, on the 
other hand, were slow in committing themselves to con- 
tractual arrangements with research institutes and were 
often dissatisfied with the results of such arrangements. 
These, however, can be considered as the inevitable initial 
difficulties which accompany a radical change affecting 
both the enterprises and science. 

In order to encourage and accelerate this process, the 
research funds deliberately allocated to some institutes 
means which were not completely sufficient for their work 
and development, thereby inducing them to look for 
sponsors in industry. Of course, these changes were 
introduced only step by step. In addition to this, the 
federal and the republican research funds adopted the 
practice of providing only a portion of funds required for 
a certain research project (mostly 50 per cent) on the 
condition that the remaining sum should be supplied by 
the industry. The result of these measures was that indus- 
trial enterprises became gradually accustomed to utilizing 
the services of scientific institutions. 

Another policy adopted by research funds was to grant 
substantial investment resources to help a number of 
small and inadequately equipped institutes for techno- 
logical research to modernize and expand their capacities, 
to meet the growing demands of the economy. In several 
instances the interested enterprises were persuaded, on 
a completely voluntary basis, to participate with their 
own funds. 

To eneourage the industry to establish research and 
development centres of its own, for a number of years the 
federal research fund granted loans free of interest to 
enterprises for the purchase of equipment for scientific 
research, on the condition that the relevant enterprises 
should provide the resources for the buildings or partici- 
pate in the eost of the equipment. There are examples 
where the aid of half a million or a million dollars granted 
by the federal research fund induced some enterprises 
to set up institutes which today spend twice that sum 
every year. 


Changes 


Some fiscal facilities have been granted to enterprises 
on the funds expended on research, and imported research 
equipment is exempted from duties. This policy has had 
important results, both with regard to the sources of 
revenue for scientific work and to the changed content of 
research. This, in turn, had the consequence of causing 
changes in the structure of research institutions and of 
research personnel, in favour of technical sciences. The 


Table ]. SURVEY OF RESEARCH ESTABLISHMENTS AND OF RESEARCH PER- 


SONNEL (AT THE END OF 1966) 


No, of 
establish- No. of employees 
Field of science ments and Researchers 
units Total No. Per cent 
Scientific institutions 
Natural sciences 33 4,341 1,544 i8 
Technical sciences 85 9.887 2,742 31 
Agricultural sciences 58 4,300 1.064 12 
Medical sciences 18 1,680 485 5 
Social sciences 76 2,609 1,423 16 
Scientific institutions (total) 270 22,823 7,268 82 
Research unitsin enterprises 124 4,456 1,563 18 
Total 394 27,27 8,831 100 
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current situation, which is still undergoing the same pro- 
cess, is best illustrated by some statistical data on the 
composition of research establishments and their personnel 
(Table 1). 

It should be noted that the group of 270 scientific 
institutions covers thirty-eight establishments founded by 
enterprises and that seventy-six research establishments 
were founded by several sponsors, among them numerous 
enterprises, The data on the number of research personnel 
include 10 per cent part-time researchers, in most cases 
university teachers, ineluding assistants. The survey does 
not. cover the scientific personnel engaged on a temporary 
basis. 

University teachers constitute an important source of 
research personnel (Table 2). 

Table 2. SURVEY OF TEACHING STAFF AT UNIVERSITIES, COLLEGES AND 
ACADEMIES (ACADEMIC YEAR 1965-66) 


Full-time personnel, 


Field of science* professors and assistants 





No. Per cent 
Natural sciences 659 8 
Technical sciences 2,134 25 
Agricultural sciences 1,240 15 
Medical sciences 1,894 22 
Sacial sciences 2,480 30 
Total 8,416 10 


. * The survey is based on the scientific fields to which the individua 
faculties belong. 


In the seven Yugoslav universities, incorporating 126 
faculties, colleges and academies, research is conducted 
within the various departments, laboratories and insti- 
tutes. The personnel consists of university professors and 
assistants, and only some of these units employ full-time 
research workers. Fifty-eight university or faeulty re- 
search institutions have the status of autonomous scientific 
establishments and are listed in the first survey. Many 
scientifie institutions and units attached to universities 
derive supplementary resources for their work by means of 
contracts with economie enterprises and research funds 
especially in technical and agricultural sciences. — In 
addition to the resources allocated to universities from 
special social funds for education, research funds also 
grant them means for the purchase of equipment for 
research. 








Revenues 


Preliminary data on the revenues of scientific institu- 
tions and research units in enterprises, exeluding the 
portion derived from routine activities, in 1967 give the 
figure of 800 million new dinars (calculated in terms of 
parity between the internal purchasing powers of the dinar 
and the dollar, this amounts to 123 million US dollars). 
The share of the federal and the republican research funds 
amounts to 309 million new dinars, that is, 39 per cent. 
The rest was provided by economic enterprises and other 
minor sponsors. The total amount of these resources 
constitutes 0-85 per cent of the national income. 

The Social Plan of Development of Yugoslavia antici- 
pates during 1966-70 an increase of spending on research 
from 0-8 per cent of the national income in 1965 to 
1-05-1-1 per cent in 1970. The plan also makes provision 
for the inerease of funds allocated by the federal authorities 
to research at the same rate as the growth of the gross 
national product. and it is expected that the republics, 
and especially the economy. will provide the additional 
resources to ensure a faster increase in the volume of 
scientific research. A federal act stipulates that 0-2 per 
cent of the gross national product, that is, about 0-22 per 
cent of the national income, should be allocated to the 
federal research fund out of the federal budget. It is 
expected that in 1970 approximately 70 per cent of all 
means invested in research will come from the economy, 
and the remaining 30 per cent from research funds. 

These provisions of the plan —and their practical effects 
are still difficult to determine—indieate that, in science 
poliey, emphasis is still on collaboration between science 
and the economy and on the broader applieation of 
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scientific results in production. Although our research 
potential is not strong enough to warrant development of 
completely new and complex techniques, it can neverthe- 
less do much to improve the existing ones, domestic and 
imported. 

As I have indicated, the implementation of this policy 
has encountered many difficulties and problems, and it is 
to be expected that they will eontinue to arise. The 
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results and experience gained so far, however, seem to 
have justified the line that is being pursued. Moreover, 
the radical economic reform, introduced in 1965, which 
has put economic enterprises in an extremely severe 
situation while ensuring, at the same time, their full 
independence in production, distribution of income and 
investments, has made this line in science policy not 
only necessary but indispensable. 


Hacettepe University in Ankara 


by In ten years the small children's hospital at Hacettepe has grown into 


MEMBERS OF THE UNIVERSITY STAFF 


HACETTEPE UNivERSITY, à new institution of higher 
learning in Turkey, has become the centre of attention for 
medical edueators from all over the world. The most 
outstanding feature of the new system is an integrated 
approach to teaching in medical education. Twenty 
deans and other representatives from selected schools of 
medicine will have the opportunity of studying these new 
concepts when they participate in a WHO seminar on 
teaching methods to be held at Hacettepe in September 
1968. The development of Hacettepe University is, in 
itself, most exciting, considering that it has involved the 
transformation of a 150 bed children’s hospital into a fully 
fledged university within nine years. 


Foundation 


As far back as 1948, Dr Ihsan Dogramaci, founder and 
president of Hacettepe University, recommended the 
establishment of a children’s hospital in Ankara. A 
detailed proposal prepared by Dr Dogramaci in 1951 
with the title of “Proposal for Establishment of a Child- 
ren’s Medical Centre in Ankara" suggested that “a modern 
children’s medical centre be established for the purpose 
of rapidly improving paediatrie standards, both in the 
practice of medicine and in the publie health service. 
In addition to providing desperately needed children's 
medical facilities in Turkey, this centre would offer the 
most modern paediatric training, constitute a demonstra- 
tional technical assistance project, serve as a medical 
referral centre and undertake research work in paediatrics. 
s Furthermore, this project could eventually be 
expanded to inelude a large general medical centre, 
research facilities and schools of nursing, medicine, 
dentistry, physiotherapy, medical technology, dieteties 
and social work. After making substantial progress with 
respect to Turkey, provision might be made for a gradually 
expanding training programme to include doctors, nurses 
and other health personnel from other countries, the 
referral service might be extended and publication pro- 
jects broadened”. 

In the following years a foundation was established 
to help realize the proposed children’s medical centre. 
In the meantime, twenty-five carefully selected recent 
graduates from the existing medical schools were sent to 
the United States for advanced training in basic medical 
sciences, through fellowships obtained from the Rocke- 
feller Foundation. All of them subsequently returned to 
Hacettepe to take up responsible teaching and research 
duties. The 1961 annual report of this foundation made 
the following statement to explain the progress being 
made during these early stages: "When the foundation 
officers first visited the director of Hacettepe Children’s 


a fully fledged state university. 


Hospital in 1955, his clinic consisted of a half-finished 
building and a dream of creating a new pattern in medical 
education and training that would permit the develop- 
ment of modern clinical teaching and research services 
of the highest international standards. Within two 
years after it was opened, the clinic, comprising the 
Research Institute of Child Health, had developed a 
service providing top quality medieal eare and a pro- 
gramine for teaching that were unparalleled in the Middle 
East, and possibly even in a far wider area". 


Destruction 

Hacettepe Children's Hospital, inaugurated on July 8. 
1958. consisted of 150 beds. Despite the fact that much 
of the existing building was destroyed by fire in March 
1961, development of the hospital continued rapidly. 
Towards the end of the same year the medical centre 
was enlarged to provide room for a total of 250 beds for 
children and an adult unit. 

As a result of the 
institution for medicine and the health sciences at Hacet- 
tepe, the following steps were taken to expand the 
facilities of the medical centre. (1) In addition to the 
Children's Hospital. a general teaching hospital was 
built with a capacity of 1,000 beds. (2) A school of arts 


decision to establish a teaching 





Dr Ihsan Dogramaci, director of Hacettepe University 
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Hacettepe University buildings. 


and sciences, known as Hacettepe school of basic sciences, 
was established to offer premedical courses to candidates 
for the Hacettepe schools of medicine and dentistry and 
programmes leading to degrees in the various natural 
and social sciences. This school, which also had a training 
programme for medical technicians and hospital dietitians, 
enrolled its first students in the autumn of 1961. 

(3) Two schools of nursing with four-year programmes 
began accepting students in the autumn of 1961; one of 
the schools awards an RN diploma, the other a bacca- 
laureate degree in nursing. The first class of nurses 
graduated in the summer of 1965. At the moment. the 
total enrolment in these two schools is 300. Also estab- 
lished in 1961 was the first, and so far the only, Turkish 
school of physiotherapy and rehabilitation. This school 
graduated its first class in 1965. 

(4) The physical plans for the Hacettepe medical 
school, including the basie seiences building and another 
large laboratory building for inter-departmental research 
projeets, were designed in 1961 and 1962. Parts of these 
buildings were ready for oceupation in 1964 and the entire 
complex was completed in 1965. 

(5) The Hacettepe schools of medicine and dentistry 
admitted their first classes of students for the academic 
year 1964-65. NA 


Status 


On July 8, 1967, the Hacettepe institutions of higher 
learning were given the status of an autonomous state 
university by the Turkish Parliament. The present 
organization of Hacettepe University includes the school 
of basic sciences, faculties of medicine, health sciences, 
natural sciences and engineering, social and administra- 
tive sciences and graduate studies, two research institutes 
and a 1,250 bed teaching hospital. 

While the developments leading to Hacettepe Univer- 
sity were taking place, a medical education committee 
was established to work on the educational system and 
programme of Hacettepe medical faeulty. This committee 
held continuous $Weetings in the years 1961 to 1963 and 
spent a great deal of its time studying the educational 
systems of medieal schools in Turkey and other countries. 
The committee felt that the medical schools in Turkey 
suffered from all the shortcomings of traditional medical 


education—an over-emphasis on didactic instruction, 
largely part-time teaching staff. big classes. sizable 





student attrition rates, poor facilities and a lack of 
interest in research*?. Inadequate preparation for medical 
courses and lack of co-ordination between the different 
departments were additional factors. 


Integration 


Following the careful documentation of the need for 
a new system of medical education in Turkey, the new 
concept was formulated. The chief feature of this concept 
is its integrated approach to teaching. In order to insure 
the departmental co-operation which such an approach 
requires, the new medical school is composed of four 
institutes: biological sciences, pathology, clinical sciences 
and community medicine. Each institute has its own 
chairman. These institute chairmen comprise the highest 
executive committee of the medical faculty and administer 
the medical teaching programme under the aegis of the 
education committee. The institutes are divided into 
departments and sub-departments, each headed by a 
professor. Although the heads of the departments and 
sub-departments are completely free to organize research 
and postgraduate training programmes in their areas, 
they are under the direction of the chairman of the 
institute in matters pertaining to the organization and 
implementation of the teaching programme at the medical 
sehool level. 

The medical curriculum and syllabuses are drafted by 
committees which consist of representatives from all the 
departments concerned. Because the curriculum commit- 
tees operate as part of a larger administrative set-up 
and are responsible to the chairmen of the institutes, it is 
not possible for a head of department to assume too 
dominant a role. 

Teaching in the basic medical sciences is integrated in 
that the subject matter is arranged, not according to the 
various departmental topics, but so that the student is 
first introduced to the simplest and smallest functional 
and structural units and then moves gradually to a con- 
sideration of more complex functional and structural 
systems of the human organism. 

The students are admitted to the first year of the 
medical faculty after having studied for two years at the 
school of basic sciences. The first year programme is 
organized as follows: the student is first taught about 
the morphology and metabolism of mammalian and 
bacterial cells. Next, he is introduced to the organization 
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of cells and tissues; the various tissues are discussed 
with regard to their anatomical, physiological and bio- 
chemical characteristies. The rest of the year is set aside 
for co-ordinated discussion of organs and systems. 
Initially, the cardiovascular, respiratory and haemato- 
poietic systems are discussed; then body metabolism is 
considered together with the gastro-intestinal and urinary 
systems. At this time, the basic principles of immunology 
are introduced. At the end of the year, various organ 
systems are discussed at length. The teaching of anatomy, 
including dissection, is carried out in the same sequence. 
The nervous and endocrine systems are presented 
with reference to their position as cardinal integrating 
factors in the human body. Finally, reproduction is 
taught. 


Strategy 


During the first year the student is also introduced to 
a family-care and clinical programme (described later). 
During the second year, basie medical sciences such as 
microbiology, pharmacology and pathology are taught, 
again integrated with each other. In this case, too, the 
student first studies the morphological and physiological 
changes observed in mammalian cells and tissues in 
infective, radiological or metabolic pathological condi- 
tions. The principles for re-establishing normal physio- 
logical conditions and the basis of drug action are pre- 
sented. The effect of bacteria on human cells is discussed 
and the clinical pictures and tissue manifestations of 
infections are introduced. Various immunological dis- 
orders are also discussed. Next the basic pathological 
changes of the various organ systems are introduced and 
discussed by instructors from the departments of bacterio- 
logy, pathology, pharmacology, biochemistry, physiology. 
anatomy and the clinical departments. Thus, the student 
is given an overall view of the clinical conditions related 
to the system under study. The introductory teaching in 
clinical science also continues during this period. 

Beginning in the third year and continuing until the 
fourth, students serve in rotation as clerks in various clini- 
cal departments. During this period instruction continues 
in seminars, clinico-pathological conferences, group dis- 
cussions, case presentations and symposia. The students 
are also expected to take some responsibility for night 
duties. The fifth year corresponds to an internship in 
the major clinical departments—medicine, paediatrics, 
surgery, obstetrics and gynaecology. Interns live at the 
hospital during this final year. 


Curriculum 


The curriculum for the first two years is designed to 
include about one-third theoretical material, usually 
presented through small group discussions and occasional 
lectures, and two-thirds practical laboratory training. 
Except for anatomy dissection and autopsies, all laboratory 
work is performed in multi-discipline laboratories, which 
are composed of individual units one of which is assigned 
to each student for the entire academic year. In his unit 
the student has a microscope, a reading area and a locker 
for his books and personal effects. In these laboratories 
students may also carry on independent research. Work 
in the family clinics and “journal studies" continue 
throughout the entire five-year course. Sub-committees 
are responsible for the preparation of the syllabuses and 
for the supervision of lectures and laboratory sessions. 

Students give their opinions about the programme 
through interviews with their tutors. These opinions are 
duly appraised and contribute to the improvement of the 
system. 

Hacettepe University’s unique education system, which 
is implemented effectively with the help of co-ordinated 
team work and an integrated teaching programme, has 
another outstanding feature—emphasis on community 
health and student training at family clinics and rural 
health centres. The clinical programme comprises train- 
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ing at family clinies where each student is assigned part 
of the responsibility for the health of a family from the 
beginning of his medical education. The family must 
include either a pregnant woman or a baby less than one 
year of age. 

During the first two years of the programme, three 
hours are devoted each week to clinieal studies. Lectures 
on clinical topics are given, and the students have an 
opportunity to visit the family clinic. After these sessions, 
students meet in small groups with their instructors to 
diseuss the content of the lecture and their observations 
in the clinie. The student who is introduced to the family 
as their student doctor takes part in the periodical medical 
checks required by the family. Gradually, during his 
second year, the student takes inereasing responsibility 
for the whole family, but always under the supervision 
of the doctor assigned to the family through the general 
practice unit. 

In the lectures, group discussions and the family clinic, 
the student is taught to observe how social and cultural 
factors affect the medical picture; he also learns how to 
relate to the patient within the family and cultural 
setting. In these meetings the traditional distance 
between teacher and student is reduced considerably 
and the students are stimulated to think more inde- 
pendently. Moreover, the family clinics provide a first- 
hand doctor-patient experience for the student and an 
excellent opportunity for him to study the biological, 
psychological and sociological aspects of the human 
being. 

Hacettepe University also makes use of the seven rural 
health centres located in seven villages of Ankara. People 
living in these villages are served by a 50-bed rural hospital 
staffed completely by personnel appointed by Hacettepe 
medical centre and supervised by a health officer who is a 
Hacettepe teaching staff member. Students spend between 
four and five weeks in the villages during their fourth 
year and acquire experience in preventive and curative 
medieal assistance to the under-privileged people in rural 
areas. 

Self-education and stimulation for research, important 
fractions of the overall medical education, are enhanced 
by periodical sessions called “journal studies". Through- 
out the entire five-year programme, students meet in small 
groups to discuss new and original articles chosen by a 
special sub-committee. They are provided with copies 
of the selected article before the meeting, in order to make 
preparatory studies and to examine the reference material. 
Two hours are devoted to these sessions each week. 
These exercises assist the student in developing an 
ability for (1) reading medical periodicals critically, (2) 
searching the medieal literature on the given subjects 
and gathering pertinent material and (3) diseussing the 
findings of any experiment and relating these to what is 
already known. Towards the end of these sessions, 
students are assigned to write their own version of discus- 
sions of the case material or experimental findings with 
which they are supplied. 

In order to give students experience in laboratory 
procedures and to stimulate interest in medical research, 
groups of two to four students are given research projects 
which ean conveniently be carried out in the multi- 
discipline student laboratories or in the departmental 
laboratories. During the final (internship) year, each 
student completes a thesis, which he prepares under the 
guidance of his tutor. This gives the student the 
experience of studying a selected subject in depth. 

Enthusiastie work aimed at the highest standards is 
in progress in other faculties of Hacettepe University, 
especially in natural sciences. There are more than 506 
full-time faculty members and international scholars are 
being invited to Hacettepe to contribute to the advance- 
ment of science at the newest Turkish university. 

! Ann. Rep. Rockefeller Foundation (1961). 
* Medical Tribune and Medical News, 8, No, 9 (1968). 
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Seibersdorf Reactor and Research Centre 


by 
MICHAEL J. HIGATSBERGER 


Osterreichische Studiengesellschaft 
für Atomenergie, 
Ges.m.b.H. 


TWELVE years ago almost to the day, on May 15, 1956, 
representatives of the Austrian Government, university 
professors and leading industrialists joined in an effort to 
create a national atomic energy organization. The 
flexible form of a limited liability company was chosen as 
being optimal under Austrian law, and the organization 
was named the Osterreichische Studiengesellschaft fiir 
Atomenergie Ges.m.b.H. (SGAE). In the years which 
followed, the planning and the building of the country’s 
biggest research institute took place at Seibersdorf, which 
is located some 35 kilometres south of Vienna. 

During this time nearly 300 million Austrian schillings 
(£4-8 million) have been invested in modern research 
facilities, ranging from a 5 MW research and test reactor, 
over laboratories for reactor components development, 
industrial isotope application, metallurgy, chemistry, 
solid state physics, nuclear physics, health physics, 
mathematics and electronics to agricultural and biological 
facilities of international standard. Fig. 1 shows graphic- 
ally the investment trend over the years up to the end of 
1967. 

The running costs of the centre amounted to more than 
50 million Austrian schillings (nearly £1 million) in 1967. 
The staff numbers about 500; in Fig. 2 the growth of the 
staff over the years is given. In 1967 the total of 494 
staff members included 102 graduate students working 
on their diplomas and PhD theses. The staff structure, 
divided into scientific personnel, technicians, workers and 
administrative employees, is shown in Fig. 3. 


Initial Research Programme and Policy 

The capital investments in and the operating costs of 
the Scibersdorf reactor centre have been defrayed since 
its foundation by the Republic of Austria and some fifty 
of the most important Austrian industrial firms and utili- 
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For twelve years, industry and the universities have jointly been 
running the national atomic energy organization. 


ties. It was therefore necessary to define a programme 
acceptable to the representatives of both science and 
industry. In the initial planning stage, working teams 
comprising representatives of the Austrian universities 
and experts from industrial circles co-operated to make 
recommendations. Today, scientific and industrial 
advisory committees formulate the guide lines of the 
short term and the long range programmes of the reactor 
centre's various institutes. 


‘Total number of employees, manual workers 
and students working on theses or diplomas 


1956 1957 1958 1959 1960 1961 1962 1963 1964 1965 1966 1967 
Fig. 2. Growth of staff from 1950-1967. 


The basis of the programme is defined in paragraph 3 
of the statute of the SGAE, which reads: 

“(1) The objective of the organization is the pursuit 
of basic studies in nuclear energy, their peaceful applica- 
tion, the acquisition of relevant patents and their appliea- 
tion, in particular through the granting of licences, the 
utilization of the produets resulting from work under- 
taken by the organization, especially of isotopes, as well 
as the carrying out of special tasks in the field of nuclear 
energy with which the organization is entrusted by the 
Austrian Federal Government. 

“(2) The objective of the organization is to be reached in 
co-operation with government, industry and science." 

Despite the fact that activities in the atomic energy field 
are the major responsibility of the reactor centre, it was 
always recognized that the researeh equipment and the 
personnel must be chosen to cope with a research and 
development programme as broad and universal as 
possible. Through the participation of important indus- 
trial firms and many institutes of the Austrian universi- 
ties, diversification took place from the very beginning. 
This may be one of the reasons why the Austrian centre 
does not today face problems similar to those found with 
atomie energy organizations in other countries. 

Originally, roughly one-third of the SGAE's scientific 
activity was devoted to basic research in connexion and 
co-operation with the Austrian universities. The other 
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Fig. 3. Staff structure at December 31, 1967. 


two-thirds were equally divided between industrial re- 
search and development and investigations on behalf of the 
Austrian Government. Some of Austria’s most talented 
graduate students have had a chance to do their experi- 
mental and theoretical work at the Seibersdorf laboratories. 
The SGAE awards two types of stipends, of 800 and 
2,000 schillings a month. The award of the stipend is 
contingent on satisfactory progress. Because the equip- 
ment at a majority of the university laboratories is not 
yet up to modern standards, especially in the technical 
and natural science field, there is a strong tendency to use 
the facilities in Seibersdorf. An agreement between the 
Federal Ministry of Education and the SGAE of July 18, 
1960, initiated the co-operation between the universities 
and the SGAE, and defined the conditions under which 
work may be done by university students and staff in 
Seibersdorf. 

The Seibersdorf programme is three-fold in nature, 
consisting of fundamental research, applied research and 
advisory work on behalf of the Republic of Austria. The 
distribution of emphasis between these activities, however, 
shifts from time to time. University research has always 
made up about one-third of the work, but industrial work, 
on the other hand, today accounts for more than 50 per 
cent of Seibersdorf’s total capacity. 


Results 


The quality of a research organization may be expressed 
by the number and the international standard of its publi- 
cations. 899 papers have been accepted mainly in 
German, English and French. But two other elements 
must also be considered when judging a modern research 
centre, namely, the amount of contract research and the 
number of usable patents. The SGAE started contract 
work even in the early years immediately following the 
foundation of the organization in 1956. Then, with no 
facilities on hand and only a few employees, contracts 
were awarded to university institutes. Since 1961, 
however, with the start-up of the research reactor and the 
first use of the laboratories, research contracts were taken 
by the reactor centre itself and have amounted to some 
50 million schillings up to today. Fig. 4 indicates the 
number and the value of the research contracts up to 
the end of 1967. In order to show what institutes should 
be strengthened, a yearly analysis is made in which the 
amount of contract research done in the various institutes 
is compared with the operating costs. Fig. 5 illustrates 
the situation for 1967. 

As stipulated by the statute, the SGAE has filed 


patent applications for new processes and ideas. Up to 
now 112 Austrian patents have been granted and 67 
applications are pending. Furthermore, 59 patents have 
been awarded in foreign countries and 70 are pending, 
mainly in the United States, Great Britain, Germany 
and France. Some half a dozen have been licensed so far 
and the income therefrom amounts to more than five 
million schillings. 

Seientists from the Seibersdorf reactor centre take part 
in many national and international symposia and scientific 
meetings. The basic requirement for SGAE staff partici- 
pation at meetings abroad is an accepted or invited 
paper. This measure meets the wishes of the scientists 
and the financial requirements of the SGAE, and provides 
for the proper international representation of the Seibers- 
dorf reactor centre. 

By the end of the winter semester 1967—68, 51 graduate 
students had received their PhD degrees as a result of 
work at Seibersdorf. Two of them got their degrees with 
the highest honours possible in Austria, namely, “sub 
auspiciis praesidentis". The first graduated about two 
years ago, and took a position at a US research laboratory. 





1961 1902 1963 1904 1005 19660 1967 


1959 1960 


Fig. 4. Number and value 'of research contracts at December 81, 1967, 

Value of research contracts in million Austrian schillings: 

— — — , number of research contracts. Negative values: research 
contraets placed with universities. 
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and administrative costs; 


'The other candidate received his degree only a few weeks 
ago. His plans are to continue work at Seibersdorf; 
if this should not be possible, work abroad is also envisaged. 
The following examples indicate the variety of doctoral 
research completed to date in Seibersdorf. 

In the Physies Department two studies were completed 
in 1965 concerning the non-destructive determination of 
fissionable material in nuclear fuel. The first thesis was 
entitled ‘‘Non-destruetive Determination of U-235 and 
Pu-239 by Neutron Transmission". The fission rate in 
U-235 and Pu-239 is sensitive to neutron energy. Know- 
ing the energy and the intensity distribution of a neutron 
beam incident on à sample, one can determine the absolute 
and the relative amounts of U-235 and plutonium present 
by measuring the neutron intensity as function of the 
neutron energy after the beam has passed the fuel element 
under investigation. 

Another thesis completed in 1965 was started in the 
middle of 1962; it concerned a semiconductor Compton 
spectrometer for measurement of fission product gamma- 
intensity. In the fission process of uranium and pluton- 
ium, 36 elements ranging from Zn"? to ,,Dy!*! are pro- 
duced, among them numerous radioactive isotopes emit- 
ting gamma-quanta. The high-resolution semiconductor 
Compton spectrometer enables the resolution of the 
dominant gamma-energies of some of the most important 
fission product isotopes. Using fission yield nnd decay 
mode data, one can determine the number of fissionable 
atoms consumed. 

In the Institute of Health Physics a PhD degree was 
awarded in 1966 for the precise determination of the dose 
rate to human tissue in a thermal neutron irradiation. 

At the Institute of Electronics nearly a dozen students 
have finished with a master's degree. The only doctoral 
thesis at this institute so far concerned an investigation 
of means for distinguishing between one and multi- 
electron impulses in secondary electron multipliers for 
scintillation counting of low energy beta-particles. 

A technical thesis carried out jointly at the Astra 
Reactor Institute and the Chemistry Institute concerned 
the construction and operation of a test rig for studies 
on heat exchange conditions in nuclear reactors cooled 
with organic liquids. 

A member of the Institute of Industrial Advice and 
Isotope Application found the solution of one of their 


UB, value of research contracts. 


practical problems worthy of a doetor's thesis. A special 
method was to be developed for an Austrian steel manu- 
facturer for the determination of minute quantities of 
boron in steel with a proportional counter. An elegant 
solution to the problem was found, and the doctor's 
degree was awarded at the University of Vienna. 

Doctors’ degrees have also been awarded to four students 
working at the Institute of Reactor Technology. An 
experimental project concerned heat exchange in turbulent 
flow, while, on the theoretical side, thermal and epither- 
mal neutron spectra in an infinite homogeneous system 
and a two-dimensional heterogeneous system have been 
calculated. A very general absorption law was found for 
monatomic gases as moderators. 

The thesis ‘sub auspiciis praesidentis" at the Institute 
of Metallurgy, mentioned earlier, concerned the investiga- 
tion of tungsten alloys by Móssbauer effect and a study 
of the Debye-Waller factors for small particles. 

Ten theses were completed between 1965 and 1967 
at the Institute of Biology. The most interesting paper 
was a correlation between irradiation sensitivity to free 
nucleotides and trace elements in chlorella. 

Many of the university institutes are making a great 
effort to intensify co-operation with the Seibersdorf 
reactor centre. Financial requirements are the sole con- 
trolling factor. On no occasion has any serious difference 
of views hindered the day-to-day co-operation between the 
staff of the two groups. Most of the publications were 
jointly written by SGAE and university staff. In 1963, 
in view of the information explosion, it was decided to 
stop publishing reports. It was then decided that all 
completed work should be published in learned scientific 
journals. This measure has proved to be successful, 
avoiding duplicate publieation and ensuring that only 
information deemed by independent authorities to be 
interesting and worthwhile is added to the literature by 
the SGAE. 

As regards industrial activities in the past two years, 
large industrial shareholders of the SGAE, private as well 
as nationalized enterprises, have been working jointly on 
specific development processes at Seibersdorf. Foreign 
firms are also negotiating for prototype production activi- 
ties at the Seibersdorf centre. All income from such 
activities is allocated again for other research and develop- 
ment work. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Detection of Radio Emission 
from Scorpio X-I 


Some twenty X-ray sourees are now known, among them 
the well kav objects 3/87 and the Crab nebula. Two 
X-ray sources (Sco X-1 and Cyg X-2) have been optically 
identified with previously unknown objects which have a 
stellar appearance and the characteristics of old novae'? 
Most X-ray sources remain unidentified, however. Most 
of them lie at low galactic latitudes, and it seems possible 
that many are objects similar to Sco X-1. These objects 
are not prominent at radio wavelengths and previous 
attempts to detect radio emission from Sco X.l, the 
strongest X-ray source, have yielded only upper limits to 
its flux density (refs. 3-5 and Hogg and Johnson quoted 
in ref. 6). The flux density of Sco X-1 has now been 
measured as 0-021 + 0-007 flux units (1 flux unit— 10-9 W 
m- Hz-!) at a wavelength of 4-6 em. This value is sub- 
stantially below the previously determined upper limits. 

The observations were made with the 46 m radio 
telescope of the Algonquin Radio Observatory, which has 
a half-power beam width of 4' arc at this wavelength. 
The receiver bandwidth is 210 MHz and the system noise 
temperature 450° K. The observations consisted of 550 
scans across the optical position of the source. Scans were 
made in both right ascension and declination, and the 
total integration time on the source was approximately 
140 min. The source was observed on four separate occa- 
sions during 7 months; the results of these observations 
are presented in Table 1. The flux density seale was 
determined in the usual way by observing standard 
sources. On the seale adopted, the flux density of Virgo A 
at 4-6 cm is 55-0 flux units. 


Table 1. 


Date 


September 3-6, 1967 
February 28-29, 1968 
March 4, 1968 

April 5-6, 1968 


OBSERVATIONS OF SCORPIO X-1 
Flux density (flux units) 


0-018 + 0-006 
0-053 x 0-021* 
0-025 + 0-012 
0-021 + 0-011 


* This measurement was made in poor observing conditions and does not 
necessarily indicate that the souree is variable. 


In dealing with weak sources the effects of confusion 
have to be considered. To derive the confusion level 
theoretically an extrapolation must be made from higher 
flux densities and from longer wavelengths. Obviously 
such an extrapolation leads to considerable uncertainty 
in the answer. We accordingly felt it was necessary 
to determine experimentally the probability that the 
measured flux density of Sco X-1 was caused by confusion. 
This was done by making observations at several random 
positions on the celestial sphere, using an observational 
technique identical to that used for Seo X-1. The results 
of these observations are given in Table 2. Because these 
positions were randomly chosen, there is no inherent 
difference between the "source" and the baseline which is 
subtracted from it to give the flux density. For this 
reason the apparent flux density is sometimes negative. 
In no case is the apparent flux density significantly dif- 


ferent from zero, and the observ. 

measured values is entirely consisten 

from receiver noise alone. The mean. 

of the measurements listed in Table 2 is 
Beeause the confusion level is masked by 

then be less than this value. Using 0-011 fi. 
conservative upper limit for the confusion les 

a probability of less than 5 per cent that the . 
flux density of Sco X-I is caused by confusion. 


SS 








Table 2. OBSERVATIONS OF RANDOM POSITIONS 


Position (1950-0) 
R.A, December 


Flux density 





12h 59m 025-3 — 14° 54’ 06" 

20h 59» 005-5 — 15° 38 05" z s 
10h 29m 058-2 —04* 56' 09" 0:001 x 0-007 
19h 59 053-0 -—10*05'20" OGOF + 0:012 
10h 59m 05*1 ~ 14° 54’ 01” 00113 0011 
13b 59» 01*.0 ~ 04° 55' 58 -— HOTE 6-000 


The mean value of the flux density of Sco X-1 taken 
from Table 1 is 0-021-- 0-005 flux units. The measured 
standard deviation arises only from system noise, but the 
actual uncertainty in the flux density of Seo X-1 may also 
be affected by the presence of confusion. Because the 
confusion level is unknown, we have adopted a value of 
one-half the upper limit quoted here, in which case the 
uncertainty in the flux density of Sco X.1 is increased to 
0-007 flux units. 

The radio, optical and X-ray measurements of Sco X-1 
are compared in Fig. 1. Peterson and Jacobson? have 
shown that the X-ray measurements are well a 
by the exponential curve shown as the solid line in Fig. 1 
The optical measurements are those of Sandage ef al. iy 
the conversion from magnitudes to absolute units follows 
Matthews and Sandage*, based on the measurements of 
Willstrop*. The optical measurements have been cor- 
rected for interstellar absorption (taken to be (^7 mag- 
nitudes!*) and reddening. The error bars shown indicate 
the optical variability of the source rather than the 
inaccuracy of the measurement. 

The exponential spectrum of the source in the X-ray 
region has been interpreted as a thermal LOREM with 
a corresponding electron temperature of 5 x 10? °K (refs. 
10 and 11). The dotted line in Fig. 1 shows the extension 
to lower frequencies of this thermal spectrum, using the 
formulae of Greene!?, Clearly the emission from the source 
cannot be explained in terms of a simple thermal model. 

Manley™ pointed out that the X-ray spectrum could 
be due to synchrotron emission if the corresponding 
electron energy spectrum has à high energy cut-off. This 
interpretation is compatible with the observed data if the 
electron energy spectrum is of the form N(E).dE c E-*5.4 
and has a high energy cut-off corresponding to an emission 
frequency of 10: Hz. The emission spectrum for this case 
is shown by the dashed line in Fig. 1. The shape of the 
emission spectrum may be more complex than is suggested 
by Fig. 1, but the optical colour of the source agrees 
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«kably well with the simple curve shown by the 
ied. line. 
B. H. ANDREW 
C. R. PURTON 
adio and Electrical Engineering Division, 
Xational Research Council, Ottawa. 
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Upper Limit to Radio Emission from 
Nova Delphini 1967 


A nova (Aleock's Nova) appeared in 1967 in the constella- 
tion Delphinus! and had a maximum brightness of 4:6 
magnitudes in mid-September?. An attempt to detect 
radio emission from the nova at a wavelength of 4-6 em 
was made on September 4, 1967, when its visual magnitude 
was ~5:0. The observations were made with the 46 m 
radio telescope of the Algonquin Radio Observatory, and 
consisted of 100 seans aeross the position of the source 
(1950-0; w= 20h 40m (48-2, 3— 18? 58' 51^), resulting in a 
total integration time on the source of approximately 
25 min. The measured flux density was 0-006 + 0-012 flux 
units (1 flux unit = 10-** W m= Hz-!), so the upper limit 
may be taken as 0-02 flux units. The confusion level, less 
than 0-011 flux units for this measurement (see preceding 
communication), was not large enough to affect seriously 
this upper limit. 

B. H. ANDREW 

C. R. PURTON 
Radio and Electrical Engineering Division, 
National Research Council, Ottawa. 


Received April 23, 1988. 
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Upper Limit on X-rays from a New 
Supernova 


KwowLEDGE of the intensity of X.radiation from the 
early stages of a supernova is important to our under- 
standing of the processes which take place during the 
outburst. With this in mind, two of us (H. O. and E. B.) 
have compared the celestial positions and times of occur- 
rence of recently reported supernova outbursts with some 
recent surveys of the sky at X-ray wavelengths. Tt was 
noted that a high-sensitivity scan of the Virgo cluster of 
galaxies from an Aerobee rocket on July 7, 1967, by 
Bradt et al. occurred 6 days after the discovery of a 
supernova SN1967h in NGC4254 by Zwicky?. 

NGC4254 (Messier 99) is a spiral galaxy of type Se 
with co-ordinates (1950) «= 12h 16-3m, §= 14° 42’, angular 
diameter ~ 5’ and a reeessional velocity of about 2,400 km 
8-* after correction for solar motion with respect to the 
loeal group?. The supernova was first noted on a plate 
taken on June 30, 1967, with the 48 in. Schmidt telescope 
at Mt Palomar. Its offset from the galactic core was 
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80° E. and 19"S. The supernova did not appear on a 
plate taken on June 3, 1967. On July 1, the day it was 
discovered, its photographic magnitude mpg was 15-0 
(private communieation from E. Herzog). Further obser- 
vations at Mt Palomar on July 2 and August 7 clearly 
indicate that its luminosity was decreasing from June 30. 
To obtain the photographic magnitude of the supernova 
on July 7, the date of the X-ray observations, we have 
made use of plates taken at Mt Palomar on July 1 
(Mpg = 15-0) and on August 7 when the photographic 
magnitude was 16-3 (private communication from E. 
Herzog) We estimate that on July 7, mpg was about 
15-3, which corresponds to an energy flux of ~8x 10-'* 
erg em-? s- in the 3500-5000 A region. 

In December 1967 the supernova had faded to Mpg 
2190. This fast decrease in luminosity is characteristic 
of type II supernovae. Spectra taken at the McDonald 
Observatory during July indicate that it is not a type I 
supernova but is either type IL or type V (private com- 
munication from F. Fairall). 

The X-ray survey of the Virgo region at 1-5-6 keV 
is described in detail in the earlier work'. The Aerobee 
rocket was launched from White Sands Missile Range, 
New Mexico, at 16h 06m sidereal time on July 7, 1967, 
and scanned NGC4254 about 4 min later (04h 14m UT, 
July 8). During a slow (0:3? s-!) scan, the fields of view of 
two independent 2? x 20° (FWHM) collimators transited 
ANGC4254 shortly after they transited M-87. The rocket 
aspeet was obtained from star photography with a pre- 
cision of about 5’. 

The counting rate data given in the previous work are 
presented in Fig. 1. As reported in that work, both 
collimators detected an X-ray signal from the region of 
M-87. The triangles in the figure show the shape and 
width of the expected response of the collimators to a 
point source. The times at which the centres of the 
fields of view of the collimators transited SN1967A are 
also indicated. There is no detectable X-ray signal from 
the region of S.N1967h in either set of data. The upper 
limit to the X-radiation between 1-5 and 6 keV from the 
supernova is, with 95 per cent confidence, 


R «60-02 counts em? s! 
] «2x 10 erg em? s^! 
£ «2x 10” erg st 


where the intensity / and luminosity f are quite insensitive 
to the assumed spectrum and where we have taken the 
distance to NGC4254 as 3 x 107 light years. 

The upper limit, Z, is about twenty-five times the 
power received at optieal wavelengths (3500-5000 À) on 


Virgo sean 1-5-6 keV, July 7, 1967 


250 + 


200 ; 





L M87 SNIS67h 3C273 
i $ + i 








210 255 
Time after launch (8) 








270 


Fig. 1. Counting-rate versus time for the two collimators, The ex- 
pected response for a point source is triangular in shape with a 12s 
base width, as shown fitted to the data peaks attributed to M-87 (ref. 1). 
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July 7. The combined interstellar absorption in our 
galaxy and in NGC4254 is expected to be of the order of 
0-5 magnitudes at optical wavelengths and is probably 
negligible in the 1-5 to 6 keV X-ray region. Thus the 
ratio of the X-ray to the optical luminosities of the super- 
nova on July 7 was no more than about 16. In comparison, 
this ratio for the Crab Nebula is about two after correction 
for interstellar absorption**. On the other hand, for 
ScoX-1, the X-ray luminosity exceeds the optical by more 
than 1,000. 

In conclusion, the upper limit of the ratio of X-ray to 
optical luminosities of supernova SN1967h, at an age of 
less than 34 days, is about eight times the observed ratio 
for the Crab nebula, a supernova remnant of age ~ 900 yr. 
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Correlation between Solar Activity 
and the Brightness of Jupiter's 
Great Red Spot 


INTEREST in Jupiter has been stimulated by recent 
investigations. A correlation between solar activity likely 
to affect the ultraviolet radiation in the solar system and 
the activities of the Jovian great red spot would be of 
some significance for those interested in the planet. In 
fact, examination of the sunspot cycle and the relative 
brightness of the Jovian red spot reveals just such a 
correlation. 

Fig. 1 shows the eurves for both Zurich sunspot numbers 
and the relative brightness of the Jovian red spot between 
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Fig. 1. Curves for Zurich sunspot numbers and the relative brightness of the Jovian red spot between 1890 and 1947. 


Of course, this result does not exclude the possibility of 
an intense burst of X-rays from SN1967h with a decay 
time short compared to a few weeks. 
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1892 and 1947. The data for the relative brightness of 
the red spot have been taken from Peek! and his technique 
for indicating the intensity of the spot, based on observa- 
tions, has been adopted. 

Fig. 1 shows there is a pronounced correlation between 
the cyclic maxima and minima of the two curves during 
the period for which data were compared. In conclusion, 
it may be worth noting that a maximum in the current 
sunspot cycle is now anticipated, and also that recent 
observations have revealed a high intensity of the Jovian 
red spot. 
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Origin of Long-period 

Micropulsations 

SEVERAL workers! have discussed the origin of micro- 
pulsations in the geomagnetic field with periods of several 
minutes. Recently, after the discovery of the magneto- 
spheric tail’, ideas about the origin of these mieropulsa- 
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tions have been extended to include the effect of the 
tail. It has been suggested that the definite and regular 
shape of the geomagnetic tail will allow hydromagnetic 
waves of only certain discrete frequencies to propagate, 
which may appear as micropulsations*. A simple double- 
cylinder waveguide model! of the tail allows the propaga- 
tion of 3-3, 20 and 30 min periods. Another model^ of 
theta geometry also explains some long period micro- 
pulsations originating from the magnetospheric tail. It 
seems that many of the long periods, such as the 20 and 
30 min periods discovered long ago in the geomagnetic 
field data, can now be explained by these models*4, 
Indeed, one possible source for the generation of these 
rnieropulsations is the magnetospheric tail. 

Mieropulsations with periods longer than 30 min have 
been found in the geomagnetic field**, however. I suggest 
that their origin can also be explained by certain models 
of the tail. Ness et al.* have observed that, even though 
the tail field appears steady for several hours, occasional 
inhomogeneities do appear. The inhomogeneities in the 
magnetic field and plasma density act as a barrier in the 
tail cylinder. The high value of the geomagnetic field 
also acts as a barrier at the other end, at 3 to 6 Earth 
radii from the centre of the Earth. The magnetospheric 
tail will thus occasionally become a cylindrical hydro- 
magnetic resonator. The possible allowed periods in such 
a resonator may be calculated using the formalism de- 
veloped by Gajewski and Mawardi*, showing that many 
of the periods longer than 30 min can originate in the 
magnetospherie tail. 

Resonating frequencies or periods for a hydromagnetie 
resonator can be calculated by solving numerically the 
transcendental equations 


= ps (1) 


1 1 
— [RR — 9k; 
tan ( 2 an! ) / tan ( 2 2 aml) =. 


- 


where | is the distance between two barriers in the resonat- 
ing cylinder and Mdm and 2*4m are wave numbers for 
transverse longitudinal acoustic (TLA) waves and trans- 
verse longitudinal magnetohydrodynamie (TLM) waves, 
respectively. They are obtained from the dispersion 
relations for these waves for the two boundary conditions 
of the rigid wall (4-1) and the flexible wall (4-2) of 
the cylinder, and using mth order Bessel functions®. The 
magnetospheric tail is approximated as a hydromagnetic 
resonator of radius 7 Re and length /=25, 50, 100 Re. 
We also assume that it contains a uniform B field of 10-1 
gauss and a hydrogen plasma of uniform density <1 
particle em-?. The quantity £j, is obtained from 


Eam = (2) 





where ky=/us. The velocity of sound us is 80 km s^! 
in the tail and the Alfvén velocity ranges from 700-800 
km s-'. With these assumptions and numerical quantities, 
we calculate allowed frequencies c and periods for the 
different values of m, à and | and go up to n=3 for the 
zeroes of the Bessel function for A=1, and n=3 for the 
zeroes of the first derivative of the Bessel function for 
A= 2. 

Table 1 shows the cut-off periods of hydromagnetic 
waves when the Incident wave on the barrier is TLA and 
Table 1. CUT-OFF PERIODS (S) OF HYDROMAGNETIC WAVES IN THE MAGNETO- 


SPHERIC TAIL CONSIDERED AS A RESONATOR. THE INCIDENT WAVE ON THE 
END BARRIERS IS TLA 





T= 25 150 1-100 

å m n=l n=2 n=3 nl n-2 n=3 n=l n-2 n=3 

10 2,160 1,250 2,120 1,350 2,496 1,2090 
1 3,539 1,800 1,040 3,530 1,730 1.150 4, 1,530 1,070 
2 2,800 1,270 900 2,630 1,106 977 3, 1,450 996 
3 2,000 1,060 843 2,090 1,200 863 2,206 1,120 843 

2 0 3,904 1,570 1,030 3,056 985 1,088 3.950 1,770 928 
i 2,60 1,250 B6 2,420 1,350 964 2.496 1,290 928 
2 1,610 1,040 834 1,620 1,161 835 1,550 1,100 Ti 
3 1,290 982 737 1,480 983 756 1.390 962 7 


À-1 and 4-2 correspond to the rigid and flexible wall boundary con- 


ditions, respectively. 
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corresponds to +1 in equation (1) for £4. Table 2 shows 
the periods when the incident wave is TLM and cor- 
responds to —1 for čim. These results indicate that 
whenever J is known from satellite observations we can 
calculate the resonating periods in the magnetospheric 
tail. It is suggested that many of the micropulsation 
periods longer than 30 min that cannot be explained by 
other models*:* can be understood by the hydromagnetic 
resonator. Future results from satellites can test the 
predictions of this model by power spectrum analyses of 
the magnetic field data in the magnetospheric tail. 


Table 2. CUT-OFF PERIODS (S) OF HYDROMAGNETIC WAVES IN THE MAGNETO- 


SPHERIC TAIL CONSIDERED AS A RESONATOR 


1-5 1-50 = 100 
m n=] n2 n=3 n=l n=8 n=3 n=} nzs2 pn=3 
0 2,430 1,336 2.569 1,378 2,230 1,360 
1 4,390 1,740 1,090 4,937 1,808 1,010 5,232 1,710 1,140 
2 2,038 1.361 930 2,8921 1,240 997 2,240 1,200 901 
3 2,330 1,123 878 2,204 1,060 828 2,150 1,210 804 
2 0 4,030 1,710 1,088 3,030 1,779 1,010 2,720 1,670 1,100 
1 2,430 1,336 924 2,569 1,220 903 2,230 1,360 804 
2 1,760 1,101 808 1,838 1,070 7906 1,878 1,030 850 
3 1,388 938 1768 1,540 919 725 1,470 997 731 


The incident wave on the end barriers is TLM. 
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Meteor lon Spectra 


As a meteoroid evaporates, its vapours emit spectra of 
neutral atoms as well as ionic spectral lines. In the 
spectra of high velocity meteoroids, these ionized lines 
are the strongest feature, especially multiplet 1 (the H 
and K lines) of Ca II (multiplet numbers are those given 
in ref. 1). It is not sufficient, however, to attribute their 
excitation in the speetrum of bright meteors merely to 
the high velocity of the meteoroid. Strong Ca II spectra 
are also observed for slow meteoroids?*. In addition, as 
the meteoroid penetrates the atmosphere, with little 
change or even a decrease in velocity, its ion spectra 
characteristically become progressively brighter. The 
spectrum at the beginning of the trail is predominantly 
from neutral atoms, while at the end it is from excited 
ions. 

It is interesting to inquire as to the origin of these 
ionie lines. Taking calcium as an example. we might 
choose the following reactions as the dominant mechanism 
for their production 


NT CaN, + Cat +e> (1) 
N, + Cat--N,+ Cat” (2) 


Neff's measurements? of the reaction of a Ca* beam on 
N, show that at a laboratory energy of 750 eV (correspond- 
ing to a velocity of 60 km s-t) the cross-section for the 
produetion of multiplet 3 lines at 3735 À is one-seventh 
that of multiplet 1 lines at 3940 A (3 x 10-48 em? compared 
with 2x 10-17 em?). Because multiplet 1 spectra are so 
bright, one would expect the appearance of multiplet 3 
spectra according to reactions (1) and (2). But multiplet 3 
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lines have not been reported, although weak radiation 
near these lines has been ascribed to emission from Fe I 
(refs. 2, 4 and 5). It seems likely that some of this radia- 
tion at 3735 A is in fact from Ca IT and is generated by 
the same process. The extreme brightness of multiplet 1 
spectra compared with multiplet 3 spectra, however, leads 
one to search for a mechanism which would enhance the 
intensity of the H and K lines without enhancing the 
multiplet 3 lines. 

A plausible mechanism can be proposed on the basis 
of work by Baker* and Rajchl’ and recent experiments on 
charge exchange reactions*. Baker suggested* that the 
interaction of meteoroids with the atmosphere be divided 
into four regions, characterized by a parameter B which 
is the ratio of the meteoroid’s diameter (assuming a 
spherical meteoroid) to the mean free path of air molecules, 
re-emitted from the meteoroid after impact. The free- 
molecule flow regime, B<0-1, characterizes micro- 
meteorites and also most telescopic and radio meteors; 
the transition and slip-flow regimes, B=0-1 to 10 and 
B= 10 to 1,000, contain mostly the photographic meteors; 
while the continuum flow regime, B > 1,000, characterizes 
large meteors (bolides). Using this framework, Rajchl 
found? that Ca and Mg emit ion spectra when the flow 
conditions pass from transition to slip-flow. Similarly, 
where ionized Ca emission is absent, as for example in the 
spectra of Giacobinids, it is possible to show that. the 
flow regime is not yet slip-flow. The flares that occur 
with strong Ca II emission from both low velocity and 
high velocity meteoroids correspond to slip-flow condi- 
tions. 

Baker® considered only elastic collisions between in- 
coming and re-emitted atmospheric molecules, but his 
work obviously suggests that one should consider inelastic 
collisions as well (for example, ionizing collisions between 
molecules at several hundred eV). The cross-sections for 
ionization in such collisions? are ~10-' em?, somewhat 
larger than the values reported for the ionization cross- 
seetion for reaetion (1) at equal relative velocities!^. 
Appreciable amounts of N; and O; should therefore be 
produced by a meteoroid in the slip-flow regime. Pro- 
cesses of the following categories, if they had large cross- 
sections, might then contribute significantly to meteor 
phenomena 


XCRY—X*.Y* RAE (3) 
—X 4+Yt*+ AE (4) 
—X*- YU AE (5) 


X is N, or O,; Y is a meteoroid constituent, such as Al, 
Ca, Co, Cr, Fe, K, Mg, Mn, Na, Ni and Si; and | AE] is 
less than 0:5 eV—that is, the processes are near resonant. 
Transitions of the excited Y ions would emit spectra, 
while the formation of metastable states of X might 
contribute strongly to processes occurring in the meteoroid 
wake. It has been known for many years that near- 
resonant reactions of type (4) with X = Ne are responsible 
for enhancement of certain Cu* and Al* lines in spark 
spectra!. 

Returning to the calcium example, we suggest that the 
following reactions enhanee the intensity of the H and 
K lines 

Na +NN, +N +e (6) 

N (XX, v= 1, 2) + Ca (18)>N AEn v= l, 2) + 

Ca** (42P)+0-3eV (7) 

Half of the N; will be formed from atmospherie nitrogen 
moleeules and half from re-emitted nitrogen molecules. 
Because the kinetie energy of N, molecules travelling at 60 
km s- is ~ 520 eV, approximately half the collisions with 
calcium will occur at several hundred eV relative energy 
and half at thermal energy. We have made a rough 
ealeulation based on a first collision approximation (see 
ref. 6 or ref. 12) to determine the cross-section necessary 
for reaction (7) to account for the observed H and K 
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spectra. It seems that 10-'* em? would be sufficient. We 
could not find reported values of cross-sections for a 
process similar to reaction (5) for comparison.  Cross- 
sections » 10-5 em? have been measured for several 
reactions of types (3) and (4) at relative energies of a 
few hundred eV, however’. In view of these observations, 
a cross-section of 10-15 em? for process (7) does not seem 
unreasonable, and we conclude that this process may well 
enhance the intensity of the multiplet 1 lines of Ca IT in 
meteor spectra. 

On the other hand, eharge exchange between N; and 
Ca is unlikely to be efficient in generating multiplet 3 
lines. The necessary jn is 

N;QXtELQv-0,1 3t Ca (448) 

N,.()4Ca**(5:28)-- AE. (8) 
In reaction (7) the 4*P term f Ca II at 3-1 eV and the 
AE, v=1, 2 levels of N, at ~6-4 eV produce a near- 
resonant reaction of energy difference ~ 0-3 eV, whereas 
in reaction (8) the 5*5 term of Ca II at 6-4 eV produces a 
reaction with AE3-3 ~eV, unless we allow a highly excited 
vibrational state of N, to enter (r 1l in the X'2; state). 
This seems unlikely, for it requires a large displacement of 
the molecular nuclei during the short time of the collision. 
Reaction (8) is then strongly non-resonant and should 
have a small cross-section compared with reaction (7). A 
similar argument based on energy resonance has been 
given as the explanation for selective enhancement by 
neon of certain lines in the spark spectra of Cu* and 
Al* (ref. 11). 

These results led us to search systematically for reac- 
tions of types (3), (4) and (5) which might produce other 
excited ions and metastable molecules. The search was 
carried out with a computer for [AE| x0-1eV, X=N, or 
O, and Y — AI, Ca, Co, Cr, Fe, K, Mg. Mn, Na, Ni and Si. 
We found that, with the inclusion of low-lying vibrational 
levels, literally hundreds of such possibilities exist. A 
great many of these reactions are of type (5). If all 
oceurred with high probability, meteor spectra would be 
far richer in lines than they are. Of course, many of these 
lines could not be observed because they would oceur in 
a wavelength range where atmospherie absorption is 
strong. It is unlikely, however, that atmospheric absorp- 
tion alone can explain the simplicity of meteor spectra. 
In all probability, energy resonance is too simple a 
eriterion for predicting when a reaction will have a large 
cross-section, and additional experimental work will be 
required to determine which reactions of types (3), (4) 
and (5) are important in forming excited ions and meta- 
stable molecules for production of meteor ion spectra and 
wake phenomena. 
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Solar Lake on the Shores 
of the Red Sea 


A BODY of water with a peculiar hydrographie pattern 
has recently been discovered about 20 km south of the 
Red Sea port of Elat, on the east coast of the Sinai 
Peninsula. The closed, elliptical pool, which measures 
about 80x 40 m, looked at first like an ordinary lagoon. 
It is about 30 m from the coast, separated from it by a 
raised shore containing fossil shells. There is no open 
connexion with the sea above this barrier. 
During a marine biological survey of 


the Sinai 


coast, divers found that the sub-surface temperature of 
the small lake is very high; they could not go deeper 
Ordinary swimmers have also 


because of the heat. 
noticed the heat. 





Algal carpet 
| 
"Cold" layer 


Gypsum crust 


Fig. 1. 
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The increase in temperature (Fig. 3) in the uppermost 
1-5 m is from 16° C to 40° C. At a greater depth the 
temperature increases to 48^ C. It seems that at the 
bottom (about 5 m down) the temperature decreases to 
slightly below 40° C. In the open sea, minimal surface 
temperatures are about 21^ C. The salinity of the lake 
also shows a gradient, increasing (more gradually than 
temperature) from 42-6 g of chlorine/l. at the surface 
to 90-7 g of chlorine/l. at the bottom. 

The cool surface layer is inhabited by a typical brine 
fauna—fairy shrimps (Artemia salina) swarm in the open 
water. A shallow area around the lake is covered with 
growths of blue-green algae many tens of centimetres 
thick. These form a continuous springy lining over the 
bottom. Within this algal cover there is a fairly rich 
fauna of Ephydra (brine fly), as well as larvae and adults 


Foss:| thanatocoenosis 









RED SEA 





Assumed way of 
infiltration 





Schema of the solar lake of Elat. 





30 50 70 90 


Depth (mm) 





10 20 30 40 50 
T (°C) 


Fig. 3. Temperature and chlorinity in the solar lake at Elat in the second 
half of February 1968. 


General view of the solar lake of Elat. 


of hydrophilide beetles and large numbers of an oniscoid 
isopod. 

Below 1-5 m the bottom is covered with a continuous 
lining of gypsum erystals 1-2 em thick. Similar formations 
are also found on the bottom of the Dead Sea?. 

Only a few bodies of water like this are known. Mero- 
mictic lakes, that is, lakes in which a bottom water mass 
of high density (also called monimolimnion) is adiabatic- 
ally isolated from the upper low density layer, may give a 
greenhouse effect in which the monimolimnion accumu- 
lates heat from solar radiation. The classical examples 
of such lakes are Lakes Ursu, Alunis and Negru known 
from Sovata in Rumania’. Other hot lakes occur near 
Seattle, USA', and in the Antaretie continent (Lake 
Vanda) (personal communication from W. Rodhe). 

In the case of the solar lake of Elat, the cool surface 
layer (Fig. 1) results from the inflow of sea water seeping 
through the sand barrier. The high salinity of the bottom 
layer may have resulted from natural accumulation 
through evaporation, or else it may be the residue of an 
old salt pan as suggested by R. Bloch of the Negev 
Institute of Arid Zones. 
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H. Z. Tabor of the National Physical Laboratory in 
Jerusalem* is now engaged in a project to exploit the 
solar energy through artificial “solar ponds"'*. Aecording 
to his experimental data one can assume that the tempera- 
tures of 447-48? C measured in the lake during the winter 
will increase during the summer by about 10°-15° C. 
It also seems that exceptionally stormy seas may some- 
times destroy stratification ; seasons of exceptional 
evaporation may establish homogeneous brine conditions. 

The solar lakes of which this is an excellent model 
have a considerable future in relation to desalination plants 
and low energy turbines in areas in which both energy 
resources and fresh water are scarce. The area of Elat 
is just such an area. 
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Oceanic Ridges and Eustatic 
Changes in Sea Level 


ALTHOUGH the old idea of orogeny causing changes in 
sea level has recently been revived, this effect is too small 
to cause major transgressions or regressions'*. Oceanic 
ridges, however, are considerably larger than continental 
mountain ranges and could cause important changes in 
sea level*:. The mechanism of the formation of these 
ridges has been disputed***, but their genesis is immaterial 
to this hypothesis. The hypothesis requires the ridge 
to be a site of high heat flow which is in local isostatic 
equilibrium. The heat input causes the material of the 
ridge to decrease in density and to increase in volume. 
When the sources of heat are lost the reverse occurs. 
Two situations are possible in which an oceanic ridge 
would influence sea level. If the heat is shut off at an 
active ridge, cooling will take place and this will result in 
loss of volume. If the heat flow previously put into this 
ridge is transferred to a new ridge which begins to expand, 
then there will be no echange in sea level. If, however, 
there is a delay of millions of years. then there is a way of 
changing sea level. The size of this change would probably 
depend on the length of the delay and on the exact mech- 
anism by which ridges begin and end. Heat is mostly 
transferred to the ridges by moving material rather than 
by eonduetion?. Heat which is stored within the Earth 
rather than being brought to the surface by convection 
may still cause a change of volume in the crust equal to 





Fig. 1. 
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that of forming a ridge. The solution to this problem 
awaits a better understanding of the mechanism by which 
ridges operate. 

The other way of changing sea level is for the new ridge 
to begin under a continent. There is no evidence that 
ridges are more likely to form in an ocean rather than 
under a continent. The oceanic ridge is much more 
common. because of the greater oceanic area and because 
the sea floor spreading hypothesis indicates that a fully 
developed ridge should be in an ocean even if it began 
under a continent. A ridge beginning under a continent 
would itself have no direct influence on sea level, but the 
simultaneous elimination of a mature oceanic ridge would 
cause a considerable drop in sea level. 

As an example of the formation of a ridge beneath a 
continent we can use the Mesozoic break-up of Gondwana- 
land. The following geological history of this continental 
break is summarized from King’. During Triassic time 
Gondwanaland was subject to broad epeirogeny. In late 
Triassic time volcanic rocks were emplaced as dykes and 
flows over a wide area. The voleanic rocks give a 200 
million year date which is the first surface expression of 
the new ridge. The uplift, however, obviously continued 
during all of Triassic time, if not before, leading up to this 
period of volcanism. Uplift continued during the Jurassic 
with basins in northern Brazil, the Congo, India and 
eastern Australia; that is, along the northern margin of 
the continent. The first marine sediments are in the 
middle Jurassic. The continent first split north-south 
with Africa and South America in one piece, and India, 
Australia and Antarctica in the other. Between early 
and middle Cretaceous the continent was farther divided. 
By middle Cretaceous time Gondwanaland no longer 
existed as a single continent. 

Gondwanaland was being uplifted by the new ridge at 
least from early Triassic time through the late Triassic 
volcanism to just before the first marine deposits in middle 
Jurassie time. Sea level would have fallen throughout the 
world during this time if somewhere another oceanie ridge 
was cooling and contracting. Once the ridge had de- 
veloped under the continent and continental drift had 
begun, sea level would begin to move upward. From 
middle Jurassic to middle Cretaceous time, sea level must 
have risen eustatically under the influence of a new oceanic 
ridge operating between continental bloeks whieh were 
formerly joined. As the blocks drifted apart the oceanic 
area remained eonstant. Oceanie erust overlain by normal 
water depths, however, was being replaced by oceanic 
crust overlain by shallower water (Fig. 1). As the con- 
tinents were carried downward and outward, basin and 
shelf sediments formed on their leading edges and narrow 
shelf sequences on the trailing edges. 

The ridge which broke up Gondwanaland probably had 
dimensions similar to the present Mid-Atlantic Ridge. 
This means a half spreading rate of 1 em/yr. a erestal 
depth of 3,000 m, a flank depth of 5.000 m and a width of 


Level 


As continents drift away from a ridge, normal oceanic crust is replaced by elevated crust, leaving a steadily increasing excess of water. 


Approximately twenty times vertical exaggeration. 
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1,600 km. The change in sea level would equal the amount 
of normal sea floor replaced by elevated sea floor. The 
continents would have spread 1,600 km in 80 million 
years. Sea level would have risen during all this time 
for a total change of 


30,000 km x 1,600 km x 1 km = 48 million km? = 130m 
length width water 
depth 
change 





upward change in sea level. These calculations can only 
be good approximations. The effect would be magnified 
by approximately 50 per cent if North America- Europe 
split at the same time in the same way. This uplift of sea 
level would be at a maximum in middle Cretaceous time 
after which this ridge system would not affect sea level. 
This mechanism can only explain the changes in sea level 
during a long period of time. Actual changes in sea level 
must represent the sum of this mechanism and several 
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Fig. 2. Correlation of the break-up of Gondwanaland and the trans- 


gression of the sea in North America. (1) First uplift in Gondwanaland; 
(2) first break-up of Gondwanaland, initiation of drift; and (3) pieces 
of Gondwanaland now spread apart. Modified from ref. 1, 


NATURE, VOL. 218. JUNE 1. 1968 


other smaller mechanisms, all of which are operating 
simultaneously and perhaps with opposite effects. It 
should be emphasized that this hypothesis does not 
depend on the mechanism by which oceanic ridges form. 
If this hypothesis is correct, then the eustatic sea level 
changes caused by the shifting position of mid-ocean 
ridges should be observed in continental areas other than 
Gondwanaland. Data are available to check the chrono- 
logy with the North American continent'?. The sea 
covered a maximum of North America in late Pennsyl- 
vanian time. The sea then underwent a general regression 
until lower-middle Jurassie time. Middle Jurassic is also 
the time of the first marine invasion into Gondwanaland, 
at which time sea level had to start upwards again. Sea 
level rose on the North American continent from lower- 
middle Jurassic to middle Cretaceous!, a good chrono- 
logical fit with the effect expected from the break-up on 
Gondwanaland. Some pertinent data are summarized 
on a sea level curve (Fig. 2) with the chronological times 
of events being only tentative. A corollary of this hypo- 
thesis is that the well dated stratigraphic record can be 
used to determine ages and spreading history for oceanie 
ridges. Some other oceanie ridge system could have shut 
off in middle Cretaceous in order to cause the lowering of 
sea level which began in late Cretaceous time. Hess’ says 
that the Darwin rise was turned off and began contracting 
in the middle Cretaceous although other idens may also 
explain this transgression?. As Fig. 2 shows, the transgres- 
sion and the regression take place at very different rates. 
This would be expected if the regression depended only 
on the cooling and contraction of a ridge but the trans- 
gression depended on heating and expanding plus sea 
floor spreading. A convection eurrent—ridge system which 
ran in eycles of 1-2 hundred million years would fit the 
chronology of transgression as elaborated by Sloss*. 
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Carbon Dioxide in the Seawater 
under the Arctic Ice 


THE oceans aet as both sources and sinks for the carbon 
dioxide in the air. À partial pressure of CO, in the water 
is established which depends on its physical, chemical 
and biologieal properties. Carbon dioxide in the surface 
waters of the Pacifie Ocean was measured by Keeling 
et al, who found high concentrations relative to the 
atmospherie CO, in a broad belt near the equator. At 
higher latitudes in the Central Pacific Ocean, concentra- 
tions were nearly in equilibrium with the atmosphere, or 
slightly lower. In order to interpret the role of CO, in 
the surface waters of the world's oceans, and its effects 
on the atmosphere, it is necessary to extend these observa- 
tions into the polar seas. 

The experiment described here was designed to measure 
directly the equilibrium concentration of CO, The 
equilibrator system used for measuring the concentration 
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Fig. 1. Map of Fletcher's Ice Island, T-3, and diagram of the observation 
wanigan on the sea ice at Colby Bay. 


of CO, in the sea under the ice was recently developed and 
tested in the waters of Puget Sound, Washington?. 
Measurements were made in January 1967 on Fletcher's 
Ice Island, 7-3, under the ice in the Arctie Ocean. 

The measurements were made from a small wanigan on 
a shelf of sea ice (Colby Bay) attached to the ice island. 
'The arrangement of the building and equipment is shown 
in Fig. 1. A hole was cut through the ice and seawater 
was pumped to the equilibrator from a level 5 m beneath 
the ice. The equilibrator and the hoses were insulated to 
maintain as closely as possible the temperature of the 
water at the sample level. Water was continuously con- 
veyed to the equilibrator by a small electrie serew-type 
conveyor pump, at a rate of approximately 35 l/min, 
and discharged to the snow outside and away from the 
wanigan. 

The CO, in the surface water was determined by record- 
ing the concentiation of CO, in a closed volume of air 
which was circulated so as to be in nearly continuous 
equilibrium with a constantly renewed supply of sea- 


Table 1. 


Carbon dioxide 


Date Latitude Longitude r 
(degrees N.) (degrees W.) (p.p.m.)* 

8 78? 06" 174° 50° 319-41 398-21 

9 78° 05" 174? 46" 320-52 348:23 
10 78° 08" 174^ 52’ 320-83 367-87 
11 78? 08" 174° 58" 318-83 348-08 
12 78? 06" 174° 45' 317-01 349-27 
13 sags — 320-76 = 
14 78° 06° 174^ 21’ 321-37 348-24 
15 78° 08' 174° 23° 320-67 77:33 
16 — pe 320-34 395-15 
17 — — 320-16 406-84 
18 zm — 320-26 349-70 
19 78? 16" 175° 40’ 321-12 335-30 
20 78° 23" 175° 50° 321-12 338-93 
21 78? 34' 175? 52° 322-16 344-89 
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water. The level of the water in the equilibrator was held 
constant by preset valves and an overflow standpipe. The 
seawater circulated in the equilibrator flowed through 
two aspirating spray shower heads to promote rapid 
mixing of air and seawater. Air was continuously cir- 
culated in a closed loop containing a diaphragm pump, 
flow gauge, the equilibrator and a moisture trap. An 
automatically operated solenoid system was provided to 
shunt the air into a second circuit which ineluded the 
infrared analyser, MSA LIRA 200, without interrupting 
the flow and with no loss of gas. The temperature of the 
seawater in the equilibrator was monitored continuously. 
Air was drawn through tubing from a level 5 m above the 
snow. The air was dehydrated and warmed to a tempera- 
ture near that of the seawater (—1-6° C). Average daily 
measurements of CO, in the air, in the sea, and reference 
gas concentrations were made every half hour. 

The concentration (mixing ratio) of CO, is reported in 
ppm. by volume dry air. Positive departures of the 
concentrations of seawater CO, from equilibrium with 
the atmosphere are referred to as conditions of super- 
saturation. 

The equilibrium concentration of CO, in the seawater 
under the ice shown in Fig. 2 and Table 1 fluctuated 
widely during the period of analysis. On an hourly basis, 
the equilibrium concentrations of CO, at times varied by 
several p.p.m. It would not be reasonable to expect such 
large variations based on measurements made on an ice- 
free ocean with the relatively constant sea temperatures 
exhibited in Table 1. The ocean, however, was covered 
with a continuous cover of ice and afforded little oppor- 
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Fig. 2, Concentration of CO, in the sea (6$-——— ©) and in the air 
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CONCENTRATION OF CO, IN THE AIR AND SEAWATER: CHEMICAL AND METEOROLOGICAL DATA, JANUARY 1967 


Air Wind Water Computed net Seawater 
temperature speed depth speed of 7-3 — temperature 
(€) (knots) (m) (m/min) CO) 
-33-1 5 1,496 8-3 -1-62 
— 30-6 3 1,557 11 ~ 162 
— 32-4 5 1,319 $3 ~ 1-62 
~ 36-9 T 1,340 Ls ~ 1-62 
~419 7 1,392 3-9 ~ 1:63 
-381 9 ast = ~ 1-63 
-383 6 1.868 ro -188 
-377 3 1.851 2-4 ~ 1-62 
-311 $ ets aS ~ 171 
— 28-3 T C oan -165 
— 23-2 21 € =e — id) 
—20-7 17 7-0 ~- 18i 
-21.0 10 12-6 ~141 
— 27-1 9 73 -15 





Average CO, concentration, air = 320-3; average CO, concentration, sea = 362-2. 


* Average daily value. 
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tunity for the seawater to come in contact with the air 
except by way of open leads in the ice. A further complica- 
tion in the interpretation of the data exists in accounting 
for the effect of the differential ice movement through the 
sea as a consequence of wind stress on the ice pack. Net 
island speeds varied from 1 to more than 12 m/min 
during the period of observations. The effect of super- 
cooling, brine drainage and phytoplankton respiration 
during the Arctic winter adds factors which may have 
influenced the analyses. 

The values obtained for the equilibrium concentration 
of CO, in water under the Arctic pack seem to indicate 
local non-steady conditions. These conditions may be 
dependent on changes in the physical and chemical 
properties of the seawater under the ice. The data suggest 
a potential source for CO, in the seawater. That is, if the 
ice were removed, CO, could be released to the atmosphere 
from the sea. The role of the open leads in transferring 
CO, to the atmosphere is not known. 

This research was supported by the US Office of Naval 
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the Naval Arctic Research Laboratory, Barrow, Alaska. 
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The Oceans as a Source of Ice Nuclei 


Many amino-acids in crystalline form have been shown 
to act as efficient ice nuclei'-*, Sehaefer* observed the 
nucleation of ice at a multitude of points on a protein 
monolayer at a temperature very close to 0° C and sugges- 
ted that such a monolayer may be a very efficient ice 
nucleus. 

Évans'* tested several proteins and a number of poly- 
amino-acids for their ability to initiate freezing when 
spread as monolayers on the surface of supercooled 
water drops. Neither the proteins nor the polyamino- 
acids (selected for their known ice nucleating ability in 
erystalline monomer form) induced freezing at higher 
temperatures than the freezing point of the film-free 
water (— 20? C). 

Others*-* have noted that the ocean holds in solution 
considerable quantities of peptides, both proteins and 
amino-acids?, the origins of which have been traced to 
zooplankton! and phytoplankton!'. This has led to the 
frequently repeated suggestion that the ocean may be a 
rieh source of natural ice nuclei. The most powerful 
process by which the protein and amino-acids could enter 
the atmosphere would be through concentration of such 
surface-active moleeules at the ocean surface and sub- 
sequent injection into the air as a component of the 
fragments of bursting bubbles. 

The observation of considerable quantities of surface 
active material in salt aerosol above the ocean!? and the 
finding of high albuminoid nitrogen concentrations in 
rain and snow':4 give credence to such a process. While 
few amino-acids in their uncombined form are surface 
active, peptide chains of a number of acid units will 
adsorb at an air/water interface. It thus appears quite 
likely that peptide chains of a range of lengths enter the 
atmosphere from the ocean. 

Will these species initiate freezing when they enter a 
supercooled cloud ? To answer this question the nucleation 
behaviour of the mixture of surface active species existing 
in seawater has been studied using a modification of 
Evans’s technique. Clean hydrophobie gold cups, 0-001 
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ml. in volume, were used to pick up drops of seawater 
"with" and "without" the surface film. The following 
method was used to ensure that all drops were identical 
apart from the presence or absence of a surface film. 

Seventeen gold cups cleaned in hot chromic acid, 
washed and ignited to red heat, were then set in two 
groups of nine and eight in a clean ‘Teflon’ carrier. Sea- 
water was placed in a flat-rimmed ‘Perspex’ trough in 
an atmosphere of pure nitrogen. After standing for 60 
min the material which had adsorbed to the surface from 
the bulk seawater was compressed into one end of the 
trough using a barrier sliding on the trough's rim. A 
clear (film free) water surface was thus left behind the 
barrier. The gold cups were then immediately lifted 
through the water to cut the surface, nine on the com- 
pressed film side of the barrier and eight on the clear side. 
This process ensures that the water in every cup comes 
from the same bulk source. 

The cups were then transferred to a brass cooling 
stage, and set out in à predetermined randomized array. 
The stage was cooled by a dry-iee heat sink. The tem- 
perature of the top of the stage wa: measured with a 
thermocouple, and cooling rate was held down to 3° C/min 
by an insulating disk placed between the stage and the 
heat sink. The freezing of each drop is apparent to the 
naked eye. From being perfectly clear liquid it instan- 
taneously goes opaque on freezing. 

Samples of seawater used in the experiment were col- 
lected from the ocean beach at Flinders on the Victorian 
coast. Kelp flourishes along this shore and marked 
slicks extending from the kelp beds are visible on the 
ebb tide. The chemieal constitution of the slicks is at 
present unknown, but derives from the kelp, from the 
associated plankton populations or from both. 

Measured film pressures on the drops produced in this 
experiment ranged from 16 to 30 dyne/em. The area of 
the air/water interface on each drop was 1 mm?, and thus 
the area of film on each filmed drop was much greater 
than would be found on a naturally produced aerosol. 

Our observations were analysed as follows. One 
replieate consists of the simultaneous cooling of nine 
drops "with" and eight drops "without" film. In all, 
seven replicate experiments were carried out. In each 
experiment variances of freezing temperature for the 
populations of drops "with" and "without" films were 
compared by an F-test. In each replicate the variances 
were found not different at the 5 per cent significance level. 
Taking a pooled variance the “with” and “without” 
population means were then compared by the t-test. In 
no replicate was the difference in population means 
significant at the 10 per cent level.  Replicate mean 
freezing temperatures varied from — 16° C to —23* C 
and standard deviations from 1-5 to 44° C. 

Taken in conjunction with Evans's results for films of 
pure polyamino-acids and proteins spread on drops of 
pure water, the lack of significant difference in freezing 
temperatures found here indicates that surface-adsorbed 
films will not act as ice nuclei. In bulk seawater the 
concentration of dissolved peptides rarely exceeds 10 ug/l. 
Thus a 20u drop of seawater may contain only 10-!" g 
of peptides in solution. Its surface film could contain 
10-" g. Thus the surface-absorbed component will far 
outweigh any bulk solution component. 

There seems to be no experimental support for the 
notion that the peptides in the ocean constitute a natural 
souree of ice nuclei. 
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Multiple Charge Transfer Bands in 
Complexes of Hexafluorobenzene 
with Aromatic Amines 


HEXAFLUOROBENZENE acts as an electron acceptor in 
forming charge transfer complexes with aromatic amines!. 
In complexes with certain of the amines the charge 
transfer absorption consists of two bands as shown in 
Fig. 1 for the hexafluorobenzene-N,N -dimethyl-p-toluidine 
(DMT) complex. Table 1 shows the positions of the two 
bands and the splitting between them for hexafluoro- 
benzene complexes with DMT, N,N-dimethylaniline 
(DMA) and N,N-diethylaniline (DEA). 


Table 1. POSITIONS OF THE CHARGE TRANSFER BANDS OF HEXAFLUOROBEN- 
ZENE COMPLEXES WITH AROMATIC AMINES 


Donor vcr em raor em! Arer eran? 
DMA 31,650 32,570 920 
DEA 31,230 32,310 920 
DMT 30,770 31.730 960 


Double charge transfer absorption bands have pre- 
viously been observed for substituted benzenes with 
electron acceptors such as tetracyanoethylehe and 
chloranil?-*, In such complexes the multiple bands are 
ascribed to lifting of the degeneracy of the highest 
occupied benzene €, orbitals leading to two ionization 
potentials for the molecule and two charge transfer (CT) 
transitions. The splitting between the two absorption 
peaks AvCT for such complexes is very much higher 
than that observed in the present work. For the com- 
plex formed between tetracyanoethylene and p dimethyl- 
aminoanisole?, for example, AvCT is 14,150 em~. Photo- 
ionization studies* have shown that the differences 
between the two ionization potentials in DMA, DEA and 
DMT are 1-52, 1-60 and 1-74 eV, respectively, which 
should lead to AvCT being 12-14,000 em-! for complexes 
of these donors. The double charge transfer transi- 
tions in hexafluorobenzene complexes cannot therefore be 
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attributed to this effect. Although the donor levels will 
be split, the second charge transfer band resulting from 
this will be at much higher energies and will be obseured 
by the absorption of the components. 

Double charge transfer transitions have also been 
observed for complexes of tetracyanobenzene' in which the 
splitting is again too small to be ascribed to splitting of 
the donor levels and is attributed to raising of the de- 
generacy of the lowest unoccupied benzene e, levels 
in the acceptor. In hexafluorobenzene, however, the 
acceptor levels should still be degenerate. 

One explanation of multiple charge transfer bands 
would be the existence of complexes other than 1: 1. 
This seems to be ruled out in this case by the behaviour 
of the ratio of intensities of the two bands which seems 
to be significantly unaltered both on dilution and varia- 
tion of the temperature, although overlapping of the 
two bands with each other and with the hexafluoro- 
benzene absorption makes accurate determination of 
the ratio difficult. The heat of association derived from 
temperature variation of the intensity is, within experi- 
mental error, the same for the two bands although different 
association constants were obtained by applieation of the 
Benesi-Hildebrand equation to the two bands. Another 
possibility—that of charge transfer from both x and non- 
bonding levels on the donor--seems unlikely because 
the ionization potential of the non-bonding electrons 
has been estimated to be 9-79 eV compared with 7.51 eV 
for the first ionization potential of the x system in DMAS. 
This should give rise to AvCT of about 19,000 cm-t com- 
pared with about 1,000 cm-t actually observed. 

The constancy of AvCT on changing the donor seems 
to imply that in the hexafluorobenzene complexes we 
are observing multiple bands caused by the aceeptor 
half of the complex. The exact mechanism of the splitting 
is not clear but there seem to be two possibilities. Either 
the degeneracy of the two acceptor levels is split by the 
presence of the donor in the complex, or we are observing 
vibrational components in the charge transfer band. The 
former could occur if, as we suggested!, hydrogen-bonding 
forces are involved in stabilization of the complex. This 
could lead to the components being held in a fixed 
orientation when the overlap of the two acceptor orbitals 
with the donor orbital will be different. As for the latter 
explanation, there is à very strong fundamental vibration 
at about 1,000 cm~ in the infrared spectrum of hexa- 
fluorobenzene* which correlates quantitatively with the 
AVCT values observed. It is difficult at present to dis- 
tinguish between these two possibilities, particularly in 
view of the rather puzzling failure to observe any splitting 
of the charge transfer band for complexes of hexaffuoro- 
benzene with p-phenylenediamine derivatives. 
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Elastic Behaviour of some Polymer Melts 


QUITE general eontinuum-mechanical arguments! show 
that the "steady state shear compliance" J, of linear 
visco-elasticity? can be related to the normal stress effects 
in steady simple shear flow?. Consider the usual arrange- 
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Fig. 1. The steady state shear compliance, Je, as a function of 
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as a function of molecular weight distribution (specified by parameter 


MM, for various polymer melts. ©, Polypropylene, 200°C; A, 
polystyrene, 200? C; V, Je data on polystyrene, 130? € (from ref. 11). 


ment with l- direction of flow, 2= direction of velocity 
gradient and 3- indifferent direction, in which case 
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where y is the rate of shear, p,, the shear stress and 
Pu-pi the first normal stress difference. If, as is often 
found, PiP: increases linearly with the square of the 
shear stress, there is no need to extrapolate to zero rate 
of shear. 

For the very dilute polymer solutions, theoretical pre- 
dictions specifying Je as a function of molecular weight 
distribution have been made and experimentally veri- 
fied!^. 

No such detailed theoretieal approaches exist, as yet, 
for the more concentrated solutions or bulk polymer 
systems. (The molecular theories presented by Yamamoto* 
and Lodge', for example, are not specifie as regards the 
influence of molecular weight distribution.) Both from 
extrapolation!':9.* of theories of dilute solution and from 
intuitive notions based on the kinetie theory of rubber 
elasticity, one stil expects Je to increase linearly with 
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" AM; 
the molecular weight M (or May P if the polymer is 


polydisperse)*. 

We have now measured on a Weissenberg rheogonio- 
meter the relation between the normal stress (p,,-py) 
and the shear stress (p,,) for various monodisperse (poly- 
styrene) and polydisperse (polystyrene and polypropylene) 
polymer melts. All experiments have been carried out 
in the temperature range of 1807-220? C. 

If the molecular weight distributions were not wider 
than, say, the most probable, the value of (Pir Pa) / PÈ 
appeared to be constant over the shear stress range 
investigated and was considered to be equal to J,. For 
wider distributions, however, (p, Po)/p2, increased with 
decreasing shear stress. Because extrapolation to zero 
shear was precarious because of the scatter in the low 
normal stress readings, those values of (p1:~-P..)/p3 were 
then considered at which p,,-p;, equals Paa (J 4). 

In Fig. 1 the steady state shear compliance J, as 
calculated from our data is plotted against molecular 
weight M for the monodisperse polystyrenes. It is clear 
that Je increases linearly with M as expected, but only 
up to M= 160,000, after which there is almost no change 
with increasing molecular weight. Hence for higher 
molecular weights it appears impermissible to regard the 
macroscopic behaviour as the sum of the contributions of 
the individual polymer molecules”. 

For the polydisperse samples with average molecular 
weight between 200,000 and 800,000 no molecular weight 
average could be found that gave any significant correla- 
tion with the observed normal stress behaviour. This 
behaviour does appear to be strongly influenced by the 
width of the molecular_weight distribution characterized 
by the parameter M;/M,, as can be seen from Fig. 2. 

The same conclusion, namely that elastie behaviour of 
polymer melts is not dependent on (whatever average) 
molecular weight but only on some parameter characteriz- 
ing the width of the molecular weight distribution, can 
be drawn from recently reported data" on tensile stress 
relaxation of polystyrene samples in the rubbery region. 


H. J. M. A. MikERAS 
C. F. H. van RIN 
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Light Scattering Patterns from 
Poly-L-alanine Spherulites 


Anderson, Brumberger and Marchessault have published 
photographie light seattering patterns from  poly-r- 
alanine spherulites! whieh show the four-leaf clover type 
H, pattern (vertically polarized incident light with 
horizontal analyser) experimentally found for polyethylene 
and other spherulitic polymers? Patterns of this sort 
have been predicted by the theory of scattering from 
spheres? and disks*-4. 

It is pointed out in ref. 1, however, that the poly-r- 
alanine scattering patterns show “additional arcs just 
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beyond the four principal lobes" which ‘‘are not predicted 
for small angle scattering from a spherulitic structure". 
We contend that these additional ares are indeed pre- 
dicted by the theory and represent higher order scattering 
maxima, but that they have not been previously experi- 
mentally observed. 

The theory of scattering from anisotropic spheres at 
small scattering angles leads to the prediction that the 
intensity of the H, component of scattering is given by 





ar) eos? (6/2) sin u cos y 


ae) 
(4sin U — U cos U- 381 0)}? (1) 


where 


U = (Az RÍ^) sin (0/2) 
(2) 


R is the radius of the sphere, X is the wavelength of the 
light in vacuum, a, and x are the tangential and radial 
polarizabilities of the sphere, 0 is the angle between the 
incident and the scattered ray, u is the azimuthal scatter- 
ing angle, K is a numerieal constant, V is the volume of 
the sphere [(4/3):R?] and Si denotes the cine integral. 
The four lobes occurring at p= 45?, 135°, 225° and 315° 
are a consequence of the (sin u cos u)? term while the 
maxima in the 6 direction arise from the maxima in the 
(4 sin U — U cos U — 381U) /U* term?. The principal maxi- 
mum in the function occurs at U — 4-1 (ref. 2). From the 
value of 0 at which this occurs, the radius of the sphere 
may be determined. Other smaller maxima have been 
ealeulated as, for example, have been published by 
Keijzers (see Fig. 5 of ref. 5), and occur at U — 8-90, 12-0, 
15-4, 18-5, 21-75, 24-85, 28:1. .. . The intensities of these 
maxima are considerablv less than the intensity of the 
primary maximum, the second and third being about 
1/100 as intense as the primary while the fourth is only 
1/1,000 as intense as the primary. They are therefore 
not normally seen at the exposure times usually used for 
obtaining polymer scattering patterns. Furthermore, 
heterogeneity in spherulite size tends to "wash out" the 
higher order maxima more than the first order’. 

I suggest that the additional ares seen by Anderson 
et al.* are second and third order maxima. They are seen 
in this ease because the spherulites have very large 
(about 0-1 mm) diameters, so that the scattering intensity, 
being proportional to V?, is great. Second, only single 
spherulites are obtained rather than a polydisperse 
distribution, so that the “washing out” of the higher order 
maxima does not occur. It is noted that equation (1) 
predicts that the higher order maxima should occur at 
the same values of u as the first order, as is experimentally 
observed}. 

The model of an anisotropic disk is probably better 
than that of a sphere for the large thin (82) spherulites 
used in this study. The analogous He equation for disk 
scattering is®™* 


2 2 
Iu, = K'A? CŒ) {(ae — ar) [2 — 2J aw) — wd, (w)] 
(sin u cos y)}? (3) 


where 


iw (2zR[2) sin 0 (4) 


A is the area of the disk and J,(w) and J,(w) are zero 
and first order Bessel functions of argument w. 

This gives rise to Hy patterns very similar to those for a 
sphere where the azimuthal maxima occur at the same 
values of u, and the 0 maxima occur at the maxima of 
[2 — 2J4.(w) — 2J,(w)]/w?. The first order maximum occurs 
at w=3-9, and higher order maxima occur as for the 
sphere. Consequently, the same conclusions are valid. 
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Radiation Chemical Studies with 
Particles of Very High Linear 
Energy Transfer 


CHEMICAL substances have previously been irradiated by 
ion beams from high energy accelerators with particles of 
a maximum mean linear energy transfer (LET) (~d#/da}, 
in the irradiated material, of 20-30 eV/À, achies ed with 
‘He ions of energy 1-0-1-5 MeV (refs. 1-3 and unpublished 
work by Burns and Reed) and with ™C ions of energy 
50-100 MeV (ref. 4). The Harwell variable energy cyclo- 
tron? can deliver ion beams that cover a very wide range 
in LET. We report the results of experiments done on 
this accelerator with “N ions of 115 MeV and with *Ne 
ions of 21 MeV. The mean LET of the latter particles 
in the substances used is ~ 125 eV/A, about four times 
that of any previously reported radiation chemical study 
with ion beams. Results on benzene and cyclohexane 
with others for comparison are shown in Tables 1 and 2. 

The irradiation arrangements were essentially as de- 


scribed previously! for protons and tHe ions; the 
Table i. LIQUID BENZENE AT 227-25 € 
1 mage, ET 
on 4 ] GH.) (CHa) Ref, 
(MeV) — (eVjÀ) NM 
Electron 1 ^10 0-039 0:019 8 
tH 3-88 2:3 0-068 0-033 9 
2-33 3:1 0-075 0-045 9 
1:24 45 0-087 0-048 9 
0-69 5-9 0:112 0-063 9 
p 1-08 6-6 0-139 0-074 9 
*He 15 84 0-116* — 10,1,2 
6 13:4 Q0-197* — 10,1,2 
4 15-9 0.245* mE 10,1,2 
0-8 20-2 0.39 — 12 
uN 115 40 0344-001 01526001 Present: work 
Ne 21 125 1127004 007-001 Present work 
*8U (nf) 165 ~ 400 2.14:£ 0-12 t ii 
fission 
fragments 


The dose range was -10'* to 12 x 107* eVg over which G 
essentially independent of dose. 


* These results for ‘He ions are from a smoothed graph of G(OH)x E 
against E based on results of refs, 10 and 1. 


+ G(C,H,) was stated! to be of the same order as the hydrogen yields, 


values are 









Table 2. LIQUID CYCLOHEXANE AT 227-25^ € 
Energy Mean G G 
Radia- E E! GH, teyelo- (biegclo- ief. 
tion (MeV) hexene) hexyl) 
eCo y rays 5.66 3-01 183 $ 
H — 255 1:33 * 
H 236 1-20 pi 
i 5- ces 2 i08 * 
A He 20 4-40 20315 1:63 40-06 BR t O03 8,* 
WN 40 4981003 20 £0-63 LOOL Present 
work 
“Ne 22 125 5894+006 L5 40-08 LOOL Present 
work 
sstin ft) 165 ~ 400 TOR <15 x04 i0 
fission 
fragments 


The dose range was 1-6-4:5 x 10!* eVg-* 
independent of dose. 


* Unpublished work by W. G. Burns, J. R. Parry and C. R. V. Reed, 


over which G values are essentially 


868 


window between the machine vacuum and the irradiated 
liquid was a conductor (niekel of thickness typically 
2-43 mg em-? for the Ne ions and 24-2 mg em~? for the 
HN ions), and no correction was needed for the effects of 
charge displacement and exchange in the cell windowst. 
We checked the measurements of energy loss in nickel for 
the ions used, using a solid state detector (Elliott SRD 6, 
3002 thick) with associated electronie equipment as 
described in ref. 12. For 38-0 MeV Ne ions the 
residual energies for foils of thickness 0-991, 1-912, 2-442, 
3-012, 3-625, 4-302 mg em-? were 31:9, 25-6, 22-0, 18-1, 
13:8, 8-9 MeV. These absorption results are in reasonably 
good agreement with those of Roll and Steigert!? as 
summarized by Northcliffe”. 

The value of G(H,) from benzene for the 2°Ne ions, 
which is about thirty times higher than that for fast 
electrons, is the highest reported apart from that for 
fission fragments, and G(C,H,) from benzene is the highest 
value recorded. The value of G(H,) from cyclohexane 
for these ions is intermediate between those for 1-5 MeV 
‘He ions and for fission fragments; in line with the reduc- 
tion of G(cyclohexene) and G(bicyclohexyl) with increas- 
ing LET of the absorbed radiation, these are the lowest 
actual values recorded for low dose irradiations of evelo- 
hexane, 

The € values for the *N ions differ only a little from 
those for ~1-0 MeV He ions, which have a markedly 
lower overall LET, a result which ean he attributed to 
the effect of the different secondary electron spectra? 
The heavier, higher energy ion loses a greater fraction of 
its energy in producing higher energy secondary electrons 
of low LET. 

The significance of these results for the mechanism of 
LET effects will be discussed elsewhere. Further work on 
irradiation studies with heavy ions with the systems re- 
ported here, and other systems, is in progress. 

We thank Mr E. J. Jones and Mr T. F. Croall for tech- 
nical advice, the variable energy cyclotron operating 
team for technical assistance and Dr C. B. Amphlett 
and Dr L. E. J. Roberts for advice and encouragement. 
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Radiolysis of Methane adsorbed 
on Y-Alumina at 77 K 


THE radiolysis of methane adsorbed on y-alumina at 
71? K has been investigated at a dose rate to alumina of 
3-14 x 10!* eV g h- using a cobalt-60 y source. The 
alumina (BDH chromatographie grade) was outgassed 
at 400° C for 100 h before use, when its surface area was 
183 m? g (N, area 15-8x 10-* m?) Methane was 


NATURE, VOL. 218, JUNE 1. 1968 


adsorbed to a coverage of 0-28 per cent of the BET area. 
At 77° K the residual methane pressure above the solid 
was <0-06 mbar. 

The average G values up to a dose of 1-41 x 10?! eV gt 
for the principal products (analysed by vapour phase 
chromatography) are shown in Table 1. The two values 
&re based on different assumptions about the energy 
distribution in the system (see legend to Table 1). In 
the first and second columns are G values that are much 
higher and much lower, respectively, than those obtained 
in homogeneous radiolysis! (column 3) and a chain mechan- 
ism being unlikely, this suggests that some, though not 
all, of the energy absorbed by the solid was transferred 
to the methane. 

Table 1, AVERAGE G VALUES UP TO A DOSE OF l-£lx JO? eV got 


G.w.r. t6 energy Gow.r, to energy 
absorbed in absorbed by the G 
CH, alone entire system homogeneous 


Quantity 





G(—-CH),) 1.250 0-125 
GH) 1,770 0177 
GGSH,4) 150 0-015 
GGSH4) 50 0-005 
GC,B4) 29 0-003 E 
GG H,) 14 O-O01 — 
GICH, chemi- 1,680 0-168 — 
sorption) 


Column 1: Calculated assuming no energy transfer from alumina to 
methane (that is, methane absorbs energy in proportion to its electron 
ratio), Column 2: Caleulated assuming transfer of all the energy absorbed 
by the alumina to the methane. Column 3: Homogeneous radiolysis 
reference!, 

All the methane from an unirradiated sample was 
desorbed below 24° C, but only a fraction of the methane, 
hydrogen, ethane and propane from an irradiated sample 
was similarly desorbed at this temperature. The tem- 
perature of an irradiated sample had to be raised to 
100* C before any further gas was evolved, and a final 
temperature of 400? C (the original alumina outgassing 
temperature) was used to remove the remaining fractions 
of the above compounds and the ethylene and propylene. 
The weakly bound low temperature desorbate (« 24° C) 
is referred to as being physisorbed and the more strongly 
bound high temperature desorbate (100°-400° C) as being 
chemisorbed. Radiation induced chemisorption of gaseous 
compounds on alumina has also been observed by Coekel- 
bergs et al.? and R. D. Russell (private communication). 

The percentage of the total recovered methane which 
was chemisorbed is plotted against dose (see Fig. 1). The 
G value of 1,680 for methane chemisorption (see Table 1) 
suggests that the chemisorption process involved energy 
deposited in the solid. The graph of methane converted 
against dose is shown as curve B in the figure. Initially, 
G(—CH,) increased with dose until a steady value was 
reached, and this was maintained for a small dose incre- 
ment, after which it decreased to approximately its initial 
value. 


70 F 





60 


40 | - 


Per cent 


30 | 


Moles x 10° destroyed 


20 








10 | 


05 ro LS 
Dose x 10" eV g = 
Fig. 1. Curve A, percentage of recovered methane chemisorbed at 


24° € against dose; curve B, methane destroyed against dose, A, ©, 
Continuous irradiation; A, W, interrupted irradiation. 
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When irradiated samples were allowed to stand at 77^ K 
before either warming to room temperature or continuing 
the irradiation, methane chemisorption, though not con- 
version to products, continued for several hours (the black 
squares in Fig. 1 show the percentages of chemisorbed 
methane, and the black triangles the methane conversions, 
after standing). A similar post-irradiation chemisorption 
has been observed by Coekelbergs et al.? for the adsorption 
of O, and CO on alumina. Chemisorption was thus a slow 
process and product formation required irradiation either 
during or subsequent to chemisorption. The following 
reaction sequence seems to satisfy these results. 

If a physisorbed methane molecule (CH,,) is adjacent 
to a positive hole on a radiation activated surface (S*), 
it may undergo dissociative chemisorption (reaction (2)) 
when the hole recombines with an electron from the 
conduction band, provided that the forbidden zone of the 
solid is wide enough (>3 eV)*-, Reaction (2) must be 


slow, 
Dieses (1) 
CH, 
P À 
S*-CH,, ——— >S (2) 
N 
H 


Dissociatively chemi- 
sorbed methane 
and continues when irradiation has stopped. When the 
CH, 


solid represented by S is warmed to outgas, methane 


^g 

will be reformed because chemisorption alone does not 
yield products. Product formation ean oceur by radiation 
activated surface diffusion of physisorbed methane which 
enables such methane to react with localized chemisorbed 
intermediates (reaction (3)) either immediately after 
migration or on warming to outgas the solid. The migra- 
tion step, and hence product formation, stops when irradia- 
tion ceases. 








CH, CH, 
a ra immediately 
S +CH ~~m] S : CHap —Produets (3) 
X N or on 
H H warming 


The increase of G(—CH,) with dose (curve B) occurs as 
a result of increased methane chemisorption (curve A). 
At higher doses site saturation becomes almost complete; 
there is a consequent decrease in the rate of chemisorption, 
and hence in G(—CH,). The saturation of sites, together 
with the continuing consumption of chemisorbed inter- 
J CH; 
mediates (s 

^H 
decrease in the amount of recovered chemisorbed methane. 
The low initial and final values of G(—CH,) probably 
arise from the less efficient radiation-induced decomposi- 
tion of physisorbed methane. 

Physisorbed products may arise either from the de- 
composition of physisorbed methane, or from reactions 
of chemisorbed intermediates which lead to the destruc- 
tion of chemisorption bonds. The former source seems the 
more likely because the absence of unsaturates from the 
physisorbed products suggests a mobile system in which 
radicals can be scavenged by unsaturated reaction 
products. 


) by reaction (3), leads to an eventual 
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BIOLOGICAL SCIENCES 


Environmental Temperature and 
Life Span in Poikilotherms 


THE controversy about the cause of the inverse relation- 
ship between the life span of poikilothermic animals and 
environmental temperature has not been settled. Pearl*, 
as a result of his own observations and those of earlier 
workers on the life-shortening effect of raised environ- 
mental temperatures in Drosophila and other poikilo- 
therms, suggested that the rate of living, like the rate of à 
chemical reaction, is increased at raised temperatires, 
Clarke and Maynard Smith?! and I* cast doubt on this 
seemingly well established theory when we demonstrated 
by means of split temperature experiments in Drosophila 
subobscura that (a) exposures to high temperatures before 
transfer to a low temperature resulted in adult flies dying 
at the same age as flies kept continuously at the low 
temperature; (b) exposure of flies to a low temperature 
followed by their transfer to high temperatures at different. 
ages reduced their initial expectation of life at the high 
temperatures by one day for every day spent at the low 
temperature. 

An alternative to Pearl's rate of living theory was. sug- 
gested to explain these observations. First, a clear 
distinetion is made between the two processes of ageing 
and dying. Ageing is postulated as being independent of 
temperature and continuing until the flies’ vitality 
(whatever that may be) has fallen to a certain threshold 
level below which they can no longer maintain their 
internal steady states at the temperature at which they 
are living. Second, it is argued that the threshold is 
higher at the high temperatures and therefore flies which 
can maintain themselves at a low temperature cannot do 
so at a high temperature if they have passed the threshold 
characteristic of that temperature. Third, the process 
of dying begins when the flies have passed the threshold 
appropriate to that at which they have been ageing. 
There is evidence that the dying process is temperature- 
dependent, unlike tbe ageing process. Fourth, the dying 
process can be reversed by transferring the flies to a lower 
temperature provided, of course, that the terminal event 
of death has not occurred or is about to occur. It may be 
important from what follows to note that the evidence for 
this threshold theory of ageing comes from experiments 
involving the reciprocal hybrids between two inbred lines 
of one species of Drosophila (D. subobscura). 

Shaw and Bercaw? have reported some observations 
on the relationship between temperature and life span in 
D. melanogaster. They assumed that ageing is a result of 
the depletion of some longevity substance and that its rate 
of depletion is temperature-dependent. They then argued 
that the expectation of life of flies kept for a while at a 
low temperature and for the remainder of their life span 
at a high temperature will be given by the relationship 

Iz, + e(l jl) 
where l, is expectation of life at the low temperature, 
i, is expectation of life at the high temperature, and 
xis the age at which transfer from /, to l, is made. 

Maynard Smith’ has rightly criticized Shaw and 
Bercaw’s argument and has pointed out that any observa- 
tions in agreement with this expectation do not support 
their hypothesis that the ageing process is the result of a 
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single rate-limiting reaction because it follows from more 
general considerations. If flies kept at 1, and 1, pass 
through an identical series of states and the time taken to 
pass from one state to the next at l, bears a constant 
ratio to the corresponding time spent at l, this ratio is 
i,/l,. Tf flies therefore spend time x at l, and (l—x) at 
la dying at l, then 


Bex (la x)jl, 


Maynard Smith pointed out that this equation is the 
same as that of Shaw and Bercaw. 

For some unknown reason, Shaw and Bereaw did not 
test their equation. They measured /, and /,, but did not 
measure l. An experiment has therefore been performed 
to test their hypothesis. At the same time, the oppor- 
tunity was taken to test Maynard Smith's suggestion 
that it should not matter how the periods spent at the low 
and high temperatures are split up because, if the rate of 
living theory is true, the total life span, l, will be propor- 
tional to the total times spent at l, and Z} Conversely, 
any periods spent at l, before the threshold is reached 
will be of no consequence if the threshold theory is true. 

Reciprocal hybrid male and female Drosophila melano- 
gaster formed by crossing two closely inbred lines were 
raised at 25° C. Populations of approximately 100 of 
each sort were aged at (a) 25° C, (b) 30° C and (c) alter- 
nating 12 h periods at 25? C and 30? C. The mean expecta- 
tions of life of these flies are given in Table 1. 


Table 1. MEAN EXPECTATIONS OF LIFE (IN DAYS) OF HYBRID Drosophila 
melanogaster MALES AND FEMALES IN THREE TEMPERATURE ENVIRONMENTS 
TOGETHER WITH THE EXPECTED EXPECTATIONS OF LIFE ACCORDING TO THE 
RATE OF LIVING THEORY 
Type A hybrids Type B hybrids 

3 Q d 


á e 


4424+11 


(a) Continuously at 25° € 4224+411 5082+14 412407 + 
(b) Continuously at 30° € 203405 22:52:05 213205 244-04 


(e) Alternating periods of 
12h at 25° Cand 12h 


at 30* C 275*09 401£14 326 +407 3806x083 
id) Expectation according 

to the rate of living 

theory 27:4 33-7 29-2 33-2 


These results show two things. First, the length of 
adult life in environment (c) is clearly intermediate 
between that in the low and high temperature environ- 
ments. Second, it is also clear that the length of life in 
environment (c) exceeds the expectation according to 
the rate of living theory, except in the case of the type A 
hybrid males where the agreement between observed and 
expected is extremely good. 

It can be concluded that the original form of the 
threshold theory requires modification because it would 
seem to matter greatly how the pre-threshold period is 
spent at the high and low temperatures. These results do 
not, however, require us to reject the threshold theory 
in toto because it is based on sound experimental evidence. 
I suggest that the observed survival times in environ- 
ment (c) are a result of the changes occurring in the flies 
during each of the 12 h periods at the high temperature 
not being completely reversed in the following 12 h 
periods at the low temperature. This hypothesis is now 
being investigated by varying the periods spent at the 
two temperatures. 
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Thermoregulatory Function of 
Growing Antlers 


ANTLERS are classically regarded as the weapons and 
insignia of male deer (Cervidae, Mammalia). Their use in 
sexual display and fighting, defence against predators, 
digging and parting undergrowth has been described, but 
Darling! and other critical observers have questioned 
their significance in these roles; neither shape and dimen- 
sions of antlers, nor the physiological expense of annual 
shedding and replacement, seem justified by the funetions 
usually ascribed to them. Recent work on antlers of red 
deer (Cervus elaphus), and reinterpretation of earlier 
anatomical studies, now suggest that antlers are important 
variable heat radiators during their growth, which oceurs 
annually in the months of spring and summer fattening 
preceding the rut. Thermoregulation may thus be the 
function which primarily determines the form and 
proportions of antlers, and necessitates their annual 
renewal. 

Antlers are borne by males alone in most cervid genera, 
but by male and female reindeer or caribou (Rangifer); 
they are entirely lacking in musk deer (Moschus) and 
Chinese water deer (Hydropotes). Growing annually from 
frontal pedicels—usually during spring and summer in 
temperate and high latitudes—they reach full size in 
3-5 months and lose their velvet (that is, vaseular 
covering) shortly before rutting begins.  Antlers grow 
and mature in two clear but overlapping stages under 
distinct hormonal eontrol*-. Growth is initiated by 
hypophysial factors in the presence of testicular hormones, 
at the time of year when interstitial testicular activity is 
minimal. The growing antler forms a rapidly expanding 
scaffolding of soft spongy bone (produced chiefly by 
intramembranous ossification) which supports the richly 
vascular velvet covering. The second stage of maturation 
begins before the antler reaches full size; under the 
control of hormones from the seasonally maturing testis, 
spongy bone is reorganized to dense, compact bone with 
primary and secondary Haversian systems.  Hardenin3 
begins at the pedicels and spreads into the tines. As the 
process reaches completion the velvet hardens, dies and 
falls away. Stags castrated during the initial phase of 
hypophysial growth retain soft, velvet-covered antlers 
indefinitely. Antlers are normally shed when pituitary 
control is re-established in late winter or early spring, 
and regrowth from the pedicels follows after a short 
interval. 

Though clearly homologous with bovid horns, antlers are 
remarkable both in their annual replacement and in matur- 
ing by necrotic denudation. Their use as weapons or tools 
is restricted annually to the 5 or 6 months which include 
and follow the rut. For the rest of the year they are absent 
or growing, and softness of bony tissue and velvet makes 
thern useless in attack or defence during growth. The 
role of mature antlers in sexual or other social contexts 
is not clearly established. They are used in combat, but 
fighting is not prominent in the behaviour of free-ranging 
animals. (“The incidence of fighting is much exaggerated 
in popular literature describing deer?!) Display is 
important in establishing and registering social dominance, 
but antlers—except those of palmate form—are not 
conspicuous signals and are not known to be concerned 
in threat display. Hummels (stags without antlers) 
dominate breeding groups of wapiti (C. canadensis) and red 
deer!* sufficiently often to indicate that posture, body 
size, demeanour and possibly scent may be at least of 
equivalent significance. Hummels, females and stags in 
velvet fight adequately with fore-hoofs. Hummels use 
their heads with marked efficiency in fighting', and wapiti 
stags fight with fore-hoofs even when fully equipped with 
antlers’. Darling could see no biological advantages 
conferred by antlers on the Scottish red deer of his study! 
and stressed the apparent disadvantages of antlers in 
forests and areas of mineral.deficient soils. 


NATURE. VOL. 218. JUNE 1, 1968 


The physiological extravagance of annual replacement 
is not explained either by wear and damage in fighting 
(whieh are seldom reported) or by growth requirements. 
Bovids achieve more sturdy structures, of similar function, 
with growth by annual accretion, a more economical 
process allowing continuous use throughout the year. 
The expense of annual replacement is understandable, 
however, if antlers have a special seasonal function while 
they are growing. This point was recognized by Darling}, 
although his suggestion that antler growth absorbs surplus 
energy in spring and summer was discarded as incon- 
gruent with the poverty of the Scottish environment. A 
later study* of antler growth in white-tailed deer (Odo- 
cotleus virginianus) in North America has confirmed that 
body growth and energy requirements of young stags 
take precedence over antler growth, and supports the 
more widely held view that antlers represent physiological 
strain rather than exuberance. 

An alternative function of antlers during growth is 
heat dissipation; this is suggested by their position, form, 
size, and by the anatomical relationships of their blood 
supply and the structure of their velvet integument. 
During growth they involve their owners in considerable 
heat losses; there are strong indications that disposal of 
surplus heat may be an important function during a brief 
but critical stage in the stag’s annual physiological cycle. 
Thus by this interpretation antlers are annually recurring 
auxiliary radiators which grow rapidly as a bony frame- 
work supporting a highly vascular radiating surface, later 
hardening to fulfil a second role as weapon, tool and 
(possibly) social signal. 

Anatomically, antlers are extensions of the upper facial 
area, which in many mammals is poorly insulated and 
combines with the ears to provide surfaces of thermo- 
regulatory significance. Velvet? consists of a pigmented 
epidermis with fine hairs, a dermal layer including hair 
follicles and sebaceous glands, and an underly ing vascular 
layer containing the major blood vessels. A plane of 
cleavage separates these structures from periosteum ad- 
herent to the bone. Blood enters the velvet from multiple 
branches of the superficial temporal arteries, and flows 
through a branching, anastomosing system of muscular 
walled arteries deep in the vascular layer. Thinly walled 
veins lie superficial to the arteries, in separate channels 
under the epidermis. Arteriovenous anastomoses or 
shunts by-passing the capillary bed have been detected, 
but coaxial or parallel arteriovenous systems of counter- 
current heat exchange (which might help to reduce heat 
losses from so highly vascular an organ) were not described 
and would seem to be excluded by the spatial separation 
of the principal vessels. Blood drains from the vessels of 
the velvet into bilateral extensions of the superficial 
temporal veins. No sizable vessels enter or leave antlers 
through the pedicels. 

Velvet is a highly vascular integument which bruises 
readily, bleeds freely on abrasion and suffers severe 
frostbite? if retained through North American winters 
(for example, on castrated animals); it would not be a 
practical covering for permanent organs. Surface tem- 
peratures of 38° C have been measured in active and 
recently immobilized animals. While a rich vaseulariza- 
tion would be expected in the trophic integument of a 
growing organ, the superficial arrangement of blood 
vessels (virtually excluding major vessels from the under- 
lying bone), and the absence of subdermal fat and heat 
exchange mechanisms, allow velvet to lose heat at rates 
which would seem anomalously high in a covering evolved 
solely for protection and nourishment. The presence 
of shunts, permitting a rapid flow of blood through 
the major vessels without capillary intervention, further 
indicates that velvet accommodates more blood than is 
required by the growing bone. Abundant arterial muscles? 
provide a mechanism for regulating blood flow. Unilateral 

variations of blood pressure, with corresponding changes 
in surface temperature, have been demonstrated during 
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surgical investigation of antlers’, and spontaneous 
changes in surfase temperature, consistent with varying 
activity and heat load, have recently been recorded in a 
free-ranging animal. Thus it seems highly probable 
that the velvet of growing antlers is both a trophic 
integument and a facultative heat radiator with a capacity 
for cooling large volumes of blood. 

In their relations with the superficial facial blood 
vessels, antlers afford interesting comparisons with bovid 
horns. As Taylor!?: has shown, horns have important 
special and general thermoregulatory functions; through 
the vascular plexus underlying the horn sheath, bovids 
are estimated to be capable of dissipating up to 14 per 
cent of body heat produced at standard metabolic rate in 
standard conditions of still air at 24? C—a cooling poten- 
tial roughly equivalent to that of two extra legs. In 
Toggenburg goats (Capra hircus), and probably other 
bovids, part of the cooled blood draining from the horn 
sheath plexus passes into the cavernous sinuses, where it 
bathes and cools the carotid retia carrying arterial blood 
to the brain. This special heat exchange mechanism has 
yet to be demonstrated in cervids, although well developed 
retia make its presence probable. If radiating capacity 
is proportionate to surface area of vascular plexus, the 
cooling potential of velvet-covered antlers of well endowed 
deer species could far exceed that of the largest bovid 
horns. The relation of surface area of antlers to body 
weight (now under investigation in several species) may 
thus prove more significant and more readily interpreted 
ecologieally than antler and body weight "relationships 
determined by Huxley??, Riney"? and others. The branch- 
ing or palmate form of most antlers is consistent with 
their role as scaffolding for a radiating surface, and their 
position at the highest and most exposed point of the 
animal, like that of many bovid horns, further ensures 
their efficiency as radiators. 

A possible reason why most male cervids need thermal 
radiators (additional to radiating areas of the legs, ears 
and elongate face) for a short period each year is sug- 
gested by peculiarities of their annual physiological cycle, 
which differs in at least one thermally significant respect 
from that of females. Deer of temperate regions rut in 
autumn, and fawns are born some 6 or 7 months later in 
spring. Males fast partly or completely and are extremely 
active for 1-3 months while rutting. In preparation, they 
feed voraciously through spring and summer; mule deer 
(O. hermionus) in captivity add 40 per cent or more to 
their winter weight during this period (ref. 14 and Cowan 
in litt.) and circumstantial evidence—regrettably the only 
evidence available in the literature—points to weight 
variations of a similar order in other species when summer 
feed is adequate!*-U', Substantial reserves of peritoneal 
and subcutaneous fat reduce mobility of heat within the 
body, and add surface insulation at a time when environ- 
mental temperatures are rising toward a summer peak. 
Females feed well during the same period, but do not 
starve during the rut and do not need to build up fat 
reserves in spring; although their condition improves 
between winter and summer, gestation, birth and lacta- 
tion keep their weight down and their fat reserves low. 

Several aspects of stag behaviour, including their pre- 
ference for shade and altitude, erepuseular and nocturnal 
feeding, wading and wallowing (especially as the rut 
approaches), suggest that they more than females suffer 
heat stress in temperate summer conditions. Other 
factors (for example, avoidance of predators and parasitic 
fles) may be significant, but differences in summer 
behaviour of males and females usually bring males into 
lower environmental temperatures. Stags forced into 
activity in warm conditions rapidly dev elop symptoms of 
heat stress: rectal temperatures 3°-4-5° C above normal 
were recorded in a semi-tranquillized stag in velvet after 
brief exercise in summer sunshine with air temperatures 
of 20°-24° C. Antlers are lacking only in small or 
semi-aquatic species of deer, in which heat shedding 
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is facilitated by a favourable ratio of body surface to 
volume, and possibly also by a wet environment. Con 
versely, they are borne by females only in a single genus 
of the high Arctic, in which unusually thick insulating 
fat and fur may require both sexes to carry auxiliary 
radiators during the spring feeding flush. 
Thermoregulatory horns and antlers are present only 
in ruminants.  Evolutionarily, they may primarily be 
associated with a need to dissipate heat safely from the 
body during the strongly exothermic process of rumina- 
tion. Their absence in females of most cervid and many 
bovid genera may be due to a secondary development and 
elaboration of heat dissipating mechanisms elsewhere on 
the body. In males, their retention and evolutionary 
diversification must reflect both the special thermo- 
regulatory needs imposed by metabolie fluctuations in 
the annual eycle, and the additional functions they have 
acquired as weapons, tools and possibly as social signals. 
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Observations on the Body Surface 
of some Acanthocephalans 


ALL nutrients enter acanthocephalans through the body 
surface—these parasites have no gut. Materials are pre- 
sumed to pass to and from the host through the pores 
which perforate the surface of these animals!-*, 

The surface of the praesoma (proboscis and neck) 
differs from that of the trunk in being covered by a layer 
of material, probably lipid'4*5, which extends through 
the pores into the body wall. There are two theories con- 
cerning the possible significance of this lipid. Its presence 
may indicate that the praesoma is concerned with lipid 
exeretion** or with lipid absorption!, 

It is possible with a scanning electron microscope to 
compare different surfaces in great detail and it was 
thought tha» an investigation with such an instrument 
might produce fresh information on structural and func- 
tional differentiation of the acanthocephalan body surface. 
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Three species of aeanthoeephalans were examined with 
à Stereoscan microscope (Cambridge Instrument Co.. 
Ltd): Acanthocephalus ranae (from the common toad), 
Echinorhynchus truttae (from the trout), and Pompho- 
rhynchus laevis (from the chub). The worms were fixed 
in 10 per cent neutral buffered formalin, frozen in liquid 
air and freeze dried, and coated with gold/palladium. 

Pores could be seen clearly in the surface of the trunk 
of A. ranae (Fig. 1). The distance between the centres 
of the pores was about 0:145. and their diameter about 
Olu, which corresponds exactly to measurements made 
from electron microscope sections’. The size and spacing 
of the pores did not seem to vary in different regions of 
the surface of the trunk. Only a faint indication of pores 
was visible in the surface of the trunk of E. truttae and 
P. laevis. In these acanthocephalans the pores may have 
been masked by a mucopolysaccharide surface coating of 
the type known to exist in a number of acanthoceph- 
alans'?:55, This mucopolysaccharide layer is known to 
be thinner in some species (0-02n in A. ranae*) than in 
others (lu in Moniliformis dubius?). Such a layer has not 
been detected in P. laevis’, however, and whether it 
exists in E. truttae is not known. Alternatively, masking 
of the pores may have been caused by mucus from the 
host, although apparently clean worms only were 
examined. 

Most of the pores in the surface of the proboscis were 
covered by small, roughly hemispherical masses of material 
(Figs. 2 and 3). The shape of these masses, and the fact 
that one diserete mass appeared to be associated with 
each pore, suggests that they can have been formed only 
by exudation from the pores, A few worms which had 
been stored in 70 per cent ethanol were also examined 
with the Stereosean. These animals differed from those 
stored in formalin in that no material covered the pores 
of the proboseis. This might suggest that the hemi- 
spherical masses are lipid and correspond to the lipid 
covering of the proboscis which is apparent in electron 
microscope seetions'*, These observations seem to sup- 





Part of the surface of the trunk of Acanthocephalus ranae. 


Fig. 1. 


P, Pore. (x 3,000.) 


NATURE. VOL. 218, JUNE 1. 1968 


Fig. 2. 
H, Hook; M, mass of material apparently exuded from a pore 


(x 


Fig. 3. 


Part of the surface of the proboscis of Pomphorhynchus laevis. 
P, pore; 


l'i, pit ( * sense organ) 


Masses of material (.M) associated with the pores of the proboscis 


of Pomphorhunchus laevis, 


1,500.) 


( x 14,000.) 
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port the view? that lipids are excreted from the acantho 
cephalan proboscis and not absorbed by it. 

A number of pits about 3-44. in diameter and quite 
distinet from the pores were also seen in the surface ol 
the proboscis of P. laevis (Fig. 2). These may be sense 
organs of the type already deseribed from the proboscis 
of some acanthocephalans*, although they seem to be 
more numerous than has been thought previously 

I thank the Cambridge Instrument Co.. Ltd, for en 
abling me to use the Stereosean, and Miss P. J. Killing 
worth for operating the instrument. I also thank Mr 'I 
Davies for technical assistance, and Dr F. R. Stranack 
for providing specimens of Pomphorhynchus laevis 
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Pogonophora: Uptake of Dissolved 
Nutrients 


THE mechanism by which the marine tube-dwelling worms 
of the phylum Pogonophora obtain their food has re 
mained obscure since Ivanov! established that they have 
no conventional gut. Ivanov concluded that they are 
filter feeders, utilizing external digestion, while Carlisle? 
has suggested that particles are actively picked up by the 
tentacles of the unitentaeulate forms, Jagersten® first put 
forward the idea that they absorb organic substances 
directly from solution, and this report provides evidence 
in support of his hypothesis. 

Pogonophora were obtained by dredging at 100 fathoms 
off Miami Beach, Florida‘, and were maintained in running 
seawater at 8° C (salinity 30-36 *"/,) at the Institute 
of Marine Sciences, University of Miami Uptake of 
amino-acids was examined using “C-phenylalanine for 
experiments on rate of uptake and *H-phenylalanine for 
localization of uptake by autoradiography 

Individuals of Siboglinum mergophorum, in their tubes, 
were placed in the dark at 7° C in 5 ml. of ‘Millipore’- 
filtered seawater (pore size 0-455) containing '*C-pheny!- 
alanine (specific activity 504 mCi/mmole) at concentra- 
tions from 2x 10-* to 2x 10-* M. After various times, 
individuals were removed from their tubes and weighed 
on @ Cahn electrobalance. The average weight was only 
about 1 mg, and so true wet weight was determined by 
weighing every 30 s and extrapolating back to zero time. 
Animals were extracted in 80 per cent ethanol, the 
extracts were evaporated on planchets, and carbon-14 
was counted with a gas-flow detector. The amount of 
carbon-14 was expressed as ¢.p.m./mg wet weight, and 
this was divided by c.p.m./ul. of seawater (as measured at 
the beginning of the experiment, and corrected for self 
absorption) to give a concentration factor. Results are 
given in Table 1, and show concentration factors up to 
x 20 in 20 h, even at an outside concentration of 3-3 ug/l 
To show that the label was really absorbed and not 
adsorbed, blood samples were taken from three individuals 
of the large species, Oligobrachia floridana, after exposure 
to 2x 10-* M *C-phenylalanine. Samples of approximately 
0-05 ul. were taken under oil by micropipette, measured in 
mieroburettes*, and counted as mentioned. Concentration 
factors after 20 h were x 3:2, x 46 and x 1:3, showing a 
definite uptake into the blood. It must be emphasized 
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Fig. 1. Autoradiographs showing the incorporation of * H-phenylalanine 
trom solution by Siboglinum mergophorum. A, 1j thick ‘Araldite’ section 
stained with toluidine blue, showing the cephalic lobe (c), base of the 
tentacle (t) and part of the protosome (pr) in longitudinal section. 
B, An adjacent unstained section under dark-ground illumination show- 
ing the high concentration of grains in the epidermal tissue but à sparse 
distribution in the connective tissue and blood. There are very few 
grains in the background. C and D, Small portions of the cephalic 
lobe from B, at higher magnifications under positive phase contrast, to 
show the paucity of grains on the cuticle (eu) or its onter surface. 
Asterisks indicate blood spaces, 


that all the animals have been used in their tubes and in 
these experiments were not seen to emerge ; preliminary 
attempts to use animals devoid of their tubes showed rates 
of uptake at least ten times as great as those given here. 

For autoradiography, specimens of S. mergophorum still 
in their tubes were placed in 2 x 10-* M *H-phenylalanine 
(specific activity 5:0 Ci/mmole) for 1 h. Animals were 


Table 1. CONCENTRATION OF !'C-PHENYLALANINE BY Siboglinum 


phorum 


merga 


Concentration Time of Concentration 





in seawater exposure factor 
2x10"°M 20 min x19 
(330 ug/l.) 2h x SN 
5h 
20 h 
2x107 M 30 min 
(33 agil.) 2h 
13 h 
2x104 30 min 
(3:3 wall) 2h 
17h 
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then removed from their tubes, rinsed in several changes 
of filtered seawater, and fixed for 2 h in 4 per cent glut- 
araldehyde in 0-1 M Na-cacodylate buffer at pH 7-5, with 
added sucrose to give a final measured concentration of 
1,100 mOsm/l. Specimens were then washed, dehydrated 
and embedded in 'Araldite'*. Sections Iu thick were 
covered with diluted Ilford L4 liquid emulsion and, after 
an exposure of 10-12 weeks at 2? C, were developed in 
D19b for 5 min at 20? C. Autoradiographs were either 
examined unstained or after a brief staining in 0:5 per 
cent toluidine blue; sections of unlabelled specimens 
were used as controls to check for chemography. Typical 
results are shown in Fig. 14—D. The silver grains, presum- 
ably indicating sites of incorporated ?H-phenylalanine, 
are maximally concentrated on the tissue layers but some 
are also seen over the blood spaces. The label was in- 
corporated both in the tentacle and in the protosome; the 
cuticle and the surface material did not show any notice- 
able incorporation of the label in our experiments (Fig. 
1C and D). 

To test the possibility that macromolecules are also 
taken up, specimens of 5. mergophorum were placed in 
5 ml. of ‘Millipore’-filtered seawater containing 10 ug/l. 
of denatured Chlorella protein labelled with carbon-14 
(Nuelear Chicago Corp.: dialysed and supposedly free 
from small molecules) and, in various cases, 2 mg per cent. 
streptomycin sulphate with 2 mg per cent penicillin G, 
or 0-01 per cent chloramphenicol, to minimize the action of 
micro-organisms. Uptake oceurred and measurable quan- 
tities of carbon-14 were found both in the whole animals 
and in the blood after 20 h. No concentration factors, 
however, could be determined because of the uneven dis- 
persion of the protein in seawater. 

Finally, to trace the passage of macromolecules into the 
animals, specimens of S. mergophorum were placed in 
solutions of ferritin and were then processed in preparation 
for eleetron mieroscopy. Preliminary observations indicate 
that ferritin is present in the epidermal cells after the 
animals have been in these solutions for 18 h. 

These results indicate that some Pogonophora can take 
up amino-acids and macromolecules directly from solu- 
tion in seawater. Amino-acids in concentrations up to 
125 ug/l. have been reported? in seawater, with a mean 
value of about 25 ug/l. total amino-acid near the sediment, 
and so it is possible that this process is one of the principal 
means by which Pogonophora obtain their nutrition. 
Similar results have already been described for a number 
of invertebrates which have alimentary canals*-"; and 
it seems probable that the Pogonophora have been able 
to increase the efficiency of the uptake process to such a 
degree as to render à conventional gut unnecessary. 
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Uptake and Incorporation of Labelled 
Glycine by Pogonophores 


Members of the phylum Pogonophora are unique among 
free-living Metazoa in being without an internal digestive 
system at any stage in their life history’. Until recently 
very little real evidence has been obtained as to how they 
feed. To some extent the lack of knowledge of the physio- 
logy of the group results from the difficulty in collecting 
and working with predominantly deep water benthic 
animals? and it has been necessary to rely on anatomical 
and histological data. By analogy with tube-living 
polychaete worms it has been suggested that the tentacle 
or tentacles might collect particulate food, which might 
then be digested and assimilated in temporary ‘‘stomachs” 
formed by the adjoined or rolled-up tentacles'. This 
theory is rendered less likely by the lack of ciliation of 
the tentacles of many species and by the absence of 
any real glandular development that might be associated 
with digestion**^, and an alternative hypothesis has there- 
fore been put forward: that pogonophores rely on direct 
absorption of organic matter from seawater or from the 
mud in which they livet. Certainly, the fine structure of 
the cuticle covering the tentacle and the rest of the body 
shows it to be well fitted for absorption or assimilation 
(refs. 6 and 7 and our unpublished results). 

The preliminary experiments reported here form part of 
an investigation of the biology of the benthos of the 
continental slope and were designed to discover if pogono- 
phores could take up simple organic compounds from 
very dilute solutions. The species selected was Siboglinum 
atlanticum*, obtained in this instance from a depth of 
1,600 m off Santander in the southern Bay of Biscay. 
The work was carried out on board RV Sarsia, and all 
animals were used within 1 or 2 h of capture: it is im- 
portant to use fresh material when working with pogono- 
phores, for dredging usually causes some damage to the 
posterior end, which is rarely complete*'*?, The bottom 
temperature in the locality is about 5* C and the specimens 
were kept at about 4^ C throughout the work. Individuals 
in good condition were selected under a stereomicroscope, 
and the ends of the tube were clipped short to remove 
any mud that may have entered while dredging and to 
ensure access to the animal. The tubes were then rinsed 
in sterile seawater, and each specimen was placed in 12 ml. 
sterile seawater enriched with tritium-labelled glycine 
at a level of 10° or 10-7 M, and with a total activity of 
1-6 or 0-16 uCi/12 ml. After from 3-12 h of incubation the 
animals were fixed in cold calcium-formol, dehydrated 
slowly with ethanol, cleared in benzene and stored in 
liquid paraffin. At the laboratory the specimens were 
embedded in hard wax and sectioned, with some difficulty, 
still inside their chitinous tubes. The sections were 
coated with diluted Ilford K2 nuclear emulsion?! and 
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1. Autoradiograph of part of transverse section of cephalic lobe of 
: — m atlanticum after 3 h exposure to 10-* M *H-glycine, showing 
n 


inu. 
ing (black spots) in the thick cuticle and the large epidermal cells 
below. Lightly stained with Mayer's haemalum. 
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Fig. 2. 


Autoradiograph of part of transverse section of posterior region 
of forepart, after 12 h exposure to 10-* M *H-zlycine, showing labelling 
in the cuticle, the epidermal cells and in two pyriform glands. 


exposed for 2 and 4 months, the resulting autoradio- 
graphs being developed in D19b for 4-7 min. 

Because conditions at sea would not allow a great 
variety of experiment, no attempt was made to assess 
the extent of free amino-acid uptake and transport. We 
concentrated on this one technique, which it was hoped 
would show whether or not uptake occurred while the 
animal was still in the tube and demonstrate regions of 
subsequent binding in the tissues. The results of the 2 
and 4 months exposures show that glycine is taken up 
from solutions of 10-* and 10-7 M. In specimens incubated 
for only 3-3-5 h the labelling appears to be confined to 
the anterior end of the body, especially the cuticle of the 
cephalie lobe (Fig. 1) and forepart, and to the epidermal 
cells of the same region; no signs of activity were found 
in the tentacle, and little or none in the metameric and post- 
metamerie regions. At 10-7 M the activity seemed almost 
entirely confined to the cuticle. 

After 12 h of incubation in 10-* M glycine the labelling 
was present throughout the body as well as in the cuticle 
and epidermis of the forepart. High activity was seen 
in the pyriform glands of the forepart (Fig. 2) and meta- 
meric regions, which secrete large quantities of mucopoly- 
saccharide (including the chitin that forms the tube), in the 
yellow and white protein-containing cells, and around 
the ventral groove. That is, most of the labelled glycine 
was found either in the cuticle of the forepart and in the 
epidermal cells close to it, or in regions of active secretion 
and storage. Little activity was present, however, in the 
cells of the ciliated band or in the thin cuticle over them. 
In all specimens the nature of the cuticle labelling was 
very similar: the grains were most densely aceumulated 
in an outer layer whieh has been identified as sulphated 
acid mucopolysaccharide in light microscope preparations* 
and which in electron microscope preparations appears to 
correspond to a layer of rounded vesicles (Fig. 3). These 
vesicles, or membrane-bounded blebs’, are present to 
some extent in the tentacle, but we find them to be much 
more numerous on the forepart of the body and to a lesser 
extent in certain parts of the metamerie region. 

Our observations show only sites of binding of glycine, 
and the high aetivity in the peripheral areas of the 
forepart does not mean that uptake oecurs there rather 
than in the tentacle. Meanwhile it is obvious that the 
pogonophore cuticle, particularly over the forepart and 
tentacle, is a very active part of the body; we have 
previously identified several enzymes associated with it, 
including esterase resistant to E 600 and acid phosphatase’, 
and recently an arylamidase or exopeptidase was demon- 
strated. These enzymes could well be part of the mecha- 
nism of uptake. 

It must be emphasized that the mere occurrence of 
uptake of amino-acids from concentrations of the order 
of those thought to be present in the sea and in the 





Fig. 3. Electron micrograph of vertical section of cuticle of cephalic lobe, 
F, Inner fibrous layer; M, middle dense layer; V, outer vesicular layer. 
Fixed glutaraldehyde, post-fixed osmie acid, stained lead and uranium, 


surface layers of the mud!?-"4 is by no means proof that 
pogonophores can exist on such food. Many other soft- 
bodied marine invertebrates have been shown to take up 
amino-acids and sugars from very dilute solutions, even 
though they also possess internal digestive systems!*-!8, 
We have not yet been able to show any uptake of glucose, 
and there is the question of very large molecules to 
consider. Nevertheless, it is tempting to suggest that 
although most animals may have some capacity for direct 
absorption of organic matter, the pogonophores have 
developed this capacity to the point where a gut is not 
needed. 
We thank many colleagues for help and advice. par- 
ticularly Professor A, R. Fontaine, Dr C. Manwell and 
Dr D. Nieholls. We also thank Mr A. C. G. Best for the 
electron mierographs and Miss J. Kibble and Mrs B. 
Smith for technical assistance. 
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Epizootic of Simian Haemorrhagic 
Fever 


Two epizooties of simian haemorrhagic fever (SHF) have 
been reported among quarantined Indian rhesus monkeys 
(Macaca mulatta). The first outbreak occurred in July 
1964 at the Sukhumi Institute of Experimental Pathology 
and Therapy, USSR'*; the second occurred in October 
1964 at the US National Institutes of Health (NTH) quar- 
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antine eolony?-*. The virus causing the NIH epizootic was 
isolated in cell culture and characterized®. Although the 
Soviet workers showed that the disease could be trans- 
mitted from monkey to monkey, they have not yet 
isolated the causative agent in either cell culture or small 
laboratory animals. This report describes the isolation in 
cell eulture of the virus causing the Sukhumi epizootic 
and the serological relationship between the viruses 
causing the Sukhumi and NIH outbreaks. 

After isolating the SH F virus strains eausing the NIH 
outbreak we tested sera from monkeys involved in the 
Sukhumi epizootic by a complement fixation test with a 
20x concentrated virus-infeeted cell culture antigen pre- 
pared from the prototype LVR 42-0/M6941 strain. Dr 
Robert J. Huebner kindly supplied us with thirty-six sera 
given to him by Professor V. D. Soloviev (Moscow) and 
Professor B. A. Lapin (Sukhumi). None of these sera 
reacted by complement fixation test. We were not con- 
vineed, however, of the lack of relationship because only 
two monkeys from the NIH epizootic reacted by com- 
plement fixation test. When these sera were checked 
by a more sensitive fluorescent-antibody test (unpublished 
observations of Tauraso, Aulisio and Shelokov) several 
reacted in an unfamiliar way with markedly subdued 
fluorescence. We did not feel that this represented non- 
specific reaction because the fluorescence occurred in that 
part of the cytoplasm and nucleus which we knew con- 
tained the viral antigen. Tt was possible that the reaction 
represented either a low concentration IgG antibody 
or a different class of antibody, possibly the earlier 
appearing IgM. We knew that low concentrations of 
complement fixation antibody oecurred in some moribund 
animals when they were also viraemic®, 

Two of the Sukhumi sera which reacted by fluorescent 
antibody test were then inoculated intramuscularly into 
two rhesus monkeys housed in a specially constructed 
negative-pressure isolator (unpublished observations of 
Tauraso and Shelokov). One of the animals became 
ill 2 days after inoculation with a disease indistin- 
guishable from that seen during the NIH epizootic. 
The seeond animal became ill 19 days after inoculation 
and it was not possible to determine whether its illness 
was caused by inoculation with a very small dose of 
virus or by exposure to the first siek monkey which was 
in the same isolator. The pathological findings in both 
monkeys were similar to those previously deseribed for 
simian haemorrhagic fever occurring at NIH (ref. 4). 

A viral agent which we have ealled the Sukhumi strain 
was obtained from each of these two monkeys when they 
were moribund by isolation in tube cultures of the 
M A-104 embryonie rhesus monkey kidney cell line using 
methods previously described®. After several passages in 
cell eulture the virus eaused typical elinical disease when 
inoeulated into healthy rhesus monkeys and was isolated 
from the serum of these animals. 

The Sukhumi strain was compared with three NIH 
strains, the prototype LVR 42-0/M 6941, LVR 543/654, and 
LVR 42-0/M6941/BS-C-1. TheSukhumi, L VR 42-0/ M6941 
and LVR 543/654 strains produced similar cytopathic 
effects (CPE) in MA-104 cell cultures. The LVR 42-0/ 
M6941/BS-C-1 strain having been passaged in BS-C-1 
cell cultures produced a different CPE in MA-104 cells. 
This was characterized by a more rapid onset, granular 
appearance and lack of refractile cells characteristic of the 
CPE produced by the prototype LVR 42-0/M6941 strain*. 

By fluorescent antibody tagging, specific viral fluor- 
escence was shown both in the nucleus and eytoplasm of 
cells infected with SHF virus. The four virus strains pro- 
duced a similar picture. Their serological similarity was 
shown using the indirect fluorescent antibody technique 
with coverslips of MA-104 cells infected with each of the 
four strains, serum from a monkey surviving infection 
with the prototype strain (LVR 42-0/M 6941) as the source 
of antibody, and fluorescein-conjugated | anti-monkey 


globulin. 
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Table 1. COMPLEMENT-FIXATION TESTS WITH SERUM FROM MONKEY SURVIVING 
INFECTION WITH THE NIH STRAIN OF SHF VIRUS AND ANTIGENS PREPARED 
FROM THE SUKHUMI AND 3 NIH STRAINS 





Antigen 
Antibody SHF virus strain 
SHF No. 1* No.2 No. 3 Sukhumi 
(42-0/M6941) 1024/64 f 512/256 1024/64 2048/128 


* Strain No. 1 = LVR 42-0/ M6941 (prototype strain), No. 2 = LFR 543/654, 
and No, 3= LVR 420/M6941/BS-C-1. 

t Numerator, antibody titre; denominator, antigen titre (as determined by 
block titration)’. 

Table 2. PROPERTIES OF SHF VIRUS* 

RNA 
«50 my 
Chloroform sensitive 
Acid (pH 3-0) labile 
Heat (50° C) resistant 
Increased heat inactivation in presence of divalent cations. 


* Studies performed on prototype strain; LVR 42-0/M6941. 


Table 1 shows the results of complement-fixation tests 
using immune monkey serum containing antibody to the 
prototype strain and the twenty times eoncentrated cell 
culture antigen previously deseribed*. The Sukhumi 
strain could not be distinguished from the other strains 
in this ‘‘one-way-cross’’. 

We conclude that the virus which caused the Sukhumi 
outbreak of SH F is similar to the virus strains that caused 
the NIH epizootic. The prototype virus strain (LVR 
42-0/M6941) has been more completely characterized*. 
Table 2 summarizes the properties of the prototype SHF 
virus strain. 

Although the Sukhumi serum samples travelled half 
way around the world we had no difficulty im isolating a 
virus from them. This stresses the potential danger in 
transporting specimens containing hazardous agents. The 
fact that two epizooties of SH F resulted from importation 
of rhesus monkeys from the same area in India to two 
distantly separated places in the world emphasizes again 
the known potential dangers involved in the transport 
and introduction of animals from one area to another. 
The more recent case in Germany*-? of fatal human disease 
resulting from contact with monkeys (Cercopithecus 
aethiops)* recently imported from Africa is a most 
dramatie and sad illustration of what would happen if 
the infectious agent is also communicable to man. 

We thank Professor V. D. Soloviev, Professor B. A. 
Lapin, Dr Z. V. Shevtsova and Dr Robert J. Huebner 
for the sera from monkeys involved in the Sukhumi 
epizootic, and George E. Coghill and Michael J. Klutch 
for technical assistance. 
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Influence of Temperature on the 
Isometric Myograms of Cross Inner- 
vated Mammalian Fast Twitch and 
Slow Twitch Skeletal Muscles 


THE operation of cross innervation of mammalian skeletal 
museles has been described before*? together with the 
observation that as a result of this procedure the normally 
fast twiteh skeletal muscles contract more slowly and the 
usually slow twiteh muscles contraet more rapidly. 
Although, as a result of cross innervation, fast twitcl 
muscles slow to an extent which renders their isometric 
twitch contractions indistinguishable from those of normal 
or self reinnervated slow twitch muscles, the contraction 
characteristies of cat cross innervated slow muscles have 
never been observed to become as rapid as in normal or 
self reinnervated fast twitch muscles. In addition, while 
the values of the tetanus twiteh ratios of cross innervated 
fast muscles fall within the range found in normal mam- 
malian muscles, the tetanus twitch ratio values of cross 
innervated slow twitch muscles are almost invariably 
high'?. The cats on which these previous observations 
were made had been left for periods averaging approxi- 
mately 1 yr between the aseptic operation and the final 
observations. It seemed possible that after a longer 
interval there might be a more complete transition of the 
slow twitch muscle. We have therefore studied three cats 
on which the cross innervation operations had been 
performed between 4 and 5 yr earlier, In two cats cross 
innervation of soleus (a slow twitch muscle) and flexor 
hallucis longus (FHL, a fast twitch muscle) had been 
performed, while in the third cat flexor digotorum longus 
(FDL) was used instead of FHL. The transition of all 
three fast muscles was complete: their times to peak 
tension had lengthened approximately three-fold to values 
found for normal soleus muscles. Their tetanus twitch 
ratios were also normal. averaging 4-6 (range in normal 
muscles, 4:0-6-9. mean 5-4). Even after 4 yr. however, 
the cross innervated slow twitch muscles were unambigu- 
ously different from normal fast muscles (Fig. 1). The 
times to peak tension had only fallen to approximately 
half the values found in the control muscles, and the 
tetanus twitch ratios were still high, averaging 7:0 
(range in normal muscles, 3-6-5-7, mean 4-5). It therefore 
seems likely that in the cat the eross innervation of 
normally slow twitch mammalian muscle cannot produce 
a muscle with characteristics similar to normal fast 
muscle. It is, however, interesting that the characteristics 
produced are very similar to those observed in the soleus 
muscles of kittens within a week of birth?^*. 

Tt has been shown that the isometrie twitches of normal 
mammalian fast and slow twiteh muscle behave differ- 
ently if their temperature is lowered from 38° C to 28° C 
(ref. 5). While the times to peak tension of both types of 
muscle are lengthened the maximum twitch tension of 
fast twitch muscles increases by approximately 25 per 
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Fiz. 1. Superimposed maximum isometric twitch contractions o£ self 
reinnervated and cross innervated FDL muscles (left hand side) and 
soleus muscles (right hand side) 4 vr a operation. The faster of the 
two FDL contractions is the self reinnervation as is the slower of the 
two soleus contractions, The amplifier gain has been adjusted to make 
the sizes of the twitch responses similar. Note the obvious difference 
between the self reinnervated FDL and the cross in vated soleus 
muscle, as compared with the more similar cross innervated PDL and self 
innervated soleus. 
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Fig. 2. The effect of cooling from 38° € to 28° € on the maximum 


isometric twitch contractions of self reinnervated (left hand column) 

and cross innervated (right hand column) FDL muscle (upper line) and 

soleus muscle (lower line). In all cases the slower twiteh was obtained at 

28^ C, Whereas a fall of temperature increases the amplitude of the 

self reinnervated FDL (as in normal muscle), it produces a smaller 
twitch in cross innervated FDL. 


cent while the maximum twitch tension of slow muscles 
decreases by approximately 20 per cent. The effect of 
a 10° C fall of temperature on the cross innervated muscles 
described here was therefore studied. The results ob- 
served were similar in all three animals and are illustrated 
in Fig. 2. In all cases the maximum twitch amplitude 
of cross innervated fast muscle fell with decrease in tem- 
perature, a behaviour that has never been observed with 
normal or self reinnervated fast muscle. The average 
decrease in maximum twitch amplitude was 11 per cent. 
The three cross innervated slow muscles also showed a 
decrease in the maximum twitch amplitude at 28° C as 
compared with 38" C, as is seen in normal slow muscle; 
the reduction averaged 7 per cent. With gradual cooling. 
however, a transient increase in the twitch size of two of 
the three cross innervated slow muscles was noted at 
temperatures near 35? C. Such an observation has not 
been made on normal slow muscle and requires further 
investigation. In line with the behaviour of normal 
muscles* a decrease of 10? C from 38? C to 28? C did not 
alter the maximum tetanie tension developed by the cross 
innervated muscles by more than 5 per cent. 

These observations lend further support to our sugges- 
tion that while cross innervation in the cat can cause 
previously fast twiteh muscle to behave like normal slow 
twiteh muscle, it cannot cause previously slow twitch 
muscle to perform like normal fast twitch muscle. 
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Formation of Plant Cell Wall 
Polysaccharides 


Tux study of plant cell wall formation has led to investiga- 
tions of polysaccharide biosynthesis in cell-free systems!-*, 
Those systems which have been studied have certain 
common. properties: they are all particulate enzymes; 
they are all relatively unstable; and those for which the 
specificity of the substrate has been determined are known 
to utilize a single sugar nucleotide?^, Detailed charac- 
teristics have been reported in some cases*:?, but there is 
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little information which serves to organize these data into 
& working hypothesis concerning the mechanism of 
cell wall formation. This report supports the hypo- 
thesis that the various polysaccharide-synthesizing 
enzymes originate from a single type of organelle. 
Furthermore, sedimentation properties suggest that this 
organelle is the plasma membrane. 

The preparation of polygalaeturonie acid synthesiz- 
ing enzyme has been deseribed previously*. The other 
polysaecharide-synthesizing enzymes were prepared 
in the same fashion. The assay for polysaccharide synthesis 
has also been described’. 

Phaseolus aureus seeds were rinsed in a 1 per cent 
*Chlorox' solution for 30 min, soaked in distilled water 
for approximately 12 h, and were then allowed to germin- 
ate in moist ‘Vermiculite’ for 3 days at 25?-26? C. The 
stems of green onions were excised with a razor blade at 
0° C and were homogenized by chopping with a razor 
blade in a cacodylate buffert’, 

A linear sucrose density gradient was prepared in a 
two-chambered gradient mixer.  Homogenizing buffers 
containing 0-5 M and 1:5 M sucrose, respectively, were 
the density extremes of the gradient. Particulate enzyme, 
that fraction from 44 g of shoots which sedimented in 
30 min with forces between 121 and 15,000g, was re- 
suspended in 4 ml. of homogenizing buffer and layered on 
48 ml. of the density gradient. The gradient was centri- 
fuged for 15 min at 10,000g. Fractions (3 ml) were 
removed from the bottom of the gradient, diluted with an 
equal volume of homogenizing buffer, and were centrifuged 
at 40,000g for 30 min. The pelleted material was resus- 
pended in 1 ml. of 0-05 M cacodylate, pH 6-8, containing 
1 per cent albumin, 0-4 M. sucrose, 0-002 M MnCl, and 
0-002 M MgCl, Aliquots of these suspensions (10 ul.) were 
reacted with 10 ul. of the appropriate radioactive nucleo- 
tide sugar and were analysed for polysaceharide formation 
as previously described’. 


Table 1. POLYSACCHARIDE SYNTHESIZING ACTIVITY IN PARTICULATE FRAC- 
TIONS OF Phaseolus aureus 
Substrate Centrifugal fractions 
Expt 1 121-15,000g7  15.000—40,000g 40,000-100,000g 
(per cent) (per cent) (per cent) 
UDPGalA 7 15 8 
UDPGal 74 15 1 
GDPG 74 16 10 
UDPG 61 14 25 
Expt 2 121- 1,000- 10,000- 20,000- 40,000- 
1,000g 10,000g 20,000g 40,0007 — 100,000g 
(per cent) (percent) (percent) (percent) (per cent) 
UDPGalA 14 44 12 13 17 
UDPGA 11 i4 13 12 20 
UDPGal 15 22 19 20 14 
GDPG 1i 31 15 t7 24 
UDPG* 15 37 20 20 8 
UDPG*t $ 9 10 I4 59 


* Alkali insoluble. 

+ Alkali soluble. 

It has been shown that in the conditions used in this 
study the only polymer formed from UDP-galacturonie 
acid is polygalaeturonie acid‘, from UDP-galactose 
galactan*, from GDPG cellulose. From UDPG several 
products are formed—-a polysaccharide soluble in alkali 
and presumably ecallose!; a polysaccharide material in- 
soluble in alkali, a glucan or mixture of glucans, the 
units of which are chiefly 8-1,4 linked’; and a glucolipid 
of unknown structure (C. L. Villemez, B. Vodak and P. 
Albersheim, unpublished results). The polymeric material 
formed from UDP-glucuronic acid has not yet been charac- 
terized. We have compared the synthesis of several poly- 
saccharides with respect to the amount of enzyme activity 
found in various particulate fractions (Table 1). In these 
conditions, no enzyme activity is detected in the 105g 
supernatant solution. The percentages reported in Table 1 
therefore represent the proportion of total enzyme activity. 
The proportion of the synthetase activity for all of the 
polymers except the polysaccharide soluble in alkali 
formed from UDPG is the same in each centrifugal frac- 
tion (Table 1). When the polymerie material formed 
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from UDPG is separated into alkali soluble 
and alkali insoluble fractions (Table 1, 
experiment 2), it is clear that the formation 
of material soluble in alkali, presumably 
callose, is catalysed primarily by the lightest 
particulate fraction. This contrasts with 
the other polymers, including the alkali 
insoluble polymer formed from UDPG, 
which are synthesized primarily by the 
heavier particles. In separate experiments 
(C. L. Villemez, B. Vodak and P. Albersheim, 
unpublished results) the proportion of 
glucolipid formed from UDPG by the 
various particulate fractions was found 
to have a pattern similar to that for the 
formation of polygalacturonie acid. 

Similar results are obtained by centrifug- 
ing resuspended particulate enzyme layered 
on a 0:5-2-0 M continuous sucrose gradient 
(Fig. 1). In these conditions enzyme activity 
is found only in the pellet at the bottom of 
the tube and at the interface between the 
layered material and the sucrose gradient. 
Essentially no enzyme activity is found in 
the gradient itself. The ratio of the amounts 
of enzyme activity found in these two 
positions is very similar for all the sub- 
strates except UDPG. The higher propor- 
tion of polymer formed from UDPG in the 
lighter fraction is probably a result of the 
formation of callose, as was the case in the previous 
experiment (compare Table 1). 

More correlations of this type were found during 
attempted purification of these particles. Sedimentation 
through various density gradients of sucrose, ‘Ficoll’ and 
D,O results in similar, but much more complex, patterns 
of enzyme activity for all of the polymerizations, except 
callose formation. This correlation was evident even 
when multiple peaks of enzyme activity appeared within 
a single gradient. Purification could not be unequivocally 
shown, however, because the enzymes are partially in- 
activated by the procedures of purification. 'The extent of 
inactivation is roughly proportional to the expected 
purification, as determined by the percentage of protein 
removed from the peaks of enzyme activity. 


CPM, 
4.000, 






Fig. 1. 


Tavle 2. POLYGALACTURONATE BIOSYNTHESIS BY PARTICULATE FRACTIONS 


FROM ONION STEM 


Centrifugal fraction Enzyme activity 
(g) Expt 1 Expt 2 
(per cent) (per cent) 

30 35 

121 29 

270 18 

1,475 16 
8,000 97 

10,000 2 
17,000 3 
,000 0 


Beeause techniques for purifying the polysaccharide 
synthesizing complex are unavailable, it is impossible to 
determine definitely its point of origin in the intact plant 
cell. Some insight, however, can be gained by discovering 
the maximum size of the particle which ean be isolated. 
This is accomplished by (a) preparing the enzyme system 
from a source (onion stems) the membranes of which 
appear more stable than most'!!, (b) using a homogenization 
medium?!? which reduces fragmentation of subcellular 
organelles, and (c) using a method of homogenation 
(chopping with a razor blade) in which shear is minimal. 
Typical results of these experiments are shown in Table 2 
—essentially all the enzyme activity is sedimented by a 
force of 1,474g. More than a third of the total synthetase 
activity is found in the heaviest particulate fraction, that 
sedimented by a force of 30g. Microscopic examination 
revealed no intact cells in any fraction. Neither prepara- 
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Particulate enzyme was prepared and layered on a sucrose gradient as deseribed 
in the text, After centrifugation, samples were collected from the bottom of the gradient 
and diluted. The particulate enzyme in each fraction was sedimented and resuspended 
as described in the text. 


assayed for polysaccharide synthetase activity using the sugar nucleotides indicated 


Each sample, including the pellet from the gradient. was 


as substrates. 


tions of proplastids nor of cell walls from this source 
have detectable enzyme activity. If the enzymes are 
prepared in similar fashion from P. aureus seedlings, 
considerably less force and time than that indicated in 
Table 1 are required to sediment enzyme activity, but 
some activity remains in every particulate fraction. 

The hypothesis that the polysaccharides of plant cell 
walls are formed by a class of subcellular organelle* is 
supported by the correlations presented in Table | and 
Fig. 1. The only enzyme system synthesizing polysac- 
charides which does not fit this pattern is the callose 
enzyme, which suggests that this enzyme may not be a 
part of the subeellular entity which synthesizes cell wall 
polysaecharides. Observations that callose does not con- 
stitute a significant portion of the normal plant cell wall 
agree with this suggestion? ?, An alternative explana- 
tion is that the subcellular particle has fragmented. In 
this event, the smaller fragments might possibly retain 
activity for only certain enzymes, for example, callose 
synthetase. 

In addition to general handling properties of these 
enzymes, the occurrence of some degree of polysaccharide- 
synthesizing enzyme activity in every particulate 
fraction (Table 1) suggests that they originated from 
a membranous organelle which is fragmented in prepara- 
tion procedures. 

It has been reported that intact golgi apparatus can 
be prepared from onion stems''. Because golgi are very 
fragile membranous structures, almost impossible to 
isolate intact from most tissues, their successful isolation 
from onion stems suggests that this tissue may have more 
stable membrane structures than others. Polysaecharide 
synthesizing enzymes were therefore prepared from this 
tissue using mild procedures. No significant polysac- 
charide synthesizing activity was found in the 10,000- 
17.000g fraction which has been reported to contain the 
golgi''. This finding does not agree with the suggestions 
of Pickett-Heaps and others that the golgi are the site of 
cell wall polysaccharide synthesis!*!5, Our results (Table 
2) show that the organelle responsible for synthesizing 
cell wall polysaccharides is very nearly as large as the 
individual cells. Because microscopic examination of the 
homogenate, however, revealed no intact cells and purified 
preparations of proplastids and cell walls were inactive, 
the most likely source of the cell wall polysaccharide 
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synthesizing particles appears to be the plasma mem- 
brane. 
This study was supported in part by a grant from the 
US Atomic Energy Commission. 
C. L. VILLEMEZ* 
J. M. McNaB T 
P. ALBERSHEIM 
Department of Chemistry, 
University of Colorado, 
Boulder, Colorado. 


Received December 5, 1967; revised April 1, 1968. 


* Present address: 
Ohio 45701, USA. 

+ Present address: 
Scotland. 


Department of Chemistry, Ohio University. Athens, 


Department of Chemistry, University of Edinburgh, 


! Feingold, D. 5., Neufeld, E. F., and Hassid, W. Z.. J. Biol. Chem., 288, 783 
(1958). 

* Mx NI A., Elbein, A. D., and Hassid, W. Z., J. Biol. Chem., 289, 1056 
(1904). 


* Brummond, D. A., and Gibbons, A. P., Biochem. Z., 842, 308 (1965). 

* Villemez, C. L., Lin, T. Y., and Hassid, W. Z., Proc. US Nat. Acad. Sci., 
54, 1626 (1965). 

? Villemez, C. L., Swanson, A. L., and Hassid, W. Z., Arch. Biochem. Biophys.. 
116, 446 (1966). 

* Bailey, R. W., and Hassid, W. Z., Proc. US Nat. Acad. Sri., 56, 1586 (1966). 

z us C. L., Franz, G., and Hassid, W. Z., Plant Physiol., 42, 1219 

g MD M., Villemez, C. L., and Albersheim, P., Biochem, J.. 108. 355 

* Villemez, C, L., McNab, J. M., Grimes, W. J., and Albersheim, P., Fed. 
Proc., 28, 805 (1967). 


w Jensen, R. G., and Bassham, J. A., Proce, US Nat. Acad. Sci., 56. 1095 
(1966). 


1! Morre, D. J., Mollenhauer, H. H., and Chambers, J. E., Ezp. Cell Res.. 88. 
672 (1965). 

R Aspinall, G. O., and Kessler, G., Chem. and Indust., Lond.. 1296 (1957). 

's Kessler, G., Ber. Schweiz. Bot. Ges., 68, 5 (1958). 

1 Pickett-Heaps, J. D., Protoplasma, 84. 49 (1967). 

u Whaley, W. G., and Mollenhauer, H. H., J. Cell Biol.. 17. 216 (19683). 


Steroid 3ß-ol-Dehydrogenase Activity 
in the Cyclostome Gonad 


HISTOCHEMICAL techniques for the localization of the 
enzyme steroid 38-ol-dehydrogenase have been widely 
used to demonstrate the sites of cellular steroidogenesis. 
In mammals this enzyme has been demonstrated in the 
adrenal cortex, gonadal interstitium and placenta, and 
in non-mammalian species positive reactions have been 
observed in the somatic gonadal tissues of birds!?, 
reptiles?, elasmobranchs‘ and teleosts*-?. So far no studies 
of this kind seem to have been made on the gonads of the 
primitive agnathans. 

In the testis of the river lamprey, L. fluviatilis, endocrine 
activity has been attributed to the interlobular tissue, 
which undergoes a cyele of development during sexual 
maturation’, comparable with that of the vertebrate Ley- 
dig cells. During the earlier phases of spermatogenesis in 
the autumn, the interstitial tissue consists of isolated inter- 
lobular connective tissue elements, and throughout the 
winter these appear to increase in number, while their 
cytoplasm develops small osmophilic and sudanophilic 
granules. In the later stages of spermioteleosis in early 
spring, the testis interstitium accumulates large areas of 
lipid and cholesterol positive droplets. 

Tests for the presence of the enzyme have been carried 
out on the lamprey testis throughout the period from 
October to April, and on the ovaries of sexually mature 
females. After freezing the tissue on solid CO,, sections 
cut on the cryostat were subjected to the procedures 
described by Galil and Deane? and incubated in a medium 
containing dehydroepiandrosterone, together with DPN 
and nitro-BT. A positive reaction was indicated by the 
appearance of discrete formazan granules within the 
lipid droplets in both ovary and testis, but in the former 
a distinct blue or purple staining was also observed. 
Removal of free lipid after incubation, by treating the 
sections with mixtures of ether and aleohol, left the 
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formazan deposits intact at the sites of deposition. In 
the testis, formazan deposition was usually confined to the 
interlobular areas where the interstitial cells occur, and 
in the ovary the most intense reactions were observed in 
the granulosa cells. During the period from October to 
December, when, for the most part, the male germ cells 
are In the spermatogonial or primary spermatocyte stages, 
only weak reactions were obtained. In February and early 
March, more marked reactions were observed, although 
enzyme activity at this time showed considerable vari- 
ability from one animal to another. Later, in March and 
early April, when spermatozoa are present, positive reac- 
tions were more general, although tending to be less 
intense. 

These observations apparently provide the first direct 
evidence of steroid biosynthesis in the interlobular tissue 
of the lamprey gonad and tend to confirm the homology 
of this tissue with the vertebrate Leydig cells. 


M. W. Harpisty 
K. BARNES 
School of Biological Seiences, 
Bath University of Technology. 


Received March 25, 1968. 


! Chieffi, G., and Botte, V., Experientia, 21, 16 (1965). 

2 Mtr d J., Gyóri, E., and Alvarez, R., Gen. Comp. Endocrinol., 2, 292 
(is ^ 

? Arvy, L., CH. Acad. Sei., 255, 1803 (1962). 

* Della Corte, E., Botte, V., and Chieffi, G., Atti, Soc. Pelorit, Set. Fis. Mat. 
Nat., 7, 393 (1961). 

* Bara, G., Gen. Comp. Endocrinol., 5, 284 (1065). 

* Bara, G., Anat. Rec., 52, 449 (1966). 

! Lambert, J. G. D., Experientia, 22, 476 (1966). 

* Hardisty. M. W., Rothwell, B., and Steele, K., J. Zool., 192, 9 (1907). 

“Galil, A, K. A.. and Deane. H. W., J. Reprod, Fert., 11, 333 (1960). 


Intraspecific Relations of Insects 

living in Groups 

THE modern idea of a species as a whole system is charac- 
terized by particular relations between members of the 
species. Thus the reactions of individual members of 
a population to external forees are different from the 
reactions of the whole population. The dependence of 
the behaviour and way of life of invertebrates on the 
interactions between members of a population has not 
often been investigated. It has been considered more 
often with reference to the theory of intraspecific competi- 
tion and the principle of Malthus. 

It is very interesting to examine intraspecific relations 
which are clearly seen, for example, between insects 
which live in groups but which have not yet reached a 
high level of specialization or morphological differentia- 
tion such as the social insects have reached. Until 
recently neither the advantages of the group life of some 
butterfly larvae nor the reasons for such a way of life had 
been much studied, and authors who had taken up the 
question had not provided any explanation!~5, 

We have studied the larvae of Nygmia phaeorrhoea 
and Galleria mellonella, which live in groups. The former 
hibernate in common nests, and at other times of the year 
remain near the nest during the day and return to it in 
the evenings. Larvae of Galleria mellonella also live in 
groups, consisting of some scores of caterpillars living 
in empty pieces of honeycomb. Ocneria dispar larvae, 
which remain independent from birth, were used for 
comparison. 

We found that the most important factor which determ- 
ines the group way of life is temperature. In the spring 
of 1952 we measured the atmospheric temperature of 
winter nests containing caterpillars (live nests), and of 
empty winter nests (dead nests) of Nygmia phaeorrhoea. 
We also measured the temperature of the group of cater- 
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pillars surrounding the nest and the body temperature 
of a single caterpillar of the species Galleria mellonelia. 
Atmospheric temperature was measured with a decimal 
seale thermometer; nest temperature was measured with 
a thermocouple. 

Fig. 1 shows that the temperature of groups of larvae 
is always higher than the atmospheric temperature, 
except when the atmospheric temperature is so low that 
the caterpillars freeze. Comparison of the temperature of 
live and dead nests shows that the difference is a conse- 
quence not only of the physical conditions of the nest but 
also of the internal warmth generated by the movement 
of the caterpillars. These two factors determine the 
microclimate of the nest which favours the emergence 
of the caterpillars from their immobile state before the 
temperature increases in the spring, and also provide the 
required conditions for increased activity (movement and 
feeding). Fig. 2 shows that the temperature of groups of 
caterpillars of Galleria mellonella is greater than atmo- 
spherie temperature, a phenomenon first observed by 
Reomur and later by others. Such problems as the degree 
of constancy of temperature in groups of caterpillars, 
the extent of the independence of atmospheric tempera- 
ture and of the temperature of the body of the larva have 
not, however, been studied. 

We have carried out some tests to determine the 
advantage of life in groups over the individual way of life. 
Caterpillars were kept both singly and in groups, and we 
found that those which were in groups developed more 
quickly and weighed more than those living singly. On 
the thirteenth day larvae raised in groups were 50 per 
cent heavier than those raised singly; on the twenty- 
third dav they were 47 per cent heavier. but on the 


thirty-third day larvae in groups were only 8 per cent 
heavier than larvae which had been raised singly. 

These results suggested a difference between the inten- 
sity of metabolism in single and grouped caterpillars. We 
determined the metabolic rate, in terms of intensity of 
respiration, using Crog-Barkfort respirometers. Single 
larvae of Nygmia phaeorrhoea and Galleria mellonella 
and groups of caterpillars (two to ten individuals) were 
placed in each respirometer. The tests showed that the 
metabolie rate of caterpillars in groups was always lower 
than that of those living singly. The results of the 
experiments with Ocneria dispar, however, which lived 
singly, did not fit into this scheme. "The metabolie rate 
was always higher in the members of groups than in 
individuals living alone. Experimental conditions we 
unnatural for the larvae and resulted in more intensive 
movement, so that there was an increase in the metabolic 
rate (Table 1). This confirmed that the individual way of 
life is not ideal for insects which usually live in groups. 
The small thermal effect (increase in body temperature) 
shown by ten to twelve caterpillars placed in a respiro- 





Table 1, AMOUNT OF OXYGEN/G OF THE LIVE WEIGHT (MM*/H) 
Experi- i 
No.of mental Single 96 


experi- tempera- Group larvae Increase Remarks 


Species, age 
ments ture (°C) 


Nygmia phaeorrhoea : 
Second instar 40 il 598 1,130 80-1 Unmovable 
Third instar 80 1i 309 344 113 
Fourth instar 80 il 466 598 28.4 
Fifth instar 40 ii 276 338 22-4 
Sixth instar 20 iW 180 223 23-9 
Galleria mellonella 
Third instar 26 25 4,008 6,095 52-0 
Ocneria dispar 
Fourth instar 40 ii 607 587  —33 Movable 
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Table 2. AMOUNT OF OXYGEN/G LIVE WEIGHT (MM'/H) 


Respiro- 
wae i Respiro- meter 3, Respiro- 
Respiro- Respiro- meter ł, Respiro- cater- Respiro- meter 4, 
Recur- meter 1, meter 2, cater- meter 3, pillar meter 4, cater- 
rence cater- cater- pillars] cater- 3anda cater-  pillar4 
pillar 1: pillar2 and2  pillar3 stuffed pillar4 anda 
together cater- glass 
pillar pipe 
1 4,073 4,732 2,750 4,799 2,832 4,501 4,578 
H 4,658 4,209 2,269 4,801 2,630 4,689 4,670 
HI 4,900 4,789 3,016 4,699 2,920 4,599 4,610 
iv 5,010 4,666 2,501 5,010 2,316 5,200 5,130 


meter suggested that the aggregation of the members of 
some insect species is an inherited reaction to low tempera- 
tures. 

We have carried out some experiments to confirm this 
idea. We determined the metabolie rate of individual 
caterpillars in four respirometers. The caterpillar from 
the second unit was then placed in the first unit, a stuffed 
caterpillar was placed in the third unit and a glass pipe 
was connected to the fourth unit; we then determined 
the metabolic rate again. Larvae of Galleria mellonella 
were used. The results (Table 2) show that the metabolic 
rate decreased when we placed a second caterpillar in the 
respirator and even when a stuffed one was used, although 
the temperature did not change. The glass pipe had no 
effect on metabolism. 

All these experiments confirmed that the changing 
rate of metabolism in insect larvae is a result of reflectory 
control of metabolism, and the aggregation is an inherited 
behavioural reaction whieh depends on environmental 
conditions. The most important of these conditions is 
probably the decrease in temperature which becomes the 
necessary factor for optimum living of experimental 
insect species. 
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Fermentative Digestion in the Stomach 
of Hippopotamus amphibius 
(Artiodactyla : Suiformes) and 
Associated Ciliate Protozoa 


No mammals secrete a cellulase and therefore herbivorous 
mammals rely on their association with cellulolytic miero- 
organisms to utilize their foods fully. Carbohydrates are 
fermented in regions of the digestive tract where a large 
bulk of food is retained for a considerable period of time 
and where micro-organisms occur. The chief products of 
fermentation are volatile fatty acids, carbon dioxide and 
methane. The volatile fatty acids are an important energy 
source for the herbivore. 

Fermentation chambers may arise by the enlargement 
of the stomach and its division into compartments, as in 
the ruminants, or by enlargement of the colon or caecum. 
Stomach fermentation has been found in diverse groups of 
mammals other than the ruminants, for example, Colobus 
monkeys, some marsupials! and the sloth, Choloepus 
hoffmanni*. 

Another mammal in which stomach fermentation has 
been suspected is the hippopotamus, H. amphibius, 
which has an enlarged compartmental stomach'?. More- 
over, Dinnik et al.* mention the presence of ciliate protozoa 
in the stomach contents. 
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The stomach contents of Hippopotamus amphibius have 
been examined for the pH, volatile fatty acid concentra- 
tion and presence of ciliate protozoa. The hippopotamuses 
were obtained from the Queen Elizabeth National Park, 
western Uganda. They were shot at about 7-8 a.m. 
when they returned to the water after overnight grazing, 
and were available for investigation about 2-3 h after 
death. 

The stomach of the hippopotamus has four chambers, 
of whieh only the posterior chamber contains gastrie 
juice. The fermentation chambers consist of a large 
horizontal chamber lying anteriorly in the body cavity 
and bearing two large diverticula at its anterior end. These 
chambers are filled with grass and the contents are much 
dryer and less finely divided than in a ruminant. The 
mucosa of the diverticula and the upper part of the 
horizontal chamber forms papillae which may be more 
than half an inch in length. 

The contents of the horizontal chamber and the diverti- 
cula are weakly acidic. Samples of stomach liquor taken 
about 2 h after death had pH values of 5-5-7, This pH 
value is rather low, probably because of the post-mortem 
build-up of fermentation products. Also, the fermentation 
rate would have been very high at the time of death, 
following overnight grazing. The pH of the contents of 
the posterior chamber was about 2. 

The following preliminary results for volatile fatty acid 
concentrations were obtained from seven hippopotamuses. 
The liquid in the diverticula contained between 110 and 
170 mequiv. of total volatile fatty acids per litre. In the 
horizontal chamber the range was 60-180 mequiv./L., in 
the posterior chamber it was 25-55 mequiv./l. and in the 
small intestine it was 6-37 mequiv./l. In the living 
animal, concentrations are probably somewhat lower. 
The results, however, show clearly that carbohydrate 
fermentation is taking place, producing volatile fatty 
acids in large quantities. 

The resemblance of the horizontal chamber and the 
diverticula with fermentation chambers of ruminants and 
perissodactyls is further accentuated by the presence of 
numerous bacteria and ciliate protozoa. The ciliates 
are most numerous in the lower part of the left diverti- 
culum. "Very few are found in the posterior chamber, 
and they appear to be dead. 

These ciliates have not yet been described fully, for 
Dinnik et al.* merely mention their presence. They are 
interesting because some resemble those found in the 
rumen of ruminants and others resemble those found 
in the caecum and colon of perissodactyls. They are 
referable to Buetschliidae, Paraisotrichidae, Isotrichidae. 
Blepharocorythidae and Entodiniomorphida. Most are 
new genera or new species: detailed descriptions will be 
given elsewhere. The Entodiniomorphida are represented 
by two new genera which appear to be relatively little 
evolved, and therefore allow a better understanding of the 
evolution of the group. One genus resembles Entodinium. 
but has a more prominent eiliophore and may be con- 
sidered tentatively as a transition step from Ophryos- 
colecidae to Cycloposthiidae. The other genus is a true 
Cycloposthiidae but is more primitive than previously 
known genera, because it has a single posterior ciliary 
tuft. This ciliate ingests small fragments of vegetable 
matter, as do the well known cellulolytie Ophryoscole- 
cidae. 

The presence of ciliates in the digestive tract of 
ungulates appears to be a very ancient phenomenon. 
During the course of evolution, the hippopotamus has 
preserved a fauna composed of members from many 
different families, whereas the Ruminantia, Perissodactyla 
and Proboscidea now have a fauna much less diversified, 
as far as families are concerned, but more highly evolved, 
especially as regards the genera and species of Ento- 
diniomorphida. 

We thank the Uganda National Parks for allowing 
access to the hippopotamuses during cropping programmes 
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in the Queen Elizabeth National Park, and the Nuffield 
Unit of Tropical Animal Ecology for the use of laboratory 
facilities in the park. 
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Temporal Reversal of Land Effect 
Colour Rules 


LreTTVIN! has reviewed the central facts of colour con- 
stancy, colour contrast, Mach bands*, colour adaptation, 
colour brightness? and the Land effect'. 
He formed a hypothesis to accommodate 
these phenomena in a single law. The 
only temporal effects he considered were 
adaptations of the type which produces 
after-images. The chief postulate that 
enabled Lettvin to accommodate the Land 
effect was that “subjectively brighter than 
adaptation level, L", is equivalent to “sub- 

jectively yellower than L”; and "subjec- d 


tively dimmer than L” is equivalent to gu 
“subjectively bluer than L”, as long as sa } __ 
these relations are applied locally and only Su. 


in aperture mode. There can be no sharp N 
line boundaries between adjacent colour 
patches the subjective colours of which are 
governed by the equivalences. 

We felt that interactions among bound- 
ary mechanisms, adaptation mechanisms, 
the Lettvin static equivalences and tem- 
poral colour mechanisms should be investi- 
gated. We hoped that time domain effects 
could be exchanged for spatial adaptation 
effects to study the curious yellow-blue 
asymmetry in Lettvin's equivalence rela- 
tions, 

First a case was found where the Lettvin equivalent of 
“subjectively dimmer than L' was reversed from “sub- 
jectively bluer than L” to “subjectively yellower than L”. 
This was a glossy finish cardboard disk painted with 
cerulean blue and medium hansa yellow (approximately 
sodium yellow) Testor’s high saturation artist's dope 
(Fig. 1). The disk was mounted on a motor shaft by 
acrewing a wing nut tightly against the face of the disk 
B0 that its wings were permanently aligned along colour 
boundaries as shown in Fig. LA. The disk was next levelled 
outdoors under a direct February noon Sun so that the 
wing nut cast a sharp shadow on the disk which was 
about twice as long as the height of the wing nut. 

Bringing the disk up to speed under the control of a 
rheostat, it was observed that well before sector flicker 
was lest (about 900 r.p.m.) the western lebe of the wing 


Fig. 1. 





Rotating disk experiment. 
yellow; E, east; 
unsaturated tan; b, saturated dark blue; y, slightly unsaturated bright yellow. 
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nut shadow turned a saturated dark blue and the eastern 
lobe a slightly unsaturated bright yellow. The regions 
of these colour effects are outlined in Fig. 14. At all 
rotation speeds between flicker fusion and 1,500 r.p.m. 
(when each point on the disk's retinal image records the 
same colour quadrant for about 10 ms), the two coloured 
shadow lobes maintained their strikingly bright, constant 
appearance and the rest of the disk looked a light tan. 
'The effect is reproducible in a fluorescent lit room with a 
flashlight replacing the Sun. 

The point of rotating the wing nut with the disk was 
to diffuse its shadow boundaries and thereby approach 
an aperture mode experiment in which no relevant colour 
adaptation was present. With each half disk revolution, 
the western shadow lobe reached its greatest extent 
against a yellow background, and the eastern lobe its 
greatest extent against a blue background. The dimming 
effect in the western lobe produced subjective blue as 
expected, but the dimming effect in the eastern lobe gave 
a subjective yellow approximately the complement 
of both the blue in the western lobe and the blue of the 
blue dope. This yellow was more yellow than the light 
overall colour of the rotating disk. It was yellower than 
any possible adaptation colour even though it occurred 
in a shaded region. 

We suspected that the two lobe colours were simply 
complements of the disk background colours against 
which their associated shadows reached their greatest 
size. To confirm this, red and green were substituted 
for yellow and blue on another disk, and complementary 
colours were produced by rotation. 

Apparently the Lettvin equivalences did not apply to 
temporally diffused shadows on rotating disks. The new 
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Static legend: B, saturated blue; Y, saturated 


W, west. Rotation legend: solid colour at high rotation speed, slightly 


effects reported here await a detailed physiological 
explanation together with the growing list of other 
temporal colour effects. 
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Rous Sarcoma in Baboons: Development 
of Tumour in an Uninoculated Animal 
treated with Cortisone 


INVESTIGATIONS are now in progress in this laboratory to 
elucidate the mechanism of tumour formation induced by 
the Schmidt-Ruppin strain of RSV (supplied by Dr 
Robert Holdenried, National Cancer Institute, National 
Institutes of Health, Bethesda, Maryland) in baboons 
(Papio sp.)'. To enhance the oncogenic potential of the 
virus a number of animals were placed on a regimen of 
celestone (B-methazone-21-phosphate) throughout the 
experiment at a dose of 3 mg/kg/day (supplied by the 
Schering Corporation, Bloomfield, New Jersey) For 
contro] purposes, animals of similar age were placed on 
this cortisone regimen but were not inoculated with RSV. 
This report is concerned with development of a tumour 
and subsequent death of an immature baboon treated 
with cortisone but not inoeulated with RSV. This animal 
was maintained, however, in the same rooms with the 
other baboons which developed tumours as a result of 
moculation with RSV. 

About 170 days after the first inoculation of RSV into 
baboons and 140 days after the appearance of the first 
tumour in the test animals, a nodule was noted on the 
right leg of a cortisone control animal (No. 6076), approx- 
imately 7 months old. This nodule was observed for 
several weeks and was finally biopsied. Histopathological 
examination of this tissue revealed a fibrosarcoma similar 
in morphology to tumours induced by RSV. The tumour 
showed no change in growth for 40 days, thereafter 
enlarging only slightly until the animal died 225 days 
after the start of the experiment. 


Table 1. SOME FINDINGS IN BABOONS WITH TUMOURS 
CF antibodies Viral isolation in BKC 


Date of to RSV Oral Rectal Remarks 


sampling tumour antigen swabs swabs 
Feb. 20, 1967 <1:10 at - 
March 10, 1967 «1:10 ~- - 
March 28, 1967 <1:10 = - 
April 12, 1967 «1:10 - - 
April 28, 1967 «1:10 - = 
16, 1967 <1:10 - RC 
June 1, 1967 z1:10 ~ ++ 
June 23, 1967 1:20 =- - Small nodule noted 
on the right thigh 
Aug. 7, 1967 1:20 - ++ Biopsied on Aug. 15, 
567 
Aug. 31, 1967 «1:10 ~ - 
Sept. 20, 1967 «1:10 = - 
Oct. 3, 1967 1:10 - - Animal died 


* No virus recovered, 
+ Tentatively identified as adenovirus. 


On autopsy, multiple firm tumorous nodules (1-2 em 
in diameter) were found in the following tissues: bone 
(oceipital, right femur and ulna, rib cage and right intra- 
ocular), heart (base) adrenal gland (medulla) and 
meninges. The liver showed a most extensive fatty meta- 
morphosis and both kidneys showed evidence of nephritis. 
No evidence of tumour development was observed in the 
lungs. On the basis of the types of cells involved, the 
tumours were at first classified as histiogenie sarcomas. 
Large numbers of mature and immature virus particles 
resembling RSV partieles were seen in the cytoplasm 
following eleetron mieroscopy of the intraorbital tumour. 
Mature virus, about 50-100 my in size, was also observed 
in the eytoplasm surrounding the nucleus. 

Attempts to isolate virus from specimens which had 
been autopsied. by inoculating babcon kidney cells and 
7 day old White Leghorn chicks. were negative. Sera 
collected at various intervals were routinely examined 
for the presence of CF antibodies to RSV tumour antigen. 
Homogenized, sonicated tumour supernatant fluid ob- 
tained from White Leghorn chicks previously inoculated 
with RSV-SR served as antigen in the CF test. CF 
antibodies to this antigen appeared at a titre of 1: 20 for 
two consecutive bleedings concomitantly with develop- 
ment of the tumour on the right thigh. Part of this 
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tumour was later biopsied, at which time the titre dis- 
appeared. Berman et al.? reported a similar parallelism 
between COFAL and neutralizing antibodies and tumour 
growth in their studies in rhesus monkeys. 

The overall low incidence of malignant tumours in non- 
human primates has been pointed out repeatedly?:4, One 
of the few infectious agents able to produce neoplasms in 
Old and New World monkeys. including baboons, is RSV 
(refs. 5-7). Burmester and Fredrickson! have shown that 
RSV is transmitted in chicks by direct contact. Unin- 
oeulated chicks have been found to develop fibrosarcomas, 
and some, after a long latent period, show a lymphoid 
leucosis believed to be caused by Rous associated virus. 

This finding is reported because malignant tumours in 
non-human primates are rare, and also because the very 
important possibility exists that this sarcoma developed 
as a result of contact with baboons inoculated with RSV. 
Furthermore, development of this fatal sarcoma was 
preceded by the occurrence of a tumour indistinguishable 
from that produced by RSV. Although cell transformation 
in vitro has been well established, little is known con- 
cerning this phenomenon in vivo. The possibility that 
the morphologieal changes seen here may have been thus 
induced is a consideration that needs further study. 

We thank Dr M. W. Bayliss (Baptist Memorial Hos- 
pital, San Antonio, Texas) who made an independent 
study of tumour sections. This work was supported in 
part by grants from the US Publie Health Service and 
the World Health Organization. 
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Bitter-sensitive Protein from 
Porcine Taste Buds 


WE have already reported the isolation and assay of a 
sweet-sensitive protein from bovine taste buds which 
forms complexes with sugars and saccharine’, The 
strengths of the complexes paralleled quite closely the 
degree of sweetness of the compounds, and the purification 
and characterization of this protein has been reported 
elsewhere*. This communication reports the investiga- 
tions into another taste receptor—the bitter-receptor 
protein. 

Porcine tongues were obtained from a slaughterhouse, 
and epithelial tissue from the baek of the tongue, an 
area believed to be particularly sensitive to bitter tastes, 
was dissected free from underlying fat and musele. 
Material from a minimum of fifteen tongues was dis- 
integrated in a Waring blender. This material was further 
homogenized in four volumes of 0-1 M phosphate buffer 
(pH 7-0) with a motor-driven glass mortar and pestle of 
medium tolerance. All operations were carried out at 
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4°+2° C. The supernatant obtained by centrifugation of 
the extract at 75,000g (2 h) was subjected to successive 
ammonium sulphate fractionations, first at 20 per cent 
w/v (pH 6:0), then at 40 per cent w/v (pH 4-8) and then 
at 60 per cent w/v (pH 3-9). The solutions were allowed 
to equilibrate overnight before precipitates were spun off. 
Lowering the pH resulted in better yields in all fractions 
The only fraction showing significant responses, as assayed 
by our previously deseribed method!, was the one con- 
taining material soluble in 40 per cent ammonium sulphate 
(40 per cent of the fraction), but insoluble in 60 per cent 
ammonium sulphate (60 per cent of the fraction). This 
latter fraction was the one used to determine complex- 
formation with bitter substances. As with our sweet- 
sensitive protein, in no case was the response time 
dependent. 

Beidler's fundamental equation?, which relates the mag- 
nitude of the taste response to the concentration of the 
stimulus compound, was used to express our results 





CIR = (C/Rm) + (1JKRs) (0) 


The changes in refractive index noted on complex forma- 


tion were used for the R values in equation (1). The R 
in equation (2) is the gas constant value. 
The parameters Rm (maximum response) and K 


(association constant) can easily be determined graphic- 
ally as a plot of C/R against C results in a straight line of 
slope 1/Rm and intercepts 1/KRm. The free energy (AF) 
associated with the interaction can be calculated from 
the value of K by the equation 

AF = -RTInK (2) 

Equation (1) was adequate to describe the data 
obtained with all the bitter compounds. Fig. 1 shows 
data obtained with quinine-HCl which are typical of 
the results obtained. Values of Rm and K, determined 
experimentally, are shown in Table 1 along with the 
eorresponding values of AF. 'The compounds are ranked 
according to their K values, for this parameter best 
describes the relation between degree of binding and 
concentration. Of more interest is the fact that this 
ranking is in excellent accord with the relative bitterness 
of these compounds. The data indicate that the 60 per 
cent fraction from porcine taste bud tissue interacts with 
bitter compounds forming complexes the strengths of 
which parallel the bitterness of the respective compounds. 

The AF values relating to bitter complex formation, 
while slightly higher than those which we reported before 
for sugars, indicate again that weak physical interactions 
are probably operative in the binding mechanism. Free 
energy values of approximately 5 kealories/mole are 
characteristic of the strengths for hydrogen bonds rather 
than covalent interactions. In accordance with this is our 
failure to observe any time dependency for the changes 
in refractive index. 

In conjunction with these studies epithelium from the 
tips of the same pig tongues was prepared according to 
our procedure for isolation of sweet-sensitive protein from 
bovine material’. We first determined the applicability 
of our previously described technique in other species. 
The response of this material to sugars was essentially 
the same as reported for the cow material; no response, 
however, was elicited from assay with the bitter com- 
pounds listed in Table 1. The poreine back tongue (bitter) 


Table 1. COMPLEXING OF BITTER COMPOUNDS BY MATERIAL EXTRACTED 
FROM PORCINE TASTE BUDS. Rm DATA ARE IN REFRACTIVE-INDEX UNITS 


Bitter compound Rm K (mole) AF (kcal, mole’) 
Quinine HC! 0-0014 254 ~3-34 
Brucine HCl 0-0010 219 — 3-25 
Naringen* 0-0011 197 —3-14 
Caffeine 90-0012 128 ~ 2-92 


* A flavanone glycoside, the bitter principle found in the rind of citrus 
fruits. 
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Fig. 1. Typical plot of data observed for quinine-HCl. C, Molar con- 


centration of quinine-HCl; R, change in refractive index on interaction 
of 60 per cent ammonium sulphate protein fraction with quinine-HC!, 
slope of line is 1/Rm, Rm being the maximal response; (1/Rm) G/K) is 
uv intercept, where K is the association constant; AF is — RT in K. 


material was then assayed for response to sugars. No 
response was observed with any sugars tested. There is 
apparently some substrate specificity in these proteins 
that has not been observed in psychophysical or electro- 
physiological studies on single papillae’. These latter 
studies suggest that single papillae often have a broad 
range of taste quality. While a definite answer to this 
problem cannot be given here, it might well be said that 
our studies involving individual proteins, and those con- 
cerned with organelles, are many orders of magnitude 
removed in complexity. The broad quality range noted 
on the organ level need not necessarily be characteristic 
at the molecular level. Indeed, a narrow range of speci- 
fieity is the norm for most protein systems (for example, 
enzymes, hormones). 

Our results to date indicate that protein taste receptors 
—at least for sweet and bitter substances—are present in 
taste buds located in speeifie tongue areas and that 
receptor interaction, which is a weak physical absorption 
with the respective taste substrates, gives an excellent 
correlation with relative sweetness or bitterness. 

Work is in progress to characterize the bitter-sensitive 
protein in order to determine similarities or dissimilarities 
with our sweet-sensitive protein. 
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Emissivity of Human Skin in vivo 
between 2:0». and 5:44. measured at 
Normal Incidence 


Tue discovery! that the temperature of skin overlying 
malignant tumours is frequently raised has led to an 
increasing medical interest in thermal patterns over the 
surface of the body. Attempts?*? using infrared scanning 
devices (‘Aga’ scanner, Bofors Thermograph, and Pyro- 
sean) have subsequently been made to identify pathology 
underlying the skin in terms of temperature differences at 
the surface. Thermal scanners measure the energy (Q) 
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emitted by the surface. Consequently the patterns can 
reflect not only variations in temperature but also changes 
in emissivity (e). Unfortunately, there is conflicting 
evidence on the magnitude of e. Hardy and Muschen- 
heim* concluded that dead skin should be regarded as a 
black body (c— 1). While this conclusion can be justified 
when Q is the total energy received at all wavelengths (A) 
it is not necessarily applicable in the range 2u << 5-4u. 
over which the detectors used in these seanners are 
sensitive. More recent measurements show that the 
emissivity of post-mortem skin samples varies rapidly 
with X. It is not clear, however, whether values of ¢ so 
obtained should be compared with values measured in 
vivo. 

A simple method making use of an ‘Aga’ infrared 
scanner (Aga Signals, Brentford, Middlesex) has been 
used to measure e, averaged over small areas (~ 2 em?), 
and over the waveband 2-0 to 5-4u. Although the value 
of ¢ so obtained is crude, it is nevertheless the quantity 
relevant to patterns obtained using the scanners. The 
method consists essentially of measuring the apparent 
temperature difference AT" between a black-body cavity 
and a patch of skin which have previously been adjusted 
to have the same surface temperature. The adjustment 
of the black-body temperature is facilitated by the use of 
a “Thermophil’ surface thermometer (Headland Engin- 
eering Developments, London) sensitive to changes of 
0-1? C. The thermometric probe is placed sequentially on 
the internal wall of the blaek-body and on the skin until 
both are at the same temperature. The skin (in vivo) and 
black-body are set up in the same plane, one above the 
other, and directly in front of an 'Aga' scanner. AT" is 
measured using the isotherm system incorporated in this 
device. No value of AT" greater than 0-5? C, which is close 
to the experimental limit, has been observed. 

Suppose that the skin and black-body are both at 
temperature T but that there is an apparent temperature 
difference AT" — T,— T, where T, is the apparent tem- 
perature of the black-body and where 7', is the apparent 
temperature of the skin. If now Q, is the energy received 
from the black-body, for which ¢=¢,, and if Q, is the 
energy received from the skin, for which ¢=e,, then 


Qi cc, T^ =T," (1) 
and 
Qi oc, T" «o T," (2) 


where o is a constant and n is a constant depending on 
a. Dreyfus* has computed the dependence of n on 
wavelength and found that when X/Amax x 2:5 


n= 5-0 Amax/ A (3) 


where Amax is the wavelength found from Wien’s dis- 
placement law by substituting the temperature 7' of the 
black-body. When T-305? K, Amax is about 10u, so 
that taking the average value of 4 as 4u we find n — 12-5. 
"The ratio of equations (1) and (2) gives after rearrangement 


12-5 AT" 
ey ~ (1 “ e e) e (4) 
Our observation, at various anatomical sites, that 


AT’ 0-5? C, now allows us to place a lower limit on ¢,. 
Substitution in equation (4) shows that 2,2 0-98. On the 
other hand, the observation that infrared radiation can 
be reflected by skin? shows that ez, is less than one. We 
therefore conclude that the emissivity in vivo of skin (at 
normal incidence) lies in the range 126,2: 0-98. 
Theoretical consideration? shows that s, is a function 
not only of the surface but also of angle (9) between the 
emitted direction and the normal to the surface. Con- 
sider the image produced by a thermal scanner. of a 
surface maintained at constant temperature. On any 
sufficiently eurved parts of the surface an apparent tem- 
perature difference will be seen as a result of the variations 
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of e with 9. Experiments to determine the importance 
of this effect in relation to medical thermography are in 
progress, 
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Cellular Dehydration and Hypovolaemia 
are Additive in producing Thirst 


CELLULAR dehydration'-* and hypovolaemia?-" are both 
conditions which cause thirst, and because both occur in 
thirst associated with water deprivation, it is essential 
for theoretical accounts of drinking behaviour*:? to under- 
stand how the two dipsogenic stimuli interact. 

Drinking behaviour might be determined solely by 
the more intense of the two dipsogenie stimuli, cellular 
dehydration and hypovolaemia might interact multipli- 
catively, or they might be additive. The first possibility 
has been ruled out by the demonstration that rats sub- 
jected to a load of hypertonic NaCl and to haemorrhage 
drank more water than animals subjected to one pro- 
cedure only*. The experiment did not determine whether 
cellular dehydration and hypovolaemia combine in a 
multiplicative or in an additive fashion, which was the 
purpose of this work. 

Nine adult male albino rats (with a mean body weight of 
502 g) were individually housed, and adapted to a drinking 
schedule. Food and water were removed from the cages 
at 1000 h. Eight hours later at 1800 h the animals were 
given distilled water, but not food, for a 1 h drinking test. 
The animals had ad libitum access to food and distilled 
water from 1900 h until 1000 h the next day. In the 
control conditions, water intake during the test hour was 
stable and minimal (0-98 ml.). This provided a baseline 
for the experiments. 

Eight experiments were carried out, one on every third 
day. Each of four loads of hypertonic saline was adminis- 
tered twice, once when the animals were normovolaemie 
and once when they were hypovolaemic. The hypertonic 
loads were 0-0, 1-0, 2-0 and 3-0 ml. of 1 M NaCl, injected 
intraperitoneally immediately before the test hour at 
1800 h. Hypovolaemia was induced by an extravascular 
hyperoncotie load of 5 ml. of a 10 per cent (w/v) solution 
of polyethylene glycol (molecular weight- 20,000) in 
Ringer solution. On days when an animal was to be tested 
while hypovolaemie, the hyperoncotie load was injected 
subcutaneously at 1000 h, and blood volume was reduced 
gradually during the next 8h. A comparison of haemato- 
crits measured at 1000 h (47-50 per eent) with those 
measured just prior to the test hour at 1800 h (52.33 
per cent) suggests that blood volume was reduced by 
approximately 9 per cent at the time of testing. The 
hypovolaemie action of polyethylene glycol resides in its 
high colloid osmotic pressure, which causes a shift of 
isotonic fluid from the intravascular to the extravascular 
compartment, but does not affect the volume of intra- 
cellular water’. 

Table 1 shows that water intake was a monotonically 
increasing function of the volume of the hypertonic load 
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Table 1. MEAN WATER INTAKES (IN ML.) FOR NINE RATS SUBJECTED TO FOUR 
LOADS OF HYPERTONIC SALINE IN NORMOVOLAEMIC AND IN HYPOVOLAEMIC 
CONDITIONS 


Standard errors of the mean are shown in parentheses 
Volume of 1 M NaCl injected intraperitoneally 


None 1-0 ml. 2-0 ml. 3-0 ml. 
Normovolaemic 6-98 (0-36) 461 (0-77) 7-67 (0-87) 11-06 (0-97) 
Hypovolaemic 3-39 (0-67) 7°50 (0-80) 12:61(1:58) 14:94 (1:16) 


in conditions of normovolaemia and hypovolaemia, and 
that for a given load of 1 M NaCl the animals always drank 
more water when hypovolaemic. A 2x4x9 (blood 
volume x hypertonie load x subjects) analysis of vari- 
ance! revealed two highly significant effects, one due to 
blood volume (/ = 63:93, df— 1/8, P<0-001), and the 
other due to the hypertonie loads (F = 76-03, df — 3/24, 
P«60001) The interaction between blood volume and 
the hypertonic loads was not significant (F 0-03, df= 
3/24, P>0-05). Analysis of variance confirms that both 
cellular dehydration and hypovolaemia are effective 
dipsogenie stimuli, and the statistical interaction, which 
is not significant, shows that these stimuli do not combine 
in a multiplicative way. These results therefore support 
the conclusion that cellular dehydration and hypovolaemia 
are independent and additive. 

The demonstration of the independence and additivity 
of cellular dehydration and hypovolaemia in the produc- 
tion of thirst has several important consequences. The 
outcome of this experiment confirms the specific predic- 
tion made by Corbit’s® theoretical model for osmotic 
thirst that an animal's response to cellular dehydration is 
independent of the volume of its body fluids. The func- 
tional independence implies that the neurological mechan- 
isms underlying cellular dehydration thirst and hypovol- 
aemic thirst are quite different. The demonstration of 
additivity suggests that information presumably arising 
from osmoreceptors and baroreceptors is integrated in an 
additive way before the final common pathway for drink- 
ing behaviour. 
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Biolaser Endothelial Trauma as a 
Means of Quantifying Platelet Activity 
in vivo 

ALTHOUGH several methods of studying platelet behaviour 
in vitro have been described, there has not been a simple 
and precise technique for making quantitative studies. 
Useful measurements have been obtained by counting 
the platelet microemboli formed in response to injury 
caused by pinching exposed rabbit pial vessels with 
ophthalmic forceps!. This method has been used in pre- 
liminary studies of drugs claimed to affect platelet 
adhesiveness??, The degree of trauma, however, cannot 
be reproducibly controlled and, in addition, the animals 
must be anaesthetized. Trauma is inflicted during 
exposure of the pial vessels before the experiment, and 
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afterwards the animal has to be killed. A more precise 
method involves the use of a microelectrode applied to 
the wall of a blood vessel in the cheek pouch of the 
hamster and the measurement in mA of the minimal 
stimulus required to induce a platelet thrombus‘. 
But reproducible application of the microelectrode is 
difficult and as with the pial vessel method the animals 
are anaesthetized, subjected to preliminary trauma and 
later killed. 

Recently it has been shown that precise endothelial 
trauma can be inflicted with a biolaser*. Clearly, such 
a method, combined with ear chamber techniques to 
measure platelet reactivity, would be an advantage. 
We have found such a combination simple to use and 
readily applicable to pharmacological studies. 

Regenerative ear chambers similar to those deseribed 
by Stalker? were mounted in Sandy-Lop rabbits. When 
fully developed, the regenerated tissue was 150g thick 
and showed numerous vessels with a luminal diarneter of 
20-30u. Observations were made with a Leitz Ortholux 
mieroscope with an Ultrapak intravital water immersion 
objective. Vessels with a luminal diameter of 20—-30u 
showing rapid arteriolar flow were traumatized by a 
single pulse ruby biolaser (TRG 153, New York). The 
energy input to the laser was regulated with a power 
supply unit (TRG 103). The laser beam traverses the 
optical system of the microscope, and because the path 
of the beam is similar to that of light the microscope 
was accurately focused on the endothelium at the 
desired site of endothelial trauma before discharge of the 
laser. After inflietion of the endothelial injury the laser 
could be uncoupled to permit still or einephotography. 

The behaviour of platelets at sites of injury was 
examined. Pulsed laser energy input less than 100 J 
caused no obvious damage to the vessel wall; platelets in 
the cireulating blood did not show any tendency to adhere 
to it. An input exceeding this value caused obvious 
damage to the endothelial cells in an area approximately 
6u in diameter. Platelets in the circulating blood adhered 
immediately to the sites of the damage and formed a 
prominent thrombus. Often, the first response to be 
seen was a transient contraction of the damaged vessel 
with diminished blood flow through it. As soon as the 
blood flow was restored, however, a thrombus rapidly 
formed and grew by accretion of platelets to occupy most 
or all of the lumen of the vessel. Soon, however, the 
thrombus, or part of it, embolized, and this was followed 
by further accretion of platelets to the site of injury or 
to the remaining thrombus with continued embolization 
for a variable period. When the energy input was 180—200 J 
the period of pronounced activity lasted approximately 
15-20 min. After this time, although pronounced activity 
declined, transient sticking of a few platelets and the 
formation of small emboli consisting of perhaps three to 
five platelets continued for several hours. After injury 
of this magnitude, the rate of embolization of platelet 
thrombi was found to be surprisingly constant and 
reproducible in any single animal, in similar vessels and 
on different days (Fig. 1). If the energy input was in- 
creased further (maximum 250 J), endothelial damage was 
more pronounced and was followed by a thrombus that 
often occluded the vessel completely and did not embolize 
regularly. 

At present, endothelial injury using an energy mput of 
180-200 J with subsequent observation of the rate of 
embolization for 15-20 min has proved to be a satisfactory 
method of measuring changes in platelet activity after 
administration of pharmacological substances. It may 
be possible, however, to develop the method so that the 
threshold energy required for the initiation of platelet 
thrombi can be measured and platelet behaviour in 
response to graded endothelial trauma quantified. 

The technique described here has several advantages 
over the methods so far available. The observations are 
made at high magnification and are thus accurate. The 
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degree of trauma is easily regulated and is therefore 
reproducible. Furthermore, the injury is inflicted with 
precision. The animals are not anaesthetized or subjected 
to traumatic procedures immediately before they are 
tested. The same animal can be studied both before and 
for several hours after the administration of test sub- 
stances and also repeatedly during several weeks, which 
permits controlled pharmacological experiments on plate- 
let reactivity in vivo in individual animals. Because of 
the individual character of platelet behaviour, this 
technique offers a real advantage and should lend itself 
to extended studies in thrombogenesis. 
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Auditory Responsivity in the Human 
Neonate 


ÉLECTROMYOGRAPHIC, autonomie and eleetroencephalo- 
graphie responses were recorded from human neonates 
during stimulation with sine and square wave tones and 
with human voices. This communication will concentrate 
on the analysis of the electromyograms, both because of 
their importance in reflecting behavioural changes, and 
because changes in autonomic activity, such as heart 
rate acceleration. are associated with movements. The 
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"arüficial sounds were chosen so as to have certain 
structural similariti:s to the "biological" sound: they 
were either sine wave components of it or selected funda- 
mentals with superimposed high frequencies. Sine wave 
and square wave tones of the following frequencies, 
rising by octaves, were selected: 125, 250, 500, 1,000 and 
2,000 Hz. Further sine and square wave tones at 70 Hz 
were added because preliminary studies had suggested 
that responses to sound frequencies lower than 100 Hz 
may have especially interesting properties. Recordings 
of a male and of a female voice saying “baby” were also 
included, 

Twelve newborn infants, between 3 and 8 days old, 
were studied for 2-3 h between feeds; they were undressed 
and placed in a bassinet in a climate chamber at neutral 
temperature (32° C, 50-60 per cent humidity); the ambient 
noise level of the chamber was 5042-5 dB. Each baby 
was placed on his side so that one ear only was exposed. 
The sounds were presented through a loudspeaker, 40 em 
from the ear, its axis in the same straight line as that of 
the external auditory canal. The artificial sounds were 
generated by an electronic oscillator and the voices were 
reproduced from tape-loops. All sounds were calibrated 
to a sound pressure level of 75 dB (0-0002 ubar) at the 
baby's ear. 

Continuous polygraphie recordings were made of 
respiration, heart rate, EEG, eye movements and muscle 
activity. In order to obtain a reliable measure of muscular 
activity, electromyograms were recorded from six sites 
using surface eleetrodes!: right and left biceps brachii, 
right and left triceps and right and left quadriceps. Each 
subject was stimulated in the three following states?: 
state l: regular sleep; state 2: irregular (REM) sleep; 
state 3: quiet wakefulness. 

The experimental procedure was as follows: within a 
steady state the stimuli were produced in a randomized 
order; the duration of each stimulus was 2 s. Intervals 
between stimuli ranged from 30-60 s. Each subject was 
presented with no fewer than four stimuli of each type 
in each state, the exact number of stimuli being determ- 
ined by the state durations. The response period chosen 
was 10 s from stimulus onset. 


Table 1l. ANALYSIS OF VARIANCE OF TRANSFORMED AND CORRECTED RESPONSR 


Source 8.0.8. D.f. Vor. F 
A, Square waves 
Between states 0-878 2 0:439 3:99** 
Between frequencies 5-075 5 1135 10-32** 
Interaction 1:024 id 0:102 0:98 
Residual 9-963 90 0:110 
Total 17-540 107 
B, Sine waves 
Between states 0-143 2 0-071 10-14** 
Between frequencies 0-326 5 0-065 9.28** 
Interaction 3-529 10 0-353 50-43*** 
Residual 0-616 90 0-007 
Total 4614 107 


Because musele activity periodically occurs in unstimu- 
lated infants, any assessment of response to stimulation 
must take into account a measure of this background 
aetivity, Each stimulus period was therefore paired with a 
10 s interval between stimuli, selected by a random samp- 
ling procedure. Fig. 1 summarizes the EMG response 
criteria employed. Fig. 2 shows the probability of obtain- 
ing activity in any of the six EMG leads during and be- 
tween stimulations in states 1, 2 and 3. Because the 
probabilities of baseline EMG activity differed significantly 
between states, response levels were “corrected” for state 
by subtracting each subject’s baseline scores from the 
corresponding response scores in each state. The resulting 
data were then normalized and submitted to analysis of 
variance (Table 1). With both types of artificial sounds, 
frequency and state had significant effects. With square 
waves the frequency effects were similar in each state: 
with the sine waves the interaction between frequency 
and state was highly significant, the frequeney-specifie 
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Fig.1. Response criteria used for evaluating EMG activity. a, High voltage ( > 100 aV) phasic activity arising from electrically silent background 
(accompanied in this case by a startle); b, bursts of activity, minimum duration 1 s, average voltage z:50,4V arising from electrically silent 
background; c, high voltage (> 100 uV) phasic activity arising from tonic background activity (see left quadriceps); d, bursts of increased 
(twice that of background), voltage activity, minimum duration 1 s, superimposed upon already present tonic activity (see left biceps). 
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Fig.2. Raw data showing probability of EMG response in each behavioural state, with and without three types of auditory stimulation, For 
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effects being only clearly manifest in state 3. Individual 
comparison of means? showed the 125 Hz and 250 Hz 
stimuli of both square and sine wave tones to be signifi- 
cantly different (P — 0-01) from all other frequencies in all 
states, with the following exceptions: (a) not different 
from 70 Hz square wave in state 1; (b) not different from 
1,000 Hz sine wave in state 2; and (c) 250 Hz not different 
from 500 and 1,000 Hz sine waves in state 1. 

Startles were most commonly elicited by the 70 Hz 
Square wave tone, Startles to sine wave stimulation were 
less common, but again, of all startles elicited, most were 
to 70 Hz. Other behavioural evidence suggests that this 
tone elicits distinctly aversive responses. In general, 
responses to the stimuli varied with state, the infant being 
least responsive in regular sleep. The exception was the 
response to the square wave 70 Hz which was the same in 
all three states. 

At birth the human cochlea is structurally fully mature’; 
this contrasts with other species in which the auditory 
apparatus is in a less developed state at birth?*. No 
satisfactory explanation appears to have been adduced 
for the survival value of this difference. A possible 
explanation is suggested by this work. The mechanical 
properties of a structurally mature cochlea would ensure 
at least rudimentary discrimination between different 
stimuli, even if no "inhibitory" processes? were present 
at birth to “sharpen” frequency discrimination. The 
lower the frequency of a stimulus, the greater the length 
of basilar membrane which will be displaced by a travelling 
wave; hence the greater excitation elicited by the stimulus. 
Still greater excitation will be produced by a broad-band 
stimulus with a low frequency fundamental and high 
energy peaks at several different points in the frequency 
spectrum. In the absence of further evidence relating 
to the neurophysiological maturation of later stages of 
the auditory pathway, it is not clear how different degrees 
of membrane excitation are transformed into behavioural 
responses. Assuming, however, that such transformation 
does take place, we would prediet that a broad-band 
noise with a low frequency fundamental would elicit maxi- 
mum response. Thus greatest responsivity would be 
expected to the 70 Hz square wave tone. In fact response 
to this stimulus was less than to the corresponding 125 Hz 
and 250 Hz stimulus; this was due to the low intensity 
of the first harmonic in this sound, resulting in inconsistent 
reproduction. Nevertheless, the fact that this tone was 
so frequently accompanied by startles suggests that 
excitation throughout the length of the basilar membrane 
may elicit defensive reflexes, accompanied perhaps by 
protective adjustments of the middle ear muscles. This 
would be adaptive, for, at least at high intensities. very 
low frequency sounds may produce shearing forces which 
could damage the membrane. 

The rest of the data agree with the proposed model. 
The stimuli eliciting behavioural responses were, in order 
of increasing effectiveness: low frequency sine waves, the 
human voice and low frequency square waves. Evidence 
that the brain may receive signals of the predicted 
magnitude from the peripheral sense organ is provided 
by a recent study of acoustic evoked responses (our 
unpublished work). Changes in the amplitude of the 
cortical evoked response (NV, wave) exactly parallel the 
changes in behavioural responsivity described here. 

The patterned sounds clearly elicited more response 
than the pure tones, and within both categories the most 
effective stimuli were those the fundamental frequencies 
of which were within the range of the fundamentals of the 
voice. Thus the structure of the human auditory appar- 
atus at birth ensures both that there is a limit of basilar 
membrane excitation beyond which defensive reflexes 
are evoked, and that the voice at normal intensities is 
non-aversive and prepotent. The survival value of this 
differential responsivity may lie in the part it plays in 
the development of the affectional bond between parent 
and child. 
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APPLIED SCIENCES 


Pressure and Displacement Sensors used 
simultaneously in Underwater 
Sonar 


UNDERWATER sound waves are often thought of primarily 
as pressure waves, But a full description of any time- 
alternating hydrodynamic disturbance must also include 
a specification of the vector field of particle displacement, 
or its time-derivative, as well as the scalar pressure field. 
This, coupled with the fact that some marine animals 
are known to possess both pressure-sensitive and displace- 
ment-sensitive organs, leads to a theoretical consideration 
of any parameters of an acoustic field which could be used 
by an animal to obtain clues about its environment. 

Conventional sonar systems use pressure-sensitive trans- 
ducers and usually operate in predominantly travel- 
ling-wave conditions for which little or no advantage 
would be gained by the additional use of velocity-sensitive 
transducers. There are, however, circumstances in which 
additional information would be available to a hypo- 
thetical animal, capable of sensing simultaneously both 
the instantaneous pressure and the instantaneous particle 
velocity vector. This applies particularly to extreme 
“near-field” conditions when the acoustic frequency is 
low and the distance between the animal and its “target” 
is small compared with the acoustic wavelength. The 
animal would not necessarily need to be equipped with 
sensors to measure particle velocity as such; the same 
purpose can be achieved by measuring another vector 
quantity, namely, the pressure gradient at the point of 
observation. For example, the animal could use the dif- 
ferential response of a pair of pressure-sensitive organs to 
observe the component of the gradient in a known direc- 
tion and then, by orienting itself to obtain maximum 
response, could determine the direction of the gradient as 
well as its magnitude. 

Consider first of all a relatively simple case in which an 
imaginary observer is first conditioned by being exposed 
to ideal plane travelling acoustic waves in an unbounded 
medium. The waves can be imagined to originate at some 
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source which is far removed from the position of the 
observer. He will learn to expect three things; first, that 
all particle velocities (or pressure gradients if he prefers) 
are parallel to a fixed direction in space; second, that the 
pressure time-waveform at any point is always in phase 
with the velocity time-waveform at that point; and, 
third, that there is always a constant ratio between the 
magnitude of the alternating pressure at any point and 
that of the alternating particle velocity at that point. 

Now suppose that boundaries of various kinds are 
introduced and the observer is asked to report any changes. 
For example, suppose that a free horizontal water-air 
surface is introduced close to the observer; that is, at a 
distance small compared with the acoustic wavelength. 
The most striking result will probably be the marked drop 
in the pressure amplitude. At the same time the observer 
will notice that, irrespective of the direction of the original 
waves before the boundary was introduced, the particle 
velocity vectors are now always directed vertically and 
both their amplitudes and phases, relative to the alternat- 
ing pressure, will have changed. At a frequency of, say, 
100 Hz, the observer will have little diffieulty in detecting 
and correctly interpreting these changes at distances of 
several metres from the boundary. 

This simple, idealized example shows that in theory an 
observer can sense his approach to a free surface merely 
by using the clues provided by the incidental presence of 
sound waves from some independent distance source. 
The same idea can be applied also to the case, perhaps a 
little more diffieult to analyse, where the observer is 
required to use his own self-generated sound field for the 
same purpose. For the present, however, we are concerned 
only with what might be termed “‘passive sonar" in which 
the boundaries of the medium are explored by sensing 
changes in the ambient sound field. 

As another example, suppose that the boundary is a 
rigid vertical wall instead of a horizontal free surface. In 
this case the observer will notice that all velocities are 
again vertically directed, irrespective of the angle of 
incidence of the original waves, but are accompanied by 
an approximate doubling of the pressure amplitude com- 
pared with its reference value. There will again be a 
change in the relative phases of the velocity and pressure 
time-waveforms. 

Another idealized case of interest is that of a spherical 
gas-bubble placed in an otherwise unbounded plane-wave 
field. How close to the bubble would our imaginary 
animal have to approach in order to be able to detect and 
locate it? A gas-bubble in a liquid forms a mechanical 
resonant system in which the compliance is provided by 
the compressibility of the gas and the mass is provided 
by the water in the vicinity which has to be accelerated 
as the bubble pulsates. For a small bubble, driven at a 
frequency well below its resonance, the inertial forces due 
to the water mass can be neglected; the applied pressure 
is exerted directly on the bubble surface and the motion 
is dietated solely by the compression law of the gas. For 
a large bubble, driven well above resonance, the effect of 
the water mass predominates. A large part of the applied 
pressure is counteracted by the “induced back-pressure" 
(to use an electrie cireuit analogy) eaused by the inertia 
of the water. The result is that the pressure amplitude 
will be considerably less at the surface of the bubble than 
it would be in the undisturbed plane-wave field if the 
bubble were absent. If the bubble is driven at its resonant 
frequency, there will be a magnification" of the pressure 
at the surface analogous to that of the voltage across the 
capacitor in an electrical series-tuned circuit. 

Thus some clues to the presence of a bubble, and to its 
resonant frequency, could be obtained from observations 
of pressure alone. But an even more signifieant effect 
will be the increase in particle velocity amplitude in the 
vicinity of a resonant bubble, coupled with the fact 
that, whatever the direction of the incident plane waves, 
the motion near the bubble must be predominantly radial 
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with the centre of the bubble as origin. The hypothetical 
observer, conditioned to the original field, will sense the 
superimposed radial field pattern due to the bubble motion. 
Its presence will enable him to detect the bubble and its 
direction will enable him to locate its centre. Observation 
of the relative phase of the pressure and velocity time- 
waveforms will indicate whether the bubble is above or 
below resonance, or at resonance, at the frequency of the 
acoustic waves. 

It can be shown! that, if p is the pressure of the applied 
field when the bubble is absent, the external pressure at 
the surface of the bubble is ps where 


; 4 N r [27-1 
P: = pfi 2 | 
T Q r^ 


r is the radius of the bubble and r, is the value of r for a 
resonant bubble. The numerical factor Q has the sig- 
nificance usually assigned to it in expressions relating to 
mechanical or electrical resonant systems. Its reciprocal 
is a measure of the frictional damping" inherent m the 
system. 

Also, if u is the particle velocity in the incident waves, 
the radial velocity of the bubble surface is given by 

(Aw X " ie ny} 
m= Asa Lg Ww r7 

where 4, and A, are the values of the bulk modulus of 
the liquid and gas, respectively. For water and air, the 
ratio Av/Ag is about 1-7 x 104, so that the radial velocity is 


i 


i25] 
r^ - 


75 1 CM rnylóp 
Us = ulg ui JA 

The surface velocity thus reaches a maximum of about 
75Q times the velocity in the original wave when the 
bubble is of resonant size. Because all significant dis- 
tances are assumed small compared with the acoustic 
wavelength, only the reactive near-field of the spherical 
disturbance is of importance and the radial velocity thus 
falls inversely with the square of distance from the origin. 

The practical significance of this relation can be seen 
by supposing, for example, that a resonant bubble has a 
radius of 1 em (corresponding to an acoustic frequency 
of about 300 Hz) and a Q-value of 10. Then the radial 
velocity component will still be comparable in amplitude 
with the original plane-wave velocity at a distance of 


at a considerably greater range. 

This preliminary study has given some idea of the kind 
of information which would be available to an animal 
eapable of sensing both the instantaneous pressure and 
the instantaneous velocity or pressure gradient, even 
when the sound field is merely an incidental one radiated 
by some independent source. It could, for example, sense 
its approach to the surface or to a rigid wall. It could 
detect and locate a gas-bubble (which might perhaps be 
the swim-bladder of a fish). Furthermore, if the ambient 
sound field is wide-band noise and the sense organs of 
the animal are frequency-selective, it can not only detect 
and locate gas-bubbles but can select one having a given 
resonant frequency and therefore a given size. These 
possibilities, and the fact that the conditions described 
are so different from those usually considered in sonar 
work, support the suggestion that these ideas merit 
further consideration by biologists and acoustics engineers. 
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Alkane Distribution as Biological 
Markers: Presence and Possible 
Origin of n-Alkanes in 

Guttiferae Heartwoods 


THE thin waxy materials coating the stem. leaf. flower 
and fruit of most plants usually consist of homologous 
series of long ehain aleohols, aldehydes, esters and hydro- 
carbons. The hydrocarbons contain a homologous series 
of n-alkanes ranging from about C,, to C5; with the alkanes 
having an odd number of carbon atoms sometimes 
occurring ten times more abundantly than those with an 
even number. The centre of the distribution of the series 
is frequently around the n-alkanes Cas and Cs, (ref. 1). 
These features are also obvious in some hydrocarbons 
from fossils and it has been suggested that this pre- 
dominance of n-alkanes with an odd number of carbon 
atoms can be used to indicate that the hydrocarbons are 
of biological origin'. For petroleum, which does not have 
this distribution of n-alkanes, Robinson has proposed that 
the hydrocarbons arise from partly biological and partly 
non-biological sources^?. More recent work has shown 
that lower organisms such as mosses, algae and lichens 
contain n-alkanes where the ratio of odd-numbered 
homologues to the even-numbered ones is about equal, 
and it was suggested that erude oils may originate from 
lower organisms?. 

We have previously noted! that the heartwoods from 
the Guttiferae contain aliphatic hydrocarbons and in 
fact all the species in our collection from Calophyllum, 
Symphonia and Garcinia contain n-alkanes (our unpub- 
lished observations). Our early results (unpublished 
observations) indicated that the ratio of odd-numbered : 
even-numbered homologues is about one and we suspected 
that impurities might have been introduced into the 
extract from, for example, solvent impurities or from the 
eutting tools which were used to convert the heart- 
wood to small shavings. We therefore repeated our work 
in carefully controlled conditions using the heart- 
woods of Garcinia eugeniifolia Wall and Calophyllum 
seriblitifolium Henderson and Wyatt-Smith to eliminate 
all possibilities of contamination in the extracts. 

This time pure solvents (cyclohexane and benzene) 
were used. All grease was carefully removed from the 
equipment, and the apparatus and materials were washed 
with pure solvent before use, to meet the stringent re- 
‘quirements of Douglas and Eglinton!. The wax fraction 
was obtained from the Guttiferae heartwoods by extrac- 
tion with benzene. After removal of solvent, the residue 
was extracted with cyclohexane and this solution was 
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Fig. 1. Gas chromatography of the complex mixture of hydrocarbons 

from the heartwood Garcinia eugentifolia Wall using 5 per cent SE 301 

on ‘Celite’ in the Pye 104 chromatograph with a temperature programme 

from 120°-300° C at 6^/min. A yield of 0-0135 per cent of the hydrocarbon 

mixture was obtained from the dry weight of wood shavings from the 
inner part of the heartwood. 
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Fig. 2. Gas chromatography of the complex inixture of hydrocarbons 
from the heartwood of Calophyllum seriblitifolium Henderson and 
Wyatt-Smith using 5 per cent SE 301 on ‘Celite’ in the Pye 104 chroma- 
tograph with a temperature programme from 120^-300^ at 6"/min, A 
yield of 0-0125 per cent of the hydrocarbon mixture was obtained from 
the dry weight of wood shavings from the inner part of the heartwood. 


chromatographed on alumina. The hydrocarbons were 
identified by infrared spectroscopy. Gas chromatography, 
using 5 per cent SH 301 on ‘Celite’ in the Pye 104 chroma- 
tograph with a temperature programme of 1207-300? C, 
showed à complex mixture of hydrocarbons with partial 
resolution of n-alkanes above the band envelopes (Figs. | 
and 2). The n-alkanes were purified by thin layer chroma- 
tography using silica gel impregnated with silver nitrate 
followed by selective adsorption on a 5 A molecular sieve. 
The n-alkanes were released from the 5 A molecular sieve 
by dissolving the adsorbent in aqueous hydrofluoric acid 
and extracting the hydrocarbons with cyclohexane. 
Examination by gas chromatography showed a virtually 
pure homologous series of n-alkanes with the content of 
odd-numbered n-alkanes being about equal to that of 
even-numbered n-alkanes (Table 1). 

Recent studies of Kolattukudy indicate that the 
n-alkanes of cuticle waxes from Brassica oleracea (broccoli 
plants) are biogenetically derived from Cy, fatty acids by 
elongation with acetate or larger C, derived acid units, 
Decarboxylation then leads to hydrocarbons where the 
odd-numbered n-alkanes, especially C,,, predominate. 
Very little information is available about the composition 





Table 1. DISTRIBUTION OF 7-ALKANES FROM THE HEARTWOODS OF TWO 


TIMBERS FROM THE GUTTIFERAE FAMILY 


Percentage of n-alkane for Heartwood from Guttiferae 
each homologue from Calophyllum 
Cu HC, H; given as seriblitifolium Henderson 
carbon atom content and Wyatt-Smith 


Garcinia 
eugeniifolia Wal 


Crs T 03 
Cre T 0-5 
€i 23 2-5 
Cis 2-2 32 
[HN 52 47 
Cee T8 6-6 
Cay 11-9 9:5 
Ca 16:1 1841 
Cs 11-0 9-1 
Cs, 10-2 10-1 
Cs 8 88 
Cos 70 T5 
Coy 45 73 
Cas 3-8 T 
Cu TR 78 
Caa 3-1 2-0 
Car 2-5 17 
Gar 0:1 ro 
Cas T 0-7 
Caa T 033 
Jas — 02 
Odd n-alkane content 49-6 48-6 
(wt. per cent) 
Even n-alkane content 50-3 514 


(wt. per cent) 


The content of an individual alkane is expressed as a mole percentage of 
the total alkane content from C-C; inclusive, 
T. Trace, 


MAD head 


Our new range of MAD 
(Mechanically Actuated 
Diaphragm) heads 

will be one of your sanest 
investment decisions. 


High metered capacity : 
13,000 ml/hr. 


Low capital cost. 
Will handle nearly all liquids. 


Glandless operation: 
no leakage, no maintenance. 
Very competitively priced. 
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PVC, Nitrile rubber, 
stainless steel contact 
materials 

others alsc available 


3 head sizes available. 
Maximum capacity per head 
13,000 ml/hr. 

Pressures up to 200 Ibf /in?. 
Maintained accuracy 4-2% 
Micrometer flow adjustment 





Series II 


Unique versatility : 
plunger and MAD heads. 


Up to 6 plungers or 5 MAD heads. 
Capacity range 5 to 65,000 ml/hr. 


Plunger head maintained 
accuracy +1%. 


Choice of heads and 

drive speeds gives 

28 capacity ranges. 
Standard piunger head 
material is stainless steel ; 
other materials available. 
Double ball valves. 
Electronic automatic 

control available. 

Pressures up to 3,000 Ibf/in?. 


Individual micrometer control 
on all heads. 











Series lll 


Inexpensive, compact, 
single head unit. 


MAD or plunger head. 
Capacity range 

5 to 3,600 ml/hr. 
Pressures up to 250 Ibf /in?. 


Micrometer Control 
on pump head. 





For further details please contact F. A. Hughes and Company Limited, Blenheim Road, Longmead, Epsom, Surrey 


Telephone Epsom 25201 


FAHughes 
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Senade ESTEE 





For preparative gel filtration 
with analytical precision 


Bed volumes from 4 to 7 litres 

Dead space less than 0.1 % of bed volume 

Upward or downward flow elution 

Non-clogging nylon mesh bed supports 

Automatic sample application 

Tubular steel stand complete with operating panel 
and pivot mountings for column 

m Standard equipment includes two three-way valves, 
atwo-channel valve and an air-trap 

Integral water jacket 





PHARMACIA (GREAT BRITAIN) LTD (R) 


A complete series of Sephadex precision 
chromatographic columns is available. 

For further information, please ask for the 
booklets ‘Sephadex Column K 100/100’ and 
‘Sephadex Laboratory Columns’ 










Paramount House 
75 Uxbridge Road 

Ealing, London W.5. 
Tel. 01-579 0102/7 
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and origin of fatty materials from Guttiferae, and Kolat- 
tukudy’s theory is not valid for the heartwood extracts. 
The recent work of Finnegan and Eisenbraun, however, 
on the seed wax of another Guttiferae species, Mammea 
americana L.*, may provide some clue as to the origin 
of our n-alkanes. It was found that lignoceryl lignocerate! 
is the chief constituent in a mixture of esters derived from 
lower and higher homologous acids and alcohols. Thus 
about equal quantities of, for example, tricosane? and 
tetracosane? may be derived from lignocery! lignocerate 
by the following scheme 


CH,4,(CH,),,COO(CH,),,CH, -——————— ——— > 
(1) . 
CHCH) COOH + CH,(CCH4,)4,CH,OH 
i 1 
| co, i 
| 
CH (CH) CH, CH,(CH,)..CH, 
(2) (3) 
Other work on Guttiferae seed fats has shown that 


stearic acid is the principal acid present, usually as 
glyceride in 2-oleodistearin’. Seed fat analyses are, how- 
ever, usually carried out on material mechanically ex- 
tracted from seeds’ and solid esters derived from longer 
chain alkanols, and acids may have escaped detection. 

Our results and other work*^* show that in some cases 
there is no preference for the n-alkanes having an odd 
number of carbon atoms in the homologous series isolated 
from higher plants. Thus we must conclude that, while a 
homologous series of n-alkanes in which the odd-numbered 
hydrocarbons predominate, especially in the region C2, 
and C4, may well prove to be a biological marker for 
samples from natural sources, the absence of this distribu- 
tion does not necessarily mean that the sample has a 
non-biological origin. 

We thank the Tropical Products Institute, London, for 
the heartwood samples, and Dr G. Eglinton for his interest 
in this work. This work was supported by a grant from 
the Science Research Council. 

R. E. GRICE 
H. D. LocksuEv 
F. SCHEINMANN 
Department of Chemistry, 
University of Salford. 
Received March 6; revised March 28, 1968. 
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Equation for predicting the Corrosivity 
of Natural Fresh Waters to Aluminium 


NATURAL fresh waters thicken the protective surface oxide 
film of aluminium and most such waters can be handled 
in aluminium tanks, pipes and equipment, provided the 
wall thickness is adequate. There is no general corrosion 
or thinning of the aluminium and if corrosion does occur 
it takes the form of pitting. It has been shown that the 
rate of penetration by pitting follows a eube root law!. 


The law predicts that to double the wall thickness will 
inerease the time to penetration eight-fokl; hence the 
importance of wall thickness in designimg aluminium 
equipment to handle water is evident. 

We describe an equation developed to predict the rate 
of pitting of aluminium in natural fresh waters from the 
composition of the water. Although agreement with 
performance is still only fair, we believe that the relation- 
ship has practical value, and hope that its publication will 
stimulate others to develop a better equation. 

Samples of many fresh waters were brought to the 
laboratory and pitting rate tests were made using coupons 
of 443003 alloy sheet. In these tests, which were ossen- 
tially the same as that described by Aziz and Godard’, 
thirty etched coupons of 443003 alloy were immersed 
in the test water and were removed, ten az a time, after 
1, 4 and 12 weeks. The maximum pit depth in each group 
of ten coupons was determined. Using the experimental 
data, a plot was made of maximum pit depth against 77/°. 
and the time required for a pit depth of 40 mils was read. 
It was arbitrarily decided to define the time in weeks 
required to produce a pit 40 mils deep as the "pitting rate 
index" of the water. 

We tried to eorrelate pitting rate index data with water 
composition. Of the waters tested, smooth pitting rate 
curves were obtained on sixty-seven waters for which 
adequate chemical analyses were available. A regression 
analysis was carried out using IBM’s STRAP programme. 
Several combinations of water composition variables were 
used. The following equation was found te give the best 
correlation between observed and calculated pitting rates 


Log p = 2:5 — 0-28 log (SO; ) + 0-18 log (Cl-) — 0-20 
log [((pH — 7)? x 100] — 0-42 log (30,009/R) — 0-064 
log (Cu** x 105) 
where p is the pitting rate index (weeks required for a 
maximum pit depth of 40 mils), R is the resistivity in 
ohm-em, and 8O;', Cl- and Cu** concensrations are in 
p.p.m. 

The equation is based on sixty-seven waters and has a 
standard error of 0-391. Table 1 shows some typical 
caleulated and experimental values of the pitting rate 
index, p, as well as the standard range of the caleulated 
values. 











Table 1. TYPICAL CALCULATED AND EXPERIMENTAL VALUES OF PITTING 
RATE INDEX (p) 
Weeks to 40 mils pit depth (y) 
Water No. Experimental Calculated 
value Value Standard range* 
i 13 17 
2 T H 
3 3 6 
4 10 9 
5 10 26 10-63 
6 20 18 Todd 
7 131 16 19-112 
8 176 88 36-215 
9 36 24 10-60 
10 43 27 11-65 
1i 47 35 14-86 
12 15 20 4-50 


* Calculated by applying the standard error. 


From our experience, pitting rate index (p) of less than 
25 weeks is indicative of an aggressive water for which, 
for example, the use of unclad, thin-wall (0-050 in.) 
aluminium pipe is not recommended. Tabie 1 shows that 
the agreement between caleulated and observed values is 
best for waters whieh are aggressive, and hence the equa- 
tion has a practical value even at this early stage of 
development. The agreement for less corrosive wa i 
not as good, but this is not a serious disadvantage. 
calculated values for such waters are usually lower than 
the experimental values and thus the equation has x 
"built-in" safety factor. 

The equation indicates the relative importance of 
various ions in a fresh water on pitting. The large constant 
for (SO; ^) in the equation marks the importance of this 
radical and is in accord with the known influence of SO; ^ 
on oxide film formation in fresh water*. Ts is known that 
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when the copper content of water approaches 0-1 p.p.m. 
the water is aggressive to aluminium. The small constant 
for copper in the equation is explained by the fact that 
the copper content of most of the waters tested was less 
than 0-03 p.p.m. It will be noted that bicarbonate is not 
included in the equation. It was found that the inclu- 
sion of this constituent did not decrease the standard 
error of the equation. 
B. R. PATHAK 
H. P. GODARD 
Aluminium Laboratories, Ltd, 
Kingston, Canada. 
Received February 6, 1968. 
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Factors affecting Persistency of 
Lactation in Cattle 

Tre lactation curve in cattle has been represented by the 
function 


Ju Anb exp (~en) (1) 


where yn is the average daily yield in the nth week and 
A, b and c are constants. I have previously! suggested a 
measure of persisteney (the extent to which peak yield is 
maintained) given by 
Sz —(b+1) In(e)+ InP (b4- 1) (2) 
which was related to expected total yield (Y) by Y = 4e5. 
This communication describes a further investigation 
based on a sample of 859 Friesian lactations recorded by 
the Milk Marketing Board of England and Wales during 
1964-65.  Parities 1 to 9 were represented and some 
animals had calved in each calendar month. A mixed 
model was assumed. Calving month and parity were 
considered fixed, but sires and herds were assumed to be 
random selections of all possible sires and herds. Analysis 
of variance (see ref. 2) led to the values in Table 1. 


(Table 1. ANALYSIS OF VARIANCE OF FACTORS AFFECTING PERSISTENCY 


Source of variation d.f. Mean square 
Month of calving 11 2-0000* 
Parity 3 1-000* 
Month x parity 33 0-1515 
Bulis within month and parity 252 0:2607* 
Herds within bulls 180 0-0930 

Residual 379 0-0832 


* P0001. 


As expected, persistency varied considerably with 
calving month and parity, and there were very highly 
significant differences between sire progeny groups. The 
monthly means are given in Table 2 together with the week 
of peak yield. 


Table 2, MONTHLY VARIATION IN PERSISTENCY WITH WEEK OF PEAK YIELD 





Peak Peak 

Month week Month S week 
January 5-8 July E 2-3 
February 61 August 10 
March 7:3 September 1-2 
April 6-5 October 33 
May 5.2 November 47 
June 34 December 6-7 





The tendency for the lactation starting in March to show 
an extended peak due to the stimulus of May grazing 
6 to 8 weeks later is clearly shown. At the other extreme, 
the lactation starting in August rapidly falls away as the 
year closes. The means for different parities are given in 
"Table 3, and the corresponding eurves are plotted in 
Fig. 1. 
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Fig. 1. Expected average daily yields during first three lactations, 

calculated from the function y= Anbexp(—cn), Nate the decline 

in persistency with age. (Divisions along the axis are at period mid- 

points. —, First lactation; -- ~, second lactation; — ——- —, third 
lactation.) 


Although the variation among bull progeny groups was 
large, the weighted mean number of records per bull was 
only 3:8 and was highly variable, so that the mean square 
is probably still biased. Nevertheless, using progeny 
groups of ten or more records, a reasonable estimate of the 
variance eomponent could be obtained, which agreed 
closely with the data reported earlier!. 

A heritability estimate caleulated from 46?,/(c*, --0?,), 
where o? is the component due to sire progeny groups and 
cĉ% is the residual (error) variation, was 0079+ 0-11—a 
low figure in agreement with other opinions’. 

Persisteney was negatively correlated with initial daily 
yield (— 0-859) but positively correlated with total yield 
ignoring A (+0311) and also with 4 held constant 
(40.998). An approximation to the measure may be 
obtained from the definition of S, which leads to S= 
In (Y)— In (A). 


EFFECT OF AGE OF COW ON FPERSISTENCY TOGETHER WITH THE 
WEER OF PEAK YIELD 


Table 3. 


Parity S Peak week 
1 00 
2 53 
3 +0 
4 and over +R 
Mean 50 





Because Y is the expected total yield obtained by 
integrating equation (1) over its entire range, a good 
working estimate of S is obtained by integrating (1) over 
a finite range-—say 44 weeks—on the assumption that 
what remains is equally trivial over all lactations and may 
be ignored. Y ean therefore be set equal to the observed 
305-day yield with very little loss of accuracy. A further 
approximation may be obtained from equation (1), 
which gives A =y, e. Because e is small (of the order 
0-03 + 0-02), e^ is unlikely to fall outside the range 1-01 to 
1-05 so that A ~ 1-03 y,, where y, is the total yield in the 
first week of lactation. 

Hence S^1n (Y)— 1n (y) - 0-08, and it is unnecessary 
to retain full week by week records. 

Persistency can be converted easily into gallons for, 
with A constant, exp (S,-S,) is the proportion of total 
yield gained solely by a change in persistency. Referring 
to Table 3, the change from first (S = 3:62) to second lae- 
tation (S= 3-52) results in a reduction in yield of e** or 
10-5 per cent, and so the observed increase from first to 
second lactation is the result of an increase in scale which 
more than compensates. Moreover, the component of 
variance due to sire progeny groups was (0-001767, and so 
the 95 per cent range due to this classification was 0-16 or 
17-4 per cent of the 305 day lactation. 
P. D. P. Woop 
Milk Marketing Board, 

'Thames Ditton, 

Surrey. 

Received February 9; revised March 6, 1968, 
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BOOK REVIEWS 


EDUCATIONAL PROGRESS 


Resources for Education 
An Economie Study of Edueation in the United Kingdom, 


1920-1965. By John Vaizey and John Sheehan. Pp. 
vili--176. (London: George Allen and Unwin, Ltd, 


1968.) 
Tuts book brings up to date and presents in even more 
readable form the analysis first made by Professor Vaizey 
ten years ago in The Costs of Education. For this very 
necessary work he has had the help of the Nuffield 
Foundation Resources for Learning project and in par- 
tieular of Mr John Sheehan. "This collaboration is more 
than accidental, for if Professor Vaizey is right in the 
forecasts which he has made recently of the financial 
resources likely to be available to education during the 
next ten years, then a much more serious attempt to 
assess the cost-effectiveness of different educational pro- 
cedures is clearly essential, however difficult; and the 
Resources for Learning project is one of the few enquiries 
whieh is seriously concerned with the question of how 
education ean do a better job for more pupils with the 
same money. 

Professor Vaizey usually has been right. The publica- 
tion of The Costs of Education, by using the method of 
calculation at constant prices, rev ealed to non-economists 
in the educational world that proportionately our expendi- 
ture on education in real terms had scarcely risen between 
1922 and 1955. This revelation no doubt played a con- 
siderable part in creating the climate of opinion which 
has made possible the phenomenal growth in education’s 
share of the gross national product (GNP) in the past ten 
years (a rise of nearly 2 per cent compared with a rise 
of less than 1 per cent in the preceding twenty years). 
His strictures on the statistical services of the then 
Ministry of Education have helped us to get the enor- 
mously improved statistics of today. When therefore he 
warns us that the period of continuous educational 
expansion and improvement, based on a rapidly grow- 
ing share of a reasonably quickly expanding GNP, is 
coming to an end, we ought to take the warning very 
seriously. 

The book under review is, however, not a prophecy 
but an analysis of what has happened in the past. It 
prediets the future only by implication. Those who 
assume, for example, because the Government has renewed 
a pledge, that the school leaving age really will be raised 
to sixteen in 1973 might usefully ponder the economie 
causes which led to a Labour government introducing 
legislation to raise it to fifteen in 1931, a Conservative 
government promising to raise it in 1933, and the actual 
raising being postponed to 1947. The technique of cal- 
culation at constant prices dispels a remarkable number 
of myths in educational thinking. Professor Vaizey shows, 
for example, that the “savage euts" in education imposed 
by deflationary governments intent on economy have 
meant very small real eut-backs in standards, for falling 
prices have almost entirely offset smaller money re- 
sources: similarly, “massive expansion" in inflationary 
periods has often been overtaken by rising prices. The 


35s. net. 
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discontent of the teaching profession at declining status 
cannot fairly be related to declining economic status. 
Teachers are not relatively worse off than before the war. 
In fact, the rise in their average earnings during the past. 
twenty years has, in real terms, bean well above the 
average rise of male earnings. 

One very important conclusion of the book is that 
there has been a switch in the allocation of resources 
within education, very marked in the past ten years, away 
from primary education, the most startling benefici 
being further education. “This,” say the authors, 
sents a massive switch of educational expenditure towards 
the older age groups and, by implication, in the direction 
of those with social and educational advantages. In other 
words, what has actually happened flies in the face of the 
Newsom and Plowden Reports, and supports the Robbins 
Report.” 

Of course it was inevitable, because primary education 
was universal and secondary education beyond the age 
of fifteen was not, that as the proportion of the age group 
staying on in secondary education or admitted to higher 
or further education increased, the proportion of total 
resources devoted to primary education would fall, The 
authors recognize this as an inevitable feature of ex- 
panding educational systems, but, looking around with 
the eye of the observer rather than that of the statistician, 
it would be hard not to agree with their implication that 
this process has been exaggerated in Great Britain during 
the past ten years. It is not, recent figures have shown, 
in average teachers’ salaries that primary education has 
fallen behind: it is in buildings and staffing ratios. Here 
the most cursory observation reveals, what the figures 
indicate, a condition of near affluence in higher and 
further education, decent respectability in secondary, and 
near poverty in primary. Yet this is not the apparent, 
will of the people as expressed through their political 
parties, which vie with each other in "giving priority to 
primary education", nor in accord with the balance of 
professional educational opinion. 

Indeed, the final impression conveyed by the book is 
that during the whole of the period surveyed the state 
of education has been more nearly related to fluctuations 
in the birth rate or in the general economie situation than 
to any consciously willed national policy. The only 
exception would appear to be the very rapid expansion 
of higher and further edueation during the past ten years. 

A. D. C. PETERSON 










VICTORIAN VIEW OF SCIENCE 


History of the Inductive Sciences 

By William Whewell. Part 1: Pp. xxxi + 394. Part 2: 
Pp. xii+488. Part 3: Pp. xiv4-614. (Cass Library of 
Science Classies, No. 7.) (London: Frank Cass and Co., 
Ltd, 1967. First published 1837.) 315s. the three parts. 


The Philosophy of the Inductive Sciences 

By William Whewell. Part l: Pp. xxxii+ 708. Part 2: 
Pp. xiv-- 701. (Cass Library of Science Classics, No. 5.) 
(London: Frank Cass and Co. Ltd, 1967. First published 
1840.) 252s.the two parts. 

WHEWELL’s works enjoyed among British scientists of the 
nineteenth century an authority which by modern stan- 
dards they do not at all deserve. This is no isolated 
phenomenon; nearer to us, the pseudo-philosophieal 
writings of Jeans and Eddington have also been praised 
beyond measure by contemporary erities. The unavowed 
reason for the popularity of this type of literature is always 
the same; it offers a shallow, snug and reassuring picture 
of science as ancilla theologiae. The details of the picture 
cannot help changing with time, but the conclusion 
remains: indeed, it is a foregone conclusion. Changes in 
literary fashion are also reflected by the genre: our own 
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bien pensant authors write slender books; Victorian 
readers could afford thick volumes of leisurely chatter and 
complacent display of solemn platitudes. To revive 
Whewell by a full reprint of his collected works is a misuse 
of the technical progress that makes such reprints so easy 
nowadays, a misuse only aggravated by including them 
among ‘“‘classies of science" 

For the historian of science, they have only the value of 
testimonies to the kind of ideology inculcated to the 
studious youth destined to oceupy key positions in 
church and state, at a time when science appeared as a 
new, potentially dangerous social force that had to be 
tamed and harnessed. Whewell was the man destined to 
fulfil this task and, served by uncommon erudition and a 
shrewd turn of mind, he went about it with unsparing 
thoroughness. His industry, however, was not matched 
by his perspieacity. To realize how little he was actually 
au fait of the new trends of scientific thought, it will be 
sufficient to notice that such a fundamental idea as that 
of the correlation of the forces of nature was beyond his 
horizon. In fact, the scientifie outlook he diseusses at 
immoderate length was that following directly from 
Newton's work—carefully pruned, of course, of the epis- 
temological innovations to which it gave rise under Locke's 
inspiration. He is also at pains to refute his French rival 
Auguste Comte, like himself erudite and shortsighted, but 
able at least to interpret the evolution of human thinking 
with an untrammelled mind. L. RosENFELD 


BERTALANFFY'S PSYCHOLOGY 


Robots, Men and Minds 

Psychology in the Modern World. By 
Bertalanffy. Pp. x + 150. 
Ine., 1967.) $5. 


Tus short book can be cordially recommended to students 
of psychology and psychiatry and also to those of their 
elders who, like me, have long been intrigued by the 
name of von Bertalanffy, without knowing exactly what 
he stands for. Such ignorance will certainly be dispelled 
by reading its lively text, which is interspersed at fre- 
quent intervals with citations from the author's publica- 
tions over the past forty-four years. It is a very personal 
book, and the personality which permeates it is not a 
partieularly winning one: there is a constant strain of 
self-congratulation, coupled with an unconcealed resent- 
ment at the failure of the world of science to aceord him 
the recognition which he feels he deserves. The author 
is clearly erudite, eultivated and brilliant; and yet every 
now and again he reveals a glimpse of the least attractive 
type of Teutonie authoritarianism-—for example, in his 
unbridled scorn for beatniks, “unbearable” children, and 
“teenagers who do not know their mother tongue when 
entering college but are glued to the television screen for 
five hours a day”; and in his patronizing praise for an 
existentialist work by Simone de Beauvoir, "little as T 
like de Beauvoir's more sexy publications". Some readers 
may find him personally uncongenial; but none will find 
him dull. Throughout his life he seems to have been 
communing, both literally and in the realms of ideas, 
with many of the most original thinkers of our time. 
Both in his text, and in a long series of notes to the text, 
he succinctly presents (and "frequently challenges) the 
ideas of men as diverse as Claude Bernard, Freud, Lorenz, 
Whitehead, and Toynbee, to name only a few. 

His prime purpose, however, is to present an epitome 
of his own ideas; and these are full of interest. A dis- 
tinguished biologist, he has fought a long guerilla warfare 
against the tyranny of inappropriate mechanistie thinking 
in the life sciences. He views cybernetics as the first 
major departure from the conceptual scheme of traditional 
physics, but believes that cybernetic models still cannot 


Ludwig von 
(New York: George Braziller, 
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do full justice to the phenomena of living organisms, and 
particularly not to those involving symbol systems, as in 
human behaviour. 

"Physical processes follow the second law of thermo- 
dynamies which peer that they proceed towards 
increasing entropy. . . . But living systems apparently do 
exactly the opposite. In spite of irreversible processes 
continually going on, they tend to maintain an organized 
state of fantastic improbability ; they are maintained in 
states of non-equilibrium; they even develop towards 
increasingly improbable states, increasing differentiation 
and order, as is manifest both in the individual develop- 
ment of an organism and in evolution from the famous 
amoeba to man" 

The complexities of living organisms, especially the 
higher organisms, are such that, in his opinion, we need 
a conceptual approach as radically different from classical 
physies as was the Galilean from the Copernican view of 
the universe. He believes that in general systems theory 
we have the beginnings of such a new theoretical scheme, 
although he admits that perhaps some radieally new 
mathematical diseoveries will have to be made before 
this theory can be generalized to subsume all the eom- 
plexities of living things. 

In passing, von Bertalanffy executes a number of 
daring raids into several large topies. He rails against 
the "zoomorphizing" tendency of experimental psycho- 
logy, the robotizing effect of the "doctrine of the primary 
reactivity of the psychophysiological organism"; and 
later he advances an alternative theory in whieh activity, 
and not reactivity, is seen as the basic characteristic of 
living creatures. He challenges the "random mutation" 
basis of neo-Darwinian evolutionary theory, and antici- 
pates a new theory emerging from recent advances in 
molecular biology, advances which will reintroduce tele- 
ology into the evolutionary process. He points out that 
perception has been found to be not merely a response 
of the organism to external stimuli which impinge on it 
from the external world, but an active, selective process 
on the part of the organism itself. This leads to a recon. 
sideration of the mind-body problem on lines reminiscent 
of Heisenberg's theory of complementary systems, which 
leads to the interesting suggestion that this problem is an 
attribute of the umwelt (or species-specific experience of 
the ambient reality, as described by von Uexküll) peculiar 
to human beings. This calls in turn for a new epistem- 
ology, in which an absolutistic is replaced by a perspective 
philosophy. 

Not surprisingly, sociology also lends itself to analysis 
in terms of general systems theory: “Sociology is the 
study of social systems, whatever their exaet definition 
may be". In this last phrase lies the weakness of his 
whole argument; because we are continually being asked 
to take on trust the claim that some day, in the future, 
the general theory of multiple interactions in open systems 
will be capable of actual application to biologieal, social 
and psychological events of extraordinary complexity. 
The author is well aware that he may be accused of being 
metaphysical, vitalistie, anti-scientifie; but he insists 
that throughout his life he has been simply opposing the 
intrusion of pseudoscientifie ways of thinking into fields 
of human experience where they do not belong. His aim, 
in eontrast, has been to contribute towards the human- 
izing of science. G. M. CARSTAIRS 











EARLY MAN IN THE ARCTIC 


Ancient Men of the Arctic 

By J. Louis Giddings. Pp. xxxi--301-- xv. 
Secker and Warburg, 1967.) 84s. net 

'Tuis book belongs to a genre eae popular in the 
United States, that of a personalized anecdotal account 


(London: 
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of serious archaeological work, a genre which reflects the 
need for readers more numerous than those likely to be 
closely interested in a straightforward account in scientific 
language. Once the main thread has been gained—and 
here the introduction by Henry B. Collins will be found 
to be of great help—the more specialized reader wishing 
to extract information rapidly will find little trouble; to 
anyone with more leisure there is the reward of making 
acquaintance with the attractive personality of the author 
eut short tragically on the highway, a man of personal 
modesty but of outstanding achievement in his chosen 
field of research. 

It is interesting to recall that archaeology has been 
seriously applied to the study of early human settlement 
in the Arctic territories for less than half a century. 
Before this, attempts were made by such men as Henry 
Rink, Franz Boas and H. P. Steensby to reconstruct the 
antecedents of the Eskimo by means of inference from 
the ethnographic present. The first attempt to establish 
the early history of settlement in the northern territories 
of the Old World by direet archaeological investigation 
was made by the Fifth Thule Expedition to North Canada 
between 1921—94, an expedition mounted from Greenland 
and condueted by Therkel Mathiassen and Kaj Birkett- 
Smith. 'The most important outeome of this was the 
discovery in the north-west Hudson Bay region of a well- 
defined forerunner of recent Eskimo culture, termed the 
Thule culture. 

The opening up of north-west Alaska as a field of 
archaeological excavation began a new era in palaeo- 
Eskimo research. In this respect the discovery by the 
joint Danish-Ameriean expedition led by Helge Larsen 
and Froelich Rainey in 1939 of the distinctive Ipiutak 
culture stratigraphically below a western outlier of the 
Thule culture marked a decisive advance. This expedition 
was decisive in another aspect because it was as a junior 
member charged with responsibility for obtaining samples 
for tree-ring analysis that J. Louis Giddings gained his 
first experience of the territory where in due course he 
was to widen so notably the range of man’s history in 
the Arctic. 

Giddings made his first break-through in 1948 with 
the excavation of the Tyatayet site at Cape Denbigh on 
the southern shore of the Seward Peninsula. The dis- 
covery underneath an Eskimo house dated since A.D. 1600 
of a distinctive assemblage, to some extent recalling early 
Ipiutak and which Giddings termed Norton, was locally 
important, but the revelation in the basal horizon of what 
eame to be termed the Denbigh culture began a new 
chapter in Arctic research. The combination of a micro- 
core and blade technique, burins and bifacially flaked 
projectile heads pointed to the Old World, notably to 
Siberia, and gave excavators in the New World a new 
objective. Industries of basically Denbigh character have 
indeed since been found in northern Canada from the 
Firth River to the Igulik area of the north-east, to the 
Aretic archipelago and even in Pearyland in the extreme 
north of Greenland. In Alaska itself the dating of the 
Denbigh horizon by radiocarbon analysis to the period 
c. 2500-3500 s.c. stimulated research both on the inter- 
mediate stages of eulture and on the period between the 
full development of Denbigh and the presumed passage 
of the hunting people whose Clovis projectile points were 
being lost on the High Plains of the United States as 
early as the ninth millennium s.c. The first gap has been 
filled in part by straightforward vertical stratigraphy, 
but in part also by Giddings's masterly investigation of 
the series of more than a hundred strand-lines on Cape 
Krusenstern north of Kotzebue Sound. The earliest of 
these, most remote from the present coast, yielded sites 
of successive phases of Denbigh culture, and the youngest, 
immediately behind the modern beaches, settlements of 
the western Thule. On intermediate beaches, Giddings 
with great persistence confirmed the sequence of Ipiutak 
and Norton cultures and revealed a new Choris stage 
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dating from around 1000 s.c. and corresponding to a 
level previously found in the Trail Creek caves by Helge 
Larsen between Ipiutak and Denbigh levels, as well as 
occupation dating from around 1800 s.c. and attributed 
by him to an Old Whaling group. 

The research on which Giddings was engaged at the 
time of his death was an attempt to detect phases of 
settlement antecedent to the fully fledged Denbigh. 
Already, on what proved to be his last expedition, he 
had an extremely promising stratigraphical sequence on 
Onion Portage on the Kobuk River. At this locality the 
material from a succession of deposits underlying a well- 
defined Denbigh horizon yielded a number of traits first. 
encountered by archaeologists in the New World in the 
context of this culture; the micro-blades and micro-cores 
from the seventh and lowermost layer so far explored at 
Onion Portage give evidence of a tradition, previously 
known from the campus of the University of Alaska, from 
the Aleutian Islands and from Japan itself. 

Dr Giddings in his lifetime opened up a field of pre- 
historie research in north-western Alaska of key impor- 
tance to students of early man in the Arctic. It is good 
to know that further work was projected and has indeed 
already been carried out. No better introduction to what 
is involved could be provided than this amply illustrated 
and well-indexed book. GRAHAME CLARK 


PIGEONS AND DOVES 


Pigeons and Doves of the World 

By Derek Goodwin. (Publication No. 663.) Pp. vi+ 446 + 
3 plates. (London: British Museum (Natural History), 
1967.) 126s. 


Tar Columbidae are indeed a family of birds that have 
inherited the Earth, flourishing in all but the highest 
latitudes and on some of the most remote islands of the 
globe as well as on all the continents. The proliferation 
of species from Indonesia eastwards is especially remark- 
able; and, as the author remarks, this success is the more 
so because the Columbidae have the smallest clutches 
among land-birds—two eggs or only one, nearly all of them 
have weak bills and nearly all are attractive to predators 
through their bulk and their succulence. 

The author has special qualifications for writing this 
comprehensive review, because not only is he working in 
the British Museum (Natural History), but he also has a 
strong personal commitment to this group of birds. Tt 
dates from his early childhood, since when he has taken 
every opportunity to study them alive and has published 
a number of papers on them. The result is an authoritative 
study written with agreeable personal touches. Tt is, too, 
delightfully free of pretentiousness and jargon (^edifi- 
carian" is an unaccountable lapse); but it must be noted 
that the book swells the high proportion of our present-day 
publications of which the proof-reading could have been 
better. 

The account of each species is accompanied by a 
distribution map and usually also by a line drawing of 
the bird by Robert Gillmor, who eontributes also three 
coloured plates. All available information-—and the 
literature has been meticulously ransaeked-—is given 
about the variation within each species, its distribution 
and habitat, characters in the field, and every aspect of 
its biology. Here we see how much remains to be learned. 
Again and again we come against the blank wall of "no 
information"; this applies even to the nesting of a 
Jamaican species. Nor is there unlimited time; several 
species, such as those of the Bonin Islands and of the 
Mascarenes, have gone for ever and others are on their 
way. 

The first fifty pages of the book are devoted to general 
topies, including a brief exposition of the taxonomic 
system very helpful to the layman. The topics include 
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“adaptive radiation” and a comparative treatment of all 
kinds of pigeon behaviour, with the author's special 
interest, "displays", dealt with most extensively. These 
various discussions make one ask for more. How do the 
numbers of species in different parts of the world compare? 
What are the patterns of their subspeciation and of their 
superspeciation in the family as a whole ? What are the 
ecologieal relationships where more than one species 
oceurs ? We shall hope that the author, who is better 
equipped than anybody else to supply the necessarily 
incomplete answers to such questions, will let us have 
them before long. This will further still more the author's 
intention of indicating, as he says, "what is not known" 
and hence is to be investigated. R. E. MOREAU 


CIRCANNIAN, NOT CIRCADIAN 


Mammalian Hibernation Ili 

(Proceedings of the Third International Symposium, held 
at the University of Toronto, Toronto, Canada, September 
13-16, 1965.) Edited by Kenneth C. Fisher, Albert R. 
Dawe, Charles P. Lyman, Edward Sehónbaum and Frank 
E. South, jun. Pp. xiv--535. (Edinburgh and London: 
Oliver and Boyd, Ltd, 1967.) 126s. net. 

THERE is an imposing list of contributors to this sym- 
posium and the book consists of 13 review papers which 
scan the major topics related to the subject of hibernation 
and also 12 original papers whieh were selected in an 
attempt to cover aspects of the subject which were 
not necessarily dealt with in the reviews. 

Faetors influeneing the process of hibernation are well 
covered and the possibility of immediate environmental 
factors influencing either a yearly "emcannian" rhythm 
or a cireadian rhythm is discussed. Both these types of 
rhythm are examined and possible relationships between 
circadian rhythms and the annual cycle of hibernation are 
considered by F. Strumwasser, F. R. Schlechte and J. 
Streeter, who conclude that the annual cycle is a sequence 
of events each of which triggers off its suceeeding one. 

K. C, Fisher and J. F. Manery consider relationships 
between the hibernating animal's metabolism, particu- 
larly of fat, and the balance of water and electrolytes in 
the various body compartments. They bring out the 
interesting relationship between periodic arousal, involving 
heavy cost in energy, and the necessity to urinate. F. C. 
Kallen and H. A. Kanthor establish, however, in their 
work on the brown bat, that this animal voids urine during 
hibernation. The hibernator’s energy metabolism is 
considered with particular reference to carbohydrates and 
two contributors concentrate on the significance of brown 
fat. As far as the latter is concerned it is clear that much 
more evidence is yet required on the ontogeny and phylo- 
geny of this tissue before its relationship with other 
tissues, particularly white fat, can be established. In 
addition, the control of its thermogenesis is still far from 
being explained. 

J. S. Willis, in considering the cold adaptation of tissues 
in hibernating mammals, suggests that answers to some of 
the problems of tissue adaptation might help to explain 
the evolution of hibernation and wide temperature 
tolerance. They might also help to answer the question 
of whether hibernators have re-acquired their temperature 
tolerance after it had been lost by their ancestors or 
whether it has been retained throughout the course of 
evolution in some adult birds and mammals and also in 
reptiles and newborn mammals. The absence of any 
definite relationship between the mechanisms involved in 
sleep and hibernation is made clear by W. C. Dement, and 
some interesting observations on host/parasite relation- 
ships in hibernating mammals are reviewed by J. P. 
Schmidt. 

Other contributions which report changes as a result of 
hibernation include studies on the heart and circulation, 
eaesium-137 metabolism in the ground squirrel, kidney 
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function in bats, intestinal absorption of glucose in the 
hamster and the ground squirrel, and epithelial cell 
proliferation in the hamster and the dormouse. 

This volume, which is dedicated to Professor Charles 
Kayser, is an extremely valuable reference book for readers 
with a wide range of interests related to hibernation. It. 
has an extensive and up-to-date bibliography and the 
summaries, conclusions and reports of the discussions by 
the participants are extremely enlightening and stimu- 
lating. One feels that almost any current problem in this 
field will have been touched on in these discussions. 

N. W. NowELL 





SYNTHESIS OF MITOCHONDRIA 


The Biogenesis of Mitochondria 
By D. B. Roodyn and D. Wilkie. (Methuen's Monographs 


on Biological Subjects.) Pp.vi--123. (London: Methuen 
and Co., Ltd, 1968.) 25s. net. 
Some ten years ago many biochemists doubted the 


feasibility of unravelling the mechanism of synthesis of 
proteins. It is a measure of the rate of progress that a 
stimulating account can now be given of the first steps in 
understanding the biosynthesis of one of the more complex 
subcellular organelles. Roodyn and Wilkie have concen- 
trated their attention almost entirely on the work of the 
past nine years and their review is replete with references 
to the most recent work. While this policy leads to the 
production of a stimulating monograph, it inevitably leads 
also to some uncritical citation of dubious evidence which 
could mislead the less expert reader. There is solid 
evidence that mitochondria eontain DNA, but there is 
no good evidence that this has any sequence homology 
with nuclear DNA. It is established that isolated mito- 
chondria can synthesize RNA and that mitochondrial 
RNA has sequence homology to mitochondrial DNA; 
there is, however, very little evidence that this RNA has 
an informational role in the synthesis of mitochondrial 
proteins and the logical attractiveness of the hypothesis 
does not necessarily : strengthen the evidence. It is estab- 
lished that some mitochondrial proteins are coded for by 
nuclear genes and are synthesized outside the mito- 
chondria. The nature of the protein synthesis which 
occurs inside mitochondria is scarcely understood, but at 
the present rate of progress this situation can change in a 
matter of months. 

The extensive work on disassembly and re-assembly of 
mitochondrial components which has received considerable 
attention partieularly in USA is hardly touched on, and 
the monographs by Raeker and by Lehninger need to be 
studied to correct this omission. 

Despite these eritieisms the monograph by Roodyn 
and Wilkie serves as a valuable and clear introduction 
to the specialized work on protein and nucleic acid synthe- 
sis in mitochondria. It is perhaps a measure of both the 
value and of the potential danger of an attractive hypo- 
thesis that it can both guide research in one direction and 
at the same time inhibit it in another. Mendelian genetics 
and recent developments in molecular biology have com- 
bined to emphasize the supreme importance of the nucleus 
in determining cell heredity and protein specificity, yet 
the germ cell frequently contains more cytoplasmic DNA 
than nue cle ar DNA uan , recently his DNA has been 
hondra and on aromia A A warns that this 
attitude is no longer tenable. Roodyn and Wilkie give a 
clear account of what is known concerning the geneties of 
yeast mitochondria and of the prospects opened up by 


mutation and recombination among mitochondrial 
"genes". This work prompts the question--are all the 


mitochondria of one cell identical or is there a spectrum of 
mitochondria ? It is established that mitochondrial DNA 
can undergo changes analogous to those whieh oceur in 
mutation; what is not clear is the related question: 
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what happens when the DNA of one mitochondrion is 
altered and the DNA of another mitoehondrion in the 
same cell remains unaltered ? T. S. Worx 


HORMONE INTERACTION 


The Investigation of Hypothalamic-Pituitary-Adrenal 
Function 

(Proceedings of a Symposium sponsored jointly by Ciba, 
Horsham, the Society for Endocrinology, and the Endo- 
erine Section of the Royal Society of Medicine, held at 
the Royal Society of Medicine, London, February 22 
and 23, 1967. Memoirs of the Society for Endocrinology, 
No. 17.) Edited by V. H. T. James and J. Landon. Pp. 
xi--311. (London: Cambridge University Press, 1968.) 
70s. net; $13.50. 


THE papers constituting this book cover a wide range of 
clinieal and animal studies by experts in the field of 
hypothalamus-pituitary-adrenal function. On the clinical 
side, screening tests for pituitary and adrenal insufficiency 
in adults and children, effects of corticosteroid or adreno- 
corticotrophin (ACTH) therapy and the pharmacological 
effect of drugs are assessed. Anatomical and biochemical 
studies into the actions and control of ACTH and adreno- 
cortical secretion, and effects of stress on the release of 
ACTH in man and in animals, are investigated. In animal 
studies hypothalamic control of the secretion of ACTH 
and “feed-back” mechanism theories are discussed. The 
corticotrophin activity of synthetic peptide sequences 
related to ACTH and the influence of vasopressin on 
pituitary-adrenal activity are described. 

In the human foetus there is a “feed-back” mechanism 
between the pituitary and adrenal glands. Soon after 
birth and again at the onset of puberty the adrenal cortex 
changes its cortisol/androgen secretion ratio. The 
difference in response to administered ACTH in children 
and adults indicates that there is a pituitary hormone 
acting synergistically with ACTH to stimulate the adrenal 
cortex to produce androgen. 

There is some evidence from animal studies that 
neurones in the hypothalamus secrete corticotrophin 
releasing factor (CRF), the secretion varying in response 
to the nature of the stimulus. There is probably a site 
in the median eminence which is sensitive to the varying 
concentrations of circulating blood cortical steroids. Some 
similar responses to stress are observed in animals and in 
man. Varying concentrations of corticosteroids in the 
blood appear to regulate the rate at which ACTH is 
synthesized and stored in the pituitary gland, rather than 
controlling its release. In response to some types of 
stress ACTH ean be released from the gland in spite of a 
high concentration of circulating corticosteroids. This 
suggests that stress provides a stimulus for the release of 
CRF from the hypothalamus which would in turn cause 
the release of corticotrophin from the anterior pituitary. 
In rats, chronic stress (for example, handling) leads to an 
increase in the release of ACTH and thyrotrophin (TSH), 
while acute stress leads to the release of ACTH and the 
inhibition of TSH. 

In man, stress (which causes the liberation of ACTH) 
does not produce the same morphological changes in the 
adrenal cortex as does the injection of ACTH. The 
administration of ACTH seems to have two actions: (i) it 
leads to a rapid increase in adrenal blood flow, cortisol 
secretion and cortisol/eorticosterone ratio, and (ii) it has 
a slow, trophic action in increasing the growth of the 
gland and causing an increase in RNA and a depletion of 
lipid. Cortieotrophin, however, is a species specifie poly- 
peptide and the ACTH preparations in use are of animal 
origin and may well not act in the same way as the 
endogenous hormone. 

Hypothalamic-pituitary-adrenal function is one of the 
most difficult fields of endocrine research. In animal work 
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it is difficult to establish good controls, for even handling 
produces a stress effect. Much of the present knowledge 
has been gained as a result of animal experiments, but 
there are considerable species differences which make 
some results difficult to relate to the findings in man. 
So far, none of the releasing factors has been completely 
isolated and until pure CRF is obtainable some of the 
experimental work must be treated with caution. 
May REED 


FORENSIC MEDICINE 
Gradwohl's Legal Medicine 


Edited by Francis E. Camps. Second edition, largely 
rewritten, with many new illustrations. Pp. xxvii 4- 740. 
(Bristol: John Wright and Sons, Ltd., 1968.) 175s. net. 
THE first edition of the American "Gradwohl" which 
appeared some fifteen years ago was a compilation of 
monographs rather than a textbook: its only competitor 
was the much respected “Gonzales, Vance and Helpern’’, 
now Helpern (and Umberger), the standard American 
textbook. It seemed that Gradwohl might die with its 
original editor; but Francis Camps, a close friend, has 
revived it—well, rewritten it—with a larger, largely 
different group of thirty-eight contributors and the 
assistance of his departmental lecturers, This is a new 
book: the jacket says “the text has been almost com- 
pletely re-written and re-designed in order to stress the 
more objective and critical approach" (shades of Grad. 
wohl). 

This new "Gradwohl" now contains nothing of the 
original fabric. It is a new book, edited by an English- 
man with an Anglo-American team of thirty-eight con- 
tributors and produced splendidly by John Wright of 
Bristol. It sets its feet in the statutory and practice 
ground of the United States as much as in English soil. 
and bears the “grim portrait of Mathieu Orfila”, the nine- 
teenth century French toxieologist, as its frontispiece. 
The jacket. flap says that "the whole text will no doubt 
help many newly independent countries to formulate a 
medico-legal system"—a claim that those who know 
South Africa, or Morocco or India, may dispute. 

But let us not deny that this is a stimulating (and 
sometimes infuriating) book. It is well produced on excel- 
lent paper, carries a very large number of illustrations 
and graphs, and covers a wide field not only of forensic 
medicine but of science; it even dilates on electric light 
filaments and the stretchability of knitwear. 

Anyone who has tried to marshal nearly forty con- 
tributors into a single text will know that the main 
difficulty is to get them all first to write, then to write 
with any regard for each other's contributions, and 
finally to complete their manuseripts by a given date. 
The bibliography tells the tale: very little of the past 
five years' literature appears in this text: only single 
authorship can master this problem and we cannot blame 
an editor for classical editorial shorteomings. 

So the benzidine test, discarded on the advice of the 
Home Office Scientific Advisory Council (of which the 
editor is a member), is still warmly recommended, Pugh’s 
extensive writings on cold receive no mention by Mant, 
‘Brietal’ does not achieve mention among Lucas’s 
anaesthetics, and all new law--on abortion, on alcohol, 
ou dangerous drugs and their misuse, the Brain recom. 
mendations, and so on—makes no appearance in the 
text. 

Is this book intended for the medical jurist, the medico. 
legal pathologist, the toxicologist, the forensic scientist ? 
[t has something for all. It covers a remarkably wide 
field from statistieal method, ambitiously attempted in 
two pages by McDonald of the Police Research Branch, 
to sexual asphyxias by Brittain. Some new concepts of 
approach are interesting. 
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Much good——and quite a lot of poor—reading lies within 
these seven hundred pages. The whole subject is treated 
with enthusiasm--something interesting is there for every- 
one and there is an excellent index. At £8 15s. the 
book is plainly intended for the specialist and the library, 
and it deserves a place with each. I think Gradwohl 
would be content to see his book transmogrified in this 
way. KEITH SIMPSON 





RUSSIAN GENERAL PHYSICS 


General Physics 

Mechanics and Molecular Physics. By L. D. Landau, A. I. 
Akhiezer and E. M. Lifshitz. Translated by J. B. Sykes, 
A. D. Petford and C. L. Petford. Pp. x--372. (Oxford, 
London and New York: Pergamon Press, 1967.) 505.; $8. 


THERE are already quite a large number of excellent text- 
books on general physies. However, there are so many 
diverse ways of teaching physies that there is still scope 
for new books with different approaches to the subject, 
although this is such a competitive field, with high rewards 
for the most successful, that new books need to be at 
least as good as the existing ones in their general style 
and content. In particular, a book on general physies 
needs to be fairly large. There will rarely be a close cor- 
respondence between the material in a particular book 
and the material which is taught in a particular course: 
a successful book needs to contain an excess of material 
so that different selections are possible. 

The main weakness of this new addition to the field is 
in fact its size: the amount of material it contains is 
sufficiently small for it to be useful for only a particular 
type of general physics course. In its own way, it is a 
very good book: Landau and Lifshitz are already well 
known in the world of textbooks for their excellent 
Course of Theoretical Physics, and the standard of writing 
in this more elementary book is just as high. As might 
be expected from these authors, the approach is different 
from most textbooks on general physics, especially in the 
way that physical chemistry and crystallography are 
inter-related with the basic concepts of physics. In fact. 
the book will probably be most useful, not in courses on 
pure physics, but in chemical physics and other courses 
with a chemical flavour, 

The book is intended for first and second year under- 
graduates, although most parts seem rather elementary 
for most British second year courses. Mechanics, heat 
and thermodynamics, and solid state physics are well 
covered, and in addition there is some elementary chemical] 
physics and a rather curious chapter on the theory of 
symmetry, the contents of which are not necessary for an 
understanding of the rest of the book. The style is 
coherent and interesting, but is in no way urgent and 
modern as is the style of its American competitors; in 
fact the book was first written in 1937, and this original 
text, together with notes from some of Landau's lectures 
(published in 1948). have formed the basis of the present 
published text. Unfortunately, there are no problems or 
examples to augment and illustrate the material. again 
in strong distinction to modern textbooks on general 
physies. The translation into English is clear and un- 
ambiguous, although it does seem a little too formal and 
stodgy at times. 
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The book will almost certainly not have the wide 
appeal enjoyed by some of the texts designed for American 
physics courses, but it has a distinctive style and content 
which may well suit it to a few courses in physical science 
or chemical physies. F. H. Reap 


COSMIC RAYS AND SPACE PHYSICS 


Cosmic Rays and Problems of Space Physics 

Edited by Yu. G. Shafer. (Proceedings of the All. 
Union Conference. Yakutsk, August-September 1962.) 
Pp. vii 311. (Jerusalem: Israel Program for Scientific 
Translations; | London: —Maedonald-Oldbourne Press, 
1967.) 905. 


Tuis book contains the proceedings of the First All-Union 
Conference on Space Physics Aspects of Cosmie Ray Re- 
search held at Yakutsk in 1962. Because of the strength 
of cosmic ray research in the Soviet Union, the proceedings 
read like those of a full international conference and all 
aspects of the field are covered, ranging from geophysical 
effects to cosmological problems. There are thirty-seven 
research and introductory papers in full, and a few more 
are in synopsis form, an example of the latter being 
Ginzburg and Syrovatskii on the cosmic ray origin prob- 
lem. The work of these authors, however, is already well 
known in English translation. 

Among the useful introductory papers is the review by 
Pontecorvo on neutrinos and astrophysics. Properties of 
neutrinos are discussed and the importance of neutrino 
processes in astrophysics is emphasized. At some stages 
in stellar evolution the energy emitted into space as 
neutrino-antineutrino pairs becomes comparable to the 
energy emitted as photons. The type of neutrino emitted 
depends on stellar temperature and in principle informa- 
tion on nuclear processes deep inside the Sun ean be 
obtained if the neutrino flux at the Earth can be studied. 

Various theoretical papers to which it was otherwise 
difficult to refer are collected in the book. Among these 
is the independent work of both Krymskii and Shishov on 
the diffusion model for solar proton propagation in inter- 
planetary space under a predominantly uni-directional 
magnetic field. Previous work considered only isotropic 
diffusion models and these Russian papers were probably 
the first to treat the more realistic anisotropic diffusion 
ease. Dorman and co-workers develop formula for com- 
puting coupling coefficients in the high-energy range, 
relating the primary cosmie ray intensity at a given 
energy to the secondary intensity deep in the atmosphere. 
Estimation of these coefficients above the energy where 
they can be obtained empirically from the latitude effect 
remains a current problem. Pomanskii and Dovzhenko 
caleulate the radiation length for bremsstrahlung and pair 
production for a large number of common substances. The 
effects of total screening, bremsstrahlung and pair pro- 
duction in the field of atomic electrons and of inaccuracies 
in the Born approximation are all taken into account. 

Many of the quoted experimental results, sueh as the 
Sputnik 6 heavy nuclei data and the Cerenkov light shower 
data obtained in Crimea which established an upper limit 
to the high energy photon flux from possible sources, have 
already been well publicized. The proceedings, however, 
provide a useful reference for the results obtained at that 
time from the Moscow extensive air shower array and the 
Yakutsk underground telescope, both of which are experi- 
ments which continue to supply extensively used data. 
The last part of the book is devoted to instrumental tech- 
niques. 

Apart from the fascinating overall picture provided of 
cosmie ray research in the Soviet Union, the book is mainly 
of use as a reference for research workers, although the 
student entering the field will obtain something of value 
from the review articles. J.J. QUENBY 
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FILM REVIEWS 


HOMO CYBERNETICUS 
2001—A Space Odyssey 


Directed by Stanley Kubrick. 
London. 


At the Casino Cinerama, 


Frem makers learn at an early age that dramatic form 
requires a beginning, a middle and an end. Mr Kubrick 
in his Cinerama "Space Odyssey 2001" has gone one 
better; he has provided a beginning, a middle and 
infinity. For good measure he has also provided a pro- 
logue-—a prehistoric tableau-vivant in four scenes—in 
whieh two familial tribes of Olduvai Man fighting the 
elements and themselves, discover, the morning after the 
fight before, a mysterious slab—a symbol of alien intelli- 
gence. Simultaneously, while grubbing about in a pile of 
dried bones, one of them deduces that a femur could 
make a weapon, and as the victorious exploiter of this 
technological gap throws his club into the air, the scene 
dissolves to a space ship in the year 2001. 

Now Mr Kubrick is nothing if not a stickler for detail — 
indeed, many will remember that it was partly this that 
made the impact of his brilliant film “Dr Strangelove”. 
The human conquest of the safety mechanisms which 
brought about the dropping of the H-bomb, the details 
of the scene in the control rooms, all these recall the 
obsession with the details of his creations that make 
“2001” such compulsive watching. Those who remember 
Mr Kubrick's earlier films will also recall the balletic 
quality which pervades his work. The bomber and the 
tanker in mid-air copulation to the tune of “Try a Little 
‘Tenderness’; the hydrogen holocaust to the tune of 
“We'll Meet Again'"—these were brilliant highlights of 
“Dr Strangelove". 

In “2001” to the accompaniment of the Blue Danube" 
the first section of the film takes us on a space journey by 
Pan American shuttle to space station 5, the “Orbiting 
Hilton" circling the Earth. After a brief stay to examine 
the delights of weightlessness, off again to the Moon, 
where mankind has again discovered a slab. 

Section two concerns the 18-month voyage to Jupiter 
in search of the source of slabs. The crew consists of two 
astronauts awake, three in hibernation and Hal 90, a 
talking computer. Hal 90 feels (with some justification) 
that his human companions are too inferior to be entrusted 
with the search for the Golden Fleece of alien intelligence. 
He begins to act strangely and, as the crew plot to repair 
him, he inveigles them outside the ship, kills off the 
sleepers and one crewman and it is only by desperate 
efforts that the survivor gets back into the space ship, 
enters the computer’s memory bank and, by taking out 
circuits, performs an electronic leucotomy. As Hal 90 
regresses into the womb of the assembly line, his last 
conscious memory is his ability to sing “Daisy, Daisy". 

And so with the score humans one, computer four, 
sequence three begins. The space craft arrives in the 
neighbourhood of Jupiter and the surviving member 
leaves it to explore. Lo and behold! He finds a slab 
floating in space which accelerates him into "Symbols. 
ville", through polarization, solarization and all the trieks 
in special effects crew’s book. Fifteen minutes of psyche- 
delic cinerama to the accompaniment of Richard Strauss's 
“Thus Spake Zarathustra’ and then the moment of 
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truth: the death and rebirth of the astronaut (the 
apotheosis of humanity ?) in a Louis Quinze drawing room. 

The pictures are a feast for the eye. Indeed, the whole 
business of celestial mechanics gives full opportunity for 
Mr Kubrick to pile detail on detail. He shows us the 
accuracy of the perspective of the landing on the Moon: 
the slow clumsiness of operating in a space suit; the 
endless computer displays; the hazards of weightlessness; 
the technology of lunar travel. It is undoubtedly the 
closest that most of us will get to space without, suffering 
directly the claustrophobia of a space ship or the agora- 
phobia of disorientation among the stars. 

It is on human terms that the film begins to fail. The 
style of acting ean only be deseribed as twenty-first. 
century “method”, a mumbled underplaying to emphasize 
homo cyberneticus’s matter of fact acceptance of his 
mechanical miracles. Fortunately, out of two hours 
and twenty minutes’ film there is only thirty minutes’ 
stilted dialogue to mar the sheer visual entertainment. 

At the end of the scripting session before Mr Kubrick 
began his odyssey at Elstree Studios, one wonders if he 
recalled the very apposite quote from Robert Browning 
used on the National Academy of Science IGY Space 
Poster 


“O that a man's reach should exceed his grasp 
or what's a heaven for" 
After three years' labour pains Mr Kubriek may have 
exceeded his grasp, but he has found an entertaining use 
for heaven ! AUBREY E. SrNGER 


OBITUARIES 


Dr D. Tilles 


Dr Davip TiLüLES, a geophysicist and associate professor 
in the department of oceanography, Oregon State Uni- 
versity, was killed by a falling boulder on the Oregon 
beach on March 30. He was 34 years old. 

Tilles was born at Berkeley, California, and attended 
the California Institute of Technology from 1950 to 1952. 
He received his bachelor's degree in 1954 at the University 
of California, at Berkeley, and his doctorate in 1959. He 
was with the Smithsonian Astrophysieal Observatory at 
Cambridge, Massachusetts, and the Harvard College 
Observatory from 1960 to 1967, before going to Oregon. 

Some of Tilles's earliest work involved a study of stable 
silieon isotope ratios in tektites, using isotope dilution 
and mass spectrometry. Other problems such as the 
diffusion of tritium in meteoritic alpha and gamma iron 
also attracted his attention. He developed a hypothesis 
for a possible mechanism for aceumulation of noble gases 
in the Earth's atmosphere, and suggested à mechanism 
whereby the solar wind bombardment of extra terrestrial 
dust may be responsible for noble gas accumulation. He 
also suggested experimental tests of this hypothesis. 

While at the Smithsonian Observatory and the Harvard 
College Observatory, Tilles undertook some difficult 
measurements of the excess argon-36 and argon-38 in 
magnetie concentrates of Pacifie sediments and in dense 
concentrates of selected Greenland dust. These measure- 
ments were directed towards a test of the expected con- 
centrations of solar flare ions implanted in interplanetary 
dust. 

Experiments and ideas of extra terrestrial influx mech- 
anisms finally resulted in an authoritative review article 
on “Influx Measurements of Extra Terrestrial Materials" 
(Science, 159, 936; 1968) written with Dr D. W. Parkin. 
Tilles’s extra terrestrial studies have provided some very 
important background information which will be a spring- 
board for future space research. 
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University News 


Professor V. Walker has been appointed to the addi- 
tional chair of mechanical engineering in the University 
of Bradford. 


Mr T. Lewis, University College, London, has been 
appointed to the chair of mathematical statistics in the 
University of Hull. 


Dr L. Essen, National Physical Laboratory, has been 
appointed a consultant professor in physies at the 
University of Keele. 


Announcements 


The Zoological Society of London has made the follow- 
ing awards: The Scientific Medal to Dr J. B. Gurdon 
of the Department of Zoology, University Museum, 
Oxford, for his work on nuclear transplantation; Dr J. E. 
Treherne of the Department. of Zoology, University o 
Cambridge, for his work on insect physiology, particularly 
the absorption of nutrients; and Professor L. Wolpert 
of the Middlesex Hospital Medical School, London, for 
his work on cell biclogy and embryology; The Stamford 
Raffles Award to Dr Maxwell Savage of Welwyn. 
Hertfordshire, for his contributions to the knowledge of 
amphibians; The Thomas Henry Huxley Award to 
Dr P. S. Lake for his thesis “Studies on growth, feeding 
and neurosecretion of Chirocephalus diaphanus Prevost 
(Crustacea: Anostraca). 


Meetings 


June 12-14, Applications of Newer Physical Tech- 
niques to the Study of Drug Metabolism, National 
Bureau of Standards, Gaithersburg, Maryland (Drug 
Research Board, National Academy of Sciences. 2101 
Constitution Avenue, NW, Washington DC 20418). 


June 18-20, Storage and Retrieval of Information, 
Munich (Dr I. J. Gabelman, Director, Advanced Studies, 
Rome Air Development Center, Griffiss Air Force Base, 
New York 13442). 


June 23-29, High Speed Photography, Stockholm 
(The Secretariat, 8th International Congress on High 
Speed Photography, Box 23, Stockholm 80). 


June 24-26, Technological Forecasting, Glasgow 
(R. V. Arnfield, University of Strathelyde, George Street, 
Glasgow C1). 


June 26-28, Thermoinelasticity, Ministry of Tech- 
nology's National Engineering Laboratory, East Kil- 
bride (The Director, National Engineering Laboratory, 
East Kilbride, Glasgow). 


June 30-July 14, Electronic Structures in Solids, 
Crete (E. D. Haidemenakis, 2 rue de Furstenberg, Paris 
6e). 


July 1-12, Health Physics, Imperial College of Science 
and Technology (The Registrar. Imperial College, South 
Kensington, London SW7). 


July 14-26, Plant Pathology, Imperial College of Science 
and Technology (Professor R. K. S. Wood, Imperial 
College, London SW7). 


July 16-20, Eighty-seventh Annual Meeting of the 
Society of Chemical Industry, Edinburgh (Dr Magnus 
Pyke, Publicity Secretary, Scottish Grain Distillers Ltd, 
Glenochil Research Station, Menstrie, Clackmannanshire, 
Scotland). 


July 22-25, Animal Reproduction and Artificial 
Insemination, Paris (6th International Congress on 
Animal Reproduction and Artificial Insemination, 7 rue 
Auber, Paris 9e). 
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July 23-25, Institute of Information Scientists Con- 
ference, Sheffield (R. Sewell, 29 Blackbrook Avenue, 
Sheffield 10). 


Erratum. Dr A. J. Osbahr has written to say that the 
primary structure of bovine peptide B quoted in his 
article with Robert W. Colman and Russell E. Morris, 
jun. (Nature, 215, 292; 1967), should have been eredited 
to Blomback, B., and Doolittle, R. (Acta Chem. Scand., 
17, 1816; 1963). 


Erratum. In the communication “Elastase from 
Staphylococcus epidermidis” by David P. Varadi and 
Angelito C. Saqueton (Nature, 218, 468; 1968) the sen- 
tence beginning on the twenty-eighth line of the second 
paragraph should read: “Al of forty elastase-negative 
isolants from skin were §-galactosidase-negative; cor- 
respondingly, of forty-five elastase-positive isolants 92 per 
cent were §-galactosidase-positive’. In the legend to 
Fig. 3 the word “with” should be replaced by the word 
Uim". In the penultimate paragraph the second mention 
of Staph. epidermidis should read Staph. epidermidis 
(Staph. albus). 


CORRESPONDENCE 


Research outside the Government 


Sig,—In a recent News and Views note (Nature, 218. 
417; 1968) you remark that “It is a truism to say that 

. scientific research . . . benefits from being organized 
into large units". Far from it being a truism, I would 
suggest that the optimum size of research units has not. 
even been diseussed to the extent that its importance 
warrants, 

Certainly there are benefits associated with large 
laboratories. | Notable are the economy of common 
services (library, workshop, ete.) and the advantage of 
having a wide range of expertise on hand. 

However, it is not always realized that there are also 
certain disadvantages that increase more than propor- 
tionally with size. Chief among these are the inevitable 
dispersal of effort in managerial consultations and the 
lengthening chain of communication between the labor- 
atory bench where scientific work is done and the board- 
room where decisions are made. 

Beyond a certain size, even the advantages of bigness 
may be more apparent than real. Thus the organization 
of common services that are common to many customers 
will need to be so formalized that they are effectively as 
remote as an outside firm—but are not subjected to the 
spur of competition. Similarly, there is little value in 
having experts available for consultation under the same 
roof unless there is an element of personal aequaintanee— 
which cannot be extended beyond a cirele of people 
having a definite numerical limit. 

I therefore suggest that the more effective research 
unit may be a good deal smaller than is commonly 
assumed. Thirty years ago. Bernal suggested fifty quali- 
fied workers as the upper limit for one laboratory. That 
may be extreme. My main point, however, is to urge that 
the subject should be given much fuller study in order to 
prevent resources being misdirected into less suitable 
structures and establishments. 








Yours faithfully, 


B. E. NorTINGK 
Windwhistle, 
Nutcombe Lane, 
Dorking, Surrey 
! Bernal J. D., The Social Function of Science, 266 (Routledge, London, 1939) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Tuesday, june 4 


UNIVERSITY OF LONDON (in the Main Physics Lecture Theatre, Imperial 
College of Science and Technology, London, SW7), at 5.30 p.m.— Professor 
J, Ring: “Infra-red Astronomy" (Inaugural Lecture).* 


Tuesday, June 4— Wednesday, June 5 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at The Ministry of 
Overseas Development, Eland House, Stag Place, London, SW1), at 10.30 
a.m. daily—Conference on '"The New Society— What is It?” 









Wednesday, June 5 


SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (joint meeting 
with the Dublin and District Section, at the Rupert Guinness Hall, Watling 
Street, Dublin, 9)-—Meeting on "Fermentation in the Food Industry". 


. UNIVERSITY OF LONDON (at the Royal Postgraduate M 
Cane Road, London, W12), at 2 p.m.— Dr J. R. O’Brien: 
and Tests Thereof ".* 


UNIVERSITY OF LONDON (at the Institute of Urology, St Philip's Hospital, 
Sheffield Street, London, WC2), at 5 p.m.—Dr D. W. Hill and Mr A. R. 
Constable: “Isotope Uses", (Sixth of eight lectures on “The Use of Isotopes 
in Urology".)* 


UNIVERSITY OF LONDON (at the Institute of Orthopaedics, Royal National 
Orthopaedic Hospital, Great Portland Street, London, W1), at 8.15 p.m.— 
Professor C. E. Dent: “Metabolic Disorders of Growth".* 


dieal School, Du 
Platelet Function 












Thursday, June 6 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, Wi), at 10.30 
a.m,—Discussion Meeting on "Nitrogen Fixation" organized by Professor 
J. Chatt, FRS, and Professor G. E. Fogg, FRS. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr N, L. Kusters (National Research Council, Ottawa): "AC 
and DC Current Comparators”. 








Friday, June 7 
UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p.m.—Dr Grant Lee: “Heart Failure".* 


Monday, June [0 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p.m.—Dr M. S. Losowsky: "Liver Disease 
and Intestinal Absorption". 


Monday, June 10—Friday, June 14 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2) 
Conference on ‘Industrial Measurement Technique for On-Line Com- 
puters”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER (mathematician or an engineer with mathematical ability) in 
ENGINEERING  MATHEMATICS--The Secretary, The Queen's University, 
Belfast, Northern Ireland (June 8). 

LECTURERS IN PsyCHOLOGY—The Secretary, The Queen's University, 
Belfast, Northern Ireland (June 7). 

SECOND CHAIR OF GEOGRAPHY at the University of Malaya—The Associa- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, SW1 (Kuala Lumpur and London, June 7). 

CHAIR OF COMPUTER SCIENCE at the University of Queensland, Australia 
—The Secretary-General, Association of Commonwealth Universities (Branch 
rund Matiborgugh House, Pall Mall, London, SW1 (London and Brisbane, 

une 10), 

TUTORIAL RESEARCH STUDENT (graduate) IN ORGANIC CHEMISTRY— The 
Secretary, Bedford College (University of London), Regent's Park, London, 
NW1 (June 10). 

ASSISTANT LECTURER or LECTURER (Reproductive Studies} in the DEPART- 
MENT OF VETERINARY CLINICAL STUDIES at the Veterinary Field Station. 
Leahurst, Neston in the Wirral--The Registrar, The University, Liverpool, 
quoting Ref. RV/505 (June 12). 

LECTURER IN CIVIL ENGINEERING-— The 
Dundee, Scotland (June 14). 

LECTURER IN MICROBIAL GENETICS at Monash University, Melbourne— 
The Academic Registrar, Monash University, Wellington Road, Clayton, 
Victoria 3168, Australia; or The Secretary-General, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SW1 (June 15). 

LECTURER in the DEPARTMENT OF CERAMICS WITH REFRACTORIES TECH- 
NOLOGY-—-The Registrar, The Universit effield (June 15). 

ASSISTANT LECTURER or LECTURER IN PHARMACOLOGY Or BIOCHEMICAL 
PHARMACOLOGY —-The Registrar, The University, Nottingham (June 17). 

LECTURER and an ASSISTANT LECTURER (preferably with a medical degree 
or an honours degree in physiology or other biological scienee, and 

tary, University 


Secretary, The University, 











experience) in the DEPARTMENT OF PHYSIOLOGY —lhe Sec 
of Edinburgh, Old College, South Bridge, Edinburgh (June 17). 

LECTURER (Embryology) within the DEPARTMENT OF ANATOMY—The 
Seeretary, The University, Aberdeen (June 17). 

LECTURERS and ASSISTANT LECTURERS in the DEPARTMENT OF ZOOLOGY, 
University of Ife, N ia— The Inter-University Council, 33 Bedford Place, 
London, WC1 (June 17). 

CHAIR OF GEOLOGY at the University of Melbourne, Australia—' The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, SW1 (Australia and London, June 18), 

LECTURER (graduate in veterinary science or agriculture, and completed 
advanced studies at MSc, or PhD level in biochemistry) in BIOCHEMISTRY 
in the Faculty of Veterinary Seience, University College, Nairobi (University 
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of East Africa)—The Inter-University Council, 33 Bedford Square, London, 
WEI (June 18). 

CHAIR OF MARINE BIOLOGY 
College Gate, St Andrews, 'otland (June 

PROFESSOR OF EDUCATION at the Univer: 
University of East Africa—The Inter-Univers 
London, WC1 (June 20). 

ASSISTANT EXPERIMENTAL OFFICER (with a deg HNC, or equivalent 
qualification) for ELECTRON MICROSCOPY OF VARIOUS BIOLOGICAL MATERIALS 
~The Secretary, Rothamsted Experimental Station. Harpenden, Herts, 
quoting Ref. 1052/110 (June 22). 

LECTURER (microbiologist biochemist) in the Deparry 
BIOLOGY—The Secretary, Queen Elizabeth College (Unive: 
Campden Hill Road, London, W8 (June 22). 

SENIOR LECTURER and a LECTURER in the College Computing Ce 
University College, Nairobi (University of Bast Afri 
sity Council, 33 Bedford Place, London, WC1 (June 22 

LECTURER (preferably with re: P 
related field) in PHYSI 







The Secretary, University of St Andrews, 
) 












Dar-es-Salaam, 


Y College. 
Bedford Place, 


y Council, 





3 









or MICRO- 
y of London), 







ire, 













Physical Sciences, Flinders © 
versity of South Australia 'retary-Gereral, Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SWI; or The Registrar, The Flinders University of South Australia, Bedford 
Park, South Australia 504 (June 28). g 

Pre OR and HEAD OF THE DEPARTMENT OF MaTHEMATICS, University 
of Zambia—The Inter-University Council, 33 Bedford Place, London, WC 
(June 28), 

POSTDOCTORAL FELLOWSHIP 

















tenable in one of the following departments: 
CHEMISTRY, GEOLOGY, PHYsiCE, ZOOLOGY, Victoria University of Weling- 
ton, New Zealand-—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8Wi (June 30). 
SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with a good honours 
degree) for work on soil fertility in the CHEMISTRY DEPARTMENT— The 
Secretary, Rothamsted Experimental Station, Harpenden, Herts, quoting 
Ref. 1051/04 (June 30). i 
SENIOR LECTURER (with medical qualifications registrable in Victoria, and 
experienced in clinical or experimental aspects of pharmacology) in APPLERT: 
PHARMACOLOGY in the DEPARTMENT OF MEDICINE (Austin Hospital) and the 
DEPARTMENT OF PHARMACOLOGY, University of Melbourn ustralia-—The 
Association of Commonwealth Universities (Branch Of Marlborough 
House, Pall Mall. London, SW1 (Australia and London, June 30). 























REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Forestry Commission. Research and Development Papers. No. Bi: 
Experiments on the Rehabilitation of Uneconomic Broadleaved Woodlands, 
By R. F. Wood, A. D. S. Miller and M. Nimmo. Pp. 53 (21 plates). No. 58: 
Work Study in Silvicultural Operations with particular reference to Weeding, 
By N. Dannatt and W. O. Wittering. (Paper presented to the Ninth Com- 
monwealth Forestry Conference, India, 1968. — Pp.iii--23. No. 59: Work 
Study in the Improvement of Timber Harvesting Efficiency, By A. A. 
Rowan. (Paper presented to the Ninth Commonwealth Forestry Conference, 
India. 1968). Pp. 23. Forest Records. No, 62: Plantations on Mediaeval 
Rigg and Furr Cultivation Strips: a Study in Seoreby Wood, York East 
Forest, By T. C. Booth. Pp. 15. 3s.net. No. 64: Pine Martens. By H. G. 
Hurrell. Pp. 24. 25. 6d. net, Progress Report 1060-65 by the Forestry 
Commission of Great Britain prepared for the Commonwealth Forestry 
Conference 1968. Pp. 28. (London: H.M. Stationery Office, 1967 TA 
1968.) 

Cotton Research Corporation. Progress Reports from Experiment Stations, 
Season 1965-66. Malawi. By R. K. Gausi. Pp.23. 28. 6d. Season 1966-67, 








Uganda. Pp. 60. 2s. 6d. Zambia. Pp. 24. 2». 6d. (London: Cotton 
Research Corporation, 1967 and 1968.) i [24 

Albright and Wilson, Ltd. Annual Report 1967. Pp. 34. (London: 
Albright and Wilson, Ltd., 1568.) [24 


Proceedings of the 34th Annual Clean Air Conference, Blackpool, 17th to 
20th October, 1967. Pp. 175. (London: National Society for Clean Air, 
1968.) 30s. .M 

University of Oxford. Annual Report, 1966-1067. (Supplement No. 3 to 
the University Gazette, Vol. 98, March 1968.) Pp. 27. (Oxford: The Uni- 
versity, 1968.) 5s. . {34 

Natural Resources Postgraduate Studentships: Your Questions Answered. 
Pp. 14. (London: Ministry of Overseas Development, 1968.) . [34 

Wye College (University of London). Maize for Grain: a Grower's Hand- 
book. By G. M. Milbourn. Pp. I9. (Ashford, Kent:, Department of 4 








trical and Magnetic Ceramics. 
Ceramic Society, 1968.) 95s. k 

Bulletin of the British Museum (Natural History), Zoology. Vol. H 
No. 3: Polyzoa from West Africa, The Malcostega Part 1. By Patricia 
L. Cook. Pp. 113-160+3 plates. (London: British Museum (Natural 
History), 1968.) 24s. . [34 

The Ciba Foundation for the Promotion of International Co-operation in 


Pp. iv-99 












Medical and Chemical Research. 1967 Report. Pp. 78. (London: The 
Ciba Foundation, 1968.) i44 

The University of Sus Eighth Annual Report 19066-1967. Pp. 97 + 
xviii. (Stanmer, Brighton ni ity of Sussex, 1968.) [44 








The Zoological Record, Vcl. 102, Section 7 (1985): Brachiopoda. Compiled 
by Ellis Owen. Pp. 18. (London: The Zoological Society of London, 1968.) 
15s.; $2.10. [44 

Monsanto Chemicals Limited. Annual Report 1967. Pp. 24. (London: 
Monsanto Chemicals, Ltd., 1968.) [44 

Fabian Research Series, No. 268: Equali 
Rendel et al. Pp. 4 (London: Fabian S ^. P968.) bs. 0 E 

Philosophical Transactions of the Royal $ v of London. A: 
Mathematical and Physical Sciences. No. 1134, Vol, 263 (4 Apr 
Unified Analysis of Tides and Surges Round North and i 
D. E. Cartwright. Pp. 1-55. (London: The Royal Society, 1988.) 
$3.80. 

The Study of Vitamin B,. Absorption Using Labelled Cobalamine. (Me 
Monograph 6.) By D. L. Mollinand A. H. Waters. Pp. 24. (Amershan 
Radiochemical Centre, 1968.) 

Properties of Diamond. Pp. 7. (London: Industrial Diamond Information 
Bureau, 1968.) e _ [84 

Scientific Proceedings of the Royal Dublin Society. Series A. Vol. 3, No. 8: 
An investigation of Carbohydrate Accumulation in the Leaves of Leaf Rol 






for Women. By Margherita 
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Infected Potato Plants. By M. A. Harmey, Mary P. Crowley and Phyllis 
E. M. Clinch. Pp. 87-106 + 3 plates. 7s. 6d. Series A, Vol. 3, No. 9: Conodont 
Faunas from the Waulsortian Reef Limestone at Askeaton and from the 
Cork Red Marble at Midleton. By R. L. Austin. Pp. 107-114. 5s. Series B, 
Vol. 2, No. 12: A Key to the Identification of the Eggs and Young Stages 
of Coarse Fish in Irish Waters. By John J. Bracken and Michael P. Kennedy. 
Pp. 99-108 - 7-12 plates. 8s. Report of the Council for the year 1967. 
Pp. 60. (Dublin: Royal Dublin Society, 1967 and 1968.) | [84 

National Economie Development Office. Joint Consultation: a Survey 
of the Chocolate and Sugar Confectionery Industry by "Political and 
Economic Planning". Pp. 45. (London: National Economic Development 
Office, 1968.) [834 

Zoological Society of London. Annual Report 1987. Pp. 56+11 photo- 
graphs. (London: Zoological Society of London, 1968.) [94 

University of Oxford. Committee for Advanced Studies—Students under 
the Committee as on 10 January, 1968. Pp. 893-1005. (Supplement 2 to 
Oxford University Gazette No, 3348.) (Oxford: The University, 1968.) 2s. [04 

Northern Ireland: Ministry of Agriculture. Leaflet No. 147: Chemical 
Weed Controlin Vegetable Crops. Pp. 16. (Belfast: Ministry of Agriculture, 
1968.) [104 

The Commonwealth Forestry Institute, University of Oxford. Forty- 
third Annual Report 1966-67. Pp. 64. (Oxford: The Commonwealth 
Forestry Institute, 1968.) [104 

The Manchester Museum. Report 1966-67. Pp. 24. (Manchester: Man- 
chester University, The University, 1968.) [104 

Commonwealth Forestry Institute, University of Oxford. Institute Paper 
No. 38: The Significanee of the Wood Particle Board Industry to other 
Wood-Based Industries and to Forest Management. By J. R. Tustin. 
Pp. 53. (Oxford: Commonwealth Forestry Institute, 1968.) 7s. 6d. [114 

The Macaulay Institute for Soil Research. 1966-1967 Annual Report. 
No. 37. Pp. 66. (Craigiebuekler, Aberdeen: The Macaulay Institute for 
Soil Research, 1968.) {114 

British Museum (Natural History). Ruwenzori Expedition 1952. Vol. 1. 
No. 8: Cossidae, Metarbelidae, Psychidae, Limacodidae, Drepanidae 
Uraniidae, Lasiocampidae, Eupterotidae, Bombycidae, Saturniidae, Sphin- 
gidae. By D. S, Fletcher, Pp, 325-369. 17s. 6d. Great Barrier Reef Expedi- 
tion 1928-29. Scientific Reports, Vol. 7, No. 1: Crustacea, Decapoda and 
Stomatopoda. By Frank A. McNeill, Pp. 98+2 plates. 50s. (London: 
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War on Chemical and Biological Warfare 


Tue point is rapidly arriving when it is as hazardous 
for a person to carry out research on some aspect of 
chemical or biological warfare as it is to be a university 
vice-chancellor or president on a campus torn apart by 
student power (or the demand for it). In the United 
States in the past few weeks, for example, there has 
been a considerable outcry against some of the activities 
at Fort Detrick in Maryland where most of the military 
biological research in the United States is carried out. 
To be sure, the US Army seems to have been less than 
tactful or even sensible in the particular way in which 
it set about the organization of its twenty-fifth anni- 
versary symposium at the beginning of April this year. 
By all accounts, it seems that more than a dozen of 
the distinguished molecular biologists invited to par- 
ticipate in the proceedings took the opportunity of 
sending a scornful refusal. No doubt the organizers 
will know better, next time, than to give hostages to 
fortune in this wav. Their chances of a seemly con- 
ference would in any case have been diminished by the 
publicity whieh the US Army attracted at roughly the 
same time because of the mysterious death of a large 
flock of sheep in Utah as a result of what seems to have 
been poisoning by nerve gas. 

In Britain, events have taken à somewhat different 
course. There has been some sporadic lobbying of the 
Government by various groups, the most recent and 
distinguished of which is a group of scientists including 
Professor Sir Cyril Powell, Professor M. H. F. Wilkins 
and Dr F. Sanger—all of them with Nobel Prizes to 
their names. What they are asking is that the British 
Government should provide a tangible proof that its 
interests in chemical and biological warfare are entirely 
defensive by transferring the responsible establish- 
ments—both of them at Porton—from the Ministry of 
Defence to the Ministry of Health. Some of the 
impetus for this argument comes from the recognition 
that there is at least one special sense in which the 
British Government's protestations are not true—the 
fact that a lachrymatory gas called CS, originally 
developed at the Chemical Defence Research Establish- 
ment at Porton, is now being manufactured under 
licence in the United States and has been used there as 
well as in some parts of the British Commonwealth for 
the control of various civil disorders. 

It is important to acknowledge that circumstances 
in Britain and the United States differ not merely in 
the forms which protest has taken but in the avowed 
policies of the two governments. In the United States 
and the Soviet Union, biological and chemical weapons 
are considered to be potentially useful as weapons of 
war, but in Britain the comparatively small research 
programme which is being carried out is intended to 


provide the kind of information on which methods of 
defence may eventually be possible. It is, of course, 
entirely understandable that some of the recent protest 
in the United States has sought to create a climate in 
which the United States Government would be com- 
pelled to abandon altogether its option to use weapons 
like these in real conflicts. Although there is à great 
and natural revulsion from the possibility that materials 
like these might be used in anger—undiminished by the 
likelihood that the effects of some of them may be 
"reversible"—it must be admitted that it is asking a 
lot of a superpower to abandon unilaterally a potential 
weapon. It would be another thing—and entirely 
justifiable—to ask that the United States and the 
Soviet Union should quickly discuss the prospects for 
an agreement not to manufacture weapons like these. 
In spite of the obvious problems of control, and the 
diffieulty of making sure that an agreement among 
large nations would not put powerful pistols in the 
hands of smaller neighbours, there would be great 
profit in open negotiations along these lines. Where the 
very powerful nations are concerned, there is a good 
chance that violations of an agreement on chemical 
and biological weapons might be deterred by the threat 
of retaliation with the much swifter nuclear weapons. 
To be sure, this is not a particularly cheerful prospect, 
but the chance of an agreement should not be scorned 
simply because there are obvious problems to be solved. 
It is possible that the wave of public concern about the 
development and deployment of chemical and biological 
weapons may urge responsible governments to some 
kind of negotiation. That would be a welcome develop- 
ment. 

Where Britain is concerned, the problem is more 
subtle but in many ways more interesting. Those 
among the advocates of transferring the Microbiological 
Research Establishment at Porton to the Ministry of 
Health who command the greatest respect do not 
deny the Government's right—even duty-—to make 
some preparations to protect the population from 
biological attack. They do not even dispute the well 
attested fact that a great part of the work at Porton is 
quite basic research in microbiology with all kinds of 
valuable consequences in civilian life. The argument is 
chiefly that the logical place for a research programme 
designed to protect that public against disease, whether 
artificial or endogenous, is with the ministry respon- 
sible for public health. An appendage to this argument, 
but not a necessary part of it, is that all the work of 
the establishment at Porton should be made public. 
That, at least, is the most simple interpretation of the 
plea that the work of the establishment should be 
“declassified”, for the truth is that the civil servants 
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who work there are bound, in any case, by the Official 
Secrets Act, which in principle at least empowers the 
directors of the establishments to decide what should 
and should not be made public, and that there is noth- 
ing to prevent scientists at universities from carrying 
out similar work and publishing it. Although these two 
demands may seem quite out of court to many people 
in the Government, they are not lightly to be dismissed. 

How, then, should the British Government respond 
to the present clamour ? It would be hard and prob- 
ably unwise for the Government to seek common 
ground with those of its critics who hold that hope of 
all defence against chemical and biological weapons 
is unrealistic, and that all research in this field should 
be abandoned. Apart from the work on the treatment 
of populations infected with biological weapons (which 
is where the case for a link between Porton and the 
Ministry of Health is strongest), a considerable effort 
now seems to be devoted to the development of methods 
of identifying biological and chemical agents and for 
providing early warning of attack. Science here could 
obviously be of great importance. It follows that the 
only reasonable case for asking that all research should 
be given up must be based on the assumption that 
these materials would never be used in anger. That 
is the kind of assumption which cannot lightly be 
expected of a prudent government. 

There is a stronger case that research aimed at 
defence against chemical and biological weapons 
should continue, but that it should be carried out in a 
different environment or even that it should not be 
secret. The outstanding difficulty is that it is not 
practicable to look for an effective method of defence 
without also seeking to anticipate the kind of develop- 
ments the weapons manufacturers have in mind. It 
would obviously be unwise for any government to 
make publie information of this kind. That would be 
an act comparable with the random dissemination of 
nuclear weapons. It is fair to assure nations elsewhere 
that the benefits of this purely defensive researeh will 
be made generally available at some suitable oppor- 
tunity, and that is a point on which the Government's 
crities should press. But to ask for the abandonment 
of secrecy is, unfortunately, unrealistic. 

So is there no case to answer ? The British Govern- 
ment stands in relationship to chemical and biological 
weapons much as does the Indian Government with 
nuclear weapons. It professes the lack of military 
intentions, it finds itself engaged in a programme of 
research which will at least provide a military option 
at some point in the future. As the Indian Government 
knows well enough, the problem is to make the good 
intentions credible. A transferring of establishments 
at Porton to the Ministry of Health would be a gesture, 
but hardly more than that. It would be much more 
to the point if the Government were to engage the 
kind of informed public discussion which, in the fifties, 
made it possible for ordinary people to understand the 
implication of nuclear weapons if not to live easily 
with them. There is, for example, no reason why the 
Porton establishments should no: issue regular reports 
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describing the general character of their secret work. 
Hitherto the Government has been far too coy. 

There remains the awkward problem of the relation- 
ship with the United States. At present, it appears 
that there is a regular and fairly full exchange of 
information on chemical and biological weapons. In 
the context of Anglo-American arrangements on 
defence, this is not by itself remarkable, and there is 
no doubt that the purely defensive aims of the Porton 
establishment are greatly helped by the agreement. 
The other side of the coin is that development in the 
United States must benefit to some extent from the 
work at Porton. It is entirely proper for the critics 
to ask whether this state of affairs is, in principle, 
compatible with the Government’s intentions. The 
question cannot easily be answered. Consistency 
would, however, require that the Government should 
forsake the benefits of the special relationship with the 
United States. This is the point on which the critics 
are entitled to an answer. 


Aluminium in Trouble 


Tue British Government’s attempt to cut the import 
bill by establishing aluminium smelters in Britain is 
making slow and erratic progress. Barring the refusal 
of planning permission by Northumberland County 
Council (which is almost inconceivable), Alcan will be 
establishing a smelter in Lynemouth, near Blythe, 
using coal supplied under special contract by the 
National Coal Board. The terms under which the 
coal is to be supplied remain secret. All the Coal 
Board will say is that the contract provides for a 
supply of 0-5 million tons of coal in the early years, 
rising later to 1 million tons a year, and that the contract 
will last for 25 years. The decision not to site the 
smelter at Invergordon, but in Northumberland, 
nearer the coalfield which is to supply the coal, has 
meant that some re-negotiation has taken place. The 
cost of the coal (about 3-25 pence per therm, according 
to most estimates) is nevertheless much less than it 
costs to get it out of the ground, in the Northumberland 
coalfield at least. Although there will undoubtedly be 
improvements in productivity, this is a price which is 
likely to look more and more unrealistic as time passes. 
The Coal Board suggests that the Alcan agreement 
provides for at least some increase in costs, but, despite 
this, the suspicion remains that private users of coal, 
and big customers like the Central Electricity Generat- 
ing Board, are being asked to subsidize the activities 
of Alcan. 

Meanwhile, the negotiations between other companies 
and the electricity board about cheap electricity sup- 
plies for two more smelters have been making slow 
progress. Rio-Tinto Zinc, which is to build a smelter 
at Holyhead with British Insulated Callendar Cables, 
had originally intended to use part of the output of the 
Wylfa nuclear power station, but it is now conducting 
negotiations with the Gas Council and the Welsh Gas 
Board for the supply of natural gas for the smelter. 
Quite clearly there must be an air of unreality about 
these negotiations, because the Gas Council has not 
so far managed to come to terms with the oil com- 
panies who have found the gas in the North Sea. The 
Government will not sanction the building of the 
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smelter until the power supply for it is settled, so 
there could be a long delay. British Aluminium, it is 
thought, will settle for the site at Invergordon, using 
electricity from the North of Seotland Hydro-electric 
Board. Negotiations for the contract, to last until 
the end of the century, are likely to be protracted, 
but the hydro board claims that this will not delay 
the commissioning of the smelter beyond 1971, the 
same year as Alcan. 

In all this, one point has been almost entirely over- 
looked. Instead of an output of 240,000 tons from two 
smelters, the Government has now provided for an 
annual production of 320,000 tons, from three smelters. 
This side-stepped the problem of having to choose 
between the different companies, but has inevitably 
inereased the concern felt by other producers of 
aluminium, principally those in Norway. Norway 
claims, not unreasonably, that the establishment of 
smelters in Britain involves subsidies which contravene 
the EFTA convention. It is bound to feel that the 
terms offered by the Coal Board include an element of 
subsidization. The Coal Board denies this, but the 
impression remains that Norway, and the users of 
coal in Britain, have been shabbily treated. 


What Next for ESRO? 


Tue European Space Research Organization (ESRO) 
has at last had its first major success—the launching 
last month, of the satellite ESRO 2 (rechristened IRIS 
now it is in orbit)—and has at the same time pub- 
lished its general report for 1967 which is a sad chronicle 
of all that befell it last year. Only because the 
report was obviously written some time before the 
cancellation of the TD 1 and TD 2 satellites and the 
crisis in ELDO, does it escape unmitigated gloom. 
Even so, it is clear that uncertainty about the future 
is ESRO's principal worry at the moment, and the 
organization is waiting anxiously for the meeting of the 
European Space Conference to be held in Bonn some 
time in the autumn, when it hopes that suspense will 
be lifted. The European Space Conference is a meeting 
of ministers concerned with space affairs from the 
various ESRO countries which last met almost a year 
ago, when it decided that ESRO should start no new 
projeets for the time being at least. 

That ban was imposed to give ESRO time to reorgan- 
ize itself along the lines of the Bannier report, which 
recommended a greater delegation of authority and 
criticized ESRO for being too inflexible and complex 
for a scientific organization. This lesson has clearly 
been taken to heart. Last year saw the setting up of a 
new management structure. Replacing the clear 
separation between the scientific directorate and the 
technical direetorate which was previouslv a feature 
of the organization's structure, the distinction is now 
between the part of the organization responsible for 
defining long-term poliey and the part concerned 
with its implementation. 

Clearly ESRO believes that the standstill imposed 
by the European Space Conference does not extend to 
thinking about new projects. Apart from detailed 
studies on the Large Astronomical Satellite project 
(LAS) and on communications satellites, it carried 
out a dozen feasibility studies for scientific satellites 
including further versions of the HEOS satellites, a 
solar satellite, a geostationary satellite, and a satellite 
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with an adjustable orbit. It is also clear from the 
report that ESRO is concerned about its relationship 
with ELDO, the European Launcher Development 
Organization. For one thing, it is going to be more 
expensive to launch satellites with rockets developed 
by ELDO than by using the corresponding United 
States launchers. Another problem arguing against 
European launchers is that they will be larger than 
ESRO requires, at least in the foreseeable future. 
Although at first sight this seems to put ESRO in an 
enviable position as far as availability of launchers is 
concerned, the organization can hardly take advantage 
of this. Large launchers eould only be fully utilized 
by combining some tens of small experiments in one 
satellite. Fitting together a large number of experi- 
ments in one satellite, making them compatible and 
incorporating all the necessary probes, solar cell panels 
and aerials is no mean task, as the Orbiting Geophysi- 
cal Observatories developed in the United States have 
shown. The poliey of the organization as far as 
launching rockets is concerned must again wait on the 
decisions of the European Space Conference. 

It is no secret that the Italians are concerned about 
the way ESRO contracts are handled, and the general 
report admits that the policy of free tendering for 
contracts is not going to even out the differences in 
the technical capabilities of the member states. For 
example, up to the end of 1967 the value of contracts 
awarded to French industry was 38 per cent of all ESRO 
contracts, compared with the French contribution of 
20 per cent to the ESRO budget. Italy, on the other 
hand, paying 11 per cent of ESRO’s budget, received 
7-5 per cent of the contracts. Britain receives 17 per 
cent of the contracts for its contribution of 24 per 
cent. Aware of this disparity, the organization feels 
it should encourage the member states to concentrate 
on particular aspects of space technology. Until this 
is achieved, ESRO seems to hope to stave off criticism 
by seeing that the percentage share of the contracts 
awarded, to each member state is at least 70 per cent 
of its percentage contribution to the budget. 

What is clear from the report is that the European 
Space Conference should not delay its decision on the 
future of European space co-operation much longer. 
European space contractors, and ESRO itself, need to 
know what kind of projects are likely to form the 
basis of the organization’s work in the future. The 
meeting in Bonn in the autumn is likely to see an end 
to the more ambitious projects which ESRO has been 
tinkering with in the past, and a return to a more 
realistic view of what European technical co-operation 
is capable of at present. The sounding rocket pro- 
gramme, and the setting up of the range at Kiruna, 
invaluable for high altitude work, are examples of the 
kind of project ESRO can successfully undertake. 
An organization working at this level, together with a 
few launchings of small satellites, should provide a 
toe-hold for European space ambitions, and ensure 
that the facilities built up by ESRO are not wasted. 


Jodrell Bank in Wales 


Tut design studies for the Mark V radio telescope for 
Jodrell Bank are now well advanced and should be 
finished by the end of the year. With an assurance 
from the Science Research Council that the scheme will 
be given a measure of priority, the University of Man- 


908 








Manchester 
s 





Meifod 
Birmingha m 






London 
e 


Possible site for the Mark V Jodrell Bank telescope near 
Meifod, Montgomeryshire. 


chester has been looking for a site for the telescope 
within 100 miles of Manchester and has now purchased 
a farm near Meifod, Montgomeryshire, in the hope 
that the SRC will be able to supply the £5 million which 
will be required to construct the 400 ft steerable 
aerial and related equipment. The telescope is as yet 
included only in the forward planning of the SRC and 
the decision to go ahead with the scheme has yet to 
be made. The recent cuts in the SRC budget have 
delayed consideration of the scheme but, if the national 
economy does not take any further turns for the worse, 
building could begin in 1970, and the telescope could 
be ready for use by 1974. 

The number of people employed on the Montgomery- 
shire site will be limited when the telescope is in use, 
as the Mark V will be controlled by radio link from 
Jodrell Bank. Electrical interference is a problem in a 
telescope of this type but, by building the Mark V in 
a low valley away from any major conurbation, Sir 
Bernard Lovell and his colleagues believe that inter- 
ference will be kept to a minimum. The small amount 
of skv area lost because of the hills would be compen- 
sated for by the protection gained. Drastic building 
developments could upset the telescope but certainly 
in the near future this is unlikely, and at a meeting of 
the county council last week Sir Bernard gave assur- 
ances that farming activities in the district would not 
be affected. 
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in the mid-1950s a 250 ft dish was considered to 
be the largest that could be built, but because of 
advances in engineering techniques the maximum pos- 
sible size is now put at 400 ft. The problems remain 
the same, however. Accuracy over the whole of the 
large area of the dish has to be maintained, and the 
wind still blows. The present design study provides 
for an accuracy of 3 centimetres over the whole area 
of the dish. 


1967 Foot and Mouth not Airborne 


THE notion that the virus which initiated the foot and 
mouth epidemic in Britain last year was transported 
from the Continent by winds is not borne out by 
meteorological evidence. Chapter and verse have now 
been published in the Veterinary Record (82, 610; 
1968) by Mr C. W. Hurst of the Meteorological Office, 
Bracknell. Publication of this evidence was delayed 
in order that it could first be considered by the 
Northumberland Committee on foot and mouth disease 
(see Nature, 918, 412; 1968). 

Mr Hurst, who has experience of analysing airborne 
transfer of spores and insects, apparently decided to 
analyse the foot and mouth disease outbreaks in 
England since 1952 after discussions with Dr J. B. 
Brooksby and the staff of the Animal Virus Research 
Unit at Pirbright. He claims that with the Meteoro- 
logical Office’s three hourly recordings of air move- 
ments from sea level to 2,000 feet and 12 hourly 
recordings of winds up to 10,000 feet it is usually 
possible to reach fairly definite conclusions about. the 
possibility of airborne transfer of spores, insects and 
virus particles on such vehicles as dust or pollen grains. 

Dr Brooksby suggested that the virus which caused 
the first outbreak at Oswestry in Oetober 1967 must 
have arrived there between the 10th and the 20th of 
October. But between October 5 and 25, winds were 
predominantly west to south-west and there is no 
backtrack to any possible European source of the virus. 
Indeed, in 1967 there was little south-easterly to 
easterly airflow to Britain from the continent; the 
only periods when there was a good flow in this direc- 
tion were in February, April and June, and occasionally 
in May and September. The other factor which argues 
strongly against airborne infection in October 1967 
is that the initial outbreak was isolated and occurred 
near the Welsh border far from the windward coasts. 
Windborne infections are likely to be widely scattered 


Initial Outbreaks of Foot and Mouth in 1965-67 with Potential for Transfer from Continental Sources 


Dates of 
possible virus 
arrival* 


Area of 
outbreak 


Month/year 


Possible Continental 


Conclusions 
Sources 





Oct. 1967 Oct. 10-26 
1967 


Oswestry, 
Shropshire 
Stratford, 
Warwicks. 
Fareham, 
Hants. 
Morpeth, 
Northumber- 
land 
Faversham, April 5—12, 
Kent 1965 


*Range suggested by Dr Brooksby, Pirbright. 





France 

Sept. 1967 
1967 

Dec. 25, 1966— 
Jan. 5, 1967 

July 4-14, 
1966 


Jan. 1967 


July 1966 


April 1965 


Aug. 25-Sept. 3, W. Germany, Belgium, Spain 


N.W. Germany, Holland, Spain 





Much of Continent but not N.W. Not airborne 


Not airborne, but Aug. 22 possible 
transfer from Belgium 
Spain available as source 


ss Not airborne 


Not airborne, but April 1 possible 
transfer from Holland 
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but more or less simultaneous whereas infections from 
other vectors are likely to be isolated. 

Analyses of the prevailing air streams at the time 
of foot and mouth outbreaks earlier in 1967, in 1966 
and 1965 are shown in the table. According to Mr 
Hurst, none of them are likely to have been started 
by windborne virus, although in three cases winds 
were in the right direction for a short time before the 
outbreaks. However, the waves of scattered but 
simultaneous outbreaks of the disease on the Kent and 
Sussex coasts throughout the spring and summer of 
1952 present a different picture. These outbreaks had 
all the characteristics of airborne origin; they occurred 
after favourable airstreams and at periods when bird 
migration was minimal. Traditionally, birds, especi- 
ally starlings, have been suspected of spreading foot 
and mouth disease, but in fact their role, if any, is 
far from clear. The Gower report discussed the 
possibility of starlings spreading the disease in the 
1951 infections, but in 1952 it is unlikely that they had 
anything to do with the dispersal of the disease. If 
anything, during the spring and early summer the 
starlings would be migrating from west to east. And 
during the latest epidemic starlings seem to have had 
little impact. The snow in early December 1967 
caused them to migrate south-westerly from central 
England, the infected area, to the Gower coast, south- 
west England and even southern Ireland, but there were 
no corresponding outbreaks of the disease. 


Doing without the Dollar 


THE state of psychology in Canada is heavily dependent 
on support from the United States in the forms both 
of men and money. But United States funds are 
likely to decrease to half their present size by 1970, 
and the Canadian Government must more than make 
good this gap if it is to finance the expected expansion 
of psychological activity in Canada. 

Of the 1,600 psychologists working in Canada in 
1966, 20 per cent were not Canadians and 11 per cent 
were Americans. Of the $3-5 million granted in the 
same year for psychological research, roughly one- 
third each was contributed by Canadian, United 
States and other outside sources. According to a 
study by M. H. Appley and Jean Rickwood presented 
to the Science Council of Canada (Psychology in 
Canada, Science Secretariat, Ottawa), the costs of 
financing psychological research are likely to rise to 
$14-6 million in 1970-71 and to $30-8 million in 1975-76. 
These estimates are based on the assumption that, 
compared with 1966, the number of research projects 
will increase by 100 per cent by 1970 and 160 per cent 
by 1976. The estimates include a 20 per cent sophistica- 
tion factor and an allowance of 25 per cent for cost 
escalation. 

Where will these funds come from? The grant 
support from the US, far from keeping pace with this 
expansion, is expected to diminish rapidly, leaving the 
Canadian Government to foot almost the entire bill 
by 1975. The drying up of United States funds is 
presumably attributable to the containment of the 
rate of growth of US research spending in recent 
months. 

If the level of spending on psychological research is 
not maintained, Canada must expect to lose a fair 
proportion of her foreign labour force, particularly the 
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reverse brain drain from the United States. The median 
income for psychologists is $9,235 in Canada against 
$11,500 in the United States, and the respective re- 
search grants per psychologist are $835 and $4,900. 
The necessary expansion of Canadian universities has 
depended heavily on American personnel and will 
continue to do so: differentials between the two coun- 
tries cannot therefore be allowed to increase. Canadian 
faculties must remain competitive with those in the 
US in order to retain American psychologists. 


Health in the United States 


Tur United States Health Education Committee has 
laboriously compiled a rather unusual document (1966, 
$5.25) which outlines the major killing and crippling 
diseases in the United States, and describes what is 
being done to reduce their incidence. Five of the fifteen 
main causes of death are listed. 


Main causes Estimated deaths Percentage 

of death in 1965 total deaths 
Cardiovaseular-renal 999,850 55 

diseases 

Cancer 296,320 16 
Accidents 106,900 8 
Pneumonia 61,460 3 
Certain diseases of 55,060 3 


carly infancy 


From the report it seems that deaths attributable to 
rheumatic fever, tuberculosis, appendicitis, influenza, 
whooping cough, acute nephritis, dysentery and 
anaemias have all decreased within the past decade or 
two and, furthermore, during the 22 years between 
1943 and 1965, the life expectancy for Americans 
increased by 7 years. At the time the information was 
compiled, the discovery of a reliable contraceptive pill 
was acclaimed as the most important medical advance 
in the sixties, but listed among other major research 
pay-offs and developments in other fields of medical 
research are anticoagulant drugs for treating heart 
attack, antihypertension drugs for hypertensive heart 
disease, methotrexate and actinomycin .D—chemo- 
therapeutic agents for certain types of cancer and, of 
course, a number of vaccines. New tests have been 
devised for detecting gonococeal arthritis and phenyl- 
ketonuria, and many new anticonvulsant drugs have 
been developed. 

The cost of illness to the United States in terms of 
lost working days and private expenditures for health 
and medical services is staggering— $30 billion. The 
approximate financial aid given to medical research in 
the United States is as shown. 
billion 


Cost of illness to the United States $30 


Amount repaid in income and excise taxes 
by individuals whose lives have been 
saved by medical research 

Total spent on medical research by the 
National Institutes of Health $12 

Amount spent by other departments of 
the Federal Government on medical and 
“health related” research including the 
pharmaceutical industry 

What the chief national voluntary health 
agencies raise 


billion 


$r2 


billion 


$0-75 billion 


$0-038 billion 


The growth of population receives considerable atten- 
tion in the document, and it is estimated that, at the 
present rate of growth, the population of the United 
States will double before the end of the century. The 
effect of this, it is suggested, will be to burden rather 
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than to accelerate the country’s economy, and it is 
therefore proposed that research on a far larger scale 
must be supported on the biological and medical aspects 
of human reproduction so that improved methods of 
fertility control can be developed. In 1965 an estimated 
$13,027,446 was being spent on sterility, fertility and 
population dynamics. 


Poor Laws for the Rich 


Loca authorities in Britain administer between them 
some 3,000 different means tests to would-be bene- 
ficiaries of assistance schemes. Mr Mike Reddin of the 
London School of Economies has established by experi- 
ment that the multiplicity of these means tests ensures 
a wide range of variation in the assistance that different 
local authorities will award to the same individual 
(Falian Tract 382: Social Services for All?). 

Local authorities were asked to state the benefits 
they would grant to a series of hypothetical families, 
constituted so as to be eligible for all the major means 
tested services. One such family consisted of a mother 
and father and four children, all in full-time education, 
aged 8, 11, 16 and 18. The range of variation (see 
table) is such that in every case it is entirely possible 
for a family earning £20 a week to be awarded a more 
generous allowance than a family with half this income. 

Anomalies of this sort are one result of the plethora 
of means tests; another is the unnecessary administra- 
tive effort in applying so unstandardized a system. 
Perhaps the most serious evil of the situation is that its 
sheer complexity probably leaves many people in 
ignorance of the benefits to which they are entitled. 
Mr Reddin notes that each scheme must be effectively 
publicized if it is to be fully used, but such publicity 
is non-existent. 


VARIATION IN BENEFITS AWARDED BY LOCAL AUTHORITIES 
TO FAMILIES WITH FOUR CHILDREN OF SCHOOL AGE 
Charge 
Annual grant Rent rebate for 
for education for three- domestic 
of second child ^ bedroom help for 
house 20 h/week 


Family A £40 to £115 nil to 84%, nil to £24 


(income £10/week) 


Family B nil to £105 nil to 56%, nil to £5 
(income £15; week) 
Family C nil to £65 nil to 2697 £12 to £5 


(income £20/week) 


In the same publication Mr Peter Kaim-Caudle of 
the University of Durham calculates the value of aid 
for each child of parents in various income groups. The 
length of a child's full-time education is directly pro- 
portional to parental income, which means that the 
better off benefit more from state aid than do the less 
well off. Throughout each child's period of dependency, 
Mr Kaim-Caudle estimates, the typical £12 per week 
family will receive à total of £1,800. Families with 
incomes of £24, £36 and £72 per week will receive 
totals of £3,200, £7,000 and £4,400 respectively. 

These extraordinary findings will add fuel to the 
arguments about selectivity in the social services. 
Memories of the thirties, when a notorious means test 
was operated, have always counted for a good deal 
within the British Labour Party; but this evidence 
gathered by the Fabians is bound to suggest that 
seleetivity is not only wrong but inefficient as well. 
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Certainly Mr Kenneth Robinson, the Minister of 
Health, who has been wrestling with the problem of 
re-imposing prescription charges except for a few 
favoured categories of patient, will confirm that 
arrangements of this kind are in practice very hard to 
operate. 

Peter Kaim-Caudle also argues that the effect of 
selectivity is to reduce incentives for low wage earners 
even more substantially than progressive taxation 
policies do for the salary earner. He points out that 
an average married couple with two children lose 
3s. 4d. rent rebate for every £1 by which their income 
rises between £16 and £20. In addition, the same 
family may lose 5s. rates rebate for every £1 increase 
in wages, and when earnings exceed £15 10s. their 
children lose their free school meals. The increase in 
graduated pension contribution is added to this. 
For an earnings increase from £15 to £18, the family 
lose 15s. worth of school meals, 13s. 4d. in rent rebate, 
155. in rate rebate, and 2s. 10d. in graduated pension 
contribution. From the extra 60s. a week, 46s. 9d. is 
therefore swallowed up, equivalent to 15s. 4d. in the 
pound. 

This, no doubt, is an extreme example, but it does 
illustrate that selectivity is a two-edged weapon, to 
be used with great caution, if at all. As Mr Kaim- 
Caudle concludes, the discouragement for the low wage 
earner by loss of benefit is almost certainly greater 
than it is for the middle class executive. 


Examinations for Programmers 


THE case of the private computer schools was aired in 
the House of Commons last Friday, May 31. It was 
clear that the Minister of State for the Department of 
Education and Science, Mrs Shirley Williams, was 
fully aware of the disturbing state of affairs in some 
schools. Mrs Williams, in fact, conceded a great deal 
of the case. Replying to a debate begun by Mr John 
Hunt (MP for Bromley), Mrs Williams said that the 
"aptitude tests offered to people who wish to attend 
private computer schools are in many cases worthless 
as any effective form of selection", She went on to say 
that "the courses in many cases, although not in all, do 
not lead to recognized national examination standards, 
and in some cases, although students may take such 
an examination, the syllabus they followed gives little 
chance of their getting satisfactorily through it". A 
number of schools are tempted to aecept unsatisfactory 
students because of the "large sums of money spent— 
some schools’ fees were as high as £150 for a six-week 
course. 

It was made clear in the debate that there is little 
that the department could do to prevent students 
applying to unsatisfactory schools, although it could 
encourage schools to apply to the department for 
recognition as "efficient". The department could, 
however, publicize the merits of other alternative 
courses. A new booklet published jointly by the 
department and the Central Office of Information gives 
guidance to students about recognized training courses, 
and details of examinations set and administered by 
bedies like the City and Guilds and the British Com- 
puter Society. The British Computer Society has now 
at last become a professional body with its own exam- 
inations. The plan to do so, put forward in June 1967, 
was approved at the extraordinary general meeting on 
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March 25. Examinations in computing science leading 
to membership qualifications are to be introduced in 
1969 but, to begin with, the qualifying requirement 
will be based on age and computing experience. A 
spokesman for the society said this week that the 
qualifying examinations would be on the level of a 
BSc honours degree in computing science. 

Overall co-ordination of recognized computer courses 
is to be undertaken by a new committee, the Co- 
ordinating Committee for Examinations in Computing 
Studies. This committee, said Mrs Williams, "is 
allocating courses among its constituent members, and 
is trying to establish nationally recognized examina- 
tions . . . but we cannot give any absolute guarantee 
that this will happen". The committee cannot force 
private schools to follow syllabuses leading to these 
examinations, but it is hoped that those that do will 
"drive out the bad". 

A second committee will also help to inform prospec- 
tive students about recognized training courses, Known 
as the Computer Training Policy Subcommittee, it has 
been established by the Engineering Industry Training 
Board with representatives from the DES, the main 
computing manufacturers, the National Computing 
Centre and from the new co-ordinating committee. 


Optics Applied 

Tus applied optics section at Imperial College, a post- 
graduate section of the Department of Physies, was 
set up towards the end of the First World War to 
improve the poor quality of the optical instruments 
used by the British forces, and is this year celebrating 
its jubilee. At an open day to mark the event, the 
wide variety of research now b»ing undertaken in the 
section's laboratories was exhibited. This work includes 
an investigation of the lighting of picture galleries, 
various aspects of the physics of vision, colour measure- 
ment, holography and optical design. It is the optical 
design group, set up as an experiment 7 years ago 
by the forerunner of the Science Research Council, 
whieh recently has been particularly successful. The 
group is concerned with improving the performance of 
existing lens designs, and developing new lens systems, 
and has pioneered the use of computers to carry out 
the tedious caleulations involved. 

The group is making its name in telescope opties by 
designing lens systems to correct an aberration known 
as coma, a defect common in large astronomical tele- 
scopes. Coma is one of the penalties paid for keeping 
astronomical telescopes as short as possible to cut down 
the cost of the dome which houses them. The group 
has designed corrector lenses for a number of telescopes, 
including the 200 in. on Mount Palomar and the Isaac 
Newton telescope. 

Sophisticated lens systems are also needed in high 
energy nuclear physics, for bubble chamber photo- 
graphy. The optical design group has assisted with the 
opties of a number of bubble chambers including one 
at Brookhaven National Laboratory. An automatic 
scanner is now being developed to speed up the analysis 
of stereoscopie photographs of bubble chamber tracks. 
The applied optics section at Imperial College is also 
working on the illumination of large bubble chambers, 
in the region of 4 metres in diameter. To make full use 
of these large chambers, an optical system with a good 
depth of focus is needed. Holographic techniques are 


911 


being developed using an optical system arranged so 
that the central plane of the chamber is in focus. A 
photograph will then include focused images of tracks 
in the central plane together with holograms of the 
out-of-focus tracks, which enable the locations of the 
out-of-focus tracks to be measured. 


Seeing Round Corners 


Tue basis of fibre optics is that light is transmitted 
along narrow fibres of glass, coated with a material of 
lower refractive index, by multiple internal reflexions. 
Light thus follows the path of the fibre, so long as the 
curvature of the fibre is not so great that the angle of 
incidence of the light inside the fibre exceeds the 
critical angle. Typically, the thickness of the fibres is 
between (0-01 mm and 0-1 mm. For all practical 
purposes they are bunched together, in various way 
depending on the application, so that each fibre trans- 
mits light from one end of the bundle to the other. 

The development of this simple idea has been slow, 
chiefly because of manufacturing problems to do with 
the coating of the individual fibres and production of 
the bundles. These commercial obstacles are beginning 
to be overcome, however, and devices incorporating 
fibre opties are appearing on the market. Basically 
there are two ways of arranging the fibres to make up 
a fibre optie device. In a so-called coherent device the 
relative positions of the fibres are the same at each 
end of the bundle, so that an image at one end of the 
device is faithfully reproduced at the other end. The 
resolution depends on the thickness of the fibres. On 
the other hand, the fibres in à non-coherent bundle are 
bunched together at random and so cannot transmit 
an image. Because the relative positions of the fibres 
in coherent devices have to be maintained at both 
ends of the bundle, their cost is greater than for non- 
coherent bundles of the same size and wherever 
possible non-coherent devices are used. 

It is not difficult to think of applications for fibre 
optics. For instance, devices incorporating coherent 
bundles are already available for viewing inaccessible 
places, the illumination provided via a non-coherent 
bundle. In conjunction with photo-electrie cells fibre 
optics can be used to construct instruments as diverse 
as burglar alarms, punched card readers, illuminated 
display panels and fire detectors. Bundles of fibres 
can be fused together to form rigid rods, transmitting 
light in the same way as the flexible bundles. By 
drawing out one end of a rigid coherent rod, a cone of 
fibres which will produce a magnified or reduced image 
is formed. A 180° twist in a coherent rod is a simple 
way of accomplishing image reversal. 

Many applications of fibre optics which have been 
put forward are only fractionally simpler ways of 
carrying out tasks which are now being done by 
electrical and optical systems. The question is whether 
the advantages of fibre optics are sufficient to make 
their introduction worth while. Medical and dental 
applications of fibre optics are a different matter, 
however. The chief advantage here seems to be in the 
provision of cold light sources, as the fibres do not 
transfer the heat from the initial light source to the 
object being viewed. For example, deep tissue can be 
illuminated by a non-coherent fibre optic the size of a 
large hypodermic needle, the tissue being viewed by a 
second coherent fibre optic connected to a microscope. 
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Non-eoherent light pipes are already being used in 
dentistry, built into dental mirrors and drills. 

In common with the laser, fibre optics may yet find 
its most important application in telecommunications. 
Fibre opties engineers are already talking of construct- 
ing light guides with lengths measured in miles, carry- 
ing information in the form of pulses of light. The 
problem is that present glasses can only be used to 
make guides up to about 100 ft in length, beeause of 
absorption in the glass. So far, the lengths of the 
longest guides have been tens of feet rather than miles. 
Research is therefore likely to concentrate on finding 
new materials with transmission properties which will 
make long fibres feasible. 


Economical Desalination 


DESALINATION as a source of fresh water is well estab- 
lished technically. Now, like nuclear power, it faces 
a period in which its economic advantages are likely 
to be argued out ad nauseam. A new report. produced 
by M. J. Burley and P. A. Mawer of the Water Research 
Association (WRA, £5), sets the ball rolling. It examines 
the various ways of removing salt from water and of 
bringing brackish water up to a drinkable standard, 
and describes the situations in which each method 
would be economically justified. 

The first, and most important, conclusion is that flash 
distillation, so far the market leader in desalination 
equipment, is unlikely to be economie for base load 
production of fresh water in Britain for “a consider- 
able number of years". Conventional water supply 
schemes can almost always supply fresh water at costs 
of less than 3s. a thousand gallons—of twenty-four 
schemes considered in the report, only two were more 
expensive than this. In contrast, flash distillation 
costs are well in excess of 3s. per thousand gallons, 
and without favourable financing and low cost steam 
would be unlikely to fall below 4s. 8d. per thousand 
gallons. Where a supply of brackish water is available, 
electrodialysis offers a better alternative, although it 
can only be used with mildly brackish water. The 
costs of this process, the report says, would at least in 
some cases fall below the 3s. per thousand gallons 
reference line. The additional costs of boreholes, 
effluent discharge and the like would add only another 
3d. to 4d. a thousand gallons. Reverse osmosis, the 
report says, is unlikely to be competitive with electro- 
dialysis for the treatment of low salinity, but it may 
well become cheaper for the slightly more brackish 
sources, 

But the most interesting conclusion in the report 
concerns the joint use of conventional supplies and 
desalination plant. The idea here is to take more 
water from a reservoir than would otherwise be justi- 
fied, and use the desalination plant as a hedge against 
prolonged dry spells. In this case, the load factor of 
the desalination plant would be low, perhaps no more 
than 10 to 15 per cent, but its advantage would be to 
maintain the overall reliability of the system. The main 
use of the desalination plant would be during the 
summer months, when demand for electricity is lowest; 
it might therefore be possible to inegotiate cheap rates 
for the supply of steam during these periods. If this 
were done, the overall cost of the water would work 
out at about 2s. 11d. per thousand gallons. This type 
of system, it is suggested, might be particularly useful 
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as a means of deferring major capital investments in 
new reservoirs until the demand really justifies them. 
The report also suggests that it might be worthwhile 
considering the possibility of using desalination to 
augment all the linked surface water resources in tho 
south-east of England. While this might not show 
an immediate advantage, it might be a useful scheme 
later in this century. 


Defence Research 


Despite the successes of the past few months, the 
Society of British Aerospace Companies is disturbed 
about British Government policy towards aviation. 
The society, represented by Dr D. H. Gardner, Mr L. 
Boddington, Mr L. S. Greenland, Mr S. Bragg, Mr R. 
H. Francis and Mr Green, made plaintive noises about 
it when it gave evidenee to the Seleet Committee on 
Science and Technology. The chief difficulty, accord. 
ing to the society, is “the absence of a coherent and 
firm national aerospace programme”. The Govern- 
ment should make “a firm declaration of projects 
which Britain intends to support". Without this, it 
will be impossible to arrange partnership with foreign 
countries on an advantageous basis. “The UK has 
no bargaining lever in securing design leadership if it is 
known that it will not embark on a project except in 
partnership with a foreign country". 

Dr Edmund Davies was unimpressed by these argu- 
ments. What the society was really complaining 
about, he suggested, was not the lack of government 
policy but its direction. The policy was quite clearly 
defined in the White Papers, and the society was alarmed 
because it involved no major aircraft projects. Why 
did the society itself not produce a plan ? Dr Gardner 
revealed that "steps were being taken to see if this can 
be done". Dr Davies suggested that the society's 
case was equivalent to saying that it wanted a guaran- 
teed home market for its products, while at the same 
time arguing that the export market was vast. 

The society gave a jaundiced view of the virtues of 
international collaboration. Mr Green said that the 
loss of technical information aeross the Channel had 
become far more serious than the loss of manpower to 
the United States. But within Britain, at least, things 
seem to be getting better. A new committee had been 
set up, with members from the Ministry of Technology, 
the industry, the nationalized airlines and the Air 
Registration Board, to discuss research policy. This 
was a splendid innovation, and gave the industry a 
chance of influencing research policy at an early stage. 
But the society claimed that not enough research was 
being done. There was a particular need for a wind 
tunnel suitable for work on low-speed aerodynamies, 
very important for problems of take-off and landing. 
The industry had been asking for this tunnel for 
seven years, but it was not yet built. 

The witnesses could give no clear explanation of the 
industry's failure to estimate costs more accurately, 
except to say that the initial estimates, usually the 
least accurate, were produced by government depart- 
ments. Unless the specifications were firm, it was im- 
possible to produce reasonable estimates. If specifica- 
tions changed, as they often did, then so quite naturally 
did costs. But in part it seemed that escalation in 
costs was caused by always trying to do more than 
had ever been done before. Producing less ambitious 
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aircraft, which cost less and could be costed more 
accurately, might well result in producing out of date 
aircraft. These days, Mr Green said, it was no good 
expecting to sell obsolete equipment. Even the emerging 
countries were looking for the most modern weapons, 
and if Britain didn’t supply them, somebody else 
would. It was a sobering thought. 


Recreation in the North-East 


Tur regional planning problems presented by the 
diverse development of the North-East coastal area— 
including as it does both the heavily industrial and 
coal-mining area of Durham and the primarily scenic 
coast of Northumberland—-are discussed in a report 
published this week by the National Parks Commission 
(The Coasts of North-East England, HMSO, £1 12s. 6d.). 
The report, the seventh in a series of reports on the 
state of coastal development and preservation, stems 
from a eonference held last year by the Commission 
with the regional planning authorities at the request 
of the Minister of Housing and Local Government. 

A major problem facing the region is the more than 
3 million tons of muck dumped from the six active 
collieries on to Durham’s beaches each year. With 
half of the county’s 25 miles of coast already built up 
for industrial and urban purposes, the additional 8 
miles destroyed by tipping seriously limits the land 
available for recreational use. The Durham county 
planning officer stressed the pressing need for the 
Government to carry out a feasibility study of the 
various methods of clearing the coast and a cost-benefit 
analysis of the extent to which such expenditure would 
be justified. 

The various authorities agreed that, because of the 
great variety of the 138 miles of coastline, the regions 
concerned must co-ordinate, and share in the expense 
of developing, the recreational facilities needed to 
serve the population of the area as a whole. While 
most of the undeveloped coast south of Northumber- 
land is only suitable for local day-trippers, with figures 
averaging 50,000 on a fine Sunday in summer, the 
planning officer from Northumberland estimated that 
more than 172,000 visitors used the Northumberland 
coast on a comparable day and that some 130,000 came 
for annual holidays, spending about £1-6 million in the 
county. Since all but the most intensively used 
facilities would not appeal to private enterprise, the 
local authorities agreed that they would have to be 
prepared to take the initiative in providing for publie 
recreation, and only through combined research efforts 
could the various authorities determine the future needs 
of the entire North-East. The chairman of the West 
Hartlepool Town Planning Committee noted that the 
cost must be spread over a wide area to include those 
urban centres from which the visitors came as well as 
the authority meeting the demand. 

For a start à working party of the North Regional 
Planning Committee was reported to be assessing the 
present and likely future pattern of recreational demand 
on the region's coast and countryside, and the North- 
umberland and Durham Travel Association was 
attempting to determine how the potential for tourism 
in the area could best be exploited. In any case, it 
was stressed that the coast cannot be treated as a 
situation apart, but must be considered in relation to 
the other problems and priorities of the region. 
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Parliament in Britain 
by our Parliamentary Correspondent 


Power Stations 

Mr REciNALD Freeson, for the Ministry of Power, 
gave information about dual-fired power stations, 
which are able to run either on gas or coal. ‘The 
Central Electricity Generating Board had converted 
one boiler at Hams Hall power station for experimental 
purposes. This had established that there were no 
technical limitations, and the board had applied to the 
minister for permission to convert the remaining five 
boilers at the station. The board had also applied for 
permission to convert the oil-fired South Denes power 
station to dual firing with gas. While not envisaging 
general conversion to dual firing, he thought there 
might be scope for the summer use of natural gas. 
(Written answers, May 30 and 28.) 


Multi-racial Studies 

Mn Epwarp SHORT, Secretary of State for Education 
and Science, said that the Centre fer Multi-racial 
Studies at the University of Sussex was being supported 
by the UGC and the Ministry of Overseas Development. 
The UGC had supplied the accommodation, and the 
MOD had given a grant of £80,000 for the establish- 
ment of a centre in Barbados. The Social Science 
Research Council had given £12,469 for research into 
“inter-ethnic relationships in Barbados and St Lucia". 
In the future, it was hoped that the centre might be 
able to contribute towards an understanding of racial 
prejudice in sehools in Britain. (Written answer, May 
30.) 





Overseas Development 

Mr ALBERT Oram, Parliamentary Seeretary to the 
Minister of Overseas Development, said that the 
ministry was in close touch with the Intermediate 
Technology Development Group, which supports the 
development of relatively simple tools and techniques 
asthe best way of helping the underdeveloped countries. 
The Tropical Products Institute and the overseas liaison 
unit of the National Institute of Agricultural Engineer- 
ing were working along similar lines. The ministry 
also provided a comprehensive scheme cf postgraduate 
studentships, covering agricultural, veterinary and 
other natural resource subjects. (Oral answers, May 30.) 


Post Office 

Mr Roy Mason, Postmaster General, defended the 
proposal made by the General Post Office to replace 
the four London telephone directories by thirty-six 
directories, each covering one borough. If the present 
system were maintained, the directories would be 
twice their present size by 1975; already their size 
was discouraging people from using them, he said. 
Each of the borough directories would include 5,000 
of the most frequently wanted numbers from all over 
London. Subscribers who wanted directories other than 
those for their own neighbourhood could have them; 
they could have the lot if they wanted them. The plan 
had been discussed with the Post Office Users Council, 
the Greater London Council, the London Boroughs’ 
Association and the London Chamber of Commerce. 
It had, he said, received general support. The scheme 
had not been kept seeret, he said; it had in fact been 
mentioned in the annual accounts of the GPO for last 
year. (Oral answer, May 30.) 
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NEWS AND VIEWS 


Icarus Passes By 


Tue asteroid Icarus is to pass within 4 million miles 
of the Earth in the evening of June 14, but, as Mrs 
Shirley Williams, Minister of State at the Department 
of Education and Seience, assured the House of Com- 
mons last November, there is no danger of a collision 
(Nature, 916, 520; 1967). Even at this distance— close 
by astronomical standards—lcarus will still be some- 
thing like sixteen times farther away than the Moon, 
and will be invisible to the naked eye. Estimates of its 
brightness at the time of closest approach are between 
13th magnitude and 10th magnitude, depending on 
its size and reflecting power. A 13th magnitude object 
needs a telescope with a six-inch object glass, larger 
than most amateur instruments, to be visible, but at 
10th magnitude it should be seen through a pair of 
binoculars. During the first few days of June, Icarus 
will be an 18th magnitude object low on the horizon, 
later moving from north to south through the con- 
stellation Ursa Major around the time of closest 
approach. 

The size of Icarus is not known precisely, but it is 
believed to be about 1 km across, making it sub- 
stantially smaller than the 740 km diameter of Ceres, 
the largest asteroid so far discovered. Icarus itself was 
discovered about 20 years ago by Dr W. Baade at 
Mount Palomar and is notable for having the greatest 
eccentricity (0-83) of asteroids with accurately known 
orbits. Thus, although at aphelion its orbit is beyond 
the orbit of Mars, at perihelion Icarus comes within 
the orbit of Mereury. The eccentric orbit may have 
been caused by perturbations—by collisions with other 
asteroids or close approach to the large planets—or may 
mean that Icarus has a different origin from most 
asteroids, as a body captured by the solar system, or as 
an old comet nucleus. The origin of the asteroids as a 
whole is still in doubt. It may be that a single planet 
failed to condense in the gap between Mars and Jupiter, 
because of Jupiter's gravitational field, and that a 
number of smaller planets were formed there instead, 
or the asteroids may be the debris of a single large planet 
which broke up. Another possibility is that one of 
Jupiter's moons may have escaped and later exploded. 

Astronomers in Britain are not taking a great interest 
in the close approach on June 14. Studies of asteroids 
have become the province of certain institutions in the 
United States and the Soviet Union. Their interest in 
Icarus will be in precise measurements of the orbit, 
which may lead to an improvement in estimates of the 
mass of Mercury relative to the Earth, as well as 
providing a possible test of general relativity. 

It is an open question whether asteroids have collided 
with the Earth in the past. There are a number of 
large well-eroded depressions on the Earth’s surface 
which at various times have been attributed to asteroid 
impact. The Canadians in particular seem to have 
become adept at spotting what seem to be impact 
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craters in the old rocks of the Canadian Shield. Whether 
all such astroblemes, as these craters are called, are 
extra-terrestrial in origin, or whether some of them can 
be attributed to tectonic processes, is still not certain. 


Prosthesis for the Blind 


from our Neurophysiology Correspondent 


READING aids for the blind have so far involved the 
use of intact sensory pathways and have progressed 
little beyond Braille and tape-recorded “talking books". 
Both these systems are quite expensive and therefore 
limited in scope, and both are slow in terms of informa- 
tion transfer to the reader. Various scanning devices 
which produce a tone modulated by print shape have 
been tried, but these are also relatively expensive and 
need considerable practice for even a modest reading 
speed to be obtained. At a recent meeting of the 
Physiological Society, Brindley and Lewin demon- 
strated a device for stimulating the visual cortex of 
man directly: they have now published a full account 
of their apparatus and its use (J. Physiol., 196, 479— 
493; 1968). Essentially it consists of an array of radio 
receivers, encapsulated in silicone rubber and screwed 
to the skull. The 80 receivers are connected one-to-one 
through a cable to 0-8 mm square platinum electrodes 
earried in a cap of silicone rubber moulded to fit the 
calearine cortex of the right hemisphere. Alternate 
receivers were tuned to 6-0 and 9-5 MHz and were 
activated by the transmitting coil of an appropriately 
tuned oscillator when it was pressed to the scalp above 
the extracranial implant. Activation of a receiver 
stimulated the cortex: transmission was in the form 
of a train of short (200 us) pulses. 

This device was implanted in a blind woman whose 
vision had progressively deteriorated since 1962. 
Out of 74 working electrodes, 39 produced phosphenes 
when stimulated with a train of pulses. The most 
common appearance of the phosphenes was that of 
a small spot of white light—' like a star in the sky" 
or "the size of à grain of sago at arm's length", but 
phosphenes that were more peripheral than 10° from 
the point of regard tended to be elongated or round 
and diffuse. Some electrodes produced. pairs of points, 
or even three or more points, about a degree apart in the 
visual field. Furthermore, some produced a phosphene 
in a different place when stimulated strongly, giving 
rise to two maps of the visual field, one roughly agree- 
ing with that derived from data on war wounds, and 
one roughly the inverse. However, more observations 
are clearly needed before it is possible to be at all 
dogmatie about the second, high-threshold, map. The 
phosphenes behaved quite like conventional visual 
stimuli producing retinal after-images, remaining 
fixed in space when the patient's head was passively 
rotated, but moving in the direction of eye movements. 
Strong stimulation sometimes produced a persistent 
percept, surviving for up to two minutes after the 
cessation of stimulation, and flickering conspicuously 
before it disappeared. Unlike normal visual stimuli, 
there was no clear flicker fusion frequency, every 


NATURE. VOL. 218. JUNE 8, 1968 

phosphene appearing to flicker at one rate whatever 
the stimulus frequency: “a rapid flashing on and off, 
a little too quick for the flashes to be counted”. Per- 
haps this is related to a genuinely central fluctuation in 
excitability, or intermittency, uncontaminated by the 
low-pass characteristics of the peripheral visual system. 
The feature of the phosphenes that was of most inter- 
est from a prosthetic point of view was that resolution 
(that is, distance between electrodes that gave rise to 
perceptibly different phosphenes) seemed to be poten- 
tially good enough to allow the projection of letters 
on to the visual cortex at rates that might allow the 
patient to read print or handwriting at speeds com- 
parable with those of sighted people. It seems feasible 
that 200 positions per cortical hemisphere could be 
resolved easily, allowing the projection of four letters 
per “glance” from Brindley’s estimate that 50 points 
are needed for each letter. In the device described, 
stimulation of the appropriate receiver is mostly 
determined by the location of the transmitter; a fast 
scan will be necessary for the rapid transmission of 
text, but it does at least seem feasible to transmit 
visual information directly to the central visual path- 
wavs of the recently blind. 


Death from L-Canavanine 


from our Cell Biology Correspondent 

THREE years ago Schachtele and Rogers established 
that L-canavanine, like many other amino-acid 
analogues, kills bacteria. But canavanine death has two 
distinctive features. First, incorporation of the analogue 
into bacterial protein causes early and exponential 
cell death and irreversibly blocks RNA transcrip- 
tion from the bacterial genome and from infecting viral 
genomes. It also seemed that canavanine blocks 
initiation of DNA replication. In two papers in the 
current issue of the Journal of Molecular Biology the 
same workers (Schachtele and Rogers, 34, 843; 1968, 
and Schaehtele, Anderson and Rogers, ibid., 861) 
present evidence that canavanine death involves 
incorporation of the analogue into a membrane bound 
protein-—probably the attachment site of the bacterial 
chromosome—and. so interrupts the normal function 
and structure of the genome. 

E. coli fed canavanine do not support the growth of 
T phages and no T phage mRNA or DNA is synthe- 
sized. Blockage of 7 phage replication is directly related 
to the incorporation of the analogue into bacterial 
protein. However, in vitro ribosomes and supernatant 
fractions from canavanine dead cells translate synthetic 
mRNAs and canavanine dead cells also metabolize 
glucose and make ATP. Perhaps more surprisingly 
the DNA dependent RNA polymerase activity of 
extracts of these cells is twice that of extracts from 
normal cells and furthermore the DNA extracted from 
the killed cells can act as template for RNA transcrip- 
tion in vitro. It appears that the killed cells have all 
the machinery needed for transcription and yet make 
no RNA. And no significant amounts of DNA are 
made. In canavanine killed cells DNA replication 
cannot be re-initiated. Schachtele and Rogers inter- 
pret all this as meaning that a protein (or proteins) in 
E. coli promote RNA transcription and DNA replica- 
tion and if L-canavanine is substituted for L-arginine 
this protein(s) is inactivated and moreover cannot be 
displaced by newly made normal protein. 





Where is this protein located in the Æ. coli cell ? In 
their second paper Schachtele ef al. present electron 
micrographs of canavanine dead cells. These show 
between two and eight electron dense bodies attached 
to the inner surface of the cell membrane and these 
contain, among other things, much of the canavany! 
protein. The nuclear region is extensively disrupted. 
A canavanine-resistant mutant given the analogue also 
contains the dense bodies, but the nuclear regi 
remains intact. In 1963, Jacob, Brenner and Cuzin 
proposed that the bacterial DNA is connected to the 
cell membrane and the binding to the membrane 
seems to be intimately associated with initiation. of 
DNA replication. Since then Jacob and his collabora. 
tors have proposed that there are onlv a limited 
number of these attachment sites for the bacterial 
and for infecting DNA phage genomes. Schachtele 
et al. suggest that incorporation of canavanine into 
all these attachment proteins renders them inactive, 
preventing DNA replication and at the same time 
transcription. Canavanine may prove to be a useful 
tool for studying these sites. 





Treatment of Tumours 
from Correspondents 

Tug Second Symposium on Differential Sensitivity of 
Tumours and Normal Tissues took place at the Ínsti- 
tute of Oncology and Radiology in Alma-Ata, Kazak 
SSR, on May 20-23. This was the second time 
that this institute had brought together a number 
of radiation therapists and radiation biologists to 
discuss the therapeutic aspects of radiation biology. 
The participants, of whom one-third were clinicians 
and the rest theoretical scientists, came from different 
therapy and research centres in the Soviet Union. 

Tn his opening talk, a corresponding member of the 
Soviet Academy, A. M. Kusin, gave a review of the 
recent achievements of radiation biology which may 
have particular relevance for radiation therapy. The 
lectures and the discussion which followed concentrated 
around two main topics—the factors which determine 
the inherent radiosensitivity of the cells, and the 
agents which may influence these factors in such a wav 
that the sensitivity of tumour cells increases and that 
of normal cells decreases. 

Kabyiev and co-workers reported on tumour sensi- 
tization by using different polyphenols as specific 
sensitizing agents. By the use of antioxidants, Academ- 
ican Emanuels and co-workers were successful in 
modifying the kinetic characteristics of tumour 
proliferation with specific radiosensitization as a main 
result. Many therapists discussed the effect of various 
fractionation schemes in connexion with high voltage 
therapy. Three years’ clinical experience gathered at 
the Institute of Oncology and Radiology in Alma-Ata 
strongly suggested that, especially in general or local 
hypothermia, large dose fractions give the best protec- 
tion to normal tissues, while the sensitivity of tumours 
(mostly oesophageal cancer) remains unchanged. 

The proceedings of the symposium were summarized 
by Kuzin. It was generally agreed that a closer integra- 
tion between the work of radiation therapists and radia- 
tion biologists is needed. Their combined work will 
provide a new scientific basis for the radiotherapy of 
neoplastic diseases which can be expected to improve 
the therapeutic results substantially. The papers 
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read at the symposium will be published in full in a 
separate volume by the Kazak Academy of Sciences 
during 1968. Another symposium, with a similar 
purpose, will be held in two years’ time. 


Nutrition for the Old 


CUNT 





UTRITIONAL Problems of the Elderly" was the 
subject of a symposium held by the Scottish Group 
of the Nutrition Society in Edinburgh on April 20. 
Professor W. F. Anderson, the chairman, referred to 
surveys now being made in the hitherto neglected 
field of the nutrition of elderly people. Recent studies 
have indieated that food intake, noticeably of fat, 
diminishes in the seventh and eighth decades. The 
intakes of essential food substances which are often 
low in the elderly are those of vitamin C, thiamine, 
folic acid, vitamin B}, and iron, but definite nutritional 
defieieney diseases are rare. Minor deficieney condi- 
tions probably exist but are not recognized. Elderly 
persons living at home tend to have superior levels 
of these nutrients compared with those living in 
hospitals. In the latter group, vitamin C was particu- 
larly low and normal hospital diets appear to need 
close supervision in this respect. 

Dr J. V. G. A. Durnin of the Institute of Physiology, 

Tniversity of Glasgow, speaking on “Energy Require- 
ments, Intakes and Balances", pointed out that for 
most adults, occupational activity accounts for the 
greater part of their physical energy expenditure and 
leisure activities, often sedentary, for the remainder. 
The elderly are generally at leisure and few are really 
fit and active. These factors mean that most of this 
group will expend physically only small quantities of 
energy. Changes in body composition have been 
noted with lean people over 65 years old. This may 
be caused by reduced calorie intakes observed in 
the elderly or to shorter life expectation in the obese. 
In studies on absorption, significant deterioration for 
ages up to 75 years has not been found. 

“The Protein Status of the Elderly" was discussed 
by Dr W. T. C. Berry of the Ministry of Health, 
London. At present, methods of detecting the mild 
effects of protein deficieney in the individual are not 
very sensitive and knowledge is insufficient to enable a 
borderline between the adequate and the inadequate 
state to be well defined. To distinguish between normal 
signs of ageing and the milder signs of malnutrition 
there is the problem as to what evidence should be 
sought. Reduced serum albumin levels, which may 
aecompany shrinkage of muscle, may precede obvious 
signs of protein deficiency. The relationship between 
dietary protein intake and these changes is being 
investigated. 

Speaking on "Dietary Hazards of the Elderly", 
Dr J. Andrews of the West Middlesex Hospital, Isle- 
worth, said that in his experience the three groups of 
patients most vulnerable to malnutrition are those 
with gross locomotor disease which may serve to isolate 
them, those who are mentally disturbed and those in 
institutions. Protein and vitamin D were low in these 
out-patients. Many cases of iron deficiency anaemia 
were due to causes such as previous gastro-intestinal 
operations, and cases due solely to malnutrition were 
not found. 

Dr D. A. Smith of the Gardiner Institute. Western 
Infirmary, Glasgow, spoke on the falling mineral 
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content of bone with age and the high incidence of 
osteoporosis as a positive major threat, particularly 
to the elderly woman. As many as one in five old 
women may become osteoporotic. For men the risk is 
less. 


Chain Termination 


from our Cell Biology Correspondent 

CaPECCHI at Harvard is using the RNA from an amber 
mutant of the bacteriophage R17, which is at the 
position of the sixth amino-acid in the phage coat 
protein and directs the synthesis of a hexapeptide in 
vitro, to study chain termination (see Nature, 216, 226: 
1967). At Cambridge, Bretscher is using an identical 
mutant of the f2, originally isolated by Zinder’s group. 
for the same purpose. Neither of them has yet found 
how chain termination is achieved, but Capecchi seems 
to have isolated an enzyme involved in termination, 
and now Bretscher has proved that the termination 
codon is read. Termination is therefore an active 
process, not simply the result of inability to read a 
codon. Furthermore, both workers have established 
that the terminating codon is not read by a tRNA 
similar to the ‘RNA molecules that read all the other 
codons. 

Bretscher’s experiment is admirably direct. He has 
taken the RNA from wild type f2 and from the position 
six amber mutant and used it as messenger in a cell- 
free system. The cell-free system contains ribosomes 
and supernatant fraction but only six highly purified 
species of tRN A—those specific for the six amino-acids 
in the hexapeptide—in other words, the first six amino- 
acids in the phage coat protein, and therefore the 
system is able to translate up to, but not beyond, the 
position of the amber mutant. 

He asks whether in these conditions a terminated 
hexapeptide free of RNA is produced by both messen- 
ger RNAs or only by the mutant RNA containing the 
amber chain terminating codon. The wild type RNA 
in fact programmes the synthesis of a hexapeptidyl— 
tRNA. The mutant RNA programmes the synthesis 
of a free hexapeptide detached from tRNA. Thus 
when translation is brought to a halt by the absence of a 
{RNA molecule, termination—the release of the peptide 
free from all translating machinery—does not occur 
unless there is a chain terminating codon. What is 
more, because only six specific tRNAs were used and, 
like Capecchi, Bretscher finds that termination cannot 
be prevented by destroying all the other (RNAs not 
involved in the synthesis of the hexapeptide, it appears 
that there is no {RNA for reading chain terminating 
codons. What then reads UAG, UAA and UGA with 
sufficient accuracy not to confuse them with other 
codons? Is it the protein Capecchi has isolated ? 


Sex Hormones and Cancer 
from our Medical Biochemistry Correspondent 


Ir is now well known that cancers of the breast and 
prostate are often influenced in their growth by varia- 
tions in the concentrations of sex hormones in the 
blood, and that excretion of sex hormones is signifi- 
cantly inereased in patients with cancers of the breast 
and prostate (Science, 145, 716; 1964). It is rather 
more surprising to find that the plasma concentrations 
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of sex hormones may be involved in the development 
of cancers of the nasopharynx, a tissue not normally 
thought. of as influenced by sex hormones. 

Cancer of the nasopharynx is relatively common in 
East Africa. Since there are 4-5 male patients to every 
1 female patient, there seemed to be a possibility of a 
sex hormone influence on this disease. In 1966 Bul- 
brook and Clifford investigated the urinary excretion 
of sex hormones and corticosteroids and showed that 
Kenyan African men excreted more oestrogen meta- 
bolites and less androgen metabolites than European 
men. Patients with cancer excreted more oestrogens 
and less androgens than control Kenyans. The reduc- 
tion in androgen metabolites was due entirely to a 
decrease in the excretion of dehydroepiandrosterone 
sulphate (DS) and androsterone sulphate (AS), and 
the excretion of aetiocholanolone was normal. There 
were no significant differences in the urinary excretion 
of 17-hydroxy corticosteroids. 

Estimation of the plasma testosterone concentrations 
showed that there was no significant difference between 
Kenyans and Europeans (Bulbrook, Wang and Clif. 
ford, Lancet, ii, 1342; 1966). The mean testosterone 
concentration in Kenyans was slightly lower than that 
in Europeans, but the difference was not statistically 
significant. Their latest report, however, shows that 
there is a big difference in the plasma levels of DS and 
AS in Kenyans and Europeans (Lancet, i, 1003; 1968). 
On average the plasma concentrations of DS and AS 
in normal Kenyan men were only half as great as those 
in a series of normal Eurepean men. When the normal 
Kenyans were compared with a group of Kenyans 
with nasopharyngeal cancer, the plasma concentrations 
of AS were very similar, but the plasma DS of the 
patients was only 50-4 ug/100 ml. compared with 
85:4 ug/100 ml. in the normals. This difference was 
just significant. 

Tt has recently been shown that normal human skin 
converts “C-testosterone to androstenedione, 5-a- 
dihydroxytestosterone, 5-a-androstenedione and andro- 
sterone (Gomez and Hsia, Biochemistry, 7, 24: 1968). 
When the skin specimens were incubated with 44- 
androstene-3,17-dione-4-MC, the same metabolites, 
together with testosterone, were produced. They were 
unable to detect any aetiocholanolone or aetiocholane- 
dione in any of their experiments, in contrast to the 
findings on the metabolism of testosterone in other 
tissues. This suggests that though the skin actively 
metabolizes testosterone it does not have the enzymes 
which form aetiocholanolone or aetiocholane-dione in 
other tissues. The lower concentrations of DS and 
AS in Kenyans, while aetiocholanolone excretion is 
the same as in Europeans, may therefore be due to 
differences in the metabolism of androgens in certain 
tissues while other tissues metabolize them at the same 
rate as Europeans. The increased susceptibility to 
caneer of the nasopharynx may be due to the low 
plasma concentrations found or to the metabolic 
alternation which leads to the low plasma concentra- 
tions. 


Helices and Coils 

from our Molecular Biology Correspondent 
DzsrrTE the belief of a number of sanguine individuals 
that it will be possible to determine the three-dimen- 


sional structure of globular proteins by computation 
from the amino-acid sequence, a great deal is clearly 
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still to be learned about the environmental determin- 
ants of conformation. The study of synthetic poly- 
peptides produced several important general principles 
governing the formation and stability of ordered 
structures, and there is still useful. if rather fitful, 
activity in this field. 

An interesting study, which illustrates most arrest- 
ingly the finely poised balance between alternative 
conformations, comes from Makino et al. (Biopolymers, 
6, 551; 1968). They work with the charged basic 
polypeptide, poly-t-methionine S-methylsulphonate, 
and report on the effect of neutral salts on its conforma- 
tion. Chloride and bromide ions behave as normal 
counterions—that is to say, there is no evidence of 
site binding as the counterions merely form a diffuse 
sheath around the polyion—and in their presence the 
polymer is a random coil. With the more polarizahle 
counterions iodide and thiocyanate, there is apt to be 
greater interaction, and indeed conductivity studies 
indicate a stronger type of binding. Moreover, the 
optical rotatory dispersion undergoes a change and 
examination of infrared spectra of films cast from these 
solutions reveals the formation of antiparallel f. 
structures (pleated sheets). In the presence of per- 
chlorate ions, on the other hand, a different pheno- 
menon is again observed, a-helices being now formed. 
It should be stressed that these results are unrelated 
to the conformational effects which have previously 
been observed in proteins and synthetic polypeptides 
at very high salt concentrations, when the water 
activity is diminished and the solvent structure signifi- 
cantly changed. The changes described by Makino 
et al. occur instead at salt molarities of 0-015 and 
below, and are evidently counterion effects only. This 
knife-edge balance between three different conforma- 
tional forms is remarkable, and is perhaps discourag- 
ing from the viewpoint of prediction of conformation. 

On a different issue—the effect of chain length on the 
stability of a-helices, the subject of much theoretical 
attention—new experimental contributions have been 
presented by Ingwall et al. (ibid., 331). These workers 
have been concerned with a-helix formation by non- 
polar residues and have studied the poly-r-alanine 
helix in aqueous media.  Poly-r-alanine itself is 
insoluble in water, and to bring it into solution block 
polymers must be prepared in which the polyalanine 
is sandwiched between two segments of charged 
polymer (in the present case poly-p,r-lysine). The 
meso nature of the outer blocks ensures that the 
conformation of the polyalanine can be observed by 
optical rotatory dispersion. Alanine blocks of length 
10, 160, 450 and 1,000 were prepared, the first by 
stepwise synthesis rather than polymerization of 
anhydride. This short block turns out to be non- 
helical in water—a slightly surprising result, since in 
such systems as have been studied previously (albeit 
all non-aqueous), a-helix formation sets in at chain 
lengths of some 8-9. The higher polymers are all 
helical in water, and in the absence of salts the content 
of a-helix diminishes with increasing temperature. 
Evidently, however, repulsion between the charged 
lysine blocks affeets the stability of the polyalanine 
structure, for in 0-2 M salt the effect of heat is much less, 
and, as expected, the longer the chain the more stable 
the helix. There is evidence of stabilization by hydro- 
phobie interactions, and it is suggested that the long 
helices bend back on themselves to interact intra- 
molecularly. It is possible that in globular proteins 
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the stability of short lengths of helix, which are often 
observed, may sometimes involve this mechanism, 
and probably in general requires the non-aqueous 
environment provided by clustered non-polar side 
chains. 


Progress against Plant Disease 


Propuctne plants which are resistant to disease is 
one of the largest problems facing plant breeders and. 
to judge from the annual report, it seems to be one that 
the Plant Breeding Institute in Cambridge is tackling 
with some success. The report (price 7s. 6d.) describes 
the latest progress of the institute’s breeding pro- 
gramme, which is aimed at producing varieties showing 
disease resistance combined with the essential im- 
proved yield and quality in cereals, potatoes, brassicas, 
sugar beet and forage erops. 

The cytogenetics department is particularly proud 
of a breeding variety of wheat called ‘Compair’ which 
has been developed from crosses between hexaploid 
wheat. Triticum aestivum, a wild Aegean species, 
Aegilops comosa, and another species, Aegilops spel- 
toides. By exploiting single chromosomes, which 
exercise control over the behaviour of the whole 
chromosome complement during meiosis, it has been 
possible to integrate into the chromosome complement 
of TT. aestivum genes, originally from A. comosa, which 
confer resistance to yellow rust disease. This variety, 
‘Compair’, is to be used by breeders as parent mater- 


Why do Fish School? 


by 
D. H. CUSHING 
F. R. HARDEN JONES 


Fisheries Laboratory, 
Lowestoft 


THe survival value of the habit of fish schooling is the 
subject of a recent article by Dr C. M. Breder!, who has 
written a great deal about the social aspects of schooling. 
He has worked in streams, lakes and hatcheries in fresh 
water and in the sea off Bimini and off the west coast of 
Florida. His photographs of fish schools are brilliant?, 
but they were taken in shallow or inshore well-lit waters. 
As fisheries biologists. we work on this problem in the 
open sea or in the deep ocean with acoustie equipment. 
Breder! defines a school as ^a large number of fish 
swimming together" all orientated in the same direction, 
and considers that "the group is permanent except .. . on 
extraordinarily dark nights"— permanent because it is 
a common observation that shoaling fish are all of the same 
length. But echo sounder records show that schooling 
fish tend to disperse into masses of individuals at night 
and to gather again into schools in daytime. Magnuson 
and Prescott® have suggested that the leaning behaviour 
of tuna in the early dawn allows them to use their silvery 
sides (Denton and Nicol!) to aggregate from extreme visual 
ranges. Because fish cruise at three lengths a second, a 
short period of activity in the early morning should 
segregate the fish into schools of specific sizes quite readily. 
Consequently, it seems unlikely that schools are permanent 
or need to be permanent. Spawning or pre-spawning 
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ial in producing new disease resistant varieties 
—‘Compair’ itself shows a low yield, and so it is not 
suitable as a crop variety. Another cytogenetic 
success has been the introduction of a chromosome 
which confers resistance to both yellow rust and mildew 
from rye into wheat. 

A new development by the cereals section has been 
the production of spring wheats which have a high 
degree of tolerance to the mineral deficiencies of fen 
soils. Further crosses are being carried out to intro- 
duce disease resistance and improve baking quality. 
A very important variety of winter wheat which shows 
a much higher yield than previous varieties is ‘Maris 
Ranger’. This variety is also resistant to all races of 
yellow rust known in Britain. It has now completed 
the trials of the National Institute of Agricultural 
Botany and has been placed on the recommended list. 

Work has been in progress at the Plant Breeding 
Institute for some years on semi-dwarf wheats originat- 
ing from a Japanese variety called ‘Norin 10’. These 
plants have shorter internodes than usual, but no 
change in the number of internodes, so that there is 
the opportunity for producing a lot of grain with less 
vegetative growth than usual. The chief drawback to 
the use of these varieties in Britain has been their 
extreme susceptibility to vellow rust and powdery 
mildew, but crosses with other disease resistant 
wheats have produced some very short strawed disease 
resistant lines. Work is continuing with material 
which shows considerable promise. 


Studies of fish behaviour suggest that the habit of schooling, what- 
ever its mechanism, is an advantage to potential prey. 


schools may endure for longer than a day, because they 
do sometimes retain their identity at night (herring**, cod’), 

An earlier analysis by Breder* treats a fish school as 
being held together by attractive forces and repulsive 
forces, by analogy with centrifugal and centripetal forces, 
but the forces are not defined. The mathematical model 
was not fully developed and the survival value of schooling 
remained a subject for speculation. 

There are now three articles which present models of 
schooling behaviour. The first, by Brock and Riffen- 
burgh*, emphasizes the importance of schooling as a factor 
in reducing predation. These authors define two probabili- 
ties—the first that of a single prey being sighted by a 
predator, and the second that of a predator sighting a 
school. The expectation of the number of prey being 
eaten depends on the number of predators, the number of 
prey and the distance at which the predator sights the 
prey. The expectation for prey randomly distributed is 
E, and that for schooled prey is E,; when schooling is 
of advantage to the prey. E,« E,. This treatment has 
the advantage of being independent of time and of prey 
density. Furthermore, the expectations can be readily 
expressed as simple volumes. 

Let us assume that there are r*/c prey along the radius 
(r*) of a spherical school. Then the number of prey 
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If the prey is to obtain any advantage in schooling. the 
quantity eaten by each predator 





where r is the sighting range of the predator. 

Brock and Riffenburgh tabulate the numbersof consumed 
prey needed to violate this mequality for different values 
of sighting range and prey numbers. The numbers of 
prey eaten are very great at sighting ranges greater than 
the distance between prey and at high numbers of prey. 
In other words, the schooling advantage is readily nullified 
at short ranges. "Therefore we would expect fish to dis- 
perse at night and in turbid waters. Numerous experi- 
ments have been cited by Breder to show that schooling 
depends on a visual response. 

A later article by Olson!* has reached similar conclusions 
based on a theory of search (Koopman!!) developed for 
anti-submarine warfare. The probability, Ps. of finding 
a single prey in the area A, swimming at random at con- 
stant speed V, for time t, is given by P,—1-— exp (—2r 
Vt[ A) where r is the sighting range of the predator. The 
probability, Pg, of finding a shoal of radius r! is given by 
Pa =1— exp[—2rt+r)Vi/A}. Let P&z0:5, then 2(r+ 
T)Vt[A —-0.7; let r=10 m and r!—-50 m, then Vt/A= 
0.0088. Hence P,=0-11. In a school, P&(me/mr) is the 
probability of being eaten, Pe, where me is the number 
of fish eaten by a predator and my is the number of fish 
in the school. Let me=20; let mrp = 20,000, then Pe= 
0:0005<P,. So with a quite different model. Olson 
reached the same conclusion as Broek and Riffenburgh. 
Similar ealeulations show that the advantage is less when 
the probability of detection is low. To increase the 
probability of detection, the swept patch 2R should be 
increased and so it is perhaps an advantage to predators 
to school rather loosely. Magnuson and Prescott? have 
described a signalling system between tunas when bars 
appear on the sides of the fish as they sight food which 
implies a rather loose schooling. But this possible 
schooling of predators is really a function of their short 
sight range underwater. In air, with a long sight range, 
predators, like hawks, should never find the need to school. 

The theory of search was extended by Saila and 
Flowers!’ at the recent FAO symposium on fish behavi- 
our in relation to fishing gear and tacties. They showed 
that the number of prey. No, entering a circle of radius R 
about an observer is given by Ny=(4RN/r)(u+v)E(o), 
where N is the number of prey/unit area, u is the prey 
speed, v is predator speed, and E(s) is the elliptic integral 
of the second kind. So the greater the speed of prey. the 
more come in range than escape. "Therefore, a predator 
should operate during periods of prey activity, for example. 
at dawn and dusk. It may be significant that some 
species (for example, herring, Muzinié!?) feed heavily at 
dawn and dusk. Conversely. prey. to survive, should 
move at minimal speeds. Saila and Flowers further 
examined the case restrieting search to a sector in the 
direction of travel. The probability of detecting prey at a 
restricted angle ahead increases with the ratio v/u from 
about 0-25 to a maximum just about 2. So the predator 
should search ahead and need only cruise at about twice 
the speed of the prey. These two principles could explain 
the idle behaviour of prey and predator underwater. as so 
remarkably shown by underwater films of tuna taken 
from the bow chamber of R.V. Townsend Cromwell (of 
the Bureau of Commercial Fisheries Laboratorv, Hono- 
lulu). 

'The development of models based on theories of search 
Shows that there could be an advantage to prey in sehooling 
and, perhaps, to predators. The advantage increases 
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with the probability of detection. The observed dispersal 
at night is expected and so are the apparently idle move- 
ments of prey and predator underwater. The models, 
when properly used as working hypotheses, serve to 
highlight those areas where critical observations and 
experiments are required. This. indeed, is their real 
purpose. 

Breder! notes that “obligate schooling forms generally 
have a large geographic range. produce large numbers of 
young and commonly show migratory y movements", 
and suggests that the formation of "great schools’? may 
exercise a regulatory role in the gene flow of the species. 
One can enlarge on this line of thought. —Nikolsky!! 
argues. convincingly. that migration is an adaptation 
towards abundance. There is a limit to the weight of 
fish a given area can support, but. with separate feeding 
grounds for the younger and older stages. food can be 
concentrated from a wide geographical area to support a 
large population. It is therefore no accident that species 
of commercial importance are migratory: they are of 
commercial importance because they are abundant, and 
abundant because they are migratory. In temperate and 
arctic waters there are seasonal variations in the produe- 
tion eycle (Cushing!) and, if the voung fish are to survive. 
spawning must be timed so that the eggs bateh when food 
is available. Furthermore, the spawning grounds need 
to be strategically sited in relation to the nursery grounds 
towards which the young are carried, passively, with the 
current. Within the area over which it is distributed a 
species may have several spawning grounds, but during a 
given period the bulk of the population would be recruited 
from only one or two grounds. The young fish would grow 
up in separate nursery areas and in different environ- 
mental conditions and there could be differences between 
the survivors from each spawning ground with regard to 
morphometric and meristie characters, growth, vear-class 
strength and natural mortality. This is the biological 
origin of the stock. 

During the period of larval drift the loss rate due to 
mortality and diffusion is high. The mortality rate is 
probably density dependent. sharply se in conditions 
of food shortage, and mildly so in conditions of food 
abundance. Here is a possible mechanism by which the 
numbers in each stock, and thus in the population as a 
whole, are regulated. A return of the survivors to the 
parent ground provides a means by which favourable 
conditions may be exploited. Migration and homing are 
thus complementary and further consideration of the 
interaction between them suggests that in temperate and 
arctic waters the fully adapted and successful species 
should be migratory and should home to its parent spawn- 
ing ground; and that each stock should spawn on a fixed 
and restricted ground, and at a fixed and restricted season. 
It is the spatial and temporal separation of spawning 
grounds and spawning seasons that provides the reproduc- 
tive isolation between stocks. As environmental condi- 
tions change on a long term basis, so the dominance swings 
from one spawning group to another. Thus the capacity 
to meet change lies, not in the flexibility of each stock, 
but in the multiplicity of stocks: there are stocks for all 
seasons, as Cushing!5 argues for the North Atlantic 
herring. 

A fixed and restricted spawning season demands that 
the whole mature stock comes together within strict 
spatial and temporal limits to form the "great schools" to 
which Breder! refers. These schools can be very 
large indeed: in 1951. schools of spawning herring were 
continuous in the Straits of Dover for 17 miles; similar 
schools have been described by Runnstrém'? for the 
Norwegian spring spawning herring; and the greater 
part of the mature cod of the Arcto-Norwegian stock 
gather within the arm of the West Fjord to spawn every 
spring. The means by which fish may mix freely ona 
common feeding ground and yet assemble with such 
precision and regularity on their different spawning 
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grounds remains one of the outstanding problems of fish 
behaviour, to which further studies on schooling could 
make a significant contribution. 
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Amplitude Variations in Pulsed Radio Sources 


by 
P. A. G. SCHEUER 


Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge 


Tug radio pulses from the sources discovered by Hewish 
et al.? show extremely regular repetition rates but quite 
erratic amplitude fluctuations, over time scales ranging 
from less than a second! to hours? or even days!. The 
rapid pulse-to-pulse variations appear to be well correlated 
on different frequencies?, and, as will be shown, they are 
most probably an intrinsic property of the source. The 
long-period variations show little, if any, correlation 
between different frequencies*, and it seems difficult to 
imagine a source of wide-band pulses which have a very 
complex spectrum that is preserved over hundreds or 
thousands of pulses. Such complex frequency structure 
rather suggests that the emission process is modulated by 
interference. phenomena, either between à number of 
coherent pulsed sources on the surface of a star, or else 
between a number of images of the source caused by 
irregular refraction in an interstellar medium. The latter 
possibility is considered in this article. 

For detailed discussion of scattering in irregular media 
the reader is referred to Uscinski* and for the correlation 
of scintillations at different wavelengths to Little, and 
to references quoted in these. Only rough calculations 
will be attempted here. 


a 
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Source 


Geometry of source, screen and observer. 


Fig. 1. 


The interstellar medium contains large regions of ionized 
gas with 10-121 electrons em; the clearest evidence for 
the existence of such a general distribution of free electrons 
comes from the rotation measures of polarized radio sources 
and from the dispersion of the pulses from the pulsed radio 
sources themselves}, Suppose the medium between us 
and the source is not perfectly regular, but has irregulari- 
ties characterized by an electron density perturbation 
AN and a linear scale a; the phase perturbation on 
passing through one such irregularity is 


89 = ANT ra (1) 


at wavelength 4, where 79 is the classical electron radius 


Refraction by irregularities in the interstellar medium may cause 
the long period fluctuations in the amplitudes of radio signals from 
the pulsed sources. 


(2-8 x 10-1? cm). On passing through a depth L of such 
irregularities the root mean square phase deviation 
becomes 


(La)tANrod (2) 


Because the observed amplitude variations are large, any 
scattering screen which plays an important part must have 
Ag > x radians, so that nearly all the incident radiation is 
scattered at least once. 

For most purposes the scattering is equivalent to that of 
a physically thin screen, causing phase deviations Ag 
given by equation (2), still on a linear scale a, and placed 
somewhere near the middle of the depth L of the aetual 
screen*, Because a>) and we require Aq > m, geometrical 
optics may be used to estimate the effect of the sereen; 
incident rays are refracted through angles of the order of 


Oscat ~ (A/27) Apa = (1/2) (L/a)} ANTSA? (3) 


Ag x (Lja8o x 


(If the density perturbation in each irregularity has a 
Gaussian spatial variation exp (—7?/a?), and O44; and 
AN are interpreted as root mean square values, the 
correct result is 


Üscat = 2-1 x Lja) ANSA? (3a) 
Note that if only a fraction f of space in the scattering 
layer is occupied by irregularities, the only effect is to 
replace AN by AN 4/f throughout our formulae.) 

If the sereen is placed at a distance z from the source, 
where z< (distance of source from Earth), scintillations 
will be observed subject to the following conditions: 

(i) Ao» x, as noted earlier. 

(ii) Amplitude variations (as opposed to mere refraction) 
will be observed only if several interfering beams reach 
the observer, that is, only if the region of the sereen 
contribution to the observed radiation is larger than the 
size of one irregularity 


£Üscat > a 


(ii) The scintillations will be similar at wavelengths X 
and à+ Ax if the phase differences between the various 
interfering beams are the same at X+ AX as at X, to within 
* radians, say. The phase differences are made up of two 
parts; the first, caused by beams passing through different 
parts of the sereen, is about Ag; the second, caused by 
different physical path lengths, is of the order of 
(2x/3)09*5,..4:). From equation (3) and condition (ii) it 
is easily seen that the latter contribution is greater. 
Thus the seintillations are correlated over a bandwidth 
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A’ given by 
AX MS seat) (4) 


(The estimate (4) corresponds to making Little's? para- 
meter AK =x, so that his “bandwidth visibility” is about 
0-5.) This condition is much stronger than a similar one, 
that the rise time of the pulses must not be drawn out 
more than a few ms by arriving by different paths. 

Formally identical restrictions may be derived by similar 
arguments when the screen is at a distance z from the 
observer and the source is much further away. 

The conditions (i) to (iii) show what ranges of AN and 
a could produce large amplitude variations coherent over 
a bandwidth Ad. They may be represented uniquely in 
terms of the dimensionless scaled quantities 

AN* = AN Ltr, 33/42) /4 (5) 
a* azii 

when they become 


(i) AN*a*t> x; (n) AN*/a*3/2 5 (2z3)1/t: 


(i) A»/ = (22?)a*/( AN? (6) 





> 3 


as shown in Fig. 2 


Scintillation by the Interstellar Medium 


In the ease of the general interstellar medium zx Lx 
(distance of source), and Fig. 3 shows the conditions 
(i), Gi) and (iii) for this ease, taking the distance to be 
15x 102° em and 3-370 em. It seems that even very 


small fluctuations in an assumed mean density of 0-1 
electrons em-? can cause significant scintillation. 
Observations of other radio sourees already place 


severe limits on the irregularities in the interstellar gas; 
the strongest of these is the observation that the small 
diameter source in the Crab nebula has an apparent dia- 
meter less than 0-4" are at 38 MHz, so that Osat «2x 
10-* radians for 23 x 10?! em, A= 790 em, and therefore 
Oscat < 10-7 radians for L=z=1-5~x 108 em, 1-370 cm. 
This restriction is also shown in Fig. 3; it adds nothing to 
the condition that scintillations correlate over at least 
0-5 MHz near 81:5 MHz. 


Time Scale of the Scintillations 


Two further restrictions must now be imposed: the 
seintillations must not be smoothed out by the finite 
diameter of the source, and the time scale + of the scintilla- 
tions must eorrespond with the time scale of some observed 
amplitude fluctuations. 

The irregular screen produces a diffraction pattern in 
space; fluctuations are observed only because either the 
Earth moves through the diffraction pattern, or because 
relative motion of the source and the screen sweeps the 
pattern past us. It will be assumed that the relevant 
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Fig. 2. The conditions required for large amplitude fluctuations, in 


terms of the scaled parameters 4N* and a*. The point representing the 

Screen must lie above lines (i) and (i); the bandwidth over which 

seintillations are similar is shown by the dashed lines. Note that deep 
scintillation necessarily implies (12/2) « 1. 
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Fig. 3. Conditions required for large amplitude fluctuations in a source 


obse ed through 1-5 x 10% cm of interstellar medium, shown asin Fig, 2 

Full lines: 81-5 MHz; dashed lines: 408 MHz. The dotted line shows he 

upper limit on the strength of interstellar irregularities obtained from 

observations of the Crab Nebula. If only a region of radius 1-5 x 104 em. 

around the source causes the scintillations, the conditions for the medium, 

are given by the same diagram when used with the top and right-hand 
scales for AN and a. 











velocities v do not greatly exceed 30 kin «^! in either case. 
First consider the Earth's motion. 
v7 seale of diffraction pattern = 4/Sens 
where 05,4 15 the angular spectrum observed at the Earth; 
it is clear from Fig. 1 that Oos may be less than Oseat 


but it cannot be greater. By the obvious analogue of 
equation (4) 


NAXOS us) 
where z is the distance of the sereen from the Earth. 
Hence 
T= Aflos > (2 42)! (7) 


Thus, with 34 — 5 em, z=1-5 x 10% eim, and e< 30 kim s^! 
we should have vez 3x 10* km, or +> 10* 5, 

A similar argument leads to the same result when 
motion of the source is considered. z then represents the 
distance from the screen to the source in relation (7). 
With a screen close enough to the source, and perhaps 
associated with it, one might then hope to aecount for 
short-period variations. As shown by the alternative 
seales on Fig. 3, scintillations can still be achieved with 
tolerable values of AN and a for L=z=1-5x 10 em, 
giving +~ 100s if other parameters in relation (7) are left 
unchanged. One cannot account for still shorter varia- 
tions (such as pulse-to-pulse variations), however, for the 
finite size of the source now becomes important. The 
argument is simple and general: suppose that a point 





source must move a distance x to shift the observed 
diffraction pattern by its own correlation length; then 
the time scale of seintillations is given by v But if 





the source consists of incoherent elements spread out over 
a region of diameter d » z, the simultaneous presence of 
their displaced diffraction patterns smoothes out any 
possible seintillations. The time scale of seintillation 
must thus exceed the time it takes the souree to move 
by its own diameter. For a source of 6,000 km diameter 
(white dwarf?) and v=30 km s-!, t>200 s. To obtain 
pulse-to-pulse variations we should require a source on 
the seale of 10 km with a sereen at a distance not much 
greater than 10!! em containing (compare with Fig. 3 and 
relations (5)) 10-100 km irregularities with eleetron 
density fluctuations of 10-100 em-^?; or else a very large 
relative velocity between source and screen. (Note that 
most kinds of orbital motion are already excluded, for the 


corresponding displacements in puise times have not 
been observed?!.} 
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Amplitude Distribution of Pulses 

When a plane wave is scattered by a weakly scattering 
screen (Ao<1) the diffracted field amplitude has a Rice 
distribution. For thicker screens (Ag>1) the amplitude 
distribution approximates to a Rayleigh distribution, and 
consequently the distribution of intensity J becomes 
exponential. 

d(probability) =exp (—1/Ip)dl/Io (8) 

The distribution of individual pulse heights from 
CP 1919 at 81-5 MHz has been plotted by Collins (private 
communication) and is not exponential, having a much 
longer tail of very large pulses. The same appears to be 
true of CP 0950. So far as longer-term variations are 
concerned, an adequate statistical sample is not yet 
available to me, but the observations to date suggest 
that here, too, the high intensity tail of the distribution is 
considerably larger than in an exponential distribution. 
Over intermediate periods, in which there is no correlation 
between successive intervals, the distribution of the 
running means necessarily approaches a Gaussian dis- 
tribution about a mean. 

Though the amplitude distributions are inconsistent 
with scattering by a single screen, it should be noted that 
long-tailed amplitude distributions could arise from more 
complex scintillation processes. As a very simplified 
example, consider a screen (with Ag > 1) close to the source, 
which projects a diffraction pattern on to a second screen 
(also with Ag>1) further away from the source, and 
suppose also that all that part of the second screen which 
contributes to the radiation observed by us lies within one 
correlation length of the diffraction pattern from the first 
screen. The modulation of the observed intensity is 
then the product of two exponentially distributed random 
variables. The result is easily shown to be a distribution 
of the form 


d(probability) = Ko(4/2//1o)dZ/To (9) 


where Ko is a modified Bessel function. The function 
(9) is not (and is not expected to be) a quantitative fit 
to the data, but it shows the required qualitative features, 
that is, much larger proportions of very large and very 
small intensities than an exponential distribution. 


Discussion 


Pulse-to-pulse variations are probably not caused by a 
scintillation mechanism, because: 

(a) There are severe difficulties with the time scale. 
The sereen would have to be fairly dense and close to the 
source, and the source would have to be either a neutron 
star or a source of highly directional radiation to have a 
sufficiently small effective size. 

(6) It has been reported that pulse-to-pulse variations 
are closely correlated over a wide range of frequencies?. 
Fig. 2 shows that this is incompatible with deep scintilla- 
tions. 

(c) The distribution of pulse amplitudes has a much 
longer tail than an exponential distribution. 

Scintillation is a much more attractive explanation 
for the long-period variations, but there are severe difficul- 
ties in this case too: 

(a) Time scale. The | min variations in CP 1919 at 
81.5 MHz, and the variations observed in three sources 
at 151 MHz with time scales of a few minutes?, are too 
fast to be explained in terms of the general interstellar 
medium, unless the source moves with a speed of several 
thousand km s-!. 

(b) A screen which produces strong scintillation 
(Ag » n) at 922 MHz* has 4/(z6%scat) < L at this frequency, 
and therefore has AAMA = X/(20*554.) < (81:5/922)* at 
81:5 MHz; that is, scintillations near 81-5 MHz become 
uncorrelated within 80 kHz. Large amplitude variations 
are observed with a receiver bandwidth of 1 MHz, how- 
ever, and indeed in the case of CP 0834 the amplitude 
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is coherent over a range of 4 MHz near 80 MHz’. Thus 
no diffracting screen can account for both the high 
frequency and the low frequency variations. : 

The question still arises whether A/A is necessarily so 
small at low frequencies if high and low frequency seintilla- 
tions are produced by different regions of the interstellar 
medium. It turns out that a consistent model can be 
devised, but only if one sereen is very inuch closer to 
the source than the other. Suppose screen 1, producing 
deep scintillation az a short wavelength 2^, is at distance 
2, from the source, and sereen 2, at distance z, >z; from 
the source and z from the observer, is capable of producing 
deep scintillations at a long wavelength ^. The radiation 
falling on screen 2 has an angular spectrum of width 
(1/23)0.at;, and will behave just like an incoherent 
source with this angular diameter if we observe with a 
receiver the bandwidth of which exceeds A2A/X at the 
long wavelength. This angular diameter will blur out the 
scintillation caused by screen 2 unless 





(21/23)8scati2 < (scale of diffraction pattern at observer) 


i/ oz 
eM i - Ly scat ,! 
Sz +2 } 
Combining this with the conditions that screens 1 and 2 
can produce deep scintillations at wavelengths 4+ and 4, 
respectively, we find that 
z z TX8 
-h gH (n) 
Z+ Za z A 
Another type of model is also possible. Suppose 
screen l produces the long wave scintillations (and has 
little effect at the short wavelength 3+), while screen 2 
produces the scintillation at wavelength à+. The long 
wave scintillations caused by sereen 2 have (AA/X)« 
(4*/4)§ and will be smoothed out by any normal receiver 
bandwidth, but the amplitude variations caused by 
screen 1 will be observed provided the scale of the diffrac- 
tion pattern falling on screen 2 is larger than that part 
of sereen 2 contributing to the radiation observed at any 
one time; that is, i? 


(10) 


A Ze 6 
as de Se oat 
(21/22) seats z 


Taken together with the conditions for deep scintillation 
at each sereen, this leads again to the condition (10) 
obtained for the first model. 

The second of these models seems the more plausible 
as an approximation to a real situation. For screen 2 
we might take the general interstellar medium, which 
could easily produce scintillations at frequencies of the 
order of 1,000 MHz with time seales of some hours, as 
observed’. Screen 2 would then have to be the medium 
within 0-01 to 0-1 pe of the source to account for scintilla- 
tions at frequencies around 100 MHz. The smaller 
distance of the sereen from the source would permit the 
shorter time scale of these variations, and the strength 
of the irregularities required (see Fig. 3), though a good 
deal greater than that of the general interstellar medium, 
would not be implausibly great. If this model is in any 
sense correct, then additional amplitude variations should 
be found at low frequencies when the sources are observed 
with very narrow-band receivers. 

I thank Dr P. F. Seott, Mr R. A. Collins and Miss J. A. 
Bailey for permission to use their observations before 
publication, and for useful discussions. 
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Oscillations of Hamada-Salpeter White Dwarfs including 


General Relativistic Effects 


by 


J. SKILLING 


Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge 


FornLowiNa a recent communication', I have now com- 
puted radial oscillation periods for the fundamental modes 
of zero temperature white dwarfs obeying the Salpeter 
equation of state”, using general relativistic, rather than 
Newtonian, dynamics. As before, a variational approach 
was used, which maximizes the period given by various 
trial eigenfunctions. The Tolman—Oppenheimer-Volk- 
off?4 equation of hydrostatic equilibrium 
dp _& p+ pie? \(m + 4xr*?pjc?) 


dr TN(Y—2Gmjrci) 


and the equation for the mass enclosed by r 
dm/dr = 4rr? p 

were integrated numerically in parallel with several trial 
eigenfunetions of the form 

Ex orar? Bre tyri + dro + kerst 
using the Gill modification of the Runge-Kutta procedure. 
In these formulae, r is the Schwarzschild radial co-ordin- 
ate, and m is the gravitationally effective mass enclosed by 
r. M, the surface value of m, is the Sehwarzschild mass 
of the star, which is the mass "felt" by exterior orbiting 
bodies. The density p is not simply proportional to the 
baryon number density, as assumed by Salpeter?, but 
contains a correction for the kinetic energy (mass) of 
the degenerate electrons. 

For each trial eigenfunction, a period was obtained 
using the variational formula given by Harrison, Thorne, 
Wakano and Wheeler’, which is equivalent to an earlier 
formula of Chandrasekhar*. The coefficient k of r?56 
was chosen to satisfy the surface boundary condition 
given by Bardeen, Thorne and Meltzer’, the high exponent 
being used to satisfy the boundary condition without 
significantly affecting £ through the main body of the star 
and therefore adversely affecting the variational accuracy. 
The computed periods were, in fact, only altered by less 
than 1 part in 10? by ignoring the boundary condition 
and putting k= 0 instead. 

Homogeneous stellar models composed of helium, of 
earbon, and of iron were used, with central densities 
ranging from 10° kg m-? to about 3 x 10 kg m, Strictly, 
the denser models are unstable to nuclear reactions (see, 
for example, Salpeter?) and should have been given cores 
of different composition, but the periods obtained de- 
pended so little on composition that this addition to the 
program was not thought to be worthwhile. Table 1 
lists the most accurate periods obtainable for a given star 
by varying a, B, y and ô. These values are actually lower 
limits to the period of the true fundamental. The homo- 
logous eigenfunction E « r gives periods differing from these 
values by 1 per cent or less, however, and it seems likely 
from intermediate results that the addition of terms up 
to r5 will have reduced the error well below 1 per cent. 

There have been three checks on the results. First, 
the general relativistic results fit smoothly onto the 


When general relativistic effects are included in certain models of 
white dwarfs, it seems impossible to obtain radial oscillation periods 
appreciably shorter than 2 s. 


Newtonian results for stars of low density. Fig. 1, which 
shows the periods of general relativistic and of Newtonian 
stars, shows the fit clearly. Second, a selection of stars 
was re-caleulated with shorter step lengths in the integra- 
tion, and the results differed by under l part in 10*. 
Third, the point of onset of dynamical instability coincides 
precisely with the peak of the mass-radius curve (see the 
appropriate entries in Table 1), as predicted by Wheeler's 
instability criterion. 














1 de - —— 
10* 1019 10 10 
oc (kg m-*) 
Fig. 1. Periods of Hamada-Salpeter models composed of iron, Contin- 


uous curve, general relativistic results; dashed curve, Newtonian results, 


As mentioned, composition makes remarkably little 
difference to the period of a star of given central density. 
The use of general relativity in the calculations causes an 
abrupt onset of instability around central densities of 
2-5 x 101? kg m-?, however. At these densities, the electrons 
which provide the pressure are highly relativistic, so that 
Y-(e/p- lle?)dpjd eo approaches 4/3, which is a critical 
value for the overall stability of stellar models. When 
geometrical effects. which are governed by the parameter 
Gmírc*, become comparable with y 4/3, the star may 
become unstable, even though on Newtonian theory 
with flat space-time the star would be stable as y » 4/3 
everywhere. A more complete discussion of this point 
is given by Chandrasekhar’. Table 1 gives parame 
stars on the v erge of dynamical instability (infinite pe 
The minimum periods obtainable for a given composition, 
which are essentially determined by the position of 
onset of instability. are also given in Table 1. From an 
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Table 1. MASSES, RADH AND PERIODS OF MODELS OF DIFFERENT COMPOSITION 
Helium-4 Carbon-12 iron-56 
Central o M R Period M Period M à t Feriod 
kg m? kg km š kg s ki km E 
1-000 x 10* 2701 x 10°” — L2369x 107 g 2-648 x 10?* 547 1-826 x 10% 1-259 x 10+ 497 
3-162 x 10* 4783x107 — 1304x10* ;9 4-610 x 107° 32-6 3-382x 10? — 1.099 x 10* 30-4 
1-000 x 10* 260 » 10%" 1-073 x 10: d 7:554 x 10?* d 19:9 5:767 Is 
3-163 x 10° -166 x 10° 8-731 x 105 28 1-142 x 109^ 8-612 x 10% 12-7 -95% 13 
1:000 x 107° -598 x 108° id 8-60 1-571 x 10% 6-028 x 108 854 
35:103 x 107° 2:000 x 10% 6-08 1-970 x 10** 5-481 x 105 6-05 “59 $ 
1-001 x 10% 2 50 8 x 10% 4-261 x 108 447 1-876 x 108° 3-920 x 108 
3-165 x 10% 276 x 10° 5:42 510 x 105° 3:254 x 10% 342 2-064 x 108° 3-006 x 10? 
1-001 x 107? 680 x 10?* 2:455 x 10° 2-71 x 1059 2-440 x 103 2.70 2-262 x 10* 
3-169 x 107? 2-756 x 108% 1-ROR x 10* 2-26 2-722 x 108 1-797 x 10° 2-25 1-671 x 105 
8-3 x 10! 2-780 x 1099 1:49 x 10° 2:199 2:746 x 108° 1-48 x 105 2-14* 
8-3 x 10? g ] 2-279 x 10° 1-28 x 10? 
F 003 x 10% 1:309 x 10° 224 1-303 x 10% 2:2] 2283 x10 1-214 x 10% 
1-03 x 108 a 





3-177 x 1015 2-794 «108 0-345 x 10* Unstable 
* Denotes minimum period for a given composition, 


inspection of these values, it seems it will not be possible 
to construct a homogeneous white dwarf, obeymg the 
Salpeter equation of state. which would oscillate appre- 
ciably faster than once every 20s. This may be contrasted 
with the minimum of 7 s or so obtained by Meltzer and 
Thorne’ for models obeying the Harrison-Wheeler- 
Wakano equation of state. 

If pulsations of white dwarfs do cause the radio pulses 
discovered by Hewish et al.*, these stars must be oscillating 
in overtones, and there must be some mechanism for 
exciting one particular overtone to the exclusion of the 
others. The source CP 0950 in particular, with a period of 
0-253071 s (ref. 10). oscillates eight times faster than 
any stellar model diseussed here. Of course. indefinitely 
high frequencies may be obtained by the use of sufficiently 
high overtones, for as the number of nodes in the eigen- 
function inereases. the overtone passes into a regime 
alternatively described as a standing sound wave in the 
star. 

It is worth noting that the radii of these stars extend 
down to 900 km before dynamical instability occurs. This 





2 62x10 


2-761 x 108 
x Denotes infinite period, and the onset of dynamical instability. 


p01 x 105 w 





0 x 1099 


E 5S3 x 108 an 
2-290 x 10** 


9-299 x 10* Unstable BRG x 10? Unstable 


is rather smaller than the minimum radius for stable 

Harrison-Wheeler-Wakano models, and this may be of 

assistance in explaining the weak optical emission of 

pulsating radio sources quite regardless of arguments 

about the possible connexion between stellar oscillations 

and the radio pulses. 
I thank members of the radio astronomy group at 

Cambridge for their advice and encouragement. 
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Compensation in Haemolytic Anaemias caused by 


Abnormal Haemoglobins 


by 


A. J. BELLINGHAM 
E. R. HUEHNS 


MRC Group in Haemolytic Anaemias, 


University College Hospital Medical School, the cell. 
London 
IN haemolytic anaemias the normal balance between 


production and destruction of red cells is upset by the 
shortening of the life span of the red cell. The degree of 
anaemia resulting from the different disease processes 
varies considerably and depends on several factors. On 
the one hand there is a shortening of red cell survival 
as well as ineffective erythropoiesis (intra-marrow 
destruction of red cells) tending to increase the severity 
of the disease, while on the other there is increased red cell 
production as a result of marrow expansion tending 
to compensate for the anaemia. The balance achieved 
between haemolysis and compensation by the bone marrow 
is best measured by the red cell mass. This measurement is 
only rarely available, however, and the packed (red) cell 
volume (PCV), which reflects the red cell mass, is 
used. 


Studies of haemolytic anaemias show that one compensating factor 
is the ability of red cells to give up oxygen to the tissues. 
suggested that small amounts of abnormal haemoglobin may cause 
this effect by interacting with the normal haemoglobin present in 


It is 


Compensating Mechanisms 


In patients suffering from either severe destruction of 
red cells or severe ineffective erythropoiesis, compensation 
is usually inadequate and anaemia results. In patients 
with only a moderately shortened red cell life span, 
however, the principal factor controlling the red cell 
mass is the compensation achieved by the bone marrow. 
There are patients who only have a mild haemolytie 
process and have a consistently low packed cell 
volume; the bone marrow, although capable of much 
greater output of red cells than is necessary for full 
compensation, only responds relatively feebly. On the 
other hand, in some patients with a similar degree of 
shortening of red cell life span, full compensation appa- 
rently takes place and a normal packed cell volume is 
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found. The reasons for this discrepancy are not at all 
clear, but studies on certain abnormal haemoglobins with 
a defect in the carriage of oxygen suggest a possible 
mechanism. Most abnormal haemoglobins do not have 
any abnormality in their oxygen dissociation curve. A 
number of abnormal haemoglobins with a high oxygen 
affinity associated with hereditary polyeythaemia have. 
however, been described: Hb-Chesapeake!, Hb-J-Cape- 
town?, Hb-Yakima? and Hb-Rainier'. Haemoglobin 
Kansas has also been shown to have a very low oxygen 
affinity, but this is not associated with polyeythaemia 
or anaemia‘. 

It has been pointed out® that in these polycythaemie 
individuals there is a reduced release of oxygen to the 
tissues at normal haemoglobin levels in the blood. This 
leads to increased synthesis of erythropoietin and to 
greater production of red cells. In the other individuals 
with abnormal haemoglobins already mentioned, delivery 
of oxygen to the tissues would be normal or increased and 
no polyeythaemia would result. The same arguments 
can be applied to the degree of compensation seen in 
haemolytic anaemias caused by various abnormal haemo- 
globins. On this hypothesis those haemoglobins causing 
haemolysis with incomplete compensation, that is, a low 
packed cell volume, would have a normal or low oxygen 
affinity. In this group are the haemolytie diseases caused 
by Hb-C*, Hb-E*, Hb-D* and Hb-Seattle!*. All of these 
have a mild haemolytic process with incomplete com- 
pensation although the bone marrow could still expand a 
number of times. In the other group would be patients 
suffering from a similar degree of shortening of red cell 
life span but with more complete compensation, presum- 
ably carrying haemoglobins with a high oxygen affinity. 
Among these are Hb-Zürich!'!!*, Hb-Kóln'? and Hb-St 
Mary's (unpublished results of Buchanan, Barkhan, 
Crome, Mollison and Huehns). The oxygen dissociation 
of some of these abnormal haemoglobins was therefore 
studied. 


Dissociation of Oxygen from Haemoglobin 


The dissociation of oxygen from haemoglobin in the 
cell is most relevant to any postulated physiological 
effect, so studies were carried out using whole cells. The 
following technique was used. Freshly obtained, three 
times washed, red cells were suspended in an isotonie 
phosphate buffer of chosen pH and placed in a tonometer. 
The concentration of the cells was adjusted to give an 
optical density in a 1 em light path of slightly less than 
2-0 O.D. units at 576 my when the cells were fully oxy- 
genated. The haemoglobin was then deoxygenated using 
a vacuum., That full deoxygenation had taken place was 
checked speetrophotometrieally using the second sample 
position of a modified S.P. 800 recording spectrophoto- 
meter (Unicam Instruments, Ltd, Cambridge, England). 
Repeated additions of air were then made to the tono- 
meter; after equilibration in a constant temperature 
water-bath the speetrum of the haemoglobin was recorded. 
The partial pressure of oxygen (pO,) in the tonometer 
and the percentage of oxygen saturation of the haemo- 
globin were then calculated essentially as described by 
Benesch, Macduff and Benesch". The use of the second 
sample position of the S.P. 800 recording speetrophoto- 
meter allows the direet recording of spectra of intra- 
cellular haemoglobin with minimal loss of precision due to 
light scattering. 

'The results obtained with normal red cells are shown 
in Fig. 1. These correspond closely to the results of other 
workers using whole blood. The oxygen dissociation 
curves for haemoglobin Kóln and haemoglobin E contain- 
ing cells are also shown in Fig. 1. The results of using 
other haemoglobins studied here are given in Table 1. 
The data obtained from red cells from two patients with 
a well compensated haemolytie process, namely Hb-Kóln 
and Hb-St Mary's, show an increased oxygen affinity. 
whereas those from three patients with incompletely 
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Comparison of oxygen dissociation of haemogiobins in red cells 
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Fig. 1. 





RESULTS OF OXYGEN DISSOCIATION OF HAEMOGLOBIN IN WHOLE 


Table 1. 
RED CELLS SUSPENDED IN AN ISOTONIC PHOSPHATE BUFFER pH 7-1 AT 37° ¢ 
Percentage 
HDO, at pO; 
of 40 mm Hg, 
the lower 
end of the 
physiological 
range 


-32 Range 66-59 
ae) 


pO, at 50 
per cent 
HbO, (950) 
mm iig 


Degree of 
conipensation 


Red cell content 


Normal (Hb-A) M 





Hb-A ca 10 per cent Good * 
Hb-Kóln 
Hb-A + ca 15 per cent Good 240 Ti 
Hb-St Mary's 
Hb-D Punjab only Incomplete t 3p 67 
Hb-E +5 per cent Incomplete 405 al 


Hb-F 


Ht-C only Incomplete Du] GR 

Hb-A+ 15 per cent Incomplete 29:5 69 
Hb-8, 

Normal neonate — zü 76 
70 per cent Hb-F + 
Hb-A 

Neonatal red cells . 24 7T 


50 percent Hb-F, 
25 per cent Hb-A, 
25 per cent Hb-y, 


* Packed cell volume more than 40 per cent. 
+ Packed cell volume less than 40 per cent. 


compensated haemolytic anaemia, namely Hb-C, Hb-D 
and Hb-E, show a normal or low oxygen affinity. Our 
result for Hb-C confirms the findings on whole blood by 
Thompson, Warrington and Bell, These results are 
consistent with the hypothesis deseribed here. 


Haemoglobins 8, and y, 

Two haemoglobins do not seem to fit imo this pattern: 
Hb-8? (Hb-H) and Hb-y, (Hb.Bart's). It is well docu- 
mented that patients with Hb-H dise have à mild 
haemolytie process which is not fully compensated'*. 
Although these patients have a defect in a-chain synthesis 
the ability of the bone marrow to expand is not limiting, 
as shown by the vast bone marrow expansion s i 
3-thalassaemia major. Studies of the oxygen dis: it 
of purified Hb-8, (ref. 17) and Hb-y, (ref. 18) show that 
these haemoglobins have a very high oxygen affinity 
Studies of red cells containing Hb-B, and/or Hb-y, show 
an essentially similar oxygen dissociation curve depend- 
ing on the proportion of the abnormal component present 
(Fig. 2 and Table 1). It can be seen that Hb-y, and Hh-8, 
combine with oxygen independently from the normal hae- 
moglobin present. Because these abnormal haemoglobins 
have a high affinity, they combine first h oxygen, the 
dissociation curve of the normal haemoglobin in the 
physiological range remaining unaltered. "This contrasts 
with the results obtained with the other red cells eorn- 
taining haemoglobin with a high oxygen affinity. in 
these cases the oxygen dissociation curve was shifted over 
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Fig. 2. Comparison of the oxygen dissociation curve of haemoglobins 
in red cells suspended in an isotonie phosphate buffer pH 7-1 at 37? C. 
a, a-Thalassacmia neonate, red cells containing Hb-F + Hb-A +25 per 
cent Hb-y,; b, normal neonate, red cells containing Hb-F + Hb-A. 


the whole range of partial pressures of oxygen examined, 
including the physiologically important range (Fig. 1). Be- 
cause the proportions of Hb-B, and Hb-y, or of Hb-St 
Mary's and Hb-Kóln to Hb-A present in the cells are all very 
similar (Table 1), the difference in the results cannot be 
just a quantitative effect. This suggests that the abnormal 
haemoglobin, in the ease of Hb-St Mary's and Hb-Kóln, 
interacts with the normal haemoglobin present. It is 
only when this oecurs that there is sufficient hold-up in 
the delivery of oxygen to the tissues to provide enough 
stimulus for "full" compensation in haemolytie anaemia 
to occur. The reasons why this interaction oceurs become 
clear from the strueture and dissociation of the haemo- 
globins involved. Normal haemoglobin consists of four 
polypeptide chains each containing one haem group, two 
a-chains and two B-chains, «,8,, and dissociates at neutral 
pH: ow2xB, the equilibrium being chiefly towards 
the tetramer. Those haemoglobins with a high oxygen 
affinity -—Hb-Kóln and Hb-St Mary's—which cause a shift 
of the whole oxygenation eurve, also have the overall struc- 
ture «,D, and therefore ean interact with normal haemo- 
globin in the dissociation equilibrium given here. On the 
other hand, Hb-B, and Hb-y, do not contain x-chains and 
therefore cannot form complementary, that is #8, dimers 
to take part in the dissociation equilibrium given here. 
Hence no alteration of the oxygenation curves of the 
normal haemoglobin present in the red cell occurs. This 
interpretation implies that the haemoglobin molecules in 
the red cell are not present as fixed tetramers, but that 
there is an intracellular mobile equilibrium between tetra- 
mers and dimers: «0,2220, and that relatively small 
amounts of abnormal haemoglobin can affect the oxygen 
dissociation properties of the normal haemoglobin present. 
Consideration of the oxygen dissociation eurves of whole 
blood in the abnormal haemoglobins causing polycyth- 
aemia mentioned earlier suggests that, in some of these, 
interaction with the normal haemoglobin present in the 
cell also occurs. 


Two Groups of Haemolytic Disease caused by Abnormal 
Haemoglobins 


The results show that one of the factors in compensat- 
ing for a haemolytic process is the ability of the red cells 
to give up oxygen to the tissues and on this basis the 
haemolytic diseases caused by the presence of an abnormal 
haemoglobin can be divided into two main groups. First, 
there is the group in which incomplete compensation 
oecurs. These have a normal or low oxygen affinity 
and include Hb-C, Hb-D and Hb-E (Table 1) studied 
here, and Hb-Seattle, reported to have a low oxygen 
affinity (unpublished observations of Stamatoyannopoulos. 
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Parer and Finch quoted in ref. 10). Sickle cell haemoglobin 
also has a low oxygen affinity in the red cells', but in this 
condition the over-riding factor is the severity of the 
haemolytic process present. In the second group, compen- 
sation to normal or near normal packed cell volumes 
occurs. In this group are Hb-Kóln and Hb-St Mary's, 
studied here; whole blood containing Hb-Zürich (unpub- 
lished observations of Hellegers and Battaglia quoted in 
ref. 12) also has an increased oxygen affinity. In these 
haemoglobinopathies the oxygen dissociation curve in 
whole cells is shifted to the left along the whole length 
including the physiologieal range (Fig. 1), impairing oxy- 
gen delivery to the tissues and presumably stimulating 
increased production of erythropoietin for a given degree 
of haemolysis and in this way increasing the red cell mass. 
In these patients consideration of the oxygen dissociation 
curves obtained implies that physiologically they are no 
better off than the patients with haemolytic anaemias who 
do not compensate to the same degree. 

We therefore suggest that one compensatory factor 
in haemolytic processes is the ability of the red cells 
to give up oxygen adequately to the tissues. How much 
this applies to haemolytic anaemias besides those caused 
by abnormal haemoglobins is not clear. But it is well 
documented that, for example, in hereditary spherocytosis 
many patients apparently compensate fully. It may be 
that in these the delivery of oxygen to the tissues is 
impaired because of the abnormal shape of the cell, the 
rate of release of oxygen or for reasons not yet understood. 

The idea that the ability of the red cells to give up oxy- 
gen controls the size of the red cell mass also has a bearing 
on the situation in the normal foetus. The relatively high 
oxygen affinity of the foetal red cells?’ compared with adult 
cells is associated with a relatively high packed cell 
volume, and this suggests that the factors controlling the 
red cell mass in the foetus are the same as in the adult. 
Also the release of oxygen to the tissues will be similar in 
the adult and foetus, the high packed cell volume com- 
pensating for the high oxygen affinity of the blood. The 
foetal tissues therefore do not need a special mechanism 
for the uptake of oxygen and the failure to find a foetal 
myoglobin?! is consistent with this hypothesis. 

We thank Dr G. H. Beaven for the quantitation of the 
haemoglobin fractions and Dr R. G. Huntsman, Dr H. E. 
Hutchison, Professor P. L. Mollison and Dr J. M. Webster 
for allowing us to study their patients. A. J. B. is a Bilton 
Pollard Fellow. 
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Realistic Approach to Virus Classification and Nomenclature 


by 
A. J. GIBBS 


Department of Microbiology. 
john Curtin School of Medical Research, 
Australian National University, Canberra 


B. D. HARRISON 


Scottish Horticultural Research Institute, 
Invergowrie, Dundee, Angus 


THE tendency of classification and nomenelature to 
generate controversy among biologists is well known, 
and the classification and nomenclature of viruses is no 
exception. Recent interest was aroused when the Provi- 
sional Committee on Nomenclature of Viruses (PCNV) 
in 1965 recommended the adoption of a ‘‘neo-classical’”’ 
nomenclatural system!, in which latinized binomial 
names were loosely tied to the hierarchical system of 
classification devised by Lwoff, Horne and Tournier?. 
For example, turnip yellow mosaic virus would be called 
"Napovirus flavieans". This system has been further 
clarified by Lwoff and Tournier’. 

We, like many other virologists, think the PCNV 
proposals are in many ways retrograde, and that anything 
like them introduced now would make the future adoption 
of a better system more difficult. Latinized binomial 
names, if they are to be of value, must be linked to a stable 
classification system, so that, to use current jargon, they 
are a joint information retrieval and storage system. 
The classification system used by the PCNV is based on 
only four characters of the particles of the virus and is 
unlikely to be stable; and it does not even adequately 
classify all the viruses known at present. Thus there is 
no point in using it as a basis for a nomenclature, and a 
much more widely based classification is needed. 

We feel that there is no value in introducing at present 
a full Linnaean nomenclatural system, because current 
ideas on virus classification are insufficiently mature. 
In 1966, therefore, wet proposed an alternative system, 
which can alleviate the shortcomings of the vernacular 
names now used, without prejudicing the development 
of a better nomenclatural system in the future. We 
proposed that vernacular names should continue to be 
used in writing and in conversation, and that they should 
be supplemented where precision is needed (as in the 
introduction of a scientific paper) with a eode or erypto- 
gram that indicates some of the properties of the virus, 
and also indicates the group of viruses to which it is 
thought to belong. For example; Influenza virus A: 
Ril: 2-8/1: S/H: V/O, Myxo-group, where the terms 
chosen for the eryptogram represent, in order: type of 
nucleic aeid/strandedness of nucleic acid; molecular 
weight of nucleic acid in millions/percentage nucleic acid 
in virus particle; outline of virus particle/shape of 
nucleocapsid; kind of host/kind of vector. Thus the 
eryptogram given here would be interpreted as follows: 
R=nueleie acid is RNA; 1 nucleic acid is single stranded; 
2-8=nucleic acid has molecular weight of 2-8 million; 
l =virus particle contains 1 per cent nucleic acid; S= 
outline of particle is essentially spherical; H=nucleo- 
capsid is elongated with parallel sides, ends not rounded; 
V =infects vertebrates; O-=spreads without a vector. 
When, as with many viruses, any of these properties is 
unknown, an asterisk (*) is inserted in the appropriate 
place in the eryptogram, and only when the virus has been 
assigned to a particular group is a group name added. The 
full designation of the virus is intended to be used only 
once in a scientific paper, and the common (that is, 
vernacular) name would be used in conversation, as it is 
now. This we call the VAC system (vernacular name and 
eryptogram). 


Prompted by Professor Lwoff's article “Principles of Classification 
and Nomenclature of Viruses" (Nature, 215, 13; 1967), Drs Gibbs 
and Harrison defend the idea of the cryptogram, and explain its 
advantage over a binomial system of nomenclature for viruses. 


Before the first meetings of the International Committee 
on Nomenclature of Viruses (ICNV) were held in Moscow 
in July 1966, the views of many virologists in the Federal 
German Republic, the German Democratic Republic, the 
Netherlands, the United Kingdom, the United States 
and elsewhere were sought by polls and at meetings. 
Most were opposed to the PCNV proposals. For 
example, in the United Kingdom, only 34 per cent (out 
of 312 people) were in favour of a latinized binomial 
system, whereas 63 per cent thought the VAC system 
worth a trial. At the Moseow meetings of the ICNV the 
PCNV proposals were not adopted, but various compromise 
resolutions were, and a series of sub-committees was set 
up to make recommendations on how taxonomie cate. 
gories of viruses of vertebrates, invertebrates, plants and 
bacteria would be best defined, and to consider the 
practicability, form and usefulness of eryptograms*. These 
sub-committees have not yet completed their tasks. 

Recently Lwoff* has defended the PCNV proposals 
and criticized ours. Because much of his criticism is 
based on misquotation or misrepresentation of our 
published views, we think a reply is needed. We 
reply with some reluctance, for we, like Lwoff, are in- 
volved in the work of the ICNV and its sub-committees. 
By restating and clarifying some of the ideas, we hope to 
stimulate other virologists to become interested in the 
subject and to make constructive suggestions. 


Classification and its Effect on Naming 

As Lwoff rightly says, “A classification of viruses is 
useful because it starts discussions, has a heuristic value, 
allows predictions, is useful for teaching purposes and. 
allows related viruses to be united into one and the same 
category”. For some of these purposes it matters little 
that the classification may need to be revised every few 
years as knowledge about the viruses grows, but when the 
classification is used to delimit categories that are given 
latinized binomial names, such revisions have the 
serious consequence that they can lead to frequent 
changes of generic name as has happened in the Linnaean 
system of nomenclature used by bacteriologists. For 
example, as knowledge about the crown-gall bacterium 
has grown, it has been assigned to at least five different 
genera: Bacterium, Pseudomonas, Bacillus, Phytomonas 
and Agrobacterium. 

There is another important difficulty in applying 
latinized binomials—how is a virus species to be delimited ? 
Lwoff claims that “the only operationally definable 
category is recognized to be the species, which can be 
pragmatically defined as a group of entities with identical 
characters, with the exception of phenotypic and geno- 
typie alterations". We cannot see how such a definition 
will in any instance help a virologist to decide whether two 
virus isolates should be assigned to the same or to different 
species. It has no practical value. Indeed, we seriously 
doubt whether the biological species concept is applicable 
to viruses. Anyone who has no such doubts should read 
Mayr’s article? on virus classification and also Cowan’s 
article? entitled ‘The microbial species—a macromyth ?", 
a product of many years’ thought on microbial systematics 
by one then responsible for maintaining the National 
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Collection of Type Cultures of Bacteria in Britain. What 
was argued for bacteria would seem to have even greater 
force for viruses. Among the better studied viruses there 
are already several examples of intergrading degrees of 
relationship, from the very close to the quite distant, 
so that any attempt to group isolates into species cate- 
gories would necessitate making arbitrary boundaries 
between them and might be of little value. 

We have pointed out that the latinized binomial 
system "is rigidly based on the characters chosen to 
determine the form of the hierarchy of taxa" and that if 
one of the four characters suggested “should be found to 
be unsatisfactory for some reason, then part or all of the 
hierarchy might collapse, . and names would have to 
be changed or redefined”. Lwoff, however, argues that 
if “Poxvirus variolae" is the type species of its genus, its 
name will never change whatever happens to the charac- 
ters used to make the classification. This, however, is 
no answer to the problem, for the worth of the characters 
used to determine classes. orders and families will deter- 
mune which viruses, in addition to ‘Poxvirus variolae", 
would be eligible for the genus 'Poxvirus"; for every 
type species there will presumably be many other viruses 
the names of which are not fixed in this way. 

Lwoff considers that we and others? have wrongly 
attributed to the French botanist Adanson the idea that 
all characters should be considered equally important in 
making our classifieation. Although it is irrelevant to 
our argument, we believe that it was indeed Adanson's 
idea, clearly expressed on pages clv and elxvii of the first 
volume of his work”, and that only after using all available 
charaeters to derive his families of plants was he able to 
exelude some superfluous details which, he said, over- 
loaded the memory. Lwoff, by contrast, would have us 
use only four characters “which are not only sufficient 
but also necessary" to make the classification. Let us 
examine a couple of these characters. One is whether 
the nucleocapsid is enveloped or not. Herpes simplex 
virus produces a proportion of enveloped particles, but 
this proportion differs considerably when the virus is 
cultured in different types of cell, the envelopes containing 
host antigens", and they do not seem necessary for infec- 
tivity!?. Possibly, then, the envelope is dispensable and its 
presence is of no great moment. Consider wild cucumber 
mosaic, a small isometric plant virus, purified preparations 
of which contain no particles with envelopes. When pre- 
pared for electron microscopy directly from epidermal 
strips by a special technique, however, some of the particles 
have extra coats analogous to envelopes. ^ Is this 
virus enveloped or is it not? Yet this is a character 
Lwoff recommends for separating the major categories of 
viruses. 

A second character Lwoff would use for viruses with 
“cubical” symmetry is the number of capsomeres. Let us 
consider, for example, turnip yellow mosaie virus, the 
structure and chemistry of which are better understood 
than those of any virus infecting animals. In 1960 electron 
microscopy showed that the particles of this virus have 
thirty-two knobs (-eapsomeres)!5. More recently, 
higher quality electron micrographs have shown 180 blobs, 
the same number as there are of polypeptide chains in the 
particle; the thirty-two knobs result from the manner in 
which the sub-units are clustered and the virus RNA is dis- 
tributed within the particle!*", How a capsomere is 
defined will depend on the resolution of the electron micro- 
scope used, the negative stain, the clustering of the sub- 
units and the skill of the electron mieroscopist. Would the 
number of polypeptide chains then be a better character 
than the number of capsomeres ? But how about viruses 
with more than one kind of protein in their particles ? 
Would the total of polypeptide chains or the numbers of 
each kind be used ? We think that all these characters, 
and many others, should be considered, for no single 
character now available is likely to be an infallible guide to 
the affinity of viruses to one another. Computers are, of 
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course, needed to estimate degrees of sumülarity when 
many characters are involved, and programmes for doing 
this are already available. When using the computer in 
this way we would not give special weight to any one 
character, for the apparent importance of some charaeters 
arises because they are correlated with other characters, 
either completely or partially. The computer takes into 
account any such correlations and, furthermore, assesses 
quantitatively their extent. Proceeding in this way it 
might be difficult to define the higher taxonomie cate- 
gories of viruses, equivalent to elass and order. Yet what 
value for viruses would these categories have, except as 
man-made pigeon-holes to separate naturally occurring 
entities in an arbitrary manner ? None, we think. What 
is needed is a system that will allow viruses with strong 
natural affinities to be grouped together. Devising 
higher categories in the present state of knowledge seems 
a profitless academic exercise. 

Lwoff criticizes us for recommending that at least sixty 
equally weighted independent characters should be used 
to form groups and then taking only the eight characters 
in the cryptogram “to define viral groups". What we 
said was very different. The four terms, each of two parts, 
of the cryptogram “would be sufficient to separate 
viruses into the groups already diseussed here" (that is. 
formed after considering many characters) "or small 
collections of such groups". “We emphasize that the 
cryptogram is not a part of the classification; it is a part 
of the name of the virus that reflects some aspects of the 
classification and indieates the state of knowledge of 
some of the properties of the virus". Lwoff also writes that 
by our procedures "universally accepted, viral groups 
should have been 'rediscovered', but this was not the case. 
Even the revised and amended principles have failed". 
There is not the slightest foundation for this statement, 
and our methods do “rediscover” several intuitively 
derived groups of viruses, 


Naming 

In regard to the naming of viruses we wrote that “The 
main difficulty is to devise names that are unchanging, or 
rarely change, and yet indicate what is known of the 
properties of the virus named, when this is likely to 
inerease greatly as the result of future research. The 
solution we suggest is to use a name made up of two 
functionally different parts, one part a convenient and 
unchanging label, which would be the vernacular, or 
trivial name, and the other part an internationally 
agreed code indicating the present state of knowledge of 
the properties of the virus".  Lwoff implies that this 
system is cumbersome to use and difficult to understand. 
We find, however, that postgraduate and undergraduate 
students from Britain and other countries have little 
difficulty in memorizing the eode in half an hour. For 
example, for herpes simplex virus (we never used the label 
“herpes virus simplex", as Lwoff claims, and which seems 
to indieate the simplest of the herpes viruses instead of 
the virus that causes the disease called herpes simplex) 
the code would be: Dj2: 74/* : S/S : V/O, Herpes-group. 
and the correct interpretation of this is not the one 
attributed to us by Lwoff, but: D nucleic acid is DNA; 
2-nucleie acid is double stranded; 74=nucleic acid has 
a molecular weight of 74 million; * = percentage of nucleic 
acid in the virus particle is not known; S= outline of the 
particle is essentially spherical; ‘S=nucleocapsid is 
essentially spherical; V = infects vertebrates; O = spreads 
without a vector. 

Our system is a simple addition to the present system 
of vernacular names; no new synonyms will have to be 
devised and memorized. New viruses can be given 
vernacular names as at present, their cryptograms 
completed as their properties are studied and a group 
name given to each when enough of its properties are 
known for its affinities to be confidently assessed. Further- 
more, the eryptogram can serve as an identification key 
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We think that ours is a workable system for the working 
virologist ; it is compatible with present practice, and will 
not interfere with the adoption in the future of a better 
system, should one be devised. Even when a better system 
is devised for naming the best known viruses, however, 
there will still be many viruses the properties of which 
are not well known, and the VAC system will be of con- 
tinuing value for these. 

The eryptogram we propose is similar to many other 
eodes proposed or in use elsewhere for similar purposes. 
For example, one such code is now widely used by bio- 
chemists to accompany vernacular names of enzymes. 
Is it perhaps the more biological training of older viro- 
logists with its subliminal vitalism that makes some of them 
still yearn for a Linnaean nomenclature ? 

Received March 20, 1968. 
t Ann. Inst, Pasteur, 109, 625 (1985). 
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ParAIN is a sulphydryl protease of molecular weight 
23,000 (EC 3.4.4.10). Crystals precipitated from methanol- 
water (2:1) are orthorhombic; a=45-0 A, b= 104-3 A, 
c= 50-8 A, spacegroup P2,2,2,, n — 4 (ref. 1). Phase angles 
wore determined for 8,000 independent reflexions by the 
method of isomorphous replacement with heavy atoms, 
combined with anomalous scattering. This resulted in an 
electron density map with a resolution of 2-8 À, whieh 
revealed the tertiary structure of the enzyme. In order 
to obtain agreement with the electron density map we 
had to transpose a peptide of forty residues and to insert 
eleven residues in the tentative chemical sequence’. 


Heavy-atom Derivatives 


We measured the intensities of all reflexions with 
spacings greater than 2-8 A and of a number of reflexions 
between 2-8 A and 2:5 A of the native enzyme crystals 
and of five isomorphous compounds, using the Hilger 
linear diffractometer. An earlier Fourier synthesis of the 
papain molecule with a resolution of 4:5 A was based on 
1,500 reflexions, recorded on precession photographs and 
measured with an automatic integrating microdensito- 
meter? #, Phase angles had been derived from three iso- 
morphous compounds: p-mercury(IT)-benzoate (PMB), 
mercury (II)chloride (HgCl,) and platinum (PtCl,?-). The 
PtCI,?- derivative was not used for the extended measure- 
ments, because of its large temperature factor and rather 
poor R-faetor. The present phase determinations are 
based on five derivatives containing: PMB, p-mercury- 
(II) - benzenesulphonate (PMS), p - mercury(IT) - anilin 
(PMA), pap-SHgCl and pap-SHgCl+HgCl,. The pap- 
SHgCl derivative was obtained by crystallization of 
activated papain which had reacted with HgCl,. This 
gave a single site derivative with mercury attached to the 
active sulphydry! group, with an occupancy of nearly 
50 per cent. The HgCl, derivative used in the 4-5 A work 
has been extremely sensitive to X-rays. This was less 
serious for the double compound pap-SHgCl+ HgCl,. 
obtained by soaking the pap-SHgCl erystals in HaCl,- 
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A three-dimensional X-ray study at a resolution of 2:8 A has revealed 
that the single polypeptide chain of 211 residues is folded into two 
distinct parts which are divided by a cleft. The active site, consist- 
ing of a cysteine and a histidine, lies at the surface of the cleft. Apart 
from four short a-helical segments and one short segment of $- 
structure, the conformation of the chain is irregular. 


solution. The mercury atoms in the PMB and PMS 
derivatives occupy the same positions (Table 1), but the 
PMS derivative has the sulphur atom in addition (site 
III) The PMA molecule occupies the same sites in a 
different ratio and also an additional minor site. For the 
data collection of the native enzyme we used about thirty 
erystals, each erystal being exposed for up to 30 h on the 
single-counter Hilger linear diffractometer. For the iso- 
morphous compounds we used the three-channel version 
of this instrument?:* which made it possible to perform 
the measurements with only eight to ten crystals per 
compound. About 20,000 intensities (including Bijvoet 
pairs and reflexions for sealing purposes) were measured 
for each derivative and for the native enzyme. 
empirieal absorption corrections were applied. 


Semi- 


Phase Determination 








For the 8,000 reflexions "best" phase gles” were 
calculated, using approximate co-ordinates obtained from 
the 4:5 A work. Starting with these initial phases the 
heavy-atom parameters were then refined by the lack of 
closure error method’. After each cycle of parameter 
refinement new phases were calculated and these were 
used for the next refinement cycle. Anomalous scattering 
of the mercury atoms was taken into account in the phase 
calculations according to North? and Matthews", 

The reliability of the anomalous scattering data was 
tested by calculating the sign of the difference [Fy] — 
\Fg-| for all reflexions and comparing this with the 
observed differences. For those reflexions which had a 
calculated difference of at least five electrons (about half 
the total number of reflexions) the relative number of 
correct signs varied between 72 per cent and 77 per cent 
for the five compounds. The mean figure of merit finally 
obtained was 0-83, varying between 0-90 for the reflexions 
with d>4-5 A and 0-72 for the highest diffraction angles. 
The mean difference between the "best" and the most 
probable phase angles was 9°. 
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Table 1, 

Site Z x v z 
PMB I 42-7 0-592 0-873 0-171 
Hu 13-8 0-814 0-657 0:474 
PMS I 43-5 0-592 0-871 0-171 
I 114 0-013 0-657 0:475 
Ht 11-0 0-462 0-895 0:125 
PMA I 27-0 0-589 0-872 0:171 
I 19-3 0-610 0-657 0-408 
Hu 17-0 0:077 0-674 0-061 
pap-SHgCl 343 0-603 0-662 0-452 
pap-SHgCl + HgtCl. I 40:7 0-605 0-662 0-453 
I 20-3 0:042 0-502 0-858 
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HEAVY ATOM PARAMETERS 


bu bes bs bus bu bus E R 
r5 02 12 04 0-3 0:1 29 0101 
2-6 06 1-0 -07 -01 1-2 

7 03 00 o6 0:4 -01 29 0-099 
26 0-6 10 -16 -O1 1-6 

14 3-2 12-2 54 97 — 3-6 

rs 01 0:3 os 0:3 01 29 0-008 
14 06 id -03 =01 t1 

16 0-5 05 -01 0-3 Uo 

11 OL 11 01 -01 14 29 03101 
1-2 0-2 11 -0:2 -03 r5 31 0116 
r5 05 54 -08 -07 07 

k 


Z, Occupancy of heavy atom site, electrons; Ou, bzs and so on, anisotropic temperature factors, x 10°; E, r.m.s. error from lack of closure refinement; 
2)FH(obs)i — |FH(cale))) 





X FH(bs)| 


Electron Density Map and Amino-acid Sequence 


A “best” electron density distribution? of a part of 
the unit cell containing one molecule was calculated on 
the Telefunken TR4 computer at the University of 
Groningen. The position of the molecules was already 
known from the 4:5 A Fourier?, The density was calculated 
in thirty-six sections spaced 1 Å apart perpendicular to 
the a-axis and plotted on a scale of 2 cem —1 Å. The first 
contour was drawn 0-2 e/À? above the density of the liquid 
of erystallization; the interval between the contours was 
chosen as 0:25 e/À*, The highest density (1-8 e/À?) was 
found at the sulphur atom of Cys 25. 

The map shows the conformation of the main chain, 
the amino and carboxyl termini and the three disulphide 
bridges. There is not a single interruption of the main 
chain. Fig. 1 shows a short length of a-helix (AB) running 
from the middle right to the left top corner, with the 
side chains of Leu 168-b and Tyr 172. Just below the 
centre of Fig. 1 is a vertieal piece of a-helix (C) ending 
with disulphide bridge I and showing the side chains of 
Leu 149, Leu 150 and Asp 151. In the right bottom corner 
is a tryptophan side chain and below this a piece of 
extended chain with the carbonyl groups as the points of 
highest density. 

Fig. 2 shows the tentative primary structure of Light 
et al.*, who were unable to obtain overlapping peptides 
between Phe 28 and Arg 31. Following their chemical 
sequence from the amino to the carboxyl terminus (Fig. 2), 
the six half-eystine residues occur in the sequence 


NH, II ou Eis Tk cK sc Th... Tl 6008 
This conflicts with the sequence of disulphide bridges 
obtained from the density map 

NH TE ce Fo ME bo. 30s. COOH 
A detailed examination of the easily recognizable side 
chains such as tryptophans, tyrosines, phenylalanines, 


histidines and some of the arginines proved that the 
tentative chemical sequence required modification. Thir- 


teen residues must be inserted between Phe 28 and Arg 31. 
instead of only Ile 29 and Tle 30; this brings the total 
number of residues from 200 to 211. In addition the 
peptide Thr 138 to Tyr 176 must be transposed to the 
position between the thirteen extra residues and Arg 31 
(Fig. 3). 

Although all side chains cannot be identified unam- 
biguously at 2-8 A resolution, there are also minor diserep- 
ancies between the map and the chemical sequence. For 
example, in Fig. 2 the sequence 160—164 is Asp-Tyr-Gly- 
Pro-Gly (personal communication from E. L. Smith) 
whereas the density map clearly indicates Asp-Gly-Gly- 
Tyr-Pro. Probably exchanges of this kind will have to 
be made at two or three other places. 


General Description of the Molecule 


Fig. 4 shows the folding of the polypeptide chain. There 
are two distinct parts of the molecule situated to the right 
and left of a cleft which is marked by the broken line in 
Fig. 4. The active site of the molecule lies at the surface 
of this dividing cleft, Cys 25 being on its left and His 158 
on its right, with a distance of 4 A between the sulphur 
and the imidazole ring. The right part is much more 
hydrophobic than the left. The main chain starts at the 
upper right hand corner of Fig. 4, moves to the left via 
Cys 25, and then builds up the whole left part of the 
molecule. This contains three pieces of «-helix, involv- 
ing the residues 26-41, 50-56 and 69-78. From residue 
110 the chain returns to the right part. In this part 
another short piece of «-helix is present (residues 116-126) 
as well as a small portion of g-structure (residues 163-172). 
The total «-helix content is about 20 per cent, in close 
agreement with the results obtained from optical rotatory 
dispersion measurements? !*, 

The central region of the right part is a hydrophobic 
core, where some 12-14 side chains of leucines, isoleucines, 
valines and phenylalanines come together. The last part 
of the chain, from disulphide bridge II up to the carboxy! 





Fig. 1. 


d stereoscopic photographs of a part of the electron density map. AB indicates a piece of a-helix lying horizontally, Just to 
erstes » the right of Ca vertical piece of a-helix, ending up with eystine bridge I, is visible. 
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CHEMICAL SEQUE 





Fig. 2. "Tentative amino-acid sequence, according to Light et al.*. 








X-RAY SEQUENCE 
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Fig, 4. 


terminal, is not free at the surface of the molecule but 
partly hidden between other parts of the chain. 

The left part contains some intramolecular salt bridges 
of the arginine-carboxylate type, of which one is internal, 
while four others are more or less at the surface of the 
molecule. In addition, there is an intermolecular con- 
nexion between Asp 87 of one molecule and Arg 177 of a 
neighbouring molecule. The heavy-atom positions I and 
II of the PMB, PMS and PMA derivatives proved to be 
next to the two histidine residues present in papain. The 
PtCl,?- group was found to be at the x-amino terminus. 


The Active Site 


On the basis of kinetic measurements, Schechter and 
Berger" described the active site of papain as a groove 
containing a number of substrate binding sites. The 
position of the sulphydryl group of Cys 25 in the active 
site was known?. On the basis of model studies Lowe 
suggested that the active site also contains a histidine™. 
He has confirmed this by linking Cys 25 and His 106 (158 
in Fig. 4) by reaction with 1,3-dibromoacetone™. 

Trp 128 (176 in Fig. 4) may also play a part in the cata- 
lytic process!^, The distance between the His 106 and Trp 
128 side chains would permit an interaetion of these 
groups. Other groups in the active site region are Gln 19, 
Asp 105 (157) and Asp 160 (64). The latter are at about 
10 A distance from the sulphydryl group and may take 
part in the binding of substrates. 

Tosyl-Iysylehloroketone (TLCK), an inhibitor of papain 
with kinetic properties resembling those of a substrate, 
was attached to Cys 25 and a three-dimensional difference 
Fourier synthesis at 2-8 A resolution was caleulated. On 
this map the positions of the tosyl and lysy! groups were 
distinguishable and the lysyl group was seen to point 
towards Asp 160. Further work on the mechanism of the 
catalytic reaction is in progress. 





Labelling of Lysine and Tyrosine Residues 

Some time ago we tried to localize the N-terminal amino 
group and possibly some lysine residues hy means of the 
Edman reagent phenylisothiocyanate and the iodinated 
form of this compound:  p-iodophenylisothioeyanate. 
From two difference Fourier projections at 4-5 A resolution 


Perspective drawing of the main chain conformation. 


The circles represent the a-C atoms of the 211 residues. 


we could determine four pairs of positions for the sulphur 
and iodine atoms of the reagent. We calculated a three- 
dimensional differenee Fourier synthesis of the p-iodo- 
phenylisothiocyanate which had reacted at a slightly 
lower pH (about 8:5 instead of 9-3 in the earlier work) and 
now the reagent occupied only one of the four sites 
mentioned. This proved to be next to the z-NH,. 
terminus which has a lower pK value than the z-NH, 
group of lysine. The other three positions obtained from 
the projections are all close to lysines. 

We also tried iodination of tyrosines with KI,. Although 
the conditions had to be chosen carefully to avoid disin- 
tegration of the crystals, five of the peaks occurring in a 
difference Fourier projection at 4-5 A resolution could be 
correlated with tyrosine residues in the protein. 

This work was carried out under the auspices of the 
Netherlands Foundation for Chemical Research (SON) 
and with financial aid from the Netherlands Organization 
for the Advancement of Pure Research (ZWO). We 
thank Professor E. H. Wiebenga for advice, Miss (6G. 
Hettema and Miss H. Hoving for assistance and the staff 
of the Computing Centre of the University of Groningen, 
where the caleulations were performed. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Variation of the Angular Sizes of 
Quasars with Red-shift 


Tus search for correlations between the radio properties 
and optical red-shifts of quasars has so far met with only 
limited success. Evidence for the existence of a relation 
between red-shift and magnitude for quasars with flat 
spectra was given by Bolton’ and by Horton and Dain- 
treo?. It seems that the dispersion in the properties of all 
quasars is large, but that the radio spectral index is suitable 
for selecting groups of quasars the properties of which 
have smaller intrinsic dispersions. Here this technique 
is used to investigate the variation of the angular dimen- 
sions of quasars with red-shift. 

In August 1967, the Mark I telescope at Jodrell Bank 
and the Mark III telescope at Wardle? were used as 
elements of a long baseline interferometer at a frequency 
of 408 MHz, giving a baseline of length ~ 32,000 wave- 
lengths. The azimuths of both telescopes were fixed at 
145°. This is perpendicular to the direction of the 
baseline and all sources could be observed near maximum 
resolution. 

Fringe visibility measurements were made on 
quasars with known red-shifts, 65 of which gave recogniz- 
able fringe patterns. Because some of the sources were 
observed only once, each visibility was subject to a typical 
uncertainty of about 20 per cent. 

In Fig. 1 the values of visibility are plotted against red- 
shift, z, for all the quasars observed. Quasars with 
spectral indices greater than 0-7 are indicated by crosses 
and those with flat and curved spectra by dots. The 
spectral indices were obtained from Horton‘, the Parkes 
Catalogue** or Long et al.?. The dots include all quasars 
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known to vary at microwave frequencies. Although all 
the points are widely scattered, there appears to be a 
definite zone of avoidance for the crosses on the top left 
of the diagram. This implies that for quasars with steep 
spectra, those with low red-shifts have comparatively 
large angular dimensions. 

The results are illustrated in histogram form in Figs. 
2 and 3 where each class of quasar is divided into two sub- 
groups according to whether their red-shifts are less than. 
or greater than one. For each of the seven sources which 
did not give fringes, an upper limit to the visibility was 
estimated, and the source was assumed to have a visibility 
of half this value. The visibility distributions of the two 
sub-groups of quasars with flatter spectra are quite similar 
(Fig. 2). For the quasars with steeper spectra, however, 
the difference between the two visibility distributions is 
striking (Fig. 3). Of the 21 quasars with red-shifts less 
than unity, only one has a visibility greater than 0:5, 
Of the 18 with red-shifts greater than one, however, 
nine have visibilities greater than 0-5. The difference 
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The variation of fringe visibility with red-shift for the two classes of quasars, s, a> 
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between the mean visibilities of the sub-groups is 0-28 + 
0-08 which provides strong evidence that the mean angular 
dimensions of these quasars decrease with increasing red- 
shift. 

To explain the behaviour exhibited in Fig. 1, each of 
the quasars in this diagram is assumed to be a double 
radio source, with components having identical structure. 
In these circumstances, the visibility, y, at a given 
resolution for a particular source will be governed by the 
separation, position angle and flux ratio of the double. 
It cannot, however, exceed a certain maximum value, 
Ym, determined by the angular dimensions of the com- 
ponents. Fig. 4 shows the relationship between 9 and ym 
for circular Gaussian components of diameter 9 at half 
intensity. In Fig. 1 the scarcity of quasars having both 
small red-shifts and high y suggests that at small red-shifts 
Ym is much less than 1, and that this visibility envelop? 
increases with red.shift corresponding to a decrease in the 
component sizes. 

The origin of quasar red-shifts is still in doubt, but for 
all the current theories a decrease in angular dimensions 
with red-shift might be anticipated. For gravitational 
red-shifts, the potential inside the optical quasi-stellar 
object would be greater the larger the red-shift. If the 
radio components were originally ejected from this central 
core, one might expect them to be most compact for the 
largest red-shifts. Also, if quasars are the remnants of a 
past explosion in our own or a nearby galaxy, the quasars 
with the lowest red-shifts would have the smallest veloci- 
ties, "They are therefore likely to be the nearest and to 
have the largest angular dimensions. 

A decrease of angular size with red-shift would clearly 
be expeeted if the red-shifts are cosmological. Assuming 
Hubble’s constant to be 100 km s~ Mpe-!, the visibility 
envelopes predicted by some simple cosmological models 
for circular Gaussian components of constant linear 
diameters 10 kpe and 25 kpe are shown in Fig. 1. These 
linear sizes are similar to those for a typical radio galaxy. 

Provided the red-shifts are cosmological, the angular 
diameter promises to be a very useful parameter in testing 
different model universes. Caution should be exercised, 
however, because theoretical ọ-z relationships*? take no 
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Fig. 4. The maximum visibility, ym, a£ 32,000 wavelengths, for a radio 
source with circular Gaussian components of diameter p at half intensity. 


account of the observational evidence that the angular 
dimensions of some radio sources seem to deerease with 
frequeney. One might also expect that if evolution takes 
place, the average linear dimensions of radio sources 
would be smaller at earlier epochs. Both these effects 
will cause the angular diameter to decrease with red-shift 
faster than predieted, and tend to mask the existence of 
any minimum in the g-z relationship. The effect of 
frequeney dependence can bo minimized by using only 
data from sourees with steeper spectra, which have 
structures relatively independent of frequeney (my 
unpublished work). 

This preliminary exporiment suggests it would be 
extremely valuable to determine the aetual component 
sizes for each quasar, because this is equivalent to obtain- 
ing values of ym, and therefore points on the visibility 
envelope. For quasars with steep spectra it should then 
be possible to establish a definite relationship between 
9 and z, which would be of great astrophysical interest 
whether or not the red-shifts are cosmological. Inter- 
ferometer baselines of length 20,000 to 100,000 wavelengths 
seem ideal for this work. 





GEORGE K. Mivey 
University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank. 
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Further Impulsive Emission from CP 0950 


Dering observations of the polarization of the impulsive 
emission from the source CP 0950 a further feature of the 
profile reported previouslv'? has become apparent. 
Using the integration technique described earlier?, observa- 
tions suggested the presence of impulsive emission in the 
region between the main pulses. Fig, 1 is a mean profile 
obtained at 408 MHz using the Mark I telescope. The 
newly discovered “interpulse” is evident and lies 100 ms 
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CP 0950, May 2, 1968, 0 h UT. Mean pulse profile at 408 MHz. 
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Fig. 2. CP 0950. Two profiles of the interpulse observed on orthogonal 
linear polarizations at 408 MHz. 


before the peak of the main pulse. Subsequent measure- 
ments have demonstrated that this interpulse is very 
highly polarized. 

Simultaneous measurements were made with two 
receivers connected to orthogonal dipoles at the focus 
of the Mark I telescope. As the feed was rotated, the inter- 
pulse disappeared from one of the two receivers and 
reappeared in the other. Fig. 2 shows the results of 
50 min simultaneous integration on the interpulse on the 
two orthogonally polarized receivers. The position 
angle of the polarization of the interpulse nearly coincides 
with that of the receiver producing the upper trace. 
During these observations we have estimated that the 
interpulse has between 85 and 100 per cent of its radiation 
at 408 MHz linearly polarized. At the same time, the 
peak of the main pulse was only about 15 per cent linearly 
polarized. The duration of the interpulse is about the 
same as that of the main pulse. The energy in this feature 
represents about 1:8+0-4 per cent of the energy in the 
main pulse. When the main pulse is weaker, the inter- 
pulse disappears below the noise threshold of the observa- 
tions. Our results are consistent with a constant ratio 
of the energy densities in the interpulse and main pulse. 
Observations have also been made at 151 MHz and these 
show the existence of a similar feature, again placed 100 
ms before the peak of the main pulse. The ratio of the 
energy densities in the interpulse and main pulse seems 
to be similar to that observed at 408 MHz. 

The sources CP 1133 and CP 1919 have also been 
investigated for emission outside the main pulse, but no 
impulsive feature of comparable magnitude with the inter- 
pulse in CP 0950 has been detected at 408 MHz. In 
CP 1133 there is a single possible feature 400 ms before 
the main pulse having 0-6+0-4 per cent of the energy 
density in the main pulse. In CP 1919 there is a possible 
feature 460 ms before the main pulse of 0-5 0-3 per 
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cent. These are only marginally significant and must be 
confirmed by further measurements. 

The origin of the interpulse must be similar to that of 
the main pulse, as the duration and the spectrum are both 
the same. The differences in polarization suggest, how- 
ever, that the two pulses do not represent the repeated 
excitation of a single emitting region, as when a second 
shock front crosses a single sharp boundary in a magneto- 
ionic medium. We suggest that there are on the source 
two emitting regions separately excited by related shock 
fronts. The delay in excitation, by 100 ms or by 158 ms 
according to the sequence of the two pulses, might be 
determined by the velocity of a single shock front arriving 
at different times in the two regions. Because the delay is 
the same within 10 ms at the two observing frequencies, 
the lines of sight to these two regions must contain the 
same integrated electron content within 2 x 10!* em-? km. 

The presence of impulsive radiation outside the main 
pulse seems to be inexplicable on the gravitational focusing 
model of Saslaw, Faulkner and Strittmatter*. On the 
model of a rotating white dwarf or neutron star*, the 
interpulse must be interpreted as a second emitting 
region on the object the average energy output of which 
must be a constant fraction of the output of the main 
emitting region. 

DB. J. Rickert 
A. G. LYNE 
University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank. 
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Simultaneous Ground and Satellite 
Recordings at High Latitudes of the 
Enhanced Electromagnetic Band 
Emission between 500 and 1,000 Hz 


THREE dominant electromagnetic emission bands, centred 
at about 300, 700 and 1,600 Hz, are often observed in the 
range 100 to 2,000 Hz. We present measurements made 
simultaneously from ground and satellite of the enhanced 
radiation between 500 and 1,000 Hz. 

The 700 Hz emission band has been studied during the 
past 10 yr and the principal results up to 1964 are pre- 
sented in a paper by Egeland ef alt. In the past year 
we have used a swept frequency analyser! and specially 
designed equipment for high precision frequency and 
intensity investigations of the range 100 to 2,000 Hz. 
The signals induced in air-eore loop antennae are re- 
corded, after proper filtering and amplification, both on 
magnetie tape and paper chart recorders. Only battery 
powered equipment has been used. Most of our observa- 
tions since 1964 have been made at Lavangsdalen, 
Norway (geographical latitude 70? N.), a site chosen 
because of the very low background level of man-made 
noise. 

Frequency and intensity of the electromagnetic radia- 
tion as function of time have been determined by a sona- 
graph, while more aecurate spectral density functions 
were calculated by the analogue computer ISAC? An 
example of such a power spectrum is shown in Fig. 1. 

To compare satellite and ground recordings more easily, 
a brief summary of the main characteristics of the 700 Hz 
band as observed on the ground will be given. "This 
summary is based on a study of a large number (several 
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Fig. 1. Spectral density function of the electromagnetic radiation 


between 0-1 and 1:5 kHz recorded at Lavangsdalen, September 10, 
1967, at 0720 vT. Integration time 2 s, 


hundreds) of accurately calculated power spectra (see also 
Fig. 1). (1) The maximum signal strength is observed at 
about 700 Hz (+100 Hz). The average half-intensity 
bandwidths are less than 300 Hz. The power spectra of 
this 700 Hz may be symmetrical but more often it is 
asymmetrical. Marked fine structures (both regular and 
irregular) are normally superimposed on the band (see 
Fig. 3). (2) The diurnal variation shows a pronounced 
maximum between 06 and 11 local time. On a few 
occasions, however, the 700 Hz emissions have also been 
found around geomagnetic midnight. (3) On the average, 
the 700 Hz radiations are observed every third day and 
the average duration is 1-2 h. (4) No distinet band 
emission in this frequency range has been observed at 
subauroral latitudes by ground-based equipment. (5) 
From simultaneous measurements with two vertical and 
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Fig. 2. Spectral density function of the electromagnetic radiation 

between 0*4 and 2:6 kHz, recorded on March 11, 1968, at 0521 UT. 

The solid curve is obtained from the ground data; the dashed curve 
representa the emission at satellite altitude of about 2,000 km. 


one horizontal loop, it has been found that this emis- 
sion band is almost exclusively seen on the vertical 
antennae. 

During March 1968 recordings of the VLF experiment 
in the Alouette II satellite (read out at the real time 
telemetry station at Tromsö, 30 km north of Lavangs- 
dalen) were carried out simultaneously with the ground 
recordings. All except one of these recordings were made 
during the morning hours. The VLF receiver in the satel- 
lite is connected to a 240 ft long dipole antenna and 
covers the frequency band 50 to 30,000 Hz. The altitude 
of the satellite above Tromsö was approximately 2,000 km. 
Each period of simultaneous measurements usually lasted 
about 20 min. (For more details concerning the VLE 
experiment and orbital data, see ref. 3.) 


Lavangsdalen 


quency (KHz) 








Time (s) 


Alouette 11 





Time (s) 


Fig. 3. 


y i tween 0-1 and 2-5 k Corde rh 22, 1968, at 0824 UT. 
Spectrograms of the electromagnetic radiation between 0:1 and 2:5 KHz, recorded on March 22, , 2 h 
gram is recorded at ground; the lower is measured simultaneously by the satellite. 


The upper spectro- 
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The satellite records have been analysed by the same 
method as for the ground data. Examples of simultaneous 
recorded power spectra and spectrograms are shown in 
Figs. 2 and 3. 

The following experimental findings from these simul- 
taneous ground and satellite measurements should be 
stressed: (1) in every case when enhanced 700 Hz emis- 
sions were recorded in the satellite, it was possible to find 
radiation in the same frequeney band on the ground; 
(2) the frequeney of peak power is very nearly the same 
at the satellite altitude of about 2,000 km and at the 
ground; (3) the half-intensity bandwidth is usually some- 
what larger at satellite altitudes than at the ground, even 
though the difference is seldom as large as seen in Fig. 2; 
(4) the fine structure of this band looks very similar on 
the ground and satellite records (see Fig. 3). 

Thus the chief characteristics of the enhanced electro- 
magnetic band emission between 500 and 1,000 Hz are 
surprisinglv similar on the ground and at an altitude of 
about 2,000 km when measuring at high latitudes. 

We thank Dr R. E. Barrington of the Defence Research 
‘Telecommunications Establishment at Ottawa for per- 
mission to read off the VLF experiment in the Alouette IT 
satellite. 

A. EGELAND 
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Norwegian Institute of Cosmic Physics, 
University of Oslo, 
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Organic and Inorganic Constituents 


of the Amazon River 


Tau Amazon River discharge rate is of the order of 
6 x 10% m?/yr which represents some 20 per cent of the 
entire world-wide river runoff'?. Analytical data for 
this large tropical river, unpolluted by man. are scarce and, 
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for some chemical species, entirely lacking. The available 
data compiled by Livingston? are those originally presented 
in 1924 for Clarke*. 

The Amazon discharge is entrained in the Guiana 
Current? and carried to the north and east, influencing 
an area of the ocean approaching 10? km? during maximum 
runoff. Thus a knowledge of the chemical constituents 
of the river is important in an understanding of the 
marine geochemistry and the biological productivity of 
this area. 

The Amazon and its tributaries were sampled at six 
locations in September 1967 (Fig. 1), which was during 
the dry season (June-December) when the river discharge 
is half of that during the wet season (January-June]. 
Samples were collected by Dr A. A. Benson of the Univer- 
sity of California just below the water surface in plastic 
buckets, transferred to polyethylene bottles and frozen 
immediately. The analyses were done in the laboratory 
in January 1968. After thawing. the samples were 
filtered through Whatman GF/C glass fibre filter pads 
which had been ignited to free them of organic matter. 
These filters retain particulate matter greater than 1-2y 
in diameter. Thus the dissolved constituents reported 
in Table 1 included colloidal and dissolved material less 
than 2u in diameter and the particulate constituents in 
Table 2 are those retained on the filter. 

The samples were analysed for dissolved organic carbon"; 
dissolved organic nitrogen and phosphorus’; nitratet; 





Table 1. DISSOLVED CONSTITUENTS OF THE AMAZON RIVER (gl) 








Mean 
Sampling workd 
location 2 4 5 3 i 8 Seawater — river 
watert 
pH +0 5-3 6:8 54 TU TË Beit 
Organic C 6,300 3,400 2,030 5,900 3,500 1,640 1,0005 
Organic Nt 212 126 130 144 140 182 100" 
Organic P 2:2 53 37 r9 19 0:6 10* 
Organic 
C/N (wt) 30 27 15 41 25 LOM om = 
NO; 31 113 140 55 135 280 1,000 
NO, 3:6 1-3 l4 2-4 07 pán — 
ZEN 247 240 271 201 276 381'5 m 
PO, 0-3 16 124 56 109 62 — 
EP 2:5 69 161 75 128 72^ sa 
Si 25 99 320 12 222 3,000" 6,000 
F «20 «20 95 <20 123 o 1,300" 200 
Ch 1.070 5.680 2,130 1,350 2,180 175 * 10° 190: 10°" 7,800 


* Surface water. Water below 200 m is of the order of 500 ug C h. These 
are nominal values and may vary by a factor of 10 depending on location 
and investigator. 


* Includes ammonia. 


ATLANTIC 
OCEAN 


BELEM 


0.2400 KM 


Fig. 1. Sampling stations on the Amazon River. 
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Table 2. PARTICULATE CONSTITUENTS OF THE AMAZON RIVER (ug 1-1) 


Sampling Sea- 

location 2 4 5 3 1 6 water 
Organic € 2,000 1,880 900 1,490 1,120 740 100* 
Organie N 137 173 105 126 87 97 10* 
Organic P 4 24 37 87 22 46 1* 
Organie C/N 

(wt) 15 11 8&5 12 13 T6 10* 


* These are nominal values for surface waters and may vary by a factor of 
10 depending on location and investigator. 


nitrite’; phosphate!*; and silicate"! (using the methods 
given in the references). The pH was determined by 
an Instrumentation Laboratories Co. extended scale 
pH meter model 145 (measured on the thawed samples); 
particulate organie carbon by a modification of the pro- 
cedure of Menzel and Vaccaro® in which filter pads are 
oxidized by persulphurie acid, and the released carbon 
dioxide was measured by a Beckman Instruments Inc. 
model 15 non-dispersive infrared analyser. Particulate 
organic nitrogen and phosphorus were determined by the 
ultraviolet oxidation method of Armstrong, Williams 
and Strickland’, in which filter pads are irradiated for 
extended periods and the liberated nitrate and phosphate 
then determined. Fluoride and chloride ion eoncentra- 
tions were determined by ion-sensitive lanthanum fluoride 
and silver chloride electrodes available from Orion 
Research Inc. The fluoride values are corrected for ionic 
strength and the chloride uncorrected for carbonate 
alkalinity. 

Of the six locations sampled, station 6 was the only one 
with appreciably saline waters. This was expected 
beeause tidal influences extend approximately 100 km 
from the mouth of the river. Low pH values in the Rio 
Braneo-Rio Negro drainage area were associated with 
visibly brownish yellow waters which evidently contained 
relatively large amounts of humic acid type organic 
matter'?. This is reflected in the high dissolved organic 
carbon values at stations 2 and 3. The ultraviolet absorp- 
tion at 2200 A and 2700 A at these stations was twice as 
large as elsewhere in the river. Dissolved organie phos- 
phorus was low relative to organic carbon and nitrogen 
in the river, and very much less than in seawater. Inor- 
ganie nitrate, phosphate and silicate were also low in the 
river water compared with the ocean. This has been 
pointed out by Ryther, Menzel and Corwin®, who found 
that nitrate, ammonia, phosphate and silicate 50 miles up 
the Amazon estuary (November 1964) were 1-7, 28, 4.7 
and 21.7 ug l~, respectively. Fluoride and chloride 
concentrations are of the order of mean world river water 
values. 

Of the particulate components organie phosphorus is 
high relative to organie nitrogen and considerably higher 
than the dissolved organie phosphorus. The C/N ratio 
in the particulate organic matter is of the order of 10, a 
value similar to that found for particulate matter in sea- 
water, while this same ratio is three to four times larger 
in the dissolved organic matter. The low ratios may 
represent a river water (autochthonous) origin for the 
particulate matter and the high ratios a land derived 
(allochthonous) origin for the dissolved?, or that nitrogen 
has become depleted relative to carbon if the dissolved 
material was derived from the particulate. 

The total dissolved nitrogen, organic and inorganic, is 
304 ug l-t in the river estuary. This is 2-5 times lower 
than the value used by Emery, Orr and Rittenberg!? for 
the mean world river runoff in caleulating the nitrogen 
budget for the oceans. This lower figure for the Amazon, 
if applicable to the world oceans, would appreciably lower 
the total nitrogen input into the oceans, bringing input 
and output values into closer agreement??, 

The values given in Tables 1 and 2 do not account for 
temporal variations in these components as influenced by 
biological factors and river discharge rates. Annual 
weighted means of water composition at a number of 
stations may well differ from some of the concentrations 


NATURE, VOL. 218, JUNE 8, 1968 


reported here by an order of magnitude, but until other 
studies are undertaken, these results are the first such 
reported for the Amazon River. 

We thank Mrs I. H. Ji for technical assistance. This 
work was supported by a US Atomic Energy Commission 
contract. 


P. M. Winxiams 


Institute of Marine Resources, 
University of California, 
San Diego. 
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Transcurrent Faulting in the 


Ethiopian Rift System 


Tue African rift system is usually considered to be a 
continental extension of the mid-oceanic ridge-rift system, 
à connexion being made through the Gulf of Aden and the 
Gulf of Tajura. The detailed connecting pattern, com- 
plicated by the convergence of the Red Sea structures, 
shows that in terms of seismic epicentre distribution 
(unpublished work of P. Gouin), voleanism! and crustal 
tectonies® the transition from oceanic to continental rift 
is not made as smoothly as many previous hypotheses 
supposed. 

The recent discovery of dilational fissures along the 
floor of the main Ethiopian rift?, analogous to the gjá of 
the Icelandic rift, confirms the prevailing opinion that the 
African rift system expresses a zone of crustal extension 
and fracturing. On the other hand, although transcurrent 
faulting in the African rift system has been observed 
loeally**, it has not generally been considered a funda- 
mental feature of that system. There is increasing 
evidence from the Ethiopian section of the rift system 
that transeurrent faulting is at least a strong faetor in 
continental rift development. Such faulting has, of course, 
long been recognized in the Dead Sea rift. 

Inferences from field observations in various parts of 
the Ethiopian rift system, together with independent 
conclusions by Gass and Gibson (private communications) 
based on the geometry of the Wonji fault belt*, suggest 
that the main Ethiopian rift represents a zone of sinistral 
shear. I have already presented some of these observa- 
tions*? which together reinforce an earlier suggestion? 
that the eastern edge of the Ethiopian plateau, and in 
particular the marginal graben of the main Ethiopian 
rift and Afar (Fig. 1), represents a major sinistral shear 
line. Other such lines, all trending S.8.W.-N.N.E., may 
be expressed by the western boundary fault-warp of the 
Tana rift*? which extends northwards into the Baraka 
valley; the western boundary faulting of the Ethiopian 
plateau against the Sudan plains; and the lines of proven 
sinistral shear which developed with the 1966 Sudan 
earthquakes at Jebel Dumbeir!? (Figs. 2 and 3). A further, 
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Fig. 1, Outline tectonic map of the Ethiopian rift system, showing 
the marginal graben of western Afar and the annular faulting of North- 
East Afar, and some presumed shear directions. 
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strong argument that a zone of sinistral shear separates 
the Ethiopian and Somalian plateaux along the rift is the 
right en echelon pattern of the Wonji fault belt (private 
communications from I. G. Gass and I. L. Gibson, and 
ref. 11), with the offsets in this pattern extending into 
offsets in the rift-plateau margins (Fig. 1). The offsets 
of the Wonji fault belt have been ascribed to a possible 
crustal expression of sub-crustal transform faults in the 
upper mantle*. New evidence suggests that these quasi- 
transform faults are being lengthened by dextral shear 
along the cross-rift fractures*-!?, 

The concept of sinistral shear along the main Ethiopian 
rift raises a number of problems, in partscular with the 
opening up of the Gulf of Aden. Laughton™ has presented 
convincing evidence that the Gulf of Aden is floored by 
oceanic crust, and is centred on a ridge-rifz system which 
is approximately axial to the Gulf and which marks a 
zone of sea-floor spreading. In the absence of a deep trench 
along the southern margin of the Gulf of Aden, it is at 
first sight difficult to reconcile southwards spreading of 
the southern Gulf of Aden floor with a north-eastwards 
motion of the Somali block. This difficulty ean be resolved, 
though in rather an unusual way. 

Evidence from the Dead Sea rift!** and the Red Sea!* 
indicates that Arabia has been moving north-eastwards 
into the Iranian-Turkish mountain fold-belt. It is here 
proposed that the Somali block has followed the Arabian 
block, in an identical north-east direction, but at a slower 
rate determined by an intermediate migration of the 
Gulf of Aden ridge-rift system. This concept of migration 
of the axial zones of sea-floor spreading, in addition to the 
bordering continents, suggests that sea-floor spreading is 
a relatively shallow-seated phenomenon which is mobile 
on hot-spots in the upper mantle. I have previously 
pointed out that, in the Ethiopian rift itself, the active 
Wonji fault belt and its associated voleanism appears to 
be developing westwards in response to a westwards 





Fig. 2, Known major faulting in the Gulf of Aden, Ethiopian rift system, and southern Red Sea regions, 
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migration, relative to the topmost crust. of a zone of 
upper mantle spreading*:", 

The Smithsonian Astrophysical Observatory is organiz- 
ing a laser geodetic programme to measure the rate of 
dilation aeross the Ethiopian rift system, and also any 
longitudinal rift shear. The Ethiopian Afar is a region of 
interest as it is a foeus of adaptation for the converging 
Red Sea, Gulf of Aden and African rift systems. I have for 
some years tried to point out the rather complicated 
teetonies and stratigraphy of Afar as they affect the 
simple “jigsaw” fit of the Arabian coastline with the 
African coastline, but, perhaps rightly, the enthusiasm 
of others has prevailed over my scepticism. Now, how- 
ever, the existence of detailed tectonic and voleanic maps 
of Afar provides a basis for more factual argument!?, 

One of the most remarkable features of the intense 
floor-faulting of Afar is the annular faulted basin, dia- 
meter 90 km, which is adjacent to the south-western 
margin of the Danakil horst'* (Figs. 1 and 2). The explana- 
tion originally offered for the origin of this feature involved 
sinistral transcurrent movement along the Danakil horst- 
Afar margin. A study of wadi offsets, beautifully con- 
firmed from aerial photographs, proves displacements of 
250-800 m along linear N.W.-S.E. faults in the region of 
13? 10 N., 41° 40' E. The sense of movement is sinistral. 
The rocks affected by this movement are pantelleritic 
welded tuffs derived from the central of the three Dubbi 
voleanoes^?, These tuffs are of Upper Pleistocene 
Holocene age, and a precise dating would enable the rate 
of shear along the Danakil horst-Afar margin to be 
calculated. 

The corollary follows, from analysis of the Afar annular 
faulting*:^, that the Gulf of Tajura, besides representing 
an incipient swell with crustal dilation, marks a zone of 
dextral shear extending along the northern coast of the 
Gulf of Aden. A westerly projection of this zone effects 
the largest of the dextral offsets of the Wonji fault belt, 
west of Lake Abbe (Fig. 1). 

The relation of transeurrent faulting to rift dilation 
remains elusive in terms of a regional synthesis (Figs. 2 
and 3), but there are now sufficient facts to question the 
hypothesis that Afar was once wholly "occupied" by 
south-west Arabia before continental drift. This might 
long have been suspected, apart from the geological 
arguments of Gortani'* and others, from the pattern of 
the Red Sea central trough in relation to the Yemeni 
and Ethiopian plateau escarpments. The central trough, 
south of latitude 16° N., is axial to the Ethiopian plateau 
escarpment and to some major faulting in eastern 


Synthesis of broad crustal movements in the Ethiopian region (migration of active rift zones omitted). 


Yemen?'?! recently confirmed from Gemini spacecraft 
photographs (Fig. 2). Apart from the symmetrically 
converging coastlines, therefore, a tectonic "funnel" opens 
out on a broad scale at the south-eastern end of the Red 
Sea. This funnel contains the Yemeni continental block. 
analogous to the continental horsts within the Afar 
funnel of the African rift system. 

Finally, a brief glance at structures on a wider scale 
reveals a sub-parallelism between the chief Ethiopian rift 
and the fracture zones of the Indian Ocean and Gulf of 
Aden" The idea presented here, that the Ethiopian rifts 
represent lines of sinistral shear, could be applied to the 
concept of a sub-continental fracture zone. But there are 
several arguments against this, including the fact that the 
oceanic fracture zones are not associated with a ridge (or 
swell) such as characterize both the oceanic and African 
rift systems. Nevertheless, it is clear that oceanic ridge 
rifts differ in many important aspects from continental 
rifts, and a direct connexion between the two through 
Ethiopia remains dubious. 

This fascinating region of convergence of three major 
world rift units urgently requires detailed seismic crustal 
studies to add to the gravity and magnetice data. Pre- 
liminary voleanie studies are already revealing differ- 
ences in chemical composition according to the tectonic 
regime in the Ethiopian region”. 





P. A. Mour 
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Anomalous Luni-solar Daily Variation 
in the Geomagnetic Field at Watheroo, 
Western Australia 


A PROGRAMME for the analysis of IGY data from magnetic 
observatories has recently been extended to the observa- 
tory at Watheroo, Western Australia (S. 30^ 19', E. 
115° 53’). The dip latitude of this site is p= — 46°-4 (tan 
p=} tan J, where J is the magnetic dip). The observatory 
operated from 1919 to 1959 and was situated about 90 km 
from the coast on an open sandy plain. The nearest 
railway line was 17 km away. 

The data consisted of alternate mean hourly values of 
D, H and Z, the declination, horizontal component and 
vertically downward component, respectively, of the geo- 
magnetic field, for the IGY (July 1, 1957, to December 30, 
1958). For reasons considered earlier', the five Inter- 
national Disturbed Days of each month were omitted. 
The following days were also omitted, because of breaks 
in the records: August 26 and 28, 1958, December 15 
and 16, 1958, December 30, 1958 (D and Z only), and 
July 3, 1958 (Z only). 

The method of analysis and derivation of vector prob- 
able errors followed that described by Leaton, Malin and 
Finch?, which is closely similar to that of Chapman and 
Miller. The object of the analysis was the calculation 
of ly and àn, the amplitude and phase of Ln, the luni- 
solar daily harmonic 


La = In sin (nt — 2v + An) 


where n is a small integer, ¢ is the mean solar time 
measured from local midnight and v is a measure of the 
epoeh in a lunation which increases from 0 at the new 
Moon to 2x at the next new Moon. L, represents the 
familiar semi-diurnal lunar tide and is usually the 
dominant harmonic. 

Each element was analysed as a whole (Y) and also as 
subdivided into seasons: November, December, January 
and February (W); March, April, September and October 
(E); May, June, July and August (S). It should be noted 
that, in the southern hemisphere, S corresponds to winter 
and W to summer months. The results are presented in 
Table 1. 

The D and H results are normal for the latitude of 
Watheroo; although the seasonal variation in D is large, 
it is similar to that of Hermanus, South Africa (un- 
published work of S. R. C. Malin), which has a dip latitude 


"Table 2. 
i * hZ) t, (Z) 
Observatory Latitude S. Longitude E. Y W 
*u E UU) ty) 
Watheroo 30 19 115 53 — 46-4 is 
O10 
Amberley 43 09 172 43 -5V3 234 
£00 
Hermanus 34 25 18 dH ~ 48-8 
i-41 
Hollandia 2 34 140 St - 1x i1 
+ O20 
Tananarive 18 35 47 33 -948 1-48 
£012 
'Toolangi 3: 32 145 28 ~ FL 0-30 





£010 


S41 


Table 1. WATHEROO LUNAR TERMS 

No.of h — pe. A ho pe. ay h pe. 4s ig pe. A 

days G) (6) © (Q) 6) (0 Gt ©) Gi 0) O 

Declination 
Y 453 0-78 0-42 193 137 019 66 L02 Q14 256 O23 0318 TI 
W 147 1-70 6-91 213 400 047 76 2-30 038 268 085 026 137 
E 153 039 0-61 254 0-70 0-29 59 0-68 0-20 264 O51 021 25 
S 153 1:37 036 169 038 047 347 059 035 210 O16 0-22. 351 


Horizontal component 
Y 454 041 0-44 123 051 324 031 019 278 (10 0-10 
W 148 133 0-72 185 202 0.33 13 082 0-19 231 0-35 O20 
E 153 077 O75 79 0.32 O42 298 040 040 272 O24 0-23 
S 153 0-52 0-69 44 116 027 234 0-50 024 i OS 





Vertical component 
Y 452 0.72 031 235 3-14 0-19 
W 147 1:63 0-64 246 5-02 0-44 
E 153 049 0-63 308 2-65 0-38 60 0-96 0-25 281 
S 152 0-82 0-37 210 2-46 0-32 40 0-03 0-20 261 


64 220 014 290 030 Gil 116 
83 2-42 084 304 O81 025 165 
0-22 52 
O18 008 32 


p... Vector probable error, 


of —46:8?. The exceptional feature revealed by this 
analysis is the large amplitude of La (Z) for seuthern 
summer months and the seasonal variation in Z. All of 
the L,(Z) terms have a high significance and the high 
value for the summer months may be readily confirmed 
by examining the data for a single month or by plotting 
the published Fourier coefficients. For most observatories 
the luni-solar variations in Z are smaller than those in # 
and D, but for Watheroo the variations in Z are greater. 
The summer value of l, (Z) is greater than for any element 
at any observatory except l, (H) at Huancayo and Addis 
Ababa, both of which are under the equatorial eleetrojet. 

During the IGY, sunspot activity was at a very high 
level, and a number of analyses have indieated that 
l, (Z) increases with solar activity. Estimates! of the ratio 
of l, (Z) for sunspot maximum to 1, (Z) for sunspot 
minimum vary from 1-0 to 1-9. Even if the highest ratio 
of 1-9 were applicable to Watheroo, the mean value of 
l, (Z), summer, would be 3-86y (assuming the mean value 
to lie halfway between the values for sunspot maximum 
and minimum) which would still be the greatest Z value 
yet determined. 

Anomalously large values for l, (Z) have been reported 
by Malin! for Hartland, Valentia and Lerwiek, in the 
British Isles, and by Bullen and Cummack?® for Amberley, 
New Zealand. The largest estimate for any of these 
observatories was (3-51+1-24}y, however, whereas the 
present value reaches (5:02 £ 0-44)y. All these observa- 
tories lie within 5 km of the sea, and Malin! has suggested 
that the effect was caused by induced currents in the sea. 
Larsen and Cox? have suggested a possible mechanism 
for such an effect. Ocean currents are unlikely to have 
any appreciable effect at an observatory as far inland as 
Watheroo, particularly because no such effect has been 
observed at Abinger! which is closer to the coast than 
Watheroo and is at a similar latitude to Hartland, where 
the effect is marked. 

Table 2 lists 7, (Z) for observatories in the vicinity of 
Watheroo. The individual monthly determinations pub- 


COMPARISON WITH RESULTS FROM NEARBY OBSERVATORIES 





HOD l4 

E AN Period Source 

ty) (y) 

2:65 IGY 
+ 0-38 

2-07 1-96 1831-35 Balen and Cummaeck*? 
+023 20-16 

1936-39 van Wijk and Bergh’ 

0-92 1-16 IGY Malin (unpublished) 
z03i 0-29 

Lil 9-88 IGY Malin (unpublished 
20-22 +0940 

1-59 0-99 IGY Malin? 
£017 40-15 

0-62 0-71 1952-55 Petersons, Winch and Slancitajs* 
20-1 2020 
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lished for Toolangi* show apparently erratic changes of 
phase by about 180^. For this reason the annual and 
seasonal means entered for this observatory have been 
recomputed from the monthly values, assuming that all 
the vectors should lie in the same quadrant. Only two of 
the observatories in Table 2, other than Watheroo, show 
values of 1, (Z) greater than 2y. One of these, Amberley, 
is within 5 km of the sea and the other, Hermanus, is 
right on the coast; indeed it is a little surprising that the 
Hermanus values are not higher. Although there are very 
few estimates of l, (Z) in the vicinity of Watheroo, the 
data in Table 2 suggest that the Watheroo effect is fairly 
local, that is, confined to a region smaller than the 
Australian continent. There is a similar anomalously 
large solar diurnal variation in Z at Watheroo, when 
compared with the vertical component of Sq at the other 
observatories in Table 2. It is probable that Watheroo 
lies near a region of anomalous conductivity below the 
surface, which modifies the geomagnetic effect of the 
overhead current system. 

Further investigation of the phenomenon is clearly 
desirable from both a geomagnetic and a geological 
approach. 

One of us (D. E. W.) wishes to acknowledge financial 
assistance from the Australian Research Grants Com- 
mittee and an Eleanor Sophia Woods travelling fellow- 
ship. 
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Holography with a Double Focus Lens : 
a Simple Lecture Demonstration 


Tue simplest forms of holography require that, when 
light waves carrying information about an object are 
incident on the recording material, a uniform light wave 
which is to some degree coherent with the first should 
fall simultaneously over the same area. The various 
practical forms of this principle differ principally in the 
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way in which these two mutually coherent waves are 
derived!—. It is often convenient for the reference wave 
to be spherical, so that a point source can be used as a 
reference in reconstruction. At the recording stage 
coherent waves of different curvature must be provided, 
and for transilluminated objects such as transparencies 
the difference of eurvature is provided by the illuminating 
optical system. Even when the object is illuminated 
through a diffuser, it may be advantageous to arrange 
for a plane wave to illuminate each point of the trans- 
pareney simultaneously, while the reference wave con- 
verges to a point in the same plane. We have found that 
a double focus lens can perform this function very effi- 
ciently, and the scheme lends itself to an effective demon- 
stration of holography. 

Any lens with spherical surfaces may be used as a 
double focus lens, by making use of the second focus 
formed by light reflected internally at the lens surfaces. 
The focal power of a weak bispherical spectacle trial case 
lens is about seven times as great as the marked power 
for this doubly reflected light wave. (More precisely, the 
focal power for double reflexion is (3n — 1)/(n—1) times 
that of the normal power, where n is the refractive index.) 
The intensity of the doubly reflected wave is low, being 
about 1/600 of the refracted wave, but may be increased 
by suitable reflecting coatings. We have used lenses 
coated with sputtered layers of bismuth oxide of about 
30 per cent reflectivity, but the uncoated lenses can be 
made to perform just as well, although exposure times 
will be longer. 

Fig. 1 shows a suitable experimental arrangement. 
Light from a helium-neon gas laser is made to diverge, if 
necessary, so as to fill the aperture of the double focus 
lens, which in our case was of about 1 m (normal) focal 
length. The normally refracted beam was approximately 
collimated by the double focus lens, and the doubly 
reflected beam converged to a focus and then diverged 
again to fill the same aperture as the collimated beam at 
the photographie plate. In the plane of the focus, a 
screen with two apertures is introduced, as shown in the 
diagram. One aperture is just large enough to transmit 
the light converging to the focus, and this light beam then 
constitutes the reference wave. The other aperture is 
larger and is covered by a diffuser. The transpareney to 
be recorded is placed in contact with the diffuser as shown, 
and for demonstration purposes a line diagram shown in 
Fig. 2 was used. Adequate holographie records are 
given by Polaroid material type 55 P/N with an exposure 
of a small fraction of a second using a 1 mW laser. De- 
pending on further trials, it may be necessary to insert 
absorbing filters over one or other of the two apertures in 
order to render the two waves reaching the photographic 
material more nearly equal in amplitude and to improve 
the degree of spatial modulation. 

The material is processed as prescribed, the negative is 
washed free of the processing chemicals, and the backing 
dye is cleared in sulphite solution in the usual way. After 
a brief and vigorous wash and treatment in an alcohol 
bath, the negative may be dry enough to attempt to 


Laser Refracted Doubly Photographic 
\ ray / reflected N plate 
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Diffuser 


Fig. 1. 





Transparency 


Recording'a hologram with the aid of a double focus lens. 
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The original transparency. 





Fig. 3. Reconstruction of the transparency from a hologram. 


reconstruct the hologram from it within a few minutes 
of the exposure. 

For reconstruction, a bright point source is viewed 
through the hologram. Two reconstructions should be 


seen in the plane of the source as in Fig. 3. When the 
object is the the 
spatial relation of the parts of the reconstructed images 
to the point source is the same when viewing through all 
parts of the hologram, but the visibility of the reconstruc- 
tions will vary across the hologram because of exposure 
Vibration or cther dimensional changes during 
exposure are also pi »ssible sources of variation. 

The same system of double focus lens providing a 
laterally offset reference spot may be used for recording 
4. In 
s Uu 


two-dimensional, as in present case, 


variation. 





of three-dimensional objects, as shown in Fig 
recording this hologram, the three letters “` 





were eut out of ‘Kodatrace’ diffusing material and spaced 


about 50 mm apart. Reconstructions from the hologram 
are shown in the figure. In photographing the reconstruc- 
tion, the camera has been focused in turn on the three 
reconstructed letters. 

We have used another method of reconstruction which 
is particularly apposite for lecture demonstrations. A 
helium-neon gas laser beam is expanded to suit the 
hologram and then focused down to form the smallest 
possible spot on a projeetion screen. When the hologram 
is inserted the two reconstructions appear on either side 


of the reference spot. A laser of 10-20 mW adequately 





Fig. 4. 


Reconstructions from the same three-dimensional hologram. 


planes of the characters N, P, L 


The camera has been focused 
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displays reconstructions large enough to be seen by 
audiences of more than a hundred. As lasers become mor: 

} 


powerful and capable of operating at possibly more visib 


wavelengths the value of this projection technique may be 
enhanced. 
J. W. €, GATES 
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Photo-ion Kinetic Energy Analysis 
with a Photoelectron Spectrometer 


various forms 


PHOTOELECTRON 
analysers, continues to be a 


spectrometry, using 


energy powerful tool 

determining the binding energies of electrons in molecules 
Our purpose now 1s to draw attention to a secondary us 
for the retarding-grid instrument, 


production of a photo-ion kinetie energy 


type of namely, the 
spectrum for 
a gas. 

Briefly, photoionization by 584 A (21-21 eV 
the centre of a spherical 


photons 
occurs (in our instrument) at 
grid system!, and the grid potentials are usually such as 
to allow only electrons and negative tons to pass into th 
energy analysing region. 3y the electrod 
polarities, however, one can restrict entry to the analyser 
their kinetic 
This information is useful in establishing the 
within the 


reversing 


to positive ions, and so obtain energy 
spectrum, 
positions of ionic potential energy 
Franck-Condon above the 

much the same way as the envelope of the vibrationa 
photoelectron spectrum can do so below the dissociation 
limit. Furthermore, 


photoelectrons by coincidence measurements the pos 


curves 


region dissociation limit, 


if one can relate positive ions 
sibility of deducing ionic dissociation energies arises 

As an example, the photo-ion kinetic energy spectrum 
for oxygen? is given in Fig. 1. The apparent spread u 
O; ion energy 


velocities of the ions and scattering at 


caused by the therma 
the grids. Th: 
spectrun 
that Ar 


Our curve 1s very 


is essentially 


argon spectrum is subtracted from the Oj +0 
to yield the spectrum for O 
and Oj spectra have the same shape. 
similar to that found by Schoen (private communication 
The first differential of the stopping curve gives the kinet 
energy distribution, and this has been plotted for O 


Fig. 1. 


alone, assuming 





on the three successiv instruct 
in turn 
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Positive ion current 











Retarding voltage 


Fig. 1. The positive ion stopping curve for oxygen, and the first 


differential of the O* contribution. 


The O* ions must result from transitions (either direet 
or indirect) to an unstable eleetronie state associated with 
the O*(*S)--O(*P) dissociation limit at 18-73 eV or the 
O*(5S)--O-(*P) limit at 17-18 eV. Transitions to the 
latter are excluded because quantum theory prediets and 
experiment confirms the process to be resonant. The ions 
would then share 21:21— 17-18— 4-03 eV energy, so the 
O* and O- would be endowed with some 2 eV each. We 
see no evidence for this. 

Allowing for the scattering effects, the lower and upper 
kinetic energy bounds for O* are 0-47 and 1-23 eV, 
respectively, and the most probable kinetie energy is 
0-91 eV (namely, a total kinetic energy for the O+ and O 
fragments of 1-82 eV). One explanation for the origin of 
this group of ions is that the centre of the Franck-Condon 
region (from O, *3;) intersects an Of potential eurve at 
18.73--1:82— 20-55 eV above the O, ground state, and 
the O* ions result from transitions to the upper state. 
Any of the states *Z,, *Xj, Ilp, ?Ei or !Ei could be in- 
volved, as they are unstable and all correlate with the 
18-73 eV limit?. 

The data enable an estimate to be made of the cross- 
seetion at 584 À for the formation of O* ions (one of the 
major constituents of the upper atmosphere) Wainfan, 
Walker and Weissler' found the total photoionization 
cross-section at 584 A to be 27 x 10-1* em? molecule-! and, 
because we find that 7-5 per cent of the ions formed are 
fragments, the cross-section for O* formation is 2-0 x 10-18 
em? molecule-!, 

This work was supported by grants from the National 
Research Council of Canada, We thank Dr R. I. Schoen 
for stimulating discussions. 
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Nuclear Resonance: Simple Method 
of Detection 


NUCLEAR quadrupole resonance (n.q.r.) in solids ean be 
effectively examined! with a super-regenerative spectro- 
meter, which may be operated? in the self-quenching 
mode or may be externally quenched. 

The detection process with the self-quenched speetro- 
meter is as follows. 

The radiofrequency pulses of the self-quenching oseil- 
lator of the spectrometer occur at a rate or quench fre- 
queney which is determined principal by the time 
constant of the grid capacitor and resistor (in a triode 
oscillator). If the oscillator radiofrequency happens to 
coincide with a permissible nuclear transition of the 
sample (exposed to the radiofrequency field), and if the 
time interval between pulses is not greater than the 
apparent spin-spin relaxation time?, and not small enough 
to eause the oscillator to be too coherent, then because of 
the nuclear induction decay signal two events may occur: 
(i) a small change in the plate current of the oscillator 
triode (this is usually observed as a change in the ampli- 
tude of the integrated, detected pulses), (ii) the frequency 
of the pulses changes (increase in quench frequeney at 
resonance). So far event (i) has been the basis for the 
arrangement of electronic pieces, following the self. 
deteeting super-regenerative oscillator, as used in n.q.r. 
and nuclear magnetie resonance (n.m.r.), such as narrow 
band amplifiers, synchronous (lock-in, or phase sensitive) 
detectors; the latter necessitating capacitive or Zeeman 
modulation. Let us call this system I. 

I wish to describe a simple, effective system of detecting 
nuclear resonance which is also easier to operate. The 
system is based on event (ii). Let us call this system IT. 
A block diagram of the apparatus is given in Fig. 1. 

The quenched radiofrequency pulses picked up by way 
of the pick-up loop, about 10 em from the tank circuit of 
the Colpitt self-quenched oscillator, are monitored by the 
oscilloscope, detected, amplified, limited and “counted” 
with a simple transistorized version of the frequency 
counter given by Terman!. The output voltage from the 
counter increases with quench frequency. This increasing 
voltage is recorded as the radiofrequency of the oscillator 
is increased. In the absence of a nuclear or extraneous 








Fig. 1. The spectrometer. 
A, amplifier; L, limiter; 


10, Self-quenched oscillator; D. detector: 
counter; A, recorder; O, oscilloscope: 
p. pick-up loop. 





Radiofrequency increasing—— Ps 








Fig. 2, Nuclear quadrupole resonance spectrum of sodium chlorate. 
Í C. 


Temperature, 12? C 
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resonance signal, a smooth curve is obtained. As the 
radiofrequency is seanned through a resonance, peaks 
appear at the side band and main resonance frequencies. 
The heights of such peaks are dependent on the resonance 
signal strength. 

Fig. 2 records a plot of the n.q.r. signal from a poly- 
erystalline sample of sodium chlorate at room tempera- 
ture. 

I find that even at this early stage of development the 
new system is simpler and more sensitive than system I; 
moreover, being amplitude limited, it does not suffer 
from amplitude modulation interference effeets. Another 
noticeable feature is that lower quench frequencies can 
be used more effectively than in system I. 

E. P. A. SULLIVAN 
Victoria University of Wellington, 
New Zealand. 
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Electrolytic Separation Factor of 
Protium and Deuterium 


Ir is interesting to compare the maximum values of the 
separation factor S obtained experimentally with the 
maximum theoretical value. For purely chemical pro- 
cesses the maximum theoretical value is that for the 
produetion of free gaseous atoms from the reactant 
moleeules (in this case the water of the eleetrolyte!). For 
à l: 1 ratio of H and D in the electrolyte the separation 
factor is then the equilibrium constant for 

3 H,00) + Dig) = 3 D;O(D + Hig) {1) 

This may be termed the "datum line" value and 
denoted S,. It can readily be shown that for other 
H/D ratios, S varies by only + 3-5 per cent about S, and 
this variation will normally be neglected in comparison 
with experimental scatter. 

I have recalculated S, using a reduced partition func- 
tion ratio? q(D,O)/gq(H,O) computed from recent spectro- 
scopic data?. The vapour pressure ratio pl(H.O)/po(D20) 
for the pure isotopic species was calculated from data 
given by Jones‘. Over the temperature range 0?-60^ C 
the resulting plots gave 


Sd pa po(H,0) 


i 
] =0-53 exp(1840/RT) (2) 
To eompare with this theoretical value the maximum 
observed values in reasonable agreement with each other 
are those of Brun and Varberg® and Roy*, the average of 
which may be written as 

Sops = 0:56 exp(1715/ RT) (3) 

Bearing in mind that the theoretical value of S, is 
based on the postulate of free atoms, the agreement 
between it and the above experimental value seemed 
remarkable, the difference between the activation energy 
terms for S, and obs being only of the order of that 
between the two experimental values (4150 calories 
atom-! (see Table 1)). 


Table 1. EXPERIMENTAL RESULTS FOR FERROUS CATHODES IN ALKALINE 
ELECTROLYTE 
Pre- Activation 
Authors Anode Cathode exponential term calories 
factor atom 
Brun and Varberg Ni Mild steel 0-58 1,760 
Roy Ni Mild steel 0-54 1,070 
Present work Fe Fe 0:52 1,820 
Datum line value —— — 0-53 1,840 
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The separation factor on mild steel and iron was there- 
fore reinvestigated, paying particular attention to analyti- 
cal procedures’, for small errors in isotope ratio determina- 
tion are magnified in the results. This magnification 
may be minimized by using an electrolyte isotope ratio 
made up of about 75 per cent D, and this concentration 
was used throughout the experiments. Clean metal 
surfaces and pure D,O were carefully prepared. With 
nickel anodes and mild steel or pure iron cathodes, the 
value of S was well below S,. The difference was greater 
the more stringent the precautions observed, however. 
This may have been because certain impurities raise the 
value of S by removing or displacing other impurities from 
the surface. An attempt to obtain clean surfaces was 
made by replacing the nickel anode with iron, which 
resulted in a small fraction of the current being used to 
convert anodic iron to ferrate (K,FeO,) which was then 
reduced at the cathode to give a continuously growing 
surface of freshly deposited metal (at a rate of about 
10-4 em thickness h- for an overall current of 0:2 A cm 
in 20 per cent potassium hydroxide). This “scavenger” 
method effected only a slight improvement but when a 
complexing agent (1 g l~ ethylenediamine tetraacetic 
acid (EDTA)) was added and the iron deposited in a hot 
bath, results for electrolysis in the same bath at any 
temperature were increased sharply and approached the 
datum line value S, The optimum condition was 2 h 
deposition at 60° C before commencement of a run. This 
ensured adequate coverage of the initial surface and gave 


Soptimum = 0:52 exp(1820/RT) (4) 


Fig. 1 shows the closeness of agreement between this 
value and the highest previous result (that of Brun and 
Varberg). The high value of Soptimum is also supported 
by initial runs in which the precaution of a preliminary 
deposition was not included. The seventeen points so 
obtained nevertheless all lay above the line 


Smin = 043 exp(1850/RT) 


The value of Soptimum given in equation (4) is therefore 
regarded as a fair representation of values which can be 
attained experimentally. Unlike most previous compari- 
sons of theory and experiment, which have relied chiefly 


on single values at 25° C, comparison of plots over a 
I 





1-4 

















Tx 10 


Fig. 1, Comparison of theoretical and experimental values of separation 
factors. Upper line, theoretical datum line value, $; middle Hine, 
present work, Soptimum (©); lower line, Brun and Varberg (CD. 
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temperature range, as in this work, is not likely to be sub- 
ject to chance coincidence, because both the slopes and 
positions of the lines must be in reasonable agreement. The 
discrepancy between the plots of S, and Soptimum (or even 
of Smin) is only of the order of the overall uncertainties in 
the derivation of both, and so for the purpose of making 
theoretical deductions the experimental maximum value 
may be taken as practically equal to the datum line 
value S,. 


each may involve 
difficulties at this stage, but ultimately they may suggest a 
satisfaetory theory. 

(1) Perhaps a further factor should be applied to S, to 
allow for the rate of formation of free atoms or of their 
combination to form molecules. Topley and Eyring!, 
for example, used a ratio 


E [y= v2 
Mal Mp 


This would leave the line for <£ optimum lower than the 
theoretical value, and it would have to be assumed that 
the constant ratio of 4/2 between So and Soptimum and 
the similarity of the activation energy terms were fortui- 
tous. It is difficult, however, to see why a particle which 
already has virtually three degrees of translational 
freedom should require another in the reaction co-ordinate. 

(2) It is possible that 8, should be multiplied by a pro- 
ton-tunnelling factor to give Scal, but again it would be 
necessary to assume that the factors which lowered the 
actual value from Seal to that observed coincided in such 
& way as to make both pre-exponential and zero-point 
energy terms close to those for S,. 

(3) The transition state may be such that vibrations of 
weakly bonded atoms give rise to partition functions which 
approximate those for three degrees of translational free- 
dom in the hydrogen atoms?. This is similar to the con- 
cept of "super-mobile" adsorbed layers’. A difficulty 
likely to arise with this type of theory is that the energy 
required may be incompatible with a reasonable overall 
voltage. 

(4) These energy limitations may be overcome if protons 
and deuterons could have momentary existence with the 
equivalent of three degrees of translational freedom. 
Because of their charge the total energy of both would be 
lowered equally by the field near the cathode, but the 
translational contributions to the partition functions 
would remain in the ratio (m /my)??. This would postu- 
late that the transition state consisted of protons and 
deuterons moving up to the cathode under the influence 
of the general field, and of image forces, while in thermal 
and chemical equilibrium with water molecules (or derived 
intermediates) with which they collided. Collision in this 
sense may consist of temporary combination. A model 
involving protons and deuterons instead of atoms would 
increase the activation energy by 84 calories atoms-! 
(ref. 1), a difference which is still not large compared with 
the experimental uncertainties. In view of the complexity 
of this situation, in which proton tunnelling may occur, 
it may be difficult to estimate the height of the energy 
barrier. 

An interesting aspect of such a model is that separation 
is independent of the chemical nature of the cathode, 
and this is consistent with the datum line model. The 
attainment of S, may, however. depend on the metal 
surface texture—on the presence of clean asperities to pro- 
vide high local electrostatic forces, for example—and the 
EDTA may act by influencing this factor. 
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Tt is felt that these results establish the following. (a) 
The value of the scavenger technique. In other systems 
this may be achieved by using an inert main anode (such 
as Pt) together with a small ancillary anode of the same 
material as the cathode. (b) A method for reproducing 
the highest electrolytic separation factors yet found. 
(c) The value of comparing experimental plots with 5, 
over as wide a temperature range as possible. (d) The 
fact that from an isotopie point of view the values in (6) 
behave as if the system consisted of an equilibrium between 
water and free atoms. 

I thank Dr D. J. Ferrett and Professor M. Fleisehman 
for helpful conversations. 
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Electron Spin Resonance Evidence 
for a Trapped Electron and its 
Reversible Reaction in Gamma- 
irradiated Acetonitrile-d, 


ALTHOUGH the effect of ionizing radiation is known to 
produce solvated and trapped electrons in a variety of 
liquid and glassy systems, we are not aware of any reports 
on the radiation-induced formation of localized electrons 
in molecular crystals. Bennett, Mile and Thomas! have 
observed electron spin resonance (ESR) and optical 
absorption spectra of trapped eleetrons in polyerystalline 
ice, but the method of preparation in this case was to 
deposit water vapour and alkali metals together on the 
rotating drum of a cryostat at 77? K. A very interesting 
feature of this work! was the observation of hyperfine 
splitting in the ESR spectrum of the trapped electron as 
the temperature of a potassium-water sample was raised 
to 173* K. The seven hyperfine lines have been attributed 
to the interaction of the trapped eleetron with six equiva- 
lent protons in an octahedral arrangement. 

We are interested in the possibilities afforded by organic 
nitriles for electron stabilization in glasses and crystals. 
This arises because the large permanent dipole moment 
and high degree of polarizability conferred by the nitrile 
group might be advantageous for this purpose. Ayscough 
et aL? have reported ESR studies on gamma-irradiated 
acetonitrile. They found that methyl radicals were 
produced during gamma irradiation and on subsequent 
photobleaching of the sample at 77° K, and they suggested 
that the photobleaching reaction might be caused by 
dissociative electron capture although no ESR spectrum 
attributable to trapped electrons could be distinguished. 
We have now obtamed ESR and optical evidence for 
trapped electrons in several gamma-irradiated crystalline 
organic nitriles. In this repert, we shall concern ourselves 
primarily with acetonitrile-d, for which the ESR observa- 
tions are extremely clear. The reversibility of the photo- 
bleaching reaction in this system is also of considerable 
interest. 

In the ESR spectrum of gamma-irradiated CD,ON 


ws 


shown in Fig. 1, the most prominent component consists 
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of a quintet with a splitting of 16-6 gauss, and no spectrum 
corresponding to CD, radicals can be seen. Before this 
spectrum was taken, the sample had been kept in the 
dark at 77? K during and after irradiation. The photo- 
bleaching reaction has been studied between 77° K and 
115° K but, for the sake of claritv, we have chosen to 
illustrate (in Fig. 2) the ESR spectra which accompanied 
the changes induced at 89? K. Spectrum A is essentially 
the same as that shown in Fig. 1. On photobleaching the 
sample with red light (A> 640 nm) in the ESR cavity, the 
quintet spectrum completely disappeared at this tempera- 
ture and in its place there appeared simultaneously the 
septet spectrum shown in B with a splitting of 3:3 gauss 
and intensity ratios close to 1:3:6:7:6:3:1. This 
septet speetrum is tentatively assigned to the CD, 
radical. After the light was turned off, the spectrum of 
the CD, radical disappeared and spectra C and D in Fig. 2 
show that complete recovery of the original quintet spec- 
trum occurred within a few minutes. Kinetic studies at 
89° K verified that the decay of the quintet spectrum and 
the appearance of the septet spectrum during the onset of 
photobleaching are both described by the same first-order 
rate eonstant, as would be expected for a simple uni- 
moleeular transformation. 

At 77° K, thermal recovery after photobleaching was 
much slower and required more than 20 h for completion. 
Repetition of the photobleaching after full recovery 
reproduced the septet spectrum of CD; with undiminished 
intensity and the entire cycle was repeated four times at 
77? K without any significant loss in signal strength. The 
gamma-irradiated sample at 77^ K before photobleaching 
was a purple-violet colour. This was removed by photo- 
bleaching under the precise conditions used in the ESR 
work, and it was restored either slowly on standing at 
77° K or immediately by warming to 2:110? K. Thus the 
behaviour of the colour centre parallels that of the para- 
magnetic species responsible for the ESR spectrum 
quintet. 

'The faster thermal recovery at higher temperatures is 
also reflected in the fact that between 90? K and 115° K, 
both the quintet and septet components can be recognized 
in the ESR spectra taken during illumination. A photo- 
equilibrium was established at each temperature, and 
above 101? K the quintet spectrum predominated in the 
steady state. In the dark above 123° K a rapid decay of 
the quintet spectrum was observed. For example, the 
signal intensity decayed by 25 per cent in 12 min at 
136° K, and this dark reaction did not give rise to the 
septet spectrum produced on photobleaching at the lower 
temperatures. After the sample had been warmed to 
160° K the original quintet could no longer be seen in the 
spectrum at 84° K and only the hyperfine structure of the 
CD,CN radical could be distinguished. Subsequent photo- 
bleaching at 84° K did not yield the septet spectrum, 
showing that the precursor species had been destroyed by 
the previous thermal treatment. All the experimental 








Fig. 1. Electron spin resonance first-derivative spectrum of gamma- 

irradiated acetonitrile-d; at 77° K. Microwave power, 0-01 mW. 

The sample had been irradiated in the dark at 77° K to a total dose of 
73x10 eV g, Spectrometer gain setting, 63. 








Fig. 2. Electron spin resonance first-derivative spectra of gamma- 

irradiated acetonitrile-d, at 89° K. Microwave power, 0-01 mW. 

Response time, 0-3 s. The sample had been irradiated in the dark at 

77° K to a total dose of 7-3 x 1015 eV g^. Spectrum A: Before photo- 

bleaching. Spectrometer gain setting, 200. Spectrum JB: During 
illumination with filtered light from a 1 kW tungsten lamp. A lens 
system and Corning filter No. 2030 (A > 640 nm) was used, The arrow at 
low field marks the point on the chart paper at which the light had 
been on for 2 min. The scan rate was 40 gauss min’. Spectrometer 
gain setting, 125. Spectrum C: After photobleaching. The arrow at low 
field corresponds to a time of 6 min after the light had been turned 

off. Scan rate as in B. Spectrometer gain setting, 200, Spectrum J): 

After photobleaching. The arrow at low field corresponds to a time 

of 16 min after the light had been turned off. Scan rate as in B. 

Spectrometer gain setting, 200. 
facts therefore support the identifieation of the ESR 
speetrum quintet with the photochemical precursor of 
the CD, radical. 

We propose that the quintet spectrum arises from a 
trapped eleetron which interacts with two equivalent 
nitrogen nuclei. The departure from the theoretical 
intensity ratios (1:2:3:2:1) can be attributed to the 
anisotropy of hyperfine structure arising from the nitrogen 
nuclei, and to the superposition of the spectrum due to 
CD,CN which distorts the centre line. The mechanism of 
reversible interconversion between the two paramagnetic 
species may be represented schematically by the equation 


hy 
D,C-CzN(e-)NzC- CD, = [D,C+CN-]4+N20~-CD, 
thermal 
It is remarkable that the photodissociation can be re- 
versed by thermal means, for the reaction involves: a 
repair of the broken bond and a simultaneous electron 
transfer. A further requirement is that the CD, radical 
must remain translationally immobile in the crystalline 
matrix. 

There are several examples in which the ESR spectrum 
of a trapped electron (F centre) in ionic crystals shows a 
well-resolved hyperfine structure (for example, ref. 3), but 
in such cases the unpaired electron is considered to occupy 
an anion vacancy in the lattice structure and the mter- 
action is with the alkali metal cations. In the present 
case, the electron is trapped in a crystalline matrix and is 
bonded specifically to the nitrogen atoms of two CD,CN 
molecules. The unpaired electron density |$(0)]* at the 
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nucleus of each of the two nitrogen atoms can be calculated 
by the Fermi equation 
ST BN dais 

Aren Ix igo) 
where uy and Iy are the magnetic moment and spin, 
respectively. of the nitrogen nucleus. From the observed 
isotropic coupling constant Ay of 16-6 gauss, a total 
unpaired electron density of 1-95 x 10% electron em-? is 
obtained for the two nitrogen atoms. This value is much 
smaller than the electron density of 3-22 x 1025 electron 
em“ computed theoretically’ for an unpaired electron 
occupying a 2s orbital on a single nitrogen atom. It is 
therefore probable that the hyperfine interaction ari 
largely, if not completely, from spin polarization of the 2s 
electrons in nitrogen rather than from a small amount of 
3-character in the bonding orbital of the unpaired electron 
itself. 

Our ESR observations on gamma-irradiated CH,CN 
agree with the results of Ayscough et al.?. In corresponding 
experiments, the overall yield of CH, radicals from CH,C} 
was found to be comparable with the yield of CD, radicals 
produced by the photobleaching of CD,CN. Although the 
outer lines of a trapped-electron precursor cannot be 
identified in CH,CN, possibly because of the overlapping 
signals from CH,CN, we have observed a component in 
the centre of the spectrum which is bleached irreversibly 
by red light. Similarly, we have found that the violet 
colour of gamma-irradiated CH,CN cannot be restored by 
warming the sample after photobleaching at 77° K. The 
fact that the photo-induced CH, radicals from CH,CN 
decayed irreversibly even at 77° K is also in marked con- 
trast to the behaviour of CD,CN, and suggests that in 
CH;CN the CH, radical migrates from the original site of 
its formation in the crystalline lattice. 

We have observed a pattern of behaviour in other 
gamma-irradiated organic nitriles which includes many of 
the features reported in this investigation, although the 
results differ in detail. In particular, reversibility of photo- 
bleaching has also been demonstrated for suceinonitrile 
(unpublished work of K. Takeda), although the photo- 
induced electron capture by this molecule is not accom- 
panied by bond dissociation. From all these results, we 
conclude that electrons can be stabilized in suitable 
molecular crystals, and that the subsequent photo- 
chemistry offers an interesting area for exploring the 
reactivity of eleetrons in solids. 

The experimental techniques have been described in 
connexion with other investigations*. Samples of CD,CN 
were obtained from Stohler Isotope Chemicals (USA) and 
E. Merck A.G. (Darmstadt, Germany), and gave identical 
results. By gas chromatography, the purity of the dried 
material after distillation in vacuo was found to be greater 
than 99 per cent. 

We thank Professor Ralph Livingston for a helpful 
discussion. The work was supported by a US Atomic 
Energy Commission contract. 

Note added in proof. Subsequently, additional outer 
structure was resolved in the ESR spectrum of the species 
produced on photobleaching. which suggests that it may be 
the undissociated radical anion [CD,CN]: rather than CD,. 

MICHAEL A. Bonin 
Kozo Tsvusi 
Frrancon WILLIAMS 
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Access of Gases to the Porosity of 
Synthetic Graphite at High Temperatures 


Mvcn if not all of the so-called “closed porosity" in various 
nuclear graphites lies beyond extremely fine entrances, 
according to recent work at the British Coal Utilisation 
Research Association. These entrances ean be penetrated 
by certain gases at high temperatures. It follows that the 
well known!-? gradual decrease in "closed porosity" that 
occurs on thermal oxidation of graphites in gases can be 
accounted for by the erosive widening of such entrances. 
These conclusions are the result of two independent 
methods for measuring changes in porosity, which have 
been applied from room temperature to 1,073? K. 

The first is the helium-density method in which measure- 
ments are made of the volume of helium displaced by a 
solid. Helium is used as the displacement fluid because, 
with certain exceptions’, it is negligibly adsorbed at 
room temperature. Helium densities of nuclear graphites 
have always, as far as we know, been measured at this 
temperature and are always significantly lower than the 
average densities of their carbon structures, which sug- 
gests the presence of porosity closed to helium. This may 
amount to 4-10 per cent of the lump volume depending 
on the graphite. Displacement-density results that we 
have obtained for British Reactor Grade A Graphite 
(PGA) are shown in Table 1. The estimated error in these 
results is + 0-005 10? kg/m? for helium at 298° K, + 0-007 
10° kg/m? for nitrogen at 768? K and 1,013? K, and 4 0-02 
10° kg/m? for helium at 1,013? K. 





Table 1. APPARENT DENSITIES OF PGA IN GASES 


Porosity t (10°? m*/kg) 


Density (10° kg/m?) closed to: 


Helium Nitrogen Nitrogen Helium Helium Helium 
(298? K) (768° K) (1,013 K) (1,013 K) at 208^ K at 
1,013* K 
2:14 2-13 2:13* 2-20 25 5 


* Estimated by comparison with the previously obtained value for slightly 
oxidized PGA (ref. 6). Í -h 
+ Calculated using the values for the crystallite densities under ref. 6. 


The densities were measured 1 h after admission of gas. 
The samples were rods 13 mm in diameter and 75 mm 
long. The apparatus used has been described?; correction 
for the rather rapid diffusion of helium through the walls 
of the silica sample-container was found to be practicable 
for these exploratory experiments, but a container of 
recrystallized alumina, which is impermeable to helium, 
is being developed in order to detect any slow penetration 
of helium into samples. 

The second method was developed? specifically to make 
independent measurements of any increase in the acces- 
sibility of porosity with temperature increase. The pro- 
cedure is to immerse the previously evacuated graphite 
in à particular gas at elevated temperature T' and then to 
cool to room temperature, the gas pressure remaining 
approximately constant. Gas that at temperature 7 
entered pores that it could not enter at room temperature 
becomes trapped during the cooling. After evacuation at 
room temperature the graphite is finally reheated to T 
when the quantity of trapped gas that is then released is 
measured— by a mass spectrometer in the present work. 
Selected results for PGA are shown in Table 2, where T' 


Table 2, QUANTITIES GF GASES TRAPPED IN AND RELEASED FROM PGA AT 
ADMISSION PRESSURE AND EITHER T'^K OR 298? K (BRACKETED) 


Porosity 


closed to itas, temperature T of soaking, and volume 


Size of — helium at released (10-* m3/kg) 
sample 298" K Helium Neon Argon 
10-5m*/kg 773^ K 1,0735 E 773 K  1,073* K 1,073* K 

Rod 25 17-0 36-0 0-3 ro 0-2 
13 mm diam. (6-3) (8-7) (0:1) (0:5) (0-1) 
15 mm long 
Wt.15-5 mkg 
~240-mesh <8* 3-6 

B.S. (1-0) 

(« 66 um) 


* The value of 10-* m*/Eg is for a — 200-mesh B.S. sample. 
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was either 773° K or 1,073° K. These results could be in 
error by +25 per cent. 

Although it is not possible to evaluate the volume of 
pores from which trapped gas is released in this cyclic 
experiment, because the temperature(s) at which the gas 
is actually trapped is unknown, the pore volume in 
question must lie between the volumes that the gas 
released would occupy at the admission pressure and at 
the maximum and the minimum temperatures of the 
experiment, as shown in Table 2. 

Tables 1 and 2 show that the porosity of PGA is 
markedly more accessible to helium at high temperatures 
than at room temperature. The drastic reduction in the 
extent of the helium effect after grinding (Table 2) shows 
that the effect observed with lump graphite is due to the 
penetration of previously closed pores and not to some 
other process, sueh as penetration and trapping between 
the layer-planes (intercalation). It is possible that helium 
diffused very slowly into the pores without this being 
detected; the porosity elosed to helium at 1.013* K 
would then be even smaller than that shown in Table 1; 
such an effect may well have passed unnoticed because of 
the limitations of the silica sample-container. At the 
high temperatures the *elosed porosity" clearly behaves 
as a molecular sieve, the extent of penetration by neon 
being, as with its molecular size, intermediate between 
that of helium and that of argon. Higher temperatures 
could well allow increased penetration by molecules larger 
than helium; this is certainly so with argon, as shown by 
the degassing experiments of Asher*. 

In experiments similar to ours, Kipling et al.? found 
that with certain carbons, in particular a 1,773? K cellulose 
carbon, pores closed at 293° K were penetrated by helium 
at 573^ K. This phenomenon, as the authors state, and 
that found by us, must be caused by an activated-diffusion 
process!*:3, with perhaps some contribution from thermal 
expansion of the solid. Marked temperature-dependence 
of the rate of release of trapped gas was observed qualita- 
tively in our experiments; for example, in the helium 
trapping experiment with T'— 773° K much of the trapped 
helium did not appear on reheating to 773° K within 
1 or 2 h, but on increasing the temperature to 1.073° K 
it diffused rapidly from the graphite. 

The possibility that hydrogen could penetrate closed 
porosity in synthetic graphite at 1,193" K to 1,768" K 
was suggested by Redmond and Walker"; they argued 
that the maximum amounts of hydrogen chemisorbed 
were too large to be accommodated solely on the edge- 
carbon sites of the pores open at room temperature. Our 
observations with helium support this interpretation. 
Trapping experiments using hydrogen with T = 1,073° K 
also tend to support this view (our unpublished results), 
although the uncertain role of chemisorption prevents 
firm conclusions. 

We conclude that pore-structure parameters determined 
at room temperature or below should not be used alone to 
deseribe the effective structures of materials of interest 
for high-temperature applications; key parameters should 
be determined at those temperatures. 

We thank the United Kingdom Atomic Energy 
Authority for support and Mr P. A. H. Tee for suggestions 
on the design of the density apparatus. 
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Optical Spectrum of SO; Radicals 
produced from the Photolysis of 
Dithionate lons in Solution 


DuniNG a recent study! of the photochemistry of sulphite 
ions in aqueous solutions, an absorption speetrum with 
a maximum 2-275 my was observed in the flash photolysis 
of 10-? M Na,SO, solutions in the presence or the absence 
of oxygen. This transient species, with an apparently low 
extinction coefficient, decays relatively slowly with a 
half-life of a few milliseconds. It was considered to be 
produced from the primary photoionization of sulphite 
ions 
hv 
SO?- .H,0 = SO; + eaa 

and was tentatively assigned to the SO; radical. A 
radical with a similar absorption spectrum, but longer 
lived, was also observed! in the flash photolysis of thio- 
sulphate ions and, on the basis of kinetic evidence, was 
assigned to the 8,07 radical. In order to provide further 
support for the species produced in the photolysis of 
SO*- ions, we examined the flash photolysis of dithionate 
ions, S,07-. 

The photochemistry of dithionate ions in solution has 
apparently not been studied, but an absorption spectrum 
has been reported? with a long wavelength limit at 2600 Á 
and a maximum at ~2000 Å. The irradiation of single 
erystals of sodium dithionate with gamma rays has been 
reported by Chantry et al), Examination of the para- 
magnetic resonance of the single crystals showed the 
presence of a single ESR line with an isotropic g factor 
of 2-004 and an ultraviolet absorption at about 270 mu. 
This radical was assigned to SO; by Chantry et alè. 

We have irradiated an aqueous solution containing 
10- M sodium dithionate in the absence of oxygen in our 
flash photolysis apparatus*. The absorption spectrum of 
the transient, with Amay~275 my, is shown in Fig. L 
The spectrum is identical with that found! in the flash 
photolysis of SO?- ions. It also decays by a second-order 
process with k/e=3-5+2-0x 10* at 275 mg. This com. 
pares with a value of k/c — 2-0 + 1-0 x 105 at 275 mg. found 
for the same radical in the photolysis of 10-* M sulphite 
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ions in aqueous solutions. This difference in decay rates 
is considered to be caused, in part, by an increase in ionic 
strength of the solution, affecting the decay rate of the 
reaction SO; -- SO;—products, and to the reproducibility 
obtained with these systems. We therefore conclude that 
the optical spectrum given in Fig. 1 is due to the 80; 
radical produced from the rapture of the S—S bond in 
8,077 ions. 

L. DoczLioTrI 

E. Hayon 
Pioneering Research Laboratory, 
US Army Natick Laboratories 
Natick, Massachusetts. 
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Disruption of Glassy Carbon in 
Potassium Vapour 


lr is well known that potassium atoms lodge themselves 
between the basal planes of the graphite lattice to produce 
intercalation compounds in many different forms of 
graphite! Glassy carbon is a very defective, randomly 
oriented polyerystalline form for which the 0002, 1010 
and 1120 lines are very diffuse but clearly present. Inter- 
calation compounds in such a material would seem to be 
improbable and, indeed, glassy earbon is inert to most 
molten metals. 

We have found that when in contaet with potassium 
vapour at 400^ C large pieces of different types of glassy 
carbon shatter explosively into smaller pieces around 
1mm in size. We therefore presumed that some process of 
chemical attack must have been present. In order to 
Study this process, glassy carbon previously heat-treated 
to 2,500? C was ground into a size suitable for powder 
X-ray analysis and exposed to potassium vapour at 
400° C in a closed system for 2h. Rüdorff et al.? indicate 
that in such conditions the maximum degree (stage I) 
of intercalation between every pair of carbon layers is 
possible in single crystals. We have found that these 
conditions are sufficient to produce maximum inter- 
ealation even in soft cokes treated to only 1,200°C. The 
reaction with the powder was much more subdued than 
for the larger pieces and no further disruption oceurred. 
X-ray analysis of the powder maintained in vacuo showed 
that no change’ occurred in the 1010 and 1120 lines, 
indicating that the graphite layer planes were preserved. 
The 0002 line, however, disappeared and was replaced by 
lines at 2-9 and 8-8 A. A line in sequence with these two 
and presumed to be in the region of 4-4 A was obscured 
by diffuse scattering from the ‘Pyrex’ container. These 
lines can be removed by heating in vacuo at 500°C, 
when the 0002 line reappears. 

We infer from these observations that a degree of inter- 
calation does occur in glassy carbon in the presence of 
potassium vapour, producing compounds with potassium 
inserted between alternate pairs of graphite layers. This 
is equivalent to stage II in the Rüdorff scheme? and not 
stage I as would be expected in single crystals. Fischbach? 
suggests that glassy carbon contains appreciable non- 
trigonal bonding and strong bonding between layer plane 
edges of neighbouring crystallites and between layers 
within crystallites. It would seem that such bonding 
imposes precise limitations on the extent of intercalation. 

Glassy carbon is made by the slow pyrolysis of aromatic 
thermo-setting resins. High locked-in internal stresses are 
inevitable because of the large shrinkage accompanying 
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such pyrolysis. It would seem that extra stresses produced 
by intercalation in such a tightly knit structure are 
sufficient to shatter pieces above a certain critical size. 
Similar disruptive effects have been observed by us in 
calcined anthracite but with very much less violence. 

Work is proceeding on this topie because it throws 
light both on the nature of intercalation and on the 
structure of glassy carbons. The work is supported by the 
Steel Company of Wales and General Refractories, Ltd. 

i M. KILLIAN HALPIN 
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Dimeric and Tetrameric Complexes 
of Copper(O): a Correction 


RECENTLY! we reported that treatment of tris(triphenyl- 
phosphine)ehloro copper (I) with hydrazine in alkaline 
aleoholie solution yielded à compound of empirical 
formula Cu(PPh,). Analytical data (Table 1) were con- 
sistent with this formulation, the standard method for 
the detection of chlorine having proved negative. Further 
study has shown that some chlorine is indeed present 
and furthermore, by chance, analysis for C, H and P 
does not distinguish this compound from the starting 
material [Cu(PPh,).Cl]®. 


Table 1, ANALYTICAL AND OTHER DATA FOR THE COMPLEXES 





Per Per Per Per Per 
Complex cent C cent H cent P cent Cu cent Cl m.p. Mol. wi. 
CuCI(Ph; P), 1 51 10-5 T? 40 180 R35 
[Cu(Ph; P),]; 5 51 10-5 10-8 0 — 1,176 
Found 133 51 10:2 11-2 0 160 652* 


* Concentration dependent. 


The product obtained when this material is heated, 
thereby losing triphenylphosphine, has now also been 
shown to contain chloride and we ean no longer claim 
that this is [Cu(PPh;)], Its precise nature is being 
further investigated, but meanwhile we wish to ensure 
that our earlier note does not lead to inconvenience for 
others interested in this subject. 
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BIOLOGICAL SCIENCES 


Electron Microscopy of Muscle 
Phosphorylase Molecules: Significance 
of a Rhombic Shape 

MUSCULAR energy comes from the breakdown of glycogen. 
This is not, however, the only reason for interest in the 
enzyme, muscle phosphorylase, which catalyses the first 
step in the reaction. The enzyme also provides one of the 
clearest examples cf the way activity is related to change 


NATURE. VOL 


218. JUNE 8, 1968 


Fig. 1. A crystalline array of phosphorylase b tetramers showing the 
rhombic shape of the molecules, The protein is light and the negative 
stain is dark. (x 1,000,000.) 


in molecular structure. Detailed accounts are available 
in various reviews!-?, The more pertinent facts, which 
have recently changed rather substantially, seem to be 
as follows. 

The enzyme exists in two forms, phosphorylase a and 
phosphorylase b. The conversion of one form to the other 
is catalysed by other enzymes and provides one of the 
ways in which the activity is controlled. In the absence 
of adenylic acid (5-AMP), the phosphorylase b molecule 
is an inactive dimer‘. Its molecular weight, long believed 
to be 250,000, has now been redetermined® as 185,000. 
The activation of phosphorylase b with AMP leads to the 
formation of tetramers when the protein concentration is 
high. In the conditions of assay, however, the active 
form is the dimer*; the activity of the tetramer has not 
been established. 

Two of the serine residues in the phosphorylase b 
dimer can be phosphorylated by ATP in the presence of 
phosphorylase b kinase. This converts the enzyme to 
phosphorylase a which usually exists as the tetramer of 
molecular weight 370,000. It now seems that this tetra- 
mer is inactive? and unable to bind glycogen*. The active 
form of phosphorylase a is the dimer of molecular weight 
185,000. Its formation is favoured by low protein con- 
centration’, high salt concentration® or the presence of 
glycogen® or glucose!*, 

The chief differences between the two forms of phos- 
phorylase are that in normal physiological conditions 
the phosphorylated a form is the more active and is 
differently inhibited by metabolites. In particular 
phosphorylase b requires AMP while phosphorylase « is 
active in its absence as long as the concentrations of sub- 
strates are high''. Phosphorylation of the enzyme does 
not in itself significantly alter the molecular weight and 
the sedimentation properties of the dimer or the tetramer 
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and their appearances in the electron microscope do not 
differ between the a and 6 forms. 

Until the complete picture of the enzyme molecules 
becomes available from X-ray crystallography, some help 
in visualizing them can be provided by electron micro- 
scopy. A general description of the dissolved molecule 
has already been reported'?. We present here the more 
detailed information which was obtained by 
microscopy of phosphorylase crystals. Phosphorylase 6 
tetramers in the presence of AMP readily form 
needle-shaped crystals and thin plates at 4° C from 1 
M solutions of magnesium acetate’. These crystals were 
found to be very suitable for electron microscopy. 
Crystals of phosphorylase a have so far proved to be too 
thick or too disorganized for satisfactory pictures. 


electron 


small 
10-* 


The crystals of rabbit muscle phosphorylase 6 (E.C. 
2.4.1.1), made as described before, were fixed in ] per 
cent glutaraldehyde for 2 h. It has been shown with 


other crystals that this treatment renders the protein 
completely insoluble without appreciably changing the 
lattice spacings’. The crystals were then well washed 
with distilled water. They were examined in a Philips 
E.M. 200 electron microscope after negative staining with 
sodium silicotungstate. 

The general form of the molecules from solution has 
been described previously!*. The dimers appear as rods, 
sometimes with indications of a cleft across the middle 
suggesting the two sub-units. 110 A long 
and vary in width, depending on their orientation, from 
55 Å to 65 A. The tetramers have an almost square profile 
with each side measuring 110 A. They consist of two 
dimers side by side, and are presumably about 55 A thick 
although, because the molecules lie flat on the support, 
side views are not seen. 

Most of the phosphorylase b erystals were in the form 
of needles, but a search showed a few crystalline arrays 
in the form of very thin sheets. "These gave an ideal 
picture of the tetramers (Fig. 1). The centres of the four 
sub-units lie at the corners of a rhombus the angle of 


The rods are 


which measures 107°. The repeat distance in both 
directions is 120 A with the molecule itself measuring 


about 110 A. These arrays gave unusually sharp small 
angle electron diffraction patterns (Fig. 2). Such patterns 
allowed the 120 A repeat spacing to be measured with 
accuracy in terms of the ring patterns given by small 
deposits of gold which the 
specimen. 

Parts of suitably orientated needle-shaped crystals also 
showed a clear picture of repeating units (Fig. 3). The 
main repeat along the length of the crystals was again 
120 A, but the width of the repeating units was only about 


were evaporated on to 





Fig. 2. 


The electron diffraction pattern given by the 
Fig. 1 
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Fig. 3. A pattern seen in a needle-shaped crystal. *h longitudinal 
row is interpreted as a side view of an array similar to Fig. 1. 
(€x 1,000,000.) 








50 A. It is assumed that this is an edge-on view of the 
molecules, so that the view in Fig. 3 is perpendicular to 
that in Fig. 1. The main 120 A repeat is subdivided into 
three parts by minor striations between the major ones. 
It is supposed that the major contribution to the image 
of the erystal comes from the negative stain that outlines 
the surface molecules. Some stain, however, penetrates a 
layer or two inside the crystal. The sideways displace- 
ment of the molecules in each row of Fig. 1 is 35 A (= 120 x 
sin 17°). Some interior staining can thus account for the 
approximately equal subdivisions of the main 120 A 
repeat. 

The repeat distance across the width of the crystal 
in Fig. 3 is 95 A. The cross-striations clearly run through 
both the light and dark longitudinal lines in all parts of 
the crystal. This suggests that the 95 A repeat distance 
contains two layers of tetramers (each as in Fig. 1) seen 
on edge but with one displaced relative to the other giving 
a corrugated surface. This also seems to be demanded by 
the low water content of the erystals (35 per cent by 
volume as reported later) which precludes the dark regions 
being entirely empty of protein. 

The, two 120 A repeats inclined at 107° measure the 
same, certainly to within 2 per cent. It is unlikely that 
the two edges of the molecule have by coincidence so 
nearly an identical length, and so the true unit cell in 
Fig. 1 is presumably 240 x 240 Å. Neighbouring molecules 
will then be alternate ways up. The suggested model of 
the crystal (which is, of course, a speculation and not a 
precise determination) is monoclinic with space group 
P2, and with four tetramers forming the asymmetrical 
unit. The arrangement of the tetramers is such as to give 
a=c=240 A (an identity not implied by the crystal 
system). Dimension b —95 A and 8=107°. 

A preliminary report!^ on the X-ray crystallography 
of phosphorylase erystals formed in strong salt, where the 
molecules are dimers, gives space group P2, with a= 120 A, 
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b=190 A, c—89 A and 8—1097. There is an obvious 
relationship with the electron microscope repeats except 
in the c direction. This suggests that the separation of the 
dimers is greater when the tetramer bond is not made. 

The fixed and well washed crystals contained only 
protein (the partial specifie volume of which has been 
determined? as 0-737) and water of density 1-00 (at 20 C). 
If the erystal density is known it is possible to calculate 
the molecular weight from the size of the unit cell. An 
attempt was therefore made to determine the density of 
the small erystals by sedimenting them in a gradient of 
dextran solutions (‘Dextran 20’, Pharmacia). The dextran 
molecules are too large to penetrate the crystals. The 
density of the dextran gradient at the level at which the 
erystals equilibrated as a sharp band should therefore indi- 
cate the density of the crystals. By means of calibrating 
droplets of mixtures of bromo-benzene and xylol this was 
measured to be 1-230 g cm at 20° C. This density 
requires 64-5 per cent of the erystal volume to be protein. 

The volume of the crystal occupied by two tetramer 
molecules of phosphorylase b is suggested by the electron 
microscopy to be 1-31 10° Å? (= 120 x 120 x sin 107° x 95). 
Each tetramer thus contains (0645/2) x 1-31 x 10* A’ or 
4:25 x 10-'* em? of protein with a partial specific volume 
of 0-737 em? g-'. The molecular weight of the tetramer 
is thus 4:25 x 10-'*x N/0.737. where N is Avogadro's 
number (6x10). The electron microscopy and the 
density determination thus indicate a molecular weight 
of 346,000 for the tetramer. This is in good agreement 
with the redetermined value* of 370,000 obtained from 
measurements of the sedimentation and diffusion co- 
efficients and by sedimentation equilibrium. 

The striking rhombie shape of the tetramers appears 
to lead to a remarkable conclusion about the nature of the 
sub-units. The likelihood of a symmetrical arrange- 
ment of sub-units in a polymeric molecule has been fully 
discussed by Monod et al.'*. If the sub-units in the dimer 








Fig. 4, The two monkeys (from Lincoln International Toys) at the top 
illustrate a dimer formed by an isologous bond. The bond consists of two 
double links (a big toe of one on a little toe of the other), The dimer 
necessarily has two-fold rotational symmetry about the axis shown 
(rotation of the axis interchanges the monkeys twice in each revolution), 
A further isologous bond (between left hands) leads to a tetramer with 
two-fold rotational symmetry about three perpendicular axes. The shape 
can appear nearly square but never projects as a rhombus. 
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are identical, it is expected that they are joined together 
by an isologous interaction about a two-fold axis of 
rotational symmetry (Fig. 4). In erystallographie terms 
the dimer has C, (or 2) point-group symmetry. The dimers 
may then join by a second set of isologous bonds to form 








Fig. 5. The two monkeys at the top show a dimer formed by a hetero- 
logous bond. It has no symmetry. The link (left foot between both the 
feet of the other one) cannot be repeated. The dimers can form a 
tetramer with a nearly rhombic shape and only a single two-fold axis. 





Fig. 6. A dimer of two similar but not identical monkeys. The left hand 

of the darker one is different and forms a link to the head of the lighter 

one. Again the tetramer can a pearly a rhombus with a single two- 
old axis. 
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tetramers. These have D, (or 222) symmetry. Four 
sub-units at the corners of a rhombus, however, can never 
have such symmetry; their symmetry can only be C, 
(or 2). 

There are two alternative conclusions. The dimers 
might be formed by a heterologous interaction with the 
second potential link blocked by some kind of sterie hind- 
rance (Fig. 5). As Monod et al. remark!*, such a structure 
is “aesthetically unpleasant" and has less stability than 
the symmetrical link shown in Fig. 4. [t can, however, 
lead to a rhombic tetramer as is clear from Fig. 5. Monod 
et al.'* have argued in favour of the belief that if a struc- 
ture such as that shown in Fig. 5 ever existed it would be 
modified during evolution to a symmetrical dimer. 

If the idea of an asymmetrical association of identical 
sub-units is rejected, the only alternative conclusion 
is that the sub-units in the dimer may be very similar 
but not identical. As Fig. 6 shows, this can also give a 
rhombus. The identity of the polypeptide chains in 
phosphorylase is usually assumed but it has never been 
conclusively established. The evidence is simply that 
much work has never suggested any difference. A tetra- 
mer containing identical dimers of similar but not identical 
sub-units is, of course, the well known strueture of the 
haemoglobin molecule. A molecule such as this, under the 
control of two different genes, may have an evolutionary 
advantage. 

The electron microscope observation of the rhombic 
shape of the phosphorylase tetramer is thus taken to 
suggest that the sub-units are of two different kinds. 

We thank Dr W. B. Gratzer for his help. One of us 
(D. A. C.) also thanks Professor Sir John Randall for 
his support and the Science Research Council for a student- 
ship. 
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"UO Nuclear Magnetic Relaxation 
in a Protein-Water System 


Tue phenomenon of nuclear spin-lattice relaxation for 
1() in isotopically enriched water has previously been 
discussed'?. The relaxation times for “O compounds are 
governed entirely by the rotational reorientation times of 
the molecules, because of the very large electric quad- 
rupole moment of the "O nucleus. This is not true for 
spin S=1/2 nuclei such as !H. For these, spin-lattice 
relaxation is governed both by intramolecular (rotational) 
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motions and intermolecular motions (relative motions of 
other neighbouring nuclear or electron magnetic moments). 
Proton relaxation times are very susceptible to the 
presence of dissolved paramagnetic impurities while 
UO relaxation is very much less sensitive. In the past 
the sensitivity of proton relaxation times to this factor 
has caused some trouble with the interpretation of relaxa- 
tion times in solutions of biopolymers?. 

I describe here a study of the temperature dependence 
of the spin-lattice relaxation time, T,, of VO in 11 per 
cent isotopically enriched H,YO in 5 per cent (by weight) 
solutions of ribonuclease A. These experiments were to 
investigate the applicability of this technique to the 
problem of protein hydration and water structure. The 
reason for believing that the use of H,'"O is advantageous 
with respect to other nuclei in such studies is the following. 
If it is assumed that there is rapid exchange between bulk 
and hydrated water, then the observed relaxation rate, 
1/T,, for any nuclear moment on the water molecule can 
easily be shown to be related to the relaxation rate, 
(1/T,)u, for the bulk water and the relaxation rate, 
(1/T,)., for the hydrated water by the expression 

(1/P soos = (1/T 1) + CQO/T à — 0/7,)4]W — A/P) (0) 
where (1/T,)obs is the observed relaxation rate, C is the 
concentration of protein in grams of dry protein per gram 
of solution and W is the weight of hydrated water per 
gram of dry protein. In the derivation of this equation 
it is assumed that C <<1. The relaxation rates of nuclei in 
any isotopic water molecule, i, are given by expressions 
of the form! 

O/T)sw = Keto (2) 
(T), s = Kiten 


where tew and te,n are the angular reorientation times of 
the bulk and hydrated molecules, respectively, and K; is 
a coupling for nuclear species, i, in s-?. Provided that the 
angular reorientation time for hydrated water is much 
larger than for bulk water the relaxation rates will be in 
the same ratio. With this approximation, (1/7))n> (1/T,)«, 
equation (1) reduces to 


(U/Tors = O/T))u + CW(U/T), (3) 


If Q is the difference between the relaxation rates for the 
solution and pure water, Q = (1/T,)ons — (1/7) », then using 
equations (2) and (3) 


Q = CWKiten (4) 


Table 1 lists the values of K; which may be derived for 
water for the various nuclei. Clearly, for a given tea at 
given concentrations C and W the observed Q for H,!70 
will be 500 times greater than for H,O and 125 times 
greater than for D,O. Conversely, much smaller protein 
concentrations with smaller hydration shells have greater 
effects on YO relaxation than on 'H or ?H relaxation. In 
addition, the sensitivity to paramagnetic species is a 
factor of 50 less for YO than for protons at the same 
concentration of the species, 


Table 1. COUPLING CONSTANTS FOR NUCLEI IN WATER MOLECULES 
Molecule Coupling constant (s-*) 
H,O 0-15 x 10? 
1,0 0-60 x 103? 
H,"O 75:00 x 10 


The VO relaxation rate may be accurately measured 
from the width of the resonance line only outside the 
limits pH=6 to pH=8 for the solution because at 
neutrality the resonance signal is broadened by spin-spin 
coupling to protons’. Thus within this range spin-spin 
relaxation rates are not equal to spin-lattice relaxation 
rates. It is known that T, does not depend on pH, how- 
ever. Around pH — 7, where most biologically meaningful 
measurements must be made, T, may be found by con- 
ventional RF pulse techniques*, or by the more simple 
method of non-recurrent adiabatic rapid passage*. 
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Fig. 1. Viscosity in centipoise as a function of reciprocal absolute tem- 
g po € n 
perature for a 5 per cent solution of ribonuciease A in water (upper curve), 
and pure water. Dotted line indicates gelation of solution. 


Fig. 1 shows the results of viscosity measurements for 
water and a solution of 5 per cent ribonuclease 4 
(Worthington, lyophilized, phosphate free). The protein 
buffered itself at pH = 8-9. The measurements were made 
using a Couette viscosimeter thermostatically controlled 
to within +0-01° C. At around 60° C the protein under- 
goes a decisive, rapid, denaturation. At this temperature 
a gel is formed which has, for the purposes of this dis- 
cussion, an infinite macroscopic viscosity. This process 
of gel formation is irreversible, with no visible return to 
solution on lowering the temperature. 

Fig. 2 shows the results of relaxation rate measurements 
on pure 11 per cent H,O water, on 5 per cent ribonuclease 
A in this water starting with intact protein, and on the 
gel formed from this after standing at 25° C for one day. 
The sample temperature was maintained by a liquid. 
jacketed container to within +0-08° C (my unpublished 
experiments). The results of the experiments may be 
stated very briefly. The presence of protein nearly doubles 
the relaxation rate of H,"O at all temperatures. There 
is no single activation energy for the relaxation process in 
either pure water, the protein solution or the gel. The 
temperature dependent parts of the free energy of activa- 
tion seem to be very similar for the three cases, however. 
There is absolutely no immediate effect of denaturation 
on the relaxation rate of H,''O water, that is, there is no 
discontinuity when the solution passes from liquid to gel. 
Lastly, when left to stand, the relaxation rate of the water 
in the gel drops slightly, but retains the same temperature 
dependence as the solution at all temperatures. 

lt is clear from these results that the macroscopic 
viscosity has very little to do with the interpretation of 
rotational motion of water molecules in these systems. 
It has been observed previously in gelatine solutions that 
there is no change in the amount of hydrated water on 
gelation’. Tt has previously also been foundè? that the 
relaxation rate of protons in protein and glycogen solu- 
tions may be expressed by an equation of the form 


Q = Ck (5) 


where the constant $ has been found to vary from 0-03 
to 0-08. This equation is in the form of equation (4). If 
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Fig. 2. Relaxation rate in s- for VO as a function of reciprocal absolute 

temperature for: (4) 5 per cent solution of ribonuclease A in water (to 

be compared with upper curve in Fig. 1); (B) gel resulting from denatu- 

ration after standing for one day at 25° C; (C) pure water. (4) and (B) 

were determined from line width studies assuming a Lorentzian shape. 
(C) determined by adiabatic rapid passage. 


the corresponding relation holds for the solution of ribo- 
nuclease A in water, the constant is found to be 30. This 
is entirely consistent with the difference in magnitude of 
the coupling constants, as mentioned previously. 

The magnitude of hydration in proteins appears to be 
of the order of 0:15 g of H,O per g of dry protein’. In 
the case of ribonuclease this would mean about 150 moles 
of H,O per mole of protein. This is well under a reason- 
able estimate for a monolayer. Because the effect on YO 
relaxation times is so large 1t should be possible to investi- 
gate systems in which this number is very much lower as 
well as small changes in hydration caused by changes in 
protein or solution parameters. 

The experiment on the gel indicates clearly that 
immediately on setting there is essentially no change in 
the fraction of bound water or its correlation time. On 
standing, however, the combined results indicate that the 
gel loses some of its water of hydration to the bulk 
fraction. 

More experimental work will have to be done before a 
molecular interpretation of the composite activation 
energies observed for the solution and gel can be put 
forward. 
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Absorption Spectrum of Rhodopsin 
denatured with Acid 


Tug visual pigment rhodopsin is composed of the chromo- 
phore, retinal, and the protein moiety, opsin'?. Retinal 
and opsin are considered to be bound to each other 
primarily by a Schiff base linkage, and secondarily by a 
stereospecific link?-^. An ¢-amino group, probably of a 
lysine residue in opsin, may participate with the Schiff 
base binding?". The nature of the secondary link is still 
obscure, but its existence is suggested by: (1) rhodopsin can 
be regenerated from opsin and 11-cis retinal beyond other 
isomers!?; (2) a bathochromie shift of absorption spec- 
trum of retinal in rhodopsin cannot be simply explained 
by the Schiff base with amino compounds?; (3) Schiff base 
linkages are usually unstable at pHs at which rhodopsin 
is stable*; (4) when rhodopsin is attacked by de- 
naturants of protein or by heat, bleaching resulta!9 105; 
(5) retinal in rhodopsin has been found to be fixed asym- 
metrically on the protein'?-!*, . 

The secondary link must be involved in the batho- 
chromic shift of absorption spectrum, a distinguishing 
property of rhodopsin. We have examined the effects of 
denaturants of protein on the linkage between retinal and 
opsin and obtained results supporting the Schiff base 
hypothesis. When rhodopsin solution was denatured 
by triehloroacetie acid, the colour was properly changed 
from purple to yellowish orange. When the bleached 
solution was frozen, the purple colour was almost re- 
covered. Such colour changes were observed repeatedly 
when the solution was melted and refrozen. In these ex- 
periments we investigated this phenomenon in more detail. 

A digitonin extract of cattle rhodopsin was prepared by 
the usual procedures!s. Outer segments of rods were 
collected by sugar gradient centrifugation and hardened 
with potassium alum, freeze-dried, washed with light 
petroleum ether and extracted with 2 per cent aqueous 
digitonin. Isorhodopsin (9-cis chromophore) was prepared 
by irradiating rhodopsin solutions at liquid nitrogen. tem- 
perature through a filter transmitting wavelengths longer 
than 590 my!*, until the Amax of the sample had shifted 
from 498 my. (initial) to 487 my (isorhodopsin). Absorp- 
tion spectra were measured at room temperature with 
the Hitachi spectrophotometer (EPS-2A) and at low 
temperature with the Cary spectrophotometer (Model 14) 
using a special apparatus for low temperature spectro- 
scopy!*; the temperature was kept in the range 90^. 
110° K, monitored with a thermocouple immersed in the 
sample. 

Trichloroacetie acid denatures and usually precipitates 
proteins. Rhodopsin in digitonin micelle is denatured at 
room temperature but not at first precipitated, and its 
absorption spectrum can be measured. Fig. 1 shows the 
absorption spectra of cattle rhodopsin (1) and rhodopsin 
denatured by acid so the solution contains a final con- 
centration of 0-1 M trichloroacetic acid (2). Acid-denatured 
rhodopsin shows a Amax of 440 my at 20° C, characteristic 
of so-called “protonated” Schiff bases. When the de- 
natured rhodopsin is brought to the temperature of liquid 
nitrogen, the spectrum (3) is shifted to longer wave- 
lengths (Amax 495 my), close to Amax of native rhodopsin. 

Fig. 2 shows the absorption spectra of rhodopsin, acid- 
denatured rhodopsin and acid-denatured isorhodopsm at 
low temperature. Each absorption spectrum is normalized 
to a maximum absorbance of unity. to facilitate com- 
parison. We find that Amax is located at 500 my in 
rhodopsin, 495 mu in acid-denatured rhodopsin and 
480 mu. in acid-denatured isorhodopsin. Yoshizawa and 
Wald found cattle rhodopsin at the temperature of liquid 
nitrogen to have max of about 505 my” in the difference 
spectrum. Our native rhodopsin at the same tempera- 
ture has JXqgax of a slightly longer wavelength in the 
difference spectrum. In the frozen state, the height of 
the absorption spectrum is usually enhanced!**, In our 
experiments, the absorption spectrum of acid-denatured 
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isorhodopsin was most enhanced. Enhancement depends 
in part on the conditions of freezing and even more on 
the medium2?, 

At low temperature the spectrum of acid-denatured rho- 
dopsin is broader in the range of 500-600 my than that of 
native rhodopsin. The difference in max of acid-denatured 
rhodopsin and isorhodopsin in the frozen state implies a 
difference in the geometric configuration of the chromo- 
phore, 

We examined the effeets of irradiation at 446 my and 
580 mu. obtained by passing light from a 1 KW pro- 
jection lamp through interference filters. Irradiation of 
acid-denatured rhodopsin with 446 my light at liquid 
nitrogen temperature resulted in a shift of Amax from 
495 my to 500 mp; irradiation with 580 my light resulted 
in a shift from 495 my to 480 mu. These shifts of max 
must be caused by photo-isomerization of the chromo- 
phore, retinal. The acid-denatured rhodopsin still has 
ll-cis isomer, and irradiation at 446 my isomerizes it to 
all-trans and irradiation at 580 my. isomerizes to 9-cis, so 
arriving at the Amax of acid-denatured isorhodopsin. 

When a rhodopsin solution was bleached by light at 
room temperature and then treated with trichloroacetic 
acid, the solution revealed no shift of Amax when brought 
to low temperatures. Acid-denatured rhodopsin showed 
à single peak at about 440 my (Fig. l, spectrum 2), but 
the photo-bleached solution similarly treated showed a 
broader and diffuse spectrum (pH 5-8). Morton et al.*? 
established that the photo-produet is partially decom- 
posed further to retinal and opsin. It seems that the shift 
Of Amax from 440 my to the longer wavelength in the 
frozen state is caused only when the chromophore, retinal, 
is bound at the original attachment site on opsin. 

The primary linkage of retinal to opsin is a Schiff base 
and the secondary link is a mutual interaction between 
retinal and opsin, like a key and lock*. When rhodopsin 
is made highly acid opsin as a lock should be destroyed to a 
considerable degree. Probably the essential part of the 
lock is not the whole opsin molecule but some special 
groups or circumstances near the Schiff base site. If the 
bathoehromie shift of absorption spectrum of acid- 
denatured rhodopsin at the frozen state is not merely an 
artefact, but reflects characteristics of the secondary link, 
reconstructed and stabilized in the acidic and frozen 
state, the linkage between retinal and opsin can be 
explained. The primary linkage is the Schiff base with 
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Fig. 1. Absorption spectra of rhodopsin and acid-denatured rhodopsin, 

Spectrum 1 is of rhodopsin solution and spectrum 2 of the solution 

containing 0-1 M trichloroacetic acid (acid-denatured rhodopsin) at 

20° C, for light path of 10 mm. Spectrum 3 is that of the acid-denatured 
rhodopsin at 90°-110° K for light path of 2 mm. 
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Fig, 2. Absorption spectra of rhodopsin (spectrum 1), acid-denatured 


rhodopsin (spectrum 2) and acid-denatured isorhodopsin (spectrum 3) 
at 90°-110° K for light path of 2 mm. Each spectrum is normalized 
to maximum absorbance of unity. 


an e-amino group of lysine, which is not destroyed by 
acid denaturation*. The secondary link ean be formed 
with special residues near the primary linkages under 
acidie and frozen conditions. 
A —COOH group is important for the bathochromic 
shift. In the preliminary experiments we confirmed that 
the bathochromic shift of acid-denatured rhodopsin was 
not caused by interaction of retinal and trichloroacetic 
acid, and that other organic acids could be substituted for 
trichloroacetic acid. Rhodopsin is itself an acidic protein 
(pK 5-43)". It contains more glutamic and aspartic acid 
than basic lysine and arginine residues. It is therefore 
supposed that highly acidic conditions may be provided 
by side chain groups of acidie residues near the Schiff 
base site. 
Which residues in the polypeptide chain of opsin are 
responsible for these interactions ? Various retinal com- 
plexes are now being examined in conditions similar to 
those of aeid denaturation. 
We thank Professor Ichijiro Honjo for encouragement 
and Dr K. Kawai for lending apparatus for low tempera- 
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Cross-linking in Collagen by 
Potassium Nitrosyldisulphonate 


Earland and Stell^? found that wool, silk, casein and 
insulin, when treated with potassium nitrosyl disulphonate 
(KNDS), acquired altered properties which led them to 
conclude that new interchain cross-links had been formed 
and that tyrosine residues were involved in their forma- 
tion. The tyrosine was first converted by a sequence of 
oxidative stages to reactive indole 5: 6 quinones, which 
could then cross-link with suitably positioned side chains, 
for example, with another indolequinone residue to form 
a melanin type dimer or with an amino group to form an 
amino-substituted 5:6 dihydroxy indole'. Tryptophan, 
free or bound, is also oxidized by KNDS and the disulphide 
group of cystine is slowly oxidized to sulphonic acid?. We 
have found that the other natural -amino-acids are 
resistant to KNDS, and because collagen is virtually free 
from cystine and tryptophan it seemed to be interesting 
to examine the effeets of KNDS on this protein, for its 
action would be specifically directed towards its tyrosine 
residues. Other oxidative procedures, for example, ultra- 
violet light irradiation, are less specific. 

In these experiments, the same acid-soluble collagen 
from rat skin as already described was used?*. Samples 
were precipitated from acetie acid solution by neutraliza- 
tion and incubation at 37° C, and were washed briefly 
with water before treatment with KNDS (prepared as 
described by Palmer‘). The deep orange crystalline solid 
was stable for months if stored at 0? C. An aqueous 
solution of KNDS is purple because of the dissociation of 
the dimerie (solid form) to the monomerie free radical. 
Aqueous solutions were found to be fairly stable in the 
cold, provided the pH was greater than 7, but were freshly 
prepared for the experiments. The concentration of 
KNDS was determined in the starting solution by titration 
with standard thiosulphate, following addition of potas- 
sium iodide and acid. Its extinction at 540 my was also 
measured and could then be eorrelated with concentration. 
A suspension of acid-soluble collagen (50 mg) in 0-05 M 
bicarbonate, pH. 8.3 (15 ml.), containing 95 mg of KNDS 
was agitated in subdued light. The same concentration 
of KNDS in 0-05 M bicarbonate, without collagen, served 
as a control. At various intervals 2-3 ml. of suspension 
was removed, centrifuged and the extinetion of the super- 
natant at 540 mu was measured. From the difference 
between the extinetions of this and control solution the 
amount of KNDS consumed could be calculated. The 
collagen in the sample was washed several times with 
water, a few fibres removed for determination of shrink 
temperature (T's) in 0-14 M sodium chloride and autoclaved 
with water at 120? C for 2 h to give a solution of known 
volume of gelatine. The amount of collagen was calculated 
from hydroxyproline determined in a hydrolysed portion* 
using the conversion factor 7-0. Fluorescence of the 
gelatine solutions relative to that of an autoclaved solution 
of rat skin collagen? from which acid-soluble collagen had 
been extracted (ERSC) was measured in an Aminco- 
Bowman spectrofluorometer. (We thank Aspro Nicholas 
Ltd for the use of this apparatus.) Tyrosine was estimated 
fluorimetrically with x-nitroso 8-naphthol by a method 
based on that described by Udenfriend*, and the estima- 
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tions were earried out on the gelatine solutions without 
previous hydrolysis’. 

In a second experiment, suspensions of acid-soluble 
collagen (about 20 mg) in 5-6 ml. of bicarbonate containing 
different amounts of KNDS were agitated for 19 h and 
analyses were carried out as deseribed. Results of both 
experiments are given in Table 1. In these experiments 
all the solutions of gelatinized acid-soluble collagen, 
whether treated with KNDS or untreated, had the fol- 
lowing spectral characteristics: excitation maximum 
330 my; fluorescence maximum 405-410 my. Following 
the treatments with KNDS the collagen was coloured a 
pinkish-buff. Even after a short treatment (0-25 h with 
19 per cent KNDS) the collagen was markedly less soluble 
in acetic acid and became insoluble with longer treatment. 






Table 1. EFFECT OF TREATMENT OF ACID-SOLUBLE COLLAGEN SUSY 
WITH POTASSIUM NITROSYLDISULPHONATE IN BICARBONATE SOLUTIO 


SIONS 
.pu 83 


Fluores- Tyrosine of KNDS con- 
KNDS (% Time of cence treated sumed (mols 
on weight treat- Ts (ERSC* collagen — monomer/mol 


of collagen) ment (h) = 100) (2/100 gy tyrosine) 


9 — 45-92 t 17 045. 00 0 
19 0:25 45-507 f mE — 10 
19 05 49-55* 51 0:36 10 
19 1 49-56° 44 0:36 10 
19 2 51-55? 47 O16 12 
19 19 55-61° 52 O18 2 
59 19 58-62? 47 011 16 
93 19 59-62? 50 0.07 16 

200 19 58-62? 50 0:07 16 


* Extracted rat skin collagen, 
* Dissolved completely at shrink temperature. 
1 Dissolved partially at shrink temperature. 


The data in Table 1 show that KNDS reacts relatively 
quickly with acid-soluble collagen, most being consumed 
within 2 h. A further small amount is consumed between 
2-19 h accompanied by a further rise in T's of 5° C. Pro- 
longed treatment with 59-200 per cent of KNDS raises 
the T's to that of the native rat skin collagen fibres*. T's 
tends to rise with removal of tyrosine, the maximum being 
reached when about three-quarters of the tyrosine has 
been removed. Fluorescence increases fairly quickly to 
its maximum of about 50 per cent of the reference solu- 
tion, but shows no further rise with further lowering of 
the tyrosine. This suggests that some derivatives formed 
from altered tyrosine are fluorescent while others are not. 
The former would presumably be dihydroxyindolie, for 
compounds of this type often exhibit fluorescence in ultra- 
violet light, whereas melanins have little or no fluorescence. 
Not all the tyrosine is removed even with a large excess 
of KNDS. (This was confirmed by ultraviolet spectra of 
the gelatine solution in alkali which showed a small 
inflexion at about 290 my.) A similar observation with 
wool was made by Earland and Stell*. This would indicate 
the relative inaccessibility of a small portion (1/6 to 1/7) 
of the tyrosine residues in the tropocollagen structure. 
The effect of KNDS seems to be similar to that of tyro- 
sinase. This enzyme was found by Dabbous* to form 
fluorescent cross-links in tropocollagen and its attaek was 
specifically directed to the tyrosines of the so-called 
telopeptide portion. 

The amount of KNDS consumed in these experiments 
is greater than expected. Its reaction with tyrosine com- 
pounds is complex and has not been fully elucidated, but 
if all the tyrosine was converted to melanin-type dimer, 
there are four oxidative stages each consuming two 
molecules of KNDS, making a total of eight molecules of 
KNDS consumed per molecule of tyrosine. If the final 
product is a dihydroxyindole derivative, the consumption 
would be six molecules, because the last condensation is 
non-oxidizing. As has been pointed out, however, it 
may not be possible to determine accurately the true 
consumption of KNDS because its reduction products 
may cause its further decomposition. 

The results indicate that KNDS causes cross-linking in 
collagen. The effect on T's, solubility and fluorescence is 
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similar to that produced by ultraviolet light?, but in 
contrast to KNDS it has been found that the tyrosine of 
the irradiated collagen was unchanged. It is known that 
ultraviolet light ean convert phenylalanine into tyrosine 
residues? 19, so that destruction of this amino-acid could 
be balanced by its production from phenylalanine. The 
similarity of fluorescence characteristics of acid-soluble 
collagen to that produced by KNDS suggests that collagen 
fluorescence may be caused by a dihydroxyindole deriva- 
tive, and supports the suggestion that fluorescent cross- 
links are formed in vivo from active quinoid intermediates, 
resulting from oxidation of tyrosine residues! 
One of us (J. A. K.) was a Beit memorial fellow during 
this work. 
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Staircase Phenomenon of Human 
Muscle : Relation to the Active State 


Desmedt and Hainaut! have interpreted their findings on 
the stairease phenomenon of normal human muscle in 
situ in terms of the “kinetics of myofilament activation", 
and find themselves at variance with the current explana- 
tion of the phenomenon according to which the poten- 
tiation of the twitch force is due to a prolongation of the 
“active state"? as defined by Hill. The disagreement is 
based on the finding of a shortening of the contraction 
time of the isometric twitch in staircase 
potentiation'*-*. Desmedt and Hainaut! 
argue that this finding rules out (a) that 
the potentiation is caused by a prolonga- 
tion of the decay of the "active state", and 
(b) that the "active state" reaches maxi- 
mum in a single twitch. Instead, they 
suggest that the staircase phenomenon is à 
result of an intensification of the "active 
state, early in the contraction cycle of 
the twitch. 

The finding of a shortened contraction 
time in the potentiated twitch, however, 
cannot decide whether or not the "active 
state" reaches maximum in a twitch con- 
traction. A protraction of the initial decay 
of the "active state" can account for the 
shorter contraction time of the potentiated 
twitehes during the staircase (Fig. LA). 
This broadening of the shoulder of the 
"active state" curve should bring about a 
delay in the decrease of the shortening 
velocity of the contractile component in the 
beginning of the twitch*. Thus the force 
development and its rate of change both 
increase. Whether the peak force is en- 
hanced or diminished is then determined by 





0.0 


isometric twi 





Fig.1. A, ‘Active state" curves used in caleulating the first i< 
h in response to repetitive stimulation at low frequency. Pm, Peak force 
of the first twitch; Ps, peak force of a potentiated twitch. B. Force-extension diagram of 
the series-elastic component as defined by: P=0-01. Py. (@%re — 1). ze, Extension in units 
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the interplay between the gradual decline of the “active 
state", the decrease in the shortening velocity of the con- 
tractile component with increasing force and the inerease 
in the resistance to stretch of the series-elastic component. 
An enhancement of the twitch (staircase, Pa, Fig. LA) then 
results in a shortening of the contraction time as compared 
with that of the first twitch of the series (Pm, Fig. 1A). 

The following calculations on the two component model 
of muscle? substantiated the possibility of obtaining a 
potentiated twitch contraction by a delay in the decay of 
the "active state". 

(a) Because "active state" curves resemble the decline 
of a normal distribution, the “active state" of the first 
twitch (P;) was deseribed by 








Pit) e Pos e7450 
where P, is the isometric tetanic force and t is the time 
in seconds (Fig. 14). Thus P; declines to the peak force 
of human hand muscles (about 0-1. P,)^ in 50 ms. 
This is about the contraction time of these muscles!, 
The "active state" eurve of the later twiteh of the serios 
was chosen so as to increase P; by at most 0-2. P, as 
compared with the first twiteh; the terminal parts of the 
curves coincide (Fig. 1.4). 

(b) The shortening velocity (V) of the contractile eom- 
ponent was calculated from the isometric force (P) 
according to a modified Aubert? equation 





à 


Vou eee = 
P.) P005 





where V is given in muscle lengths (Le) per second. With 
this equation the maximum velocity of shortening is 
3 L.js. 
Aubert’s equation? 
P, 

V = B.log s- 
g P +005. Po 
was modified to take into account the decline of the 
"active state”. P, was replaced by Pi and B by Pi/Po, 
for Jewell and Wilkie* have found that the velocity of 
unloaded shortening 
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of Ls, the muscle length. 
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(c) The force-extension diagram of the series-elastic 
element was assumed to be exponential! and to follow 
the equation 


P = 001. Pe. (301 — 1) 


where zx, is the extension measured in units of the muscle 
length. This equation implies that the series element is 
fairly compliant at small loads, the extension being 8 per 
cent of Lo at 0-1. Po; at the isometric tetanic level the 
series element is stretched by 15 per cent of the muscle 
length (Fig. LB). Wilkie’ reported a total lengthening 
of 10 per cent in his elbow flexors and of 10-15 per cent 
in isolated muscles under full isometric tension. 

The slope of the force-extension diagram (Fig. 1B) is 

2 
A = 30.(P+0-01 Po) 
dae 
Thus the slope increases ten-fold as P increases from zero 
to 0-09. P, which is about the twitch force of the 
human muscle! t-68, 

In an isometric twitch the rate of stretch of the series- 
elastic component equals the shortening velocity of the 
contractile component. At any moment during the rising 
phase therefore the rate of force development is 


dp dP y 
dt dxe 
that is 
dP Fi Pi 
L—— = 30.(P -0 UE dag eue 
di (P + 001 P). g .log Boon. P; 


Using the “active state" curves of Fig. 14 the force 
development in the two twitches was calculated at 
intervals of 5 ms. dP/dt at each time gives the increase 
in force during the next 5 ms (Fig. 24). With these 
assumptions the contraction time and the ratio of twitch 
to tetanus were of the same order as found in the intrinsic 
muscles of the hand!:*-*, 

Furthermore, the twitch corresponding to the broad 
shouldered “active state" curve of Fig. L4 was potentiated 
by 42 per cent as compared with the initial twitch (Fig. 24). 
The peak-foree of the potentiated twitch was attained 
5 ms earlier than the peak of the reference twitch. The 
rate of force development was potentiated as well, the 
maximum rate in the potentiated twitch exceeding that 
of the reference twitch by 52 per cent (Fig. 2B). That 
the maximum rate of force development of the poten- 
tiated twitch was later than found experimentally! does 
not invalidate this explanation. The delay would dis- 
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Fig. 2. A, Calculated time course of force development in the first ( O— ©) and the later 
(9 — 9) twitch evoked by repetitive stimulation at low frequency (compare Fig. 14). 
Pm, Peak force of the first twitch; Ps, peak force of the later, potentiated twitch. 
B, Calculated rate of force development in the two twitches, the first (O— O) and the 


later (@— @). 
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appear by choosing a slightly different course of the force- 
extension diagram for the series-elastic component. 

The calculations demonstrate that the changes in the 
isometric twitch associated with the staircase phenomenon 
of human muscle can be accounted for ky a delay in the 
initial decline of the "active state" and Go not necessitate 
Desmedt and Hainaut’s! assumption of en increase in the 
maximum intensity of the "active state’? iu successive 
twitches. My explanation is a modification of that sug- 
gested by Ritchie and Wilkie*. A number of limitations 
of Hill’s two-component model have previously been 
demonstrated®:-4. The low ratio of twitch to tetanus 
is important in this connexion. If the model is used, 
however, conclusions like those drawn by Desmedt and 
Hainaut! are not justified. 





Pour ROSENFALCK 
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University of Copenhagen. 
Received May 2, 1968. 
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Effect of Sodium Transport and 
Vasopressin on the Respiratory 
Quotient of the Toad Bladder 


Ir has been inferred! that the respiratory quotient of 
metabolism associated with sodium transport in the toad 
bladder may be greater than 1:0. We have therefore 
directly examined the respiratory quotient of this tissue, 

Studies were carried out using Warburg flasks in which 
the centre well was replaced by two hollow sidearm 
stopcocks to which alkali was added*. Contiguous pieces 
of bladder were placed into paired flasks containing 
either sodium or choline Ringer solution 
(Na or choline 111, K 4:6, Ca 1-8, Cl 113, 
HPO, 2-0, and H,PO, 2-0 mequiv./l., ad- 
justed to pH 6-5 with HCl; 220 mOsm/kg 
H,O) After the pressures at the start 
were recorded, the stopeocks were kept 
closed and the carbon dioxide resulting 
from respiration accumulated in the flask. 
After 60-90 min the tissue was killed by 
tipping 4 N H,SO, into the flask and after 
equilibration the pressure was again re- 
corded. The sidearms were next opened, 
the carbon dioxide absorbed, and the final 
pressure measured. Chan in volume of 
both carbon dioxide and cxygen were then 
calculated. These were corrected for carbon 
dioxide present in the tissue and flask at 
the beginning of the study. Results were 
expressed as QCO, and QO, defined as 
ul. of gas (STP)/mg dry tissue/h. 

As will be seen from Table 1, the QUO, 
of the tissue was 56 per cent greater and 
the QO, 59 per cent greater in sodium than 
in eholine. The respiratory quotient of the 
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tissue in choline was slightly but significantly higher than 
in sodium. When the experiments were treated as choline 
versus sodium pairs (that is the fifteen individual inere- 
ments in the production of carbon dioxide were divided 
by the fifteen individual increments in oxygen consump- 
tion), the mean incremental respiratory quotient was 
0-86 + 0-02 (S.E.). This figure, taken to be the respiratory 
quotient associated with sodium transport, is significantly 
less than 1-0 and does not support our original inference 
of a respiratory quotient greater than unity. 






Table 1. RESPIRATION IN CHOLINE AND SODIUM RINGER SOLUTION 

Medium aco, QO, RQ 
Choline Ringer 0-55 + 0-03 0-59 + 0-04 0-93 +001 
Sodium Ringer 085 + 0-05 0-94 + 0-06 0-91 +0005 
Difference + 0°30 + 0-05 +034 + 0-05 — 0-022 + 0-008 
Percentage change +56 per cent +59 per cent — 2-4 per cent 
P «0-01 x 0-01 «0:05 


Values given are the means of fifteen measurements + standard error. 
Each flask containing choline was paired with a flask containing sodium, and 
the standard errors of the differences are calculated from the fifteen differences 
hetween pairs. 


Previous studies drew attention to carbohydrates 
(endogenous glycogen’, exogenous glucose, pyruvate and 
lactate!) as sources of energy for sodium transport by the 
toad bladder. In addition, however, beta hydroxybutyrate! 
and acetoacetate’ also stimulate sodium transport in 
this tissue. The respiratory quotient of 0-86 reported 
here provides independent evidence that carbohydrate is 
not a unique energy source for sodium transport and 
implieates contributions by endogenous lipid and/or protein 
when the tissue is metabolizing in vitro. 

Leaf and Dempsey have shown that vasopressin stimu- 
lates both sodium transport and oxygen consumption 
by the toad bladder*. To determine the effect of vaso- 
pressin on the respiratory quotient, paired tissues were 
plaeed in sodium Ringer, with and without added vaso- 
pressin (as pitressin, 175-400 mu/ml., or approximately 
8 mu/mg dry weight of tissue). As shown in Table 2, for 
the tissues with vasopressin the mean QCO, was 19 per 
cent greater and the mean QO, was 15 per cent greater; 
in six of the nineteen experiments, increments were 
either absent or negligible (less than 5 per cent). The 
presence of vasopressin raised the respiratory quotient 
slightly but significantly. In the thirteen experiments 
in which there was an increase of QCO, and QO, of at 
least 5 per cent the mean incremental respiratory quotient 
was L0843 0:06. This figure is significantly higher than 
the respiratory quotient of 0-86 caleulated for sodium 
transport; the difference is 0-218 + 0-067, P «0-01. This 
indieates that vasopressin does not stimulate tissue 
metabolism merely by stimulating sodium transport 
through the metabolie pathways used when sodium alone is 
added to toad bladder, and led us to look for an effect of 
vasopressin on metabolism of tissue in the absence of 
sodium. 


Table 2. EFFECT OF VASOPRESSIN ON METABOLISM IN THE PRESENCE OF 





SODIUM 
Medium QCO, QO: RQ 

Sodium Ringer 0-81 40-04 0:87 + 0:05 0-93 +001 
Sodium Ringer plus 

vasopressin 0-96 + 0-04 1-00 + 0-04 0-96 +001 
Difference +015 + 0-08 +013 40-04 + 0-029 + 0-011 
Percentage change +19 per cent +15 per cent +3-1 per cent 
P. < 0-01 <0-01 < 0-02 


Values given are the means of nineteen measurements + standard error. 
The standard errors of the differences are calculated from the nineteen 
differences between pairs. 


In the absence of sodium, oxytocin* and vasopressin? 
did not significantly increase oxygen consumption of the 
toad bladder. Goodfriend and Kirkpatriek?*, however, 
reported that vasopressin and oxytocin inerease the 
metabolism of glucose and pyruvate labelled with '!C, 
and Handler and Orloff? showed an increase in phosphory- 
lase activity in the absence of sodium. In a third set of 
experiments, paired tissues were therefore placed in choline 
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Ringer solution, with and without added vasopressin. 
With vasopressin the QCO, and QO, were significantly 
greater, by 11 per cent and 10 per cent respectively 
(Table 3). The respiratory quotient was not significantly 
changed by vasopressin. The effects on CO, production 
have been confirmed by studies carried out with the toad 
bladder mounted in a glass membrane chamber!!*, Both 
surfaces were bathed in choline Ringer solution. Produc- 
tion of CO, was measured by a conduetometrie method!!, 
A tissue receiving vasopressin (50-125 mu/ml.) was alter- 
nately compared with a paired half bladder not receiving 
vasopressin. During the 90 min period after addition 
of vasopressin, in tavelve periods lasting 10 min studied 
in four half bladders, CO, production was 8-9+3-2 per 
cent higher by the tissue receiving vasopressin (P < 0-02). 
In the sodium-free studies with  neurohypophyseal 
hormones, experimental variation was such that changes 
of the magnitude observed here either were? or would have 
been’ statistically insignificant. 


Table 3. EFFECT OF VASOPRESSIN ON METABOLISM IN THE ABSENCE OF 
SODIUM 
Medium QCO; Qo, RQ 
Choline Ringer 0.44 + 0-02 0-46 + 0-02 0-96 +001 
Choline Ringer 
plus vasopressin 0-49 0-01 0-59 + 0-01 0-07 + 0-01 


Difference +0047 20-014 
Percentage change +11 per cent +10 per cent 
P «x 0:01 < 0-02 ns 

Values given are the means of nine measurements + standard error. The 
Standard errors of the differences are calculated from the nine differences 
between pairs. 


+ 0:045 + 0-015 t 0-012 





We conclude that although a part of the increased 
metabolie rate following addition of vasopressin to tissue 
bathed in sodium Ringer solution seems attributable to in- 
creased sodium transport, there is an additional stimula- 
tion of metabolism not dependent on sodium transport. 
If the increment of metabolism caused by an increased 
sodium transport occurs at a respiratory quotient of 
0-86, the direct stimulation of metabolism by vaso- 
pressin must occur at a respiratory quotient significantly 
greater than 1-0 in order to achieve the observed 
("combined") respiratory quotient of 1-08. This raises 
the possibility that vasopressin stimulates synthesis 
of lipid or protein in the toad bladder. Such an event 
might be related tc the effects of this hormone on per- 
meability of the tissue to solutes and water!?. Because the 
respiratory quotient of the increment with vasopressin 
in sodium Ringer solution is not significantly different 
from 1-0, an alternative interpretation is that the incre- 
ment is caused by stimulation of carbohydrate metabolism. 
Such an interpretation is consistent with several observed 
effects of vasopressin on toad bladder: (a) phosphorylase 
activity is stimulated? and this action could produce 
glycogenolysis; (6) glycogen loss has in fact been 
shown*!/* both in the presence and in the absence of 
sodium, although in both of the sodium-free studies the 
loss was not statistically significant; (c) metabolism of 
glucose labelled with MC is increased’. If this interpreta- 
tion is correct, it follows that the sodium transport 
induced by vasopressin is supplied by a metabolie path- 
way different from that supporting sodium transport in 
the absence of vasopressin. 

Cohen? has drawn attention to the possibility of 
erroneous conclusions being drawn from studies of the 
respiratory quotient if oxidation of substrates does not 
proceed completely to carbon dioxide and water. Although 
our results must be evaluated with this in mind, we are 
aware of no evidenee indicating that there is significant 
incomplete oxidation of endogenous substrate by the 
toad bladder respiring aerobically in vitro. Of greater 
concern to us are two other variables: (a) the measured 
changes in metabolism whieh oceurred when choline 
was substituted for sodium might be caused in part by 
some effect of this change other than simply to reduce 
sodium transport; íb) the metabolic effects of vasopressin 
might be caused in part by the response of smooth muscle 
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present in the submucosal layer of the toad bladder. These 
variables have been present in previous studies with toad 
bladders using Warburg flasks and represent a potential 
limitation of the method. 
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Respiratory Quotient arising from 
Microbial Activity in Relation to 
Matric Suction and Air Filled 
Pore Space of Soil 


THE moisture content of soil affects the oxygen supply of 
micro-organisms, and their metabolic activity’. Oxygen 
has low diffusibility in water, and at zero matric suction 
(saturation) oxygen concentration falls rapidly to zero’, 
causing anaerobic conditions to prevail. As matric 
suction increases, there is increasing occupation of soil 
pores by air, so the supply of oxygen improves. Thus, 
by progressively increasing matric suction from zero, a 
stage will be reached when the proportional occupation 
of soil pores by air and water corresponds to a transition 
from anaerobic to aerobic conditions. The extent of the 
anaerobic interval, in relation to matric suction, will 
depend on the physical characteristic of the soil. Coarse 
textured soils usually have a high proportion of large pores 
that drain at low matric suctions and can be expected to 
have a short anaerobic interval, while fine textured soils 
tend to have many small pores that drain at higher matrie 
suctions and can be expected to have a longer anaerobic 
interval, 

With aerobie conditions in the soil. the respiratory 
quotient (RQ), which is the amount of carbon dioxide 
produeed per unit volume of oxygen uptake, approx- 
imates to a value of one. When predominantly anaerobic 
conditions prevail, the RQ is considerably greater than one 
'This is because of the dominant activities of the obligate 
and facultative anaerobes, which can release carbon 
dioxide without concomitant wptake of molecular oxygen. 

Oxygen uptake of micro-organisms in soil has been 
suggested by Webley? as an index of soil aeration. The 
amount of oxygen uptake, however, depends on the 
mierobial population and the amount of substrate present 
as well as the degree of aeration, making comparison 
between different soils diffieult. Also, oxygen uptake is 
reduced when the soil moisture content is low when 
aeration is obviously adequate. The use of the respiratory 
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quotient as an index of aerobic or anaerobic conditions 
may overeome these problems. 

Duplicate samples of soil were collected from the 
0-7-6 cm horizon of Conargo sandy loam!, Mundiwa 
loam’ (red brown earths) and Riverina clay* (grey soil of 
heavy texture). The samples were air dried and passed 
through a 2 mm sieve before respiration studies were 
started 4 days after collection from the field. Sufficient. 
water was added, using an atomizer and constantly 
stirring with a spatula, to bring 100 g of soil uniformly 
to predetermined moisture contents corresponding to 
various matric suetions. The required moisture contents 
were obtained from the moisture characteristic of each 
soil, previously determined on separate samples within 
the range 0-600 em H,O by means of suction plates. 
Oxygen uptake during a 5 day period was determined by 
means of electrolytic respirometers using electric c 
for recording the time of known current used for oxygen 
generation, similar to the method of Smith*. Carbon 
dioxide was measured by titration of a known amount of 
alkali solution kept in the respirometer chambers. 
Respiratory quotients were calculated from the preceding 
two measurements. Separate samples at each matrie 
suction were packed into cylinders of known volume, 
being treated in the same way as the samples in the 
respirometers, and were oven dried at 105° C to determine 
the precise moisture content and bulk density. A pyeno- 
meter was used for the determination of soil particle 
density, and the air filled pore space corresponding to 
each matrie suction was caleulated using these measure- 
ments of moisture content and density. 

The relationships between RQ, matric suction and rà 
filled pore space for the three soils are shown in Fig. 1 
For low matrie suctions in the soil samples, the RQs were 
considerably greater than one, and air filled pore space 
was approximately 5 per cent. With increasing matric 
suction a stage was reached when, within a comparatively 
narrow range of matric suctions, the RQ changed from 
high values to a value of approximately one and air 
filled pore space changed from approximately 10 per cent 
to more than 20 per cent. These changes in RQ and air 
filled pore space were related to the clay content of the 
soil, the changes occurring at progressively higher matric 
suctions as clay content increased, resulting in progres- 
sively longer anaerobie intervals. The value of the RQ 
during the anaerobic interval also increased with im- 
creasing clay content. In the case of the Riverina clay, a 
lower RQ was observed at zero matrie suction than in 
the range 20-50 em H,O. This was possibly caused by 
aerobie decomposition of organie matter in the thin 
surface film of moisture formed at this matrie suction 
when the sample was placed in the container for the 
respirometer, thus reducing the overall RQ of the sample. 
During preparation of the samples, it was noticed that 
Riverina clay readily dispersed when saturated with 
water, allowing organie matter of low density to move to 
the surface. This did not occur with Conargo sandy loam 
or Mundiwa loam. The observed relationship between 
RQ, matric suction and air porosity was consistent for 
the three soil types studied and may have widespread 
application for soil. 

Within the range of 10 to 15 per cent air filled pore 
space, gaseous diffusion in soil approaches zero* and 
plant growth or yield suffers appreciable reduetion*, It 
is interesting to note that the change in matric suetion 
(and thus in air filled pore space also) coinciding with the 
sudden decrease in RQ includes this range of values. 

Thus the change in RQ from high value to & value 
approximately one appears to be related to the minimum 
air filled pore space which others^* have found to be 
critical for sustained plant growth. 

The nitrate content of soil is also important in the 
nutrition of plants and is particularly sensitive to aeration. 
When the soil is well aerated, nitrates may be produced 
by nitrification; but where poorly aerated conditions 
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prevail there can be loss of nitrates through denitrification. 
A previous investigation® showed that losses of nitrate at 
low soil matric suctions coincided with high RQ values 
but no losses occurred when the RQ was approximately 
one. Thus in relation to matrie suction, the anaerobic 
interval as indicated by RQ values would give the likely 
extent of conditions favourable for denitrification. 
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Calcium Transport in Isolated 
Sarcoplasmic Reticulum during 
Muscle Maturation 


THERE is abundant evidence that the sarcoplasmic 
reticulum (SR) of skeletal muscle plays an important 
part in excitation—contraction coupling and in relaxation 
of musele fibres'. It is usually accepted that the ability 
of this membrane system to transport calcium ions 
rapidly in the immediate vicinity of the contractile pro- 
tems accounts for its effects. Thus release of calcium 
from SR to myofilaments leads to muscle contraetion; 
removal and sequestration of ealeium by the reticulum 
bring about relaxation. 

Preparations of fragmented SR (microsomes) have been 
isolated from muscle, and their ability to transport 
calcium has been studied extensively?-3. The activity of 
the microsomes in vitro is thought to reflect the activity 
of the reticulum in the intaet muscle. The avidity of 
microsomes for calcium seems to correlate with the type 
of muscle from which it is derived. Thus microsomes 
from fast. or white, muscle accumulate caleium more 
rapidly than those from slow, or red, muscle*9. Because 
many of the characteristics of skeletal muscle, including 
speed of contraction and relaxation, ebange during 
development? *, we thought that it would be interesting 
to study the calcium transporting activity of microsomes 
during maturation of muscle. 

The breast muscle of the domestic fowl was chosen for 
these experiments because it consists primarily of white 
type musele? which is similar to mammals’, and because 
it is readily available at all stages of development. Micro- 
somes were prepared from the superficial pectoral muscles 
of White Leghorns by conventional methods which have 
been used for other species?. Uptake of calcium and 
measurements of ATPase were carried out at room tem- 
perature as previously described", All reported values 
were obtained during an initial relatively linear part of 
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Fig.1. Calcium accumulation by microsomes during muscle maturation. 
Calcium uptake was measured in a medium containing 10 mM tris, at 
pH 71-4, 5 mM. MgCl, 5 mM ATP, 5 mM K oxalate, 0-1 mM **CaCl,, and 
0:04-0-20 mg microsomal protein/ml. Each point represents the mean 
uptake (+ one S.E.) of several preparations for each two-day age group. 
Ten to twelve embryos or three to six hatched chicks were used for each 
preparation. The number of preparations for each point is in parentheses, 
Open cireles represent single preparations. 
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the Ca uptake and ATPase measurements (that is, during 
the first 5 min of incubation). Protein concentrations 
were determined by the biuret method. 

Microsomal preparations from chicks of all ages before 
and after hatching corresponded to those from other 
species of animals in all characteristics which we studied. 
Uptake of calcium required the presence of ATP. Mg and 
oxalate; the optimal concentrations for Mg and ATP 
were found to be identical to those for other species’. 
Sodium azide, which is a known inhibitor of mitochondrial, 
but not microsomal, calcium transport!?:??, failed to alter 
the uptake of calcium of our preparations. Electron 
microscopy showed that our preparations contained 
vesicles, and that there was no contamination by mito- 
chondria or myofibrils. It is of interest that the rate of 
uptake of calcium is considerably lower for chick than for 
mammalian microsomes at optimal conditions in our 
laboratory. 

Our results (Fig. 1) indicate that the caleium trans- 
porting activity increases markedly during maturation. 
Before the nineteenth day of embryonie development, 
the mean uptake for all determinations was 0-02 + 0:002 
umoles of Ca/mg of microsomal protein/min. There was 
an increase in activity during the nineteenth and twentieth 
days, reaching a maximum level of 0-113+0-013 by the 
time of hatching. The calcium uptake remained at this 
high level for the older ages studied. The mean uptake 
of Ca for all preparations from the day of hatching through 
the twelfth postnatal day was 0-11+0-01, which is more 
than five times the mean value for the 13 to 18 day old 
embryos. There was no overlap of values during these 
separate age periods. 

It is unlikely that the lower activity of the microsomes 
from younger embryos was caused by artefacts because: 
(a) there was no loss of uptake of calcium activity to 
fractions other than the microsomal one prepared at 
speeds up to 100,000g; (b) electron micrographs revealed 
no evidence of greater membrane breakdown in embryonic 
preparations; (c) gentler preparative methods" used for 
embryo muscle did not yield more active microsomes. 
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Fig. 2. ATPase activity of microsomes during muscle maturation, 
The ATPase measurements were carried out in a medium of the same 
composition as that for the calcium uptake. Each point represents the 
activity of a single preparation at the age indicated. @—@, Pi released 
in total My emp containing 10+ M Ca; O—O, “Calcium- 
activated" A’ (Pi released in medium containing 10+ M calcium 
minus Pi released in calcium-free medium, containing 10* M EGTA 
(ethyleneglycol bis(beta-aminoethylether)-N,N’-tetraacetic acid). 
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Fig. 3. 


Electron microscopy of microsomal preparations. 
subcellular particles for electron microscopy 


Pellets of 
'* were fixed in cold 
buffered osmium tetroxide, embedded in “Epon 812’, sectioned, stained 
with lead citrate, and examined in an RCA EM U-36 electron microscope 
at 100 kV (x c. 30,850). (A) 15-day-old chick embryo. The mate 

consists of numerous circular profiles (vesicles) 30-200 er in diameter, 
broken membranes, ribonucleoprotein particles and glycogen, (B) 
3-day-old hatched chick. In addition to the circular profiles, there are 
numerous elongated — Dracus (arrows), approximately 

-200 my. 


One possible explanation for the increase in transport 
of calcium during muscle development might be an 
increase in microsomal ATPase activity, for ATPase 
activity is thought to be coupled to calcium transport of 
muscle microsomes!*, We failed, however, to find a close 
temporal correlation between the changes in microsomal 
ATPase activity and calcium uptake. The total ATPase 
activity had already begun to rise by the fifteenth day 
of embryonic life, well before the increase in calcium 
transporting activity, and reached a peak value by about 
the nineteenth embryonic day (Fig. 2). The “‘caleium- 
activated? ATPase (that is, the difference in ATPase 
activity with and without caleium in the medium) was 
low relative to the total ATPase and showed no significant 
change during the period of the marked increase in 
ealeium transport (seventeenth embryonic day to ] day 
after hatching). Hence some alteration in SR other than a 
change in ATPase activity must occur just before hatching 
to account for increased calcium transport. 

Electron microscopic examination of the microsomal! 
fraction suggested a possible anatomical basis for the 
increase in calcium uptake which we observed (Fig. 3). 
Rounded vesicles comprised the greater proportion of the 
closed membranous structures present in the preparations 
from younger embryos. In contrast, preparations from 
the hatched chicks contained significantly greater pro- 
portions of elongated membranous structures as well as 
the vesicles. Similar elongated structures are prominent 
in the caleium-avid mierosomes from mature white muscle 
of rats, but are rare in the less active red musele micro- 
somes!*, These structures may account for the greater 
uptake of calcium of mature white muscle microsomes, as 
compared with that of immature white or adult red 
muscle. It would be of interest to know if there is change 
in SR of intact muscle during the period in which we 
have found biochemical and morphological changes in the 
microsomal fraction. ^ Available studies'’-*° do not 
specifically answer this question. 
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It has been suggested that the speeds of contraction 
and relaxation of mature skeletal muscle are determined 
by the ealeium transporting activity of the sarcoplasmic 
reticulum’. This relationship can profitably be analysed 
in developing skeletal muscle, because mechanical speeds 
of twitch muscles have been shown to increase with 
maturation in several species? Our findings of increasing 
uptake of calcium by microsomes during muscle develop- 
ment are consistent with such a relationship, although 
data on the mechanical properties of chick pectoral 
musele are not yet available. In the rat, the speeds of 
contraction and relaxation of skeletal muscle increase 
maximally during the first 3 weeks after birth*. We have 
done preliminary studies with rat microsomes, which 
suggest that the caleium uptake increases markedly 
during the same period. 

The present report focuses attention on developmental 
features of the sarcoplasmic reticulum which may be 
important in regulating speeds of muscle contraction and 
relaxation. The relationship needs further evaluation 
with parallel mechanical, biochemical and morphological 
observations in the same muscle. 
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Human Circadian Rhythms 
and the 48 Hour Day 


A COMMON approach to the understanding of human 
circadian rhythms is to study their modifiability. Attempts 
to replace the 24 h sleep-wakefulness rhythm in man by 





NATURE, VOL. 218. JUNE 8. 1968 


Table 1. PERCENTAGE OF TIME SPENT SLEEPING DURING THE FIRST AND 
SECOND HALF PERIODS OF EXPOSURE TO 4 48 H ROUTINE COMPARED WITH THE 
CONTROL PERIOD ON A 24 H ROUTINE 





Kleitman* Woodings Meddis (1) (2) 
T K SP* e d VM RM DRH 
First half 16-5 16-5 25 2x 26 
Second half 16-5 16-5 24 26 26 
Control 33 33 28 aT 36 32 





* First and last three cycles, 


cycles of slightly altered length (for example, 21 or 27 h) 
have had some success!:?, Attempts to produce sleeping- 
waking rhythms which are a multiple of the natural eycle 
length such as 12 or 48 h have not, however, been very 
successful*?; the reasons for this are not yet clear. 

Attempts by Kleitman? and Woodings (personal 
communieation) to induce a 48 h sleeping-waking rhythm 
each involved two subjects who for 4 weeks slept only 
once every alternate night.  Kleitman's subjects slept 
8-9 h each while Woodings's subjects were allowed to 
sleep for as long as they wished on the "sleeping night”. 
The two experiments reported here involved first my 
wife (V. M.) and myself (R. M.) in an informal pilot study 
and second a male subject (D. R. H.). In both cases 
subjects were exposed to the routine for at least 2 months. 

None of the seven subjeets involved showed any real 
sign of adapting to the new 48 h routine in either a 
psychological or a physiologieal sense; not even D. R. H. 
after 56 days. In no ease, however, did continued expo- 
sure to the routine cause any harm, and while no subjects 
showed any keenness to continue at the end of the experi- 
ments, D. R. H. was still prepared to continue if neces- 
sary. In all cases, subjects were able to arrange a living 
routine which was reasonably compatible with their 
everyday commitments. 

One result common to all four experiments was that 
subjeets showed a considerable saving in time spent 
sleeping (Table 1), even when allowed to sleep as long as 
they wished. Surprisingly, no difference is to be seen 
between the first and second halves of the experiment, 
though some subjects report an increased tiredness on the 
second day towards the end of their investigation. 

An all-night record of electroencephalogram (EEG) 
and eye movements during sleep was made for D. R. H. 
on two occasions. The first record was made on the last 
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Fig. 1. Comparison of the distribution of rapid eye-moverment. periods 

between experimental night (48 h routine) and one control night (24 h 

routine), Arrows denote beginning and end of sleeping time. MA. 
Dreaming period. 
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48 h cycle of his experiment and the second, control 
record, 1 month later while he was living a normal 24 h 
day. With rapid eye movement periods as indicators of 
dreaming, the distribution of dreaming periods for both 
nights is given in Fig. l. The difference between the 
two patterns is quite striking. On the experimental 
night the rapid eye-Inovement episodes tend to be bunched 
at the beginning of the sleeping period while the control 
night shows the normal pattern with most periods of 
dreaming at the end of the night. In both cases, however, 
rapid eye movement periods amount to 29 per cent of 
the total sleeping time, such that the total amount of 
dreaming time is less on the 48 h cycle. 

The normal diurnal body temperature rhythm has a 
peak during the day and a trough during the night?. 
This rhythm seems essentially to be unaffected by exposure 
to the 48 h routine. Woodings reported some flattening 
of the bimodal 48 h curve, but Kleitman claims that the 
24 h rhythm is even further accentuated as the experi- 
ment continues. The composite body temperature curves 
for D. R. H., comparing 6 days in the first half of the 
experiment with 6 days in the latter half, seem to support 
Kleitman's assertion, but chiefly bear witness to the 
resilience of the 24 h rhythm. 

D. R. H.’s mood changes were measured (at 3 hourly 
intervals) on 6 days of each month using a twenty-one 
item mood-adjeetive check list. Responses for both 
months show the normal diurnal effects of increased 
tiredness and depression during the first waking night 
and similarly towards the evening of the second day. 
In the second month, however, the onset of tiredness at 
the end of the second day comes a little earlier; this was 
the only difference. 

Of three tasks which D. R. H. administered to himself 
at 3 hourly intervals on 6 days of each month, two showed 
clear diurnal variation and their results will be reported 
here. The first measure was the time taken to make 200 
clicks on a simple tally counter. The two sets of scores 
given in Fig. 3 have been separately standardized about 
their own means to cancel out practice effects. Although 
the curve for the second half of the experiment is some- 
what flatter, the depression of performance during the 
night is quite elear in both eases. In the second half of 
the experiment, D. R. H. began to slow up in the afternoon 
of the second day. This must be matched with the earlier 
onset of reports of tiredness. 

The second task involved measuring the time taken to 
sean a 40x25 matrix of random letters, counting the 
number of target letters (N). In this version of the task 
D. R. H. was not under any pressure to be error-free, 
merely to report the number of targets he saw (usually 
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Fig. 4. Preferred time of scanning a 40 x 25 matrix of random letters for 

a target letter (standardized scores) Comparison between the first 

(—— —)and second half (- — — ) of a 56 day period of exposure toa d&h 
routine in one subject (D. R, Ho. 


about 50-60 per cent). ln this form the test js a measure 
of haste or preferred working speed, and shows up diurnal 
variations which are not found if the subject must be 
exact. A comparison of the diurnal variations of speeds 
for the first and second month (Fig. 4) shows little difference 
and both curves show slowing in the afternoon of the 
second day while this is accentuated in the second month. 

Evidence from all four studies is chiefly complementary. 
First, the 48 h day is a feasible routine and harmless for 
short periods of 1 or 2 months. Second, the ratio of 
sleeping to waking time is significantly reduced. Third, 
there seemed to be little or no psychological or physio- 
logical adaptation to the new routine. — 

Why the adaptation fails to take place is still a mystery. 
Kleitman? has suggested that "by sleeping at the usual 
time every other night, the subjects were tearing 
down one night what had been built up the night before". 
If this means that we are failing to condition two antagon- 
istic responses, wakefulness and sleepiness, to the same 
Zeitgeber, darkness, then a repeat of the experiment in 
arctic summer conditions should have better prospects 
of suceess. 

Another hypothesis is suggested by the change in 
dreaming pattern shown by D. R. H. Fig. l indieates 
that most of the dreaming activity took plaee at the 
beginning of the night. This is what we might expect rf 
D. R. H. had been mildly "dream deprived ?. Further. 
more, the principal effect of prolonged exposure is an 
earlier onset of tiredness in the afternoon of the second 
day in each cycle. This cannot be a result of increasing 
sleep deprivation, for subjects were allowed to sleep for as 
long as they wished 36 h previously. The reduced amount 
of sleeping time may, however, result in a reduced absolute 
amount of dreaming time; this was true of the night 
sampled for D. R. H. In this way a gradual "dream 
deficit” may build up in time, which proves to be the 
ultimate restrieting factor causing the subject to become 
sleepy earlier and forcing a return from the 48 h schedule 
to one more like his natural diurnal sway. 

This work was supported by an apparatus grant from 
the Medieal Research Council. 
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Physical Exercise and Alcohol 
Metabolism in Man 


THERE is much controversy about the effect of physical 
exercise on the rate of metabolism of the alcohol, ethanol 
and on the rate of “sobering up” in man and laboratory 
animals. Some authors have found that ethanol meta- 
bolism is increased by muscular exercise!-*, while others 
have found no such effect?-!*. 

The liver is usually recognized as the principal organ 
involved in the metabolism of alcohol (Fig. 1). Alcohol 
is first converted to acetaldehyde, a reaction catalysed 
by the zinc-containing enzyme, alcohol dehydrogenase, 
with the co-factor nicotinamide adenine dinucleotide 
(NAD) acting as the hydrogen aeceptor!*, This reaction 
is regarded as the rate limiting step in the overall meta- 
bolism of alechol. The acetaldehyde formed is converted 
to acetyl-CoA which then goes into the Krebs cycle and 
participates in other reactions. During ethanol metabol- 
ism, the ratio of NADH to NAD inereases!? and because 
the availability of NAD is important for the dehydrogena- 
tion of ethanol to acetaldehyde, the NADH must be 
continually reoxidized back to NAD by various oxidation- 
reduetion processes. One such process, for the reoxidation 
of NADH in the soluble eytoplasmie compartment of 
liver cells, can be coupled with the reduction of pyruvate 
to lactate!*t*, During alcohol metabolism, there is an 
inerease in the ratios of NADH to NAD and lactate to 
pyruvate in liver and in the blood!*!*. During physical 
exercise the latter ratio is also altered, and in addition, 
during vigorous exercise the increased pulmonary ventila- 
tion, sweat loss and general rise in metabolic rate may 
inerease the rate of ethanol elimination from the body. 

Experiments were therefore carried out to investigate 
the effect of fairly intensive physical exereise on the rate 
of metabolism of a standard dose of aleohol administered 
to healthy male volunteers, After an overnight fast of 
12-14 h, ten normal well nourished men, aged 20-47 yr 
(mean age 29 yr), who were moderate occasional drinkers, 
were given 0-5 g of ethanol/kg body weight, administered 
orally in pure lemon juiee as described earlier!?, at inter- 
vals of 3-5 days. Venous blood and urine samples were 
obtained at half hourly intervals for triplicate analyses of 
ethanol and water. Ethanol was determined in Cavett 
flasks by a modification of the method of Williams, Linn 
and Zak**, and water content was measured by a gravi- 
metric method using samples dried at 105? ©. The concen- 
trations of ethanol, expressed in terms of the amounts 
in plasma water and urine water, were plotted against 
time, and the slopes of the rectilinear curves, after 
equilibration throughout the total body water, were taken 
as indices of the rate of alcohol metabolism. These were 
found to be relatively constant for each of nine subjects 
on all three oecasions. One subject showed some varia- 
tion on different days and was not used in subsequent 
experiments. In nine of these subjects, the alcohol 
experiments were repeated on two additional occasions, 
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Diagram of main pathways of alcohol (ethanol) metabolism in 
e liver cells. 


Fig. 1. 
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three occasions. The effect of physical exercise performed 1 h after this 
dose of alcohol in the same subjects is shown ( x — x). 


but 1 h after the dose of alcohol the men indulged in 
fairly intensive physical exereise in the form of a 1,000 
yard swim or a three mile run, during a 25 min period. 
Figs. 2 and 3 show the values obtained. Despite the 
possible loss of ethanol from the body through the lungs 
and skin during the period of exercise, the slopes of the 
ethanol eurves were not significantly different between 
the control values and those obtained after exercise. Tt is 
concluded that this degree of physical exercise had no 
effect on the rate of aleohol metabolism in these men. 

I thank Drs M. Brook and L. F. Green of Beecham 
Products (UK) for supplying the pure lemon juice. T 
also thank the volunteers. 
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Receptor Molecule for Oestrogens 
from Rat Uterus 


Recenr research (see refs. 1-3) has shown that 17ß- 
oestradiol is specifically taken up and retained, without 
detectable chemical transformation, by uterus, vagina, 
adenohypophysis, mammary gland* and hypothalamus’. 
In contrast, other organs rapidly release or transform it. 
In target tissues most of the hormone is found in the 
nuclear fraetion—up to 80 per cent, depending on the 
homogenization conditions—and the rest is mostly in 
the 105,000g supernatant*-'*,. Toft and Gorsky!!? 
found that the hormone in the supernatant is bound in 
larger part to a macromolecule (9-55) which, at least in 
part, consists of protein and has the properties of a specific 
receptor for oestrogens, that is, it shows a high affinity 
and specifieity for oestrogenic molecules. 
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Fig. 1. Percentage of radioactivity extracted at -- 4" C, in various con- 

ditions, from the nuclear fraction of uteri of ovariectomized rats injected 

in vivo with 0-2 ug of 6,7-* H-oestradiol-178. The radioactivity extracted 

was shown to be oestradiol-178 by thin-layer chromatography in two 

systems of solvents (benzene : ether, 1: 1; and chloroform). Partition 

chrome tography on ‘Sephadex G-25' showed that macromolecular bound 
oestradiol was about 60 per cent of that extracted. 
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Fig. 2. Sedimentation in a 5-20 per cent sucrose gradient of 0-4 M KCL 


extract (pH 8:5) of the nuclear fraction of the uteri of ovariectomized 

rats injected in vivo with 0-2 ug of 6,7-* H-oestradiol-178. Centrifugation 

was at 48,000 r.p.m. for 14 hat +2° Cin the Beckman ‘Spinco’ with SIF 

50 Lrotor. Bovine serum albumin was used as a reference to caloulate 
the sedimentation constant. 


It has been difficult to investigate the nuclear binding 
phenomenon, in which most of the hormone in the cell 
is involved, because the binding site has resisted solubiliza- 
tion. Research into the interaction between oestrogen 
and nucleus has usually employed the whole nuclear 
fraction in toto. This communication de: es the 
solubilization of a macromolecular component from rat. 
uterus nuclear fraction to which the hormone is bound 
in a non-covalent manner. This complex has a sedimenta- 
tion constant of about 5S, and is destroyed by proteases 
but not by nucleases. This is similar to the 5S component 
extracted from uterine nuclei by 0-3 M potassium chloride 
at pH 7-4 (ref. 13). We also present evidence of the 
specificity and affinity of the molecular interaction, show- 
ing that the solubilized macromolecule has the properties 
of a specific receptor for oestrogens. 

Adult female Sprague-Dawley rats were ovariectom- 
ized and after 7-12 days they were injected intramusen- 
larly with 0-2 ug of 6,7-*H-oestradiol-178 (specific activity 
42-4 Ci/mM; more than 98 per cent pure at the time of 
the experiment). Three hours after the injection the 
rats were killed and their uteri were dissected. Al the 
operations to be described were carried out in a cold 
room at 4° C. Ten uteri were minced, using scissors, and 
homogenized in TKE buffer (10-* M tris-hydrochloric 
acid, pH 7-4; 10-* M potassium chloride; 10-* M EDTA) 
using an ‘Ultraturrax’ homogenizer, type 18/2 (Janke 
and Kunkel), at 95 V in five successive runs lasting 15 s, 
each with intervals of 60 s. The nuclear fraetion was 
sedimented at 1,200g for 10 min and washed twice with 
the same buffer. The nuclear sediment contained on the 
average 80 per cent of the total radioactivity in the tissue, 
which consisted of 6,7-?H.-oestradiol.-l7B. as shown by 
thin-layer chromatography in two solvent systems. 
Tritium was measured by liquid scintillation in a dual 
channel spectrometer (Mark I, Nuclear Chicago). When 
necessary, efficiency was determined by the channel 
ratio method and radioactivity given as d.p.m. The 
nuclear sediment was re-homogenized in three successive 
15 s runs in TKE buffer of appropriate concentration 
and pH. Fig. 1 shows that at pH 85 with 0-4 M 
potassium chloride all radioactivity contained in the 
nuclear fraction is brought into solution within 1 h. These 
conditions of extraetion were used throughout. Fig. 2 
shows that the solubilized complex with the hormone 
has a sedimentation constant of about 58. 

Throughout this investigation the separation of bound 
and free oestradiol was accomplished on ‘Sephadex 
G.25' at 4? C in standardized conditions of flow and 
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Chromatography at +4° C on ‘Sephadex G-25 of 0-4 M KCl 
(pH 8:5) from the nuclear fraction of uteri of ovariectomized rats 
in vivo with 0-2 ug of 6,7-*H-oestradiol-176. The breakthrough 
peu ntains the macromolecular bound oestradiol; while free oestradiol 
is retarded by interaction with the ‘Sephadex’ matrix and its elution 
volume is larger than the total vohime of the column. 





column size (p 1-2 em, total volume 20 ml). Fig. 3 
shows a typical elution pattern of the nuclear extract, 
from ‘Sephadex G-25' at 4° C, pH 8-5, in TRKE buffer. 
About 60 per cent of the oestradiol in the nuclear extract 
was found to be bound. Lowering the pH to 7-4 or using 
(-4 M potassium chloride TKE buffer does not affect 
the yield of bound oestradiol. Table 1 shows the effect 
of different enzymes on the complex. indicating that the 
macromolecule involved is. at least in part. protein. 





Table 1. EFFECT OF ENZYMES ON THE OESTRADIOL MACROMOLECULAR COMPLEX 
FROM RAT UTERUS NUCLEAR FRACTION 


Oestradiol-178 bound after 30 
min at + 30* C with enzyme 


Enzyme tested 
(95 of control) 


Pronase (25 g/ml.) 4 
Trypsin (100 g/ml.) 14 
DNase (25 pg/ml.) 104 
RNase (25 ug/ml.) 101 


Free and bound oestradiol were separated by chromatography on *Sepha- 
lex G-25' at + 4° Cin standard conditions, During the 30 min incubation at 
c 30^ C, as a consequence of heat dissociation of the complex, the bound 
oestradiol in the control sample decreased from 14,560 to 6,190 d.p.m. 





As will be seen later, the macromolecule binding 
oestradiol appears to be readily solubilized only when it is 
complexed with the hormone. To study the affinity and 
specificity of the interaction several methods were tested 
for reversibly dissociating the complex in vitro. Heat 
treatment was best and the following procedure was used: 
nuclear extract containing the complex was heated at 
50° C for 5 min; varying amounts of 6,7-*H-oestradiol-178 
were added, and, after re-cooling to 4° C, bound and free 
radio] were separated from each other on ‘Sephadex 
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G-25'. The results are given in Fig. 4, and show that the 
curve of bound hormone against the total hormone con- 
centration has an initial steep component which rapidly 
reaches saturation, followed by a second slow-rising 
component. This indicates that in the nuclear extract 
there are at least two binding sites for oestradiol, one 
with high affinity and low capacity, and a second with low 
affinity. The first site, but not the second, is inactivated 
when heat treatment lasts for 5 min at 65° C. Plasma 
from the same ovariectomized animals was also tested, 
and the data in Fig. 4 show that the binding ability of 
plasma is about two orders of magnitude smaller than 
that of the high affinity site in the nuclear extract. 
Sandberg and Slaunwhite!* found that of all the plasma 
proteins albumin shows the highest affinity for oestradiol- 
178—the association constant is 2 x 10* (L/mole at +4° C) 
as measured by equilibrium dialysis. Of all steroid tested, 
albumin shows the highest affinity for oestradiol and is 
the carrier of this hormone in the blood. The nuclear 
extract is a crude preparation of which the macromolecule 
with high affinity for oestradiol is only a small fraction, 
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Fig. 4. Binding in vitro of 6.7-*H-oestradiol-17/ to the macromolecular 
fraction of the 0-4 M KCl extract (pH 8-5) from the nuclear sediments 
of homogenate from ovariectomized rats injected in viro with 0-2 pg ot 
labelled oestradiol-178. The endogenous 6,7 H-oestradiol-37? macrc- 
molecular complex extract was dissociated by pre-treatment for 5 min 
at +50° C; various quantities of labelled oestradiol-178 were added and, 
after re-cooling to --4? C, bound oestradiol was separated from free 
oestradiol on ‘Sephadex G-25'. The experiments show that in the 
macromolecular fraction from rat uterus there are at least two binding 
sites; one with high affinity and low capacity (steep-rising component 
urve) and a second with low affinity (slow-rising component of curve). 
The affinity of the first nuclear site is about two orders of magnitude 
greater than that of serum proteins from the same rats, The high 
affinity binding site is destroyed by treatment at + 65° € for 5 min. 











Table 2. BINDING in vitro OF 6,7-4H-OESTRADIOL-173 TO PLASMA AND TO MACROMOLECULAR FRACTIONS EXTRACTED FROM RAT UTERUS AND INTESTINE NUCLEAR 
SEDIMENTS 


Heat treatment Total oestradiol- 178 Oestradiol-178 bound nut 


Organ Fraction tested Pre-treatment of ovariectomized of fraction present in fraction of protein after 
rats in vivo tested after addition* ecoling at +4° Ct 
(d.p.m.) (d.p.m./mg protein) 
{ 0-2 ug 8,7- H-oestradiol- 178 Sat + 50°C 23x aa ane 
d Lauf Pon ^ sa $5 180 x 9,300 
Uterus | Nuclear extract pH 85004 M.— 1 9.3 yo Destra qior178 (cold) : 180 x 10° 81280 
lat 44° ( $ : i 
KClat +4 None None 180 x 10* 840 
{ n A’ at +40° € 180 x 10* 880 
{ [ 0-2 ug 6,7-* H -oestradiol- 175 None 180 x 10* 164 
Biood Plasma at 4^ € E «x 5'at +50° € 180 x 105 156 
i Mese S 5'at +65 € 180 x 109 190 
ati ‘Nuclear extract pH 85-04 M <02 ug 6,7-4H-oestradiol-178 None 180 x 103 312 
Intestine Chat dei ene ji 5'at +50°C 180 x 103 330 


The data are from an experiment carried out in duplicate, and were repeatedly reproduced, 


The extracts and plasma were chromatographed on 


‘Sephadex G-25' and only the macromolecular breakthrough fractions were used. 


* The total dose was in a final volume of 2 ml., with 0-5 mg/ml. of protein. In the uterine extract from mice injected with 6,7? H-oestradiol-178, 13,700 


d.p.m. were carried over from the in vive injection. 
from the same animals. 
G-25'. 


6,7-*H-oestradiol-178 was added in vitro after heat treatment. r : hromat hy or i 
Of the 13,700 d.p.m./mg of protein associated with the breakthrough fraction of the uterine nuclear extract from mice injected in vivo with the 


Virtually no radioactivity was associated with the breakthrough fraction of plasma and intestine extract 


tBound hormone was determined by chromatography on ‘Sephadex 


radioactivity, with the protein concentration used only about 7 per cent (970 d.p.m.) was found to be bound after heat treatment and re-cooling at + 4? C. 
Preliminary experiments with two series of heat treatment showed that, after more than 99 per cent of the originally bound radioactivity is removed, the same 


ratio of bound to free oestradiol is obtained by in vitro addition. 
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Table 3, INHIBITION OF BINDING OF 6,7 -H-OESTRADIOL-178 BY OESTROGENIC, 
NON-OESTROGENIC AND ANTI-OESTROGENIC SUBSTANCES 


Substances tested Bound 
(0-05 ug/ml.) 6,7-* H-oestradiol-1757 
^s of control) 





Oestradiol-178 23 
Oestradiol-17o 112 
Testosterone 95:0 
Cortisol 95-0 
Diethylstilboestrol 19 
U-11, 1004* 9-4 


The inhibition test was carried out as follows: the macromolecular complex 
with oestradiol, extracted at pH 8-5 by 0-4 M KCI, from the nuclear fraction 
of the uteri of ovariectomized rats injected with 0-2 ug of 6,7-*H-oestradiol- 
178. was dissociated by heat treatment (5 min at + 50° C), added to labelled 
oestradiol-178 to give 608 x 10° d. p.m. (0-00176 ug) and re-cooled to + 4^ €. 
The bound hormone was isolated by chromatography on 'Sephadex G-25'. 


* 1-(2-(p-(3,4- Dihydro-6-methoxy-2 phenyl-1-naphthylphenoxy)-ethyl) pyr- 
rolidine, HCl. his is an anti-oestrogenie compound in vivo’. 


and so we can conelude that the affinity constant of its 
binding site is several orders of magnitude larger than 
that of an albumin. 

In Table 2 the binding ability of nuclear fraction ob- 
tained from uterus nuclei of ovariectomized rats injected 
or not in vivo with oestradiol-178, labelled or cold, is 
compared. The results show that the complex with the 
hormone is much more readily solubilized than the binding 
macromolecule alone. These data may indicate that some 
physicochemical change in this macromolecule occurs 
as a consequence of the interaction with the ligand. 
This may be related to a conformational change of the 
macromolecule, and possibly suggest further research into 
the mechanism of action of oestradiol-178. Table 2 
shows also that nuclear extracts obtained from organs 
which are not targets for the hormone, prepared by the 
same extraction procedure as used with rat uterus, result 
in a macromolecular fraction with a binding ability 
roughly corresponding to that of plasma. Finally. 
Table 3 shows the results of experiments with substances 
closely related to oestradiol-178 but with no oestrogenic 
activity (oestradiol-17a, testosterone, cortisol), with 
non-steroidal oestrogenic compounds (diethylstilboestrol) 
and with anti-oestrogenic compounds (U-11, 100A) (ref. 
15). They show that only molecules endowed with com- 
petitive oestrogenic or anti-oestrogenic activity in vivo 
are also able to compete with oestradiol-178 for the 
binding site in the nuclear extract in vitro. In conclusion, 
the data indicate that the solubilized macromolecule, 
with a sedimentation constant of about 5S and consisting, 
at least in part, of protein. (a) has high affinity for 
oestradiol-178; (b) interacts specifically with non-steroidal 
compounds with oestrogenic and anti-oestrogenic activity, 
but not with other steroids closely related to oestradiol-178 
but without oestrogenie activity, and (c) is not present 
in nuelear extracts from non-target organs. such as the 
intestine. These are properties of a specific receptor for 
oestrogens. 
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Oestrogen as Depressor of Noradrenaline 
Concentration in the Anterior 
Hypothalamus 


Tur concentration of hypothalamic noradrenaline changes 
during the oestrous cycle, and after castration in rats. 
During pro-oestrus and after castration, high values of nor- 
adrenaline are found. During oestrus the concentration 
of this amine in the rat anterior hypothalamus is low! ?. 
The ovarian hormones, oestradiol and progesterone, when 
administered simultaneously, reduce noradrenaline and 
inerease dopamine in the anterior part of the hypothalamus 
of spayed rats practically to the levels found in normal 
oestrous rats?. This may mean that sex steroids exert a 
negative feedback influence on the adrenergic effectors in 
the hypothalamus. 

To study the effect of oestrogen on hypothalamic nor- 
adrenaline, the concentration of this amine was estimated 
in hypothalami of female rats (1) during the oestrous phase 
of the cycle; (2) after androgen sterilization when con- 
tinuous secretion of oestrogen is presumed to occur; (3) 
after ovariectomy of androgen-sterilized rats; (4) after 
treatment with oestradiol. Female rats weighing 180-200 g 
were used. Groups of six rats were decapitated. Their 
anterior hypothalami were dissected out and pooled as 
previously described?. Noradrenaline was assayed fluori- 
metrically?. Oestrous rats were killed after the previous 
observation of two normal oestrous cycles. Adult female 
androgen-sterilized rats were prepared by a single in jection 
of 1 mg of testosterone propionate (‘Syntex’) in the first 
or second day of life. Absence of corpora lutea in the 
ovaries was verified at the autopsy and animals without 
corpora lutea were the ones used in the experiments. In 
the oestrogen treated group l ug of oestradiol benzoate 
(Schering Co.) was injected subcutaneously daily for 7 
days. 

The results obtained are shown in Table 1. Normal 
oestrous rats and rats sterilized with androgen killed at 
2 p.m. showed similar concentrations of noradrenaline in 
the anterior hypothalamus. The values observed are 
comparable with those previously reported for oestrous 
rats studied in the afternoon!. In the sterilized rats there 
was a greater scatter of data. The concentrations of nor. 
adrenaline in rats treated with oestradiol did not differ 
signifieantly from the low concentrations found in the 
other groups. In sterilized rats à considerable increase m 
the hypothalamie concentration of noradrenaline was 
found after extirpation of the poly ie ovaries; this 
concentration was higher (P<0-01) than that in the 
sterilized rats with ovaries. 











Table 1. NORADRENALINE CON {THE ANTERIOR HYPOTHALAMUS 






Noradrenaline 






Normal oestrus (3) 
Androgen-sterilized (7) 
Ovariectomized androgen-sterilized (6j 
Oestradiol treated (3) 





Number of pools in brackets. 


* Statistically significant difference with respect to nidrogenized-sterilized 
rats (P « 0-01). 
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The results show that oestrogen reduces the noradrenal- 
ine content in the anterior hypothalamus. A low con- 
centration of the catecholamine is found when a constant 
level of oestrogen is present, as occurs in rats treated with 
oestradiol or in rats sterilized with androgen. The effect is 
also found during oestrus. The response in this case could 
be produced by the high levels of oestrogen associated 
with pro-oestrus when a pre-ovulatory high rate secretion 
takes place. 
Low concentrations of noradrenaline were found in all 
the groups of sterilized rats studied. This observation 
reveals an absence of the cyclic changes of noradrenaline 
seen in normal rats and related to ovulation!. A failure 
to ovulate spontaneously occurs in androgenized animals 
as previously reported’. Removal of the ovaries in andro- 
genized rats produces a significant increase of noradrenal- 
ine as in normal females?. It may be of interest to see if 
this response to the lack of sex hormones means that the 
adrenergic mechanisms in hypothalamus remain unmodi- 
fied after androgen treatment at birth. 
A. O. Doxoso 
J. O. CUKIER 

Instituto de Histologia y Embriologia, 

UNC Casilla de Correo 56, 

Mendoza, Argentina. 
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Repair of Alkylated DNA in 
Mammalian Cells 


THE cytotoxic action of the difunctional alkylating agent 
mustard gas, di-(2-chloroethyl) sulphide, on mammalian 
cells has been clearly associated with its ability to interact 
with DNA. At low concentrations of the agent, the only 
detectable biochemical effect of this reaction is the 
inhibition of DNA synthesis':?, 

We have evidence to suggest that lesions caused by 
alkylating agents in mammalian DNA can be repaired. 
Mouse lymphoma cells of differing sensitivities react 
equally with [**S]mustard gas*. The dose survival curve 
obtained by treating HeLa cells with varying doses of 
mustard gas shows a shoulder', which is at present thought 
to be associated with the repair of sub-lethal damage’. 
Furthermore, at the mean lethal dose there 
are multiple alkylations in the DNA (2 x 10+/ 
cell). The alkylating moiety can be partially 3; 
exeised from the DNA of alkylated HeLa 
cells!, and some biochemical evidence for 
repair of alkylated DNA has already been 
obtained. This came from a study of the 
effects of mustard gas on HeLa cells at 
different times during the cell eycle?. Varia- 
tions in the degree of inhibition of the rate 
of DNA synthesis could be correlated with 
similar variations in the cytotoxicity which 
results from such treatments, despite the 
fact that the DNA of the cell reacts equally 
with mustard gas at all times during the 
cell eycle?:*, 

It was anticipated that after removal of 
alkylation lesions, replacement of the excised 
portions of the cellular DNA would be re- 
quired. This "repair" synthesis can be 
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Fig. 1. Neutral equilibrium density gradient of HeLa S3 cells which 


were grown in the presence of BUdR (5 ug/ml.) for 18 b, transferred to 
normal medium for 2 h, before treatment or sham treatment with 
mustard gas at a final concentration of 200 ug/ml, for 45 min. The 
mustard gas was added in ether solution (100 mg/ml.) to a suspension 
of the cells in phosphate-buffered-saline solution (20 mL). The alky- 
lated cells were then transferred to medium containing tritiated 
thymidine (10 uCi/mL; 177 Ci/mmole) for 3 h. The deproteinized cell 
lysate, equivalent to 2-4 x 10° cells, obtained by the method of Painter 
and Cleaver', was treated with ethanol (3 volumes). The precipitate 
of DNA was redissolved in citrate buffer and 0-5 ml. of this solution was 
added to a solution of CsCl (5-9 g) in citrate buffer (4-0 mL) of pH 7-4 
(ref. 7); after centrifugation for 55 h at 45,000 r.p.m. in a fixed angle rotor, 
fractions of eight drops were collected, 0-05 ml. of which was assayed 
for radioactivity. The residue was diluted with water (0-5 ml.) for 
determination of the optical density at 260 mz. Q— O, Tritium counts; 
@—@, OD at 260 my. 


to oceur in cultured HeLa cells after treatment with 
mono and difunctional alkylating agents. This can 
be shown by CsCl density gradient centrifugation of 
appropriately labelled DNA, essentially as described 
by Painter and Cleaver’. The following procedure 
produced cellular DNA labelled in one strand with 
5-bromodeoxyuridine (BUdR), thereby producing a 
density label in this strand. Suspension cultures of HeLa 
S3 cells were grown asynchronously in Eagle's medium 
supplemented with 7 per cent foetal calf serum, When 
the cellular concentration reached about 5x 105/ml., 
BUdR (5 ug/ml) was added to the culture medium. 
Growth was allowed to continue for 16 h and the cells 
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distinguished from normal semiconservative 
DNA replication, and has already been 
shown in mammalian cells after ultraviolet® 
or X-irradiation’. 

We have found that this non-semicon- 
servative DNA synthesis can be shown 


Fig. 2. 


Alkaline equilibrium density gradient of cells labelled with BU. 
solution (0-5 ml.) prepared as in Fig. 1 was heated at 100° 
to a solution of C831 (6-2 g) in Na,HPO,-NaOH buffer adjusted to pH 12-5 (4-0 mL) (ref, 7) 
and the gradient obtained as for Fig. 1. 


10 20 30 40 50 
Fraction number 


The DNA 
for 15 min before being added 





x— x, Tritium counts; x —x, OD at 260 my. 
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were then transferred to normal medium for 2 h. Cells 
were then reacted with mustard gas, and DNA synthesis 
was investigated using tritiated thymidine. 

The extent of non-semiconservative synthesis—that is, 
synthesis involving incorporation of tritium into the 
heavy DNA-—could then be determined. To check this 
method, and to be sure that DNA of normal density could 
be repaired, cells were alkylated with mustard and the 
incorporation of tritiated BUdR was investigated. Non- 
semiconservative replication could then be recognized 
by incorporation of tritium into light DNA. In order to 
establish that the label was in each case truly incorporated 
into the appropriate strand, hybrid DNA was resolved 
into heavy and light strands by centrifugation in an 
alkaline CsCl gradient. In these conditions non-semi- 
conservative replication is shown by tritiated thymidine 
incorporated into the heavy strand in the first method, 
and by tritiated BUdR incorporated into the light strand 
in the second method. We encountered some difficulty 
when mustard gas was used as the alkylating agent 
because of the formation of inter-strand cross-links* in 
the DNA. These cross-links could be broken by heating 
DNA before strand separation. In addition, degradation 
of DNA accompanied the alkaline treatment, and this led 
to a broadening of the bands after strand separation: 
it did not, however, prevent the identification of the 
appropriate fractions. 

The results obtained (see Figs. 1 and 2 illustrating the 
first method and Figs. 3 and 4 the second) definitely 
established that alkylation of cells by mustard gas caused 
non-semiconservative replication of DNA. In Fig. 1 in 
untreated controls the peak of radioactivity at the position 
of light double-stranded DNA resulted from normal DNA 
synthesis. This peak was virtually absent in the gradient 
of cells treated with mustard gas as a result of the sup- 
pression of normal DNA synthesis; instead there was a 
peak of radioactivity in this latter gradient resulting 
from the incorporation of tritiated thymidine into hybrid 
DNA, which constituted the bulk of the DNA present. 
That this radioactivity was actually incorporated into 
the heavy and light strands is shown in Fig. 2. In this 
alkaline gradient the peak of radioactivity in the un- 
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Fig. 3. Neutral equilibrium density gradient of HeLa 53 cells. 





BUdR (5 ugimLl) was 


971 





OL 


OD 280 mz 


| 0-05 


C.p.m. ?H x 107 
ot pet 
e oe 
ae 
A 
Race 
a P d 
oJ — € € 


3 
| I 
= 


MUSTARD GAS 


we 
e 


EDU B UY 


C.p.m. *H x 107! 
e 


OD 260 ma 





Fraction number 


Fig. 1. The DNA solution as used for Fig. 3 was treated and subjected 
to alkaline CsCl density gradient centrifugation as described in Pig. 2. 
O—O, Tritium counts; -—-$, OD at 260 mz, 


treated control corresponded to the position of single- 
stranded light DNA. The broad band of radioactivity in 
the gradient of cells treated with mustard gas resulted 
from the equal incorporation of tritium into the heavy 
and light DNA strands of the labelled hybrid DNA 
illustrated in Fig. 1. 

In the experiment illustrated in Fig. 3, normal DNA 
synthesis in the untreated control resulted in a radioactive 
peak in the position of hybrid DNA while the bulk of the 
DNA present was of normal density. In the 
culture treated with mustard gas, normal 
DNA synthesis was suppressed and virtually 
all the radioactivity was incorporated into 
this light DNA. The alkaline gradient 
(Fig. 4) of the single strands of the DNA 
used for Fig. 3 showed that, in the control, 
the peak of radioactivity corresponded to 
the position of single-stranded heavy DNA, 
and the peak of optical density to that of 
single-stranded light DNA. In the cultures 
treated with mustard gas, all the tritiated 
BUdR radioactivity was incorporated into 
the light DNA strands. Also because this 
"repair" incorporation of tritiated BUdR 
into light DNA did not cause a significant 
shift in its overall buoyant density, the seg- 
ments of DNA involved must have been 
small in comparison with the total template 
available. This finding is therefore consistent 
with “patching” of small regions of DNA, 
presumably following excision of small seg- 
ments containing alkyl groups. Similar 
results were obtained with the monofunc- 
0 tional agents 2-chloroethyl 2-hydroxyethyl 
sulphide and methyl methanesulphonate at 
concentrations of 200 ug/ml. 

In summary, this demonstration of non- 
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added to cell cultures 2-5 h before treatment or sham treatment with mustard gas (200 
ng/ml.) for 40 min as described in Fig. 1. Cells were then transferred to medium contain- 
ing SHIBUAR (6-25 uCi/ml.; 493 mCi/mmole) for 4:5 h.. The precipitate of DNA obtained 
from the cell lysate as in Fig 1 was washed with 70 per cent ethanol, redissolved in citrate 
buffer, treated with RNase and reprecipitated with ethanol, The DNA was dissolved in 
citrate buffer and subjected to neutral CaCl gradient centrifugation and the fractions 
collected and assayed agin Fig. 1. O— O, Tritium counts; @—@, OD at 260 mz. 


semiconservative DNA synthesis in mam- 
malian cells as a result of alkylation suggests 
that cells possess a mechanism capable 
of repairing alkylation lesions in the 
DNA. The existence of such a mechanism 
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could aecount for the resistance of some cells towards the 
cytotoxic alkylating agents. It may also account. for the 
differential response of tissues to various carcinogenic 
compounds which have been shown to react with DNA. 

We thank Miss Ann Stephenson for technical assistance. 
This work was supported by grants from the Medical 
Research Council and the British Empire Cancer Campaign 
for Research, and by a Publie Health Service research 
grant from the National Cancer Institute, US Public 
Health Service. 
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Cell Respiration as a Requirement 
for Antibody Release in vitro 


FORMATION of haemolytic plaques in gel by lymphoid cells 
from animals immunized with heterologous erythrocytes! 
is inhibited by cyanide’. This has been interpreted as 
an indication that plaque formation results from active 
antibody production. There is, however, evidence to 
suggest that cyanide acts directly on antibody to prevent 
plaque formation‘. Neither of these alternative explana- 
tions for the action of cyanide accounts for the following 
observations: cyanide added to immunized lymphoid 
cells on the third day of the primary response reduced 
the number of haemolytic plaques by more than 90 per 
cent, while the same procedure reduced by only 50 per 
cent the number of haemolytie plaques obtained on the 
third day of the secondary response*. "These findings 
led to a series of experiments on the effect of several in- 
hibitors of cell respiration on plaque formation. The 
results indicate that these inhibitors act directly on cells, 
and not on antibody, to prevent plaque formation by 
cells obtained during the early primary response. Many 
plaques not suppressible by inhibitors of respiration may 
be "false plaques", that is, plaques produced by release 
of antibody adsorbed to small platelet or platelet-cell 
aggregates (unpublished work of Fitch). 

The general method for demonstrating antibody-releas- 
ng cells has been described previously*. Spleen cells 
were obtained from rats or mice 3 or 4 days after immun- 
ization with sheep erythrocytes. In most experiments, a 
base layer of 2 ml. of 0-7 per cent agarose dissolved in 
tissue eulture medium was poured into plastie Petri 
dishes, 9 cm in diameter. The top layer consisted of 2 ml. 
of 0-7 per cent agarose solution, 0-1 ml. of a 10 per cent 
suspension of sheep erythrocytes, 0-1 ml. of diluted spleen 
cell suspension and 0-] ml. of saline or a solution of an 
inhibitor. The pH of all solutions was adjusted to 7-4. 
The initial concentration of inhibitor was adjusted to 
produce the indicated concentration in the entire 4-3 ml. 
volume present in eaeh dish. The plates were ineubated 
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at 37° C for 1-5 h, rinsed with saline, and then ineubated 
for a further 1-5 h with complement, either 33 per cent 
rat serum for plates containing rat spleen cells or 10 per 
cent guinea-pig serum for plates containing mouse spleen 
cells. Comparable results were obtained with either agar 
or agarose as suspending agent. 

Potassium eyanide, sodium azide, rotenone and anti- 
mycin A caused profound and equivalent inhibition of 
plaque formation (Table 1). Although other effects ean 
be demonstrated for each of these agents, each inhibits à 
different step in the cellular respiratory pathway. Collec- 
tively, these data, together with published information‘, 
indieate that plaque formation requires an intact respira- 
tory pathway. 

It was noted in preliminary experiments that potassium 
eyanide solutions were strongly alkaline. To study the 
possible role of pH in inhibition of development of haemo- 
lytic plaques, plates were prepared using solutions of 
KCN which were not adjusted for pH or with pH adjusted 
to T-4 by addition of HCl. Plates were also prepared to 
evaluate the effect of inhibitors on antibody which had 
been released from lymphoid cells and combined with 
erythrocytes. This was done by adding inhibitors to the 
plates after they had been incubated for 1 h at 37? C. 
A sample (2 ml.) of a solution of KCN was added, the 
initial concentration being adjusted to produce the 
indicated concentration in the entire 6:2 ml. volume of 
agarose and liquid in the plate. The plates were incubated 
for an additional 30 min and rinsed with saline. Comple- 
ment was added, and the plates were again incubated 
at 37^ C for 1-5 h. The results of representative experi- 
ments are presented in Table 2. Cyanide present during 
the initial incubation of spleen cells greatly reduced the 
number of haemolytic plaques. If 10-* M potassium 
cyanide was added after initial incubation of spleen cells, 
it had no inhibitory effect if the pH had been adjusted to 
7-4. When the pH of this solution was not adjusted in 
this way, there was marked inhibition of plaque formation. 
Cyanide (10^? M) inhibited plaque formation regardless of 
pH. 

The interpretation of this experiment is complicated 
by the fact that the neutralization of solutions of potas- 
sium cyanide involves the loss of considerable amounts 
of hydrogen cyanide as a gas. The following experiment, 
however, provides conclusive evidence for an inhibitory 
effect of alkaline pH on plaque formation. 


Table 1. EFFECTS OF INHIBITORS OF CELL RESPIRATION ON HAEMOLYTIC 
PLAQUE COUNTS 
Plaques/plate* 
Solution added A B 
saline 408 472 462 506 
KCN, 10? M, pH 7-4 36 53 15 23 
NaN, 107 * M 44 52 “== m 
Rotenone, 10-5 M ?7 31 l4 20 
Antimycin A, 10-5 M 74 4 os — 


The concentration of solution indicated is that present in the final 4:3 mil. 
gel volume in the plate. 

* Results of two separate experiments. Plaque counts are for duplicate 
plates, each prepared with 0-1 ml, of a 1 : 5 dilution of pooled rat spleen 
celis obtained 3 days after intravenous immunization with 105 sheep erythro- 
cytes. Each spleen was suspended in 6 ml. of medium. 


Table 2. EFFECT OF KCN ON HAEMOLYTIC PLAQUE COUNTS 


Plaques) plate 
Solution added Mouse* Ratt 


Plates prepared with KCN present during initial incubation 


Control (saline) 202 256 162 183 

KCN, 10° M, pH 7-4 47 5 40 51 

KCN, 10? M, pH 10:95 13 16 Tu = 
Plates incubated at 377 C for 1 h before addition of KCN 

Control (saline) 160 213 152 208 

KCN, 107? M, pH 7-4 198 244 175. 188 

KCN, 10-* M, pH 10-95 33 36 : gia 


The concentration of solution indicated is that present in the total liquid 
and/or gel volumein the plate. The pH indicated is that of the solution added 
to the plating mixture. s . oa hy : 

* Duplicate plates, each prepared with 0-1 ml, of a 1 : 10 dilution of pooled 
mouse spleen cells obtained 4 days after immunization with 2 x 10* sheep 
erythrocytes. Each spleen was suspended in 2 ml, of medium. . 

“+ Duplicate plates, each prepared with 0-1 ml. of a 1 : 5 dilution of pooled 
rat spleen cells obtained 3 days after intravenous immunization with 10* 
sheep erythrocytes, Hach spleen was suspended in 2 ml. of medium. 
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Spleen cells from immunized mice were used to prepare 
plates containing a 10 ml. base layer and a 2 ml. top layer 
in order to duplicate conditions used before’. Samples 
of various solutions (10 ml.), as noted in Table 3, were 
added, the plates were incubated for 10 min at 37^ € and 
washed in saline, and plaques were developed with guinea- 
pig serum. The pH of the added fluid was measured before 
and after incubation on the gel. The results are shown 
in Table 3, and show that, as long as the pH of the fluid 
after incubation remained less than 10, there was relatively 
little effect on plaque counts, irrespective of the nature 
of the added fluid. If the final pH was greater than 10. 
there was a sharp reduction in plaque counts, whether the 
fluid contained cyanide or not. This suggests that inhibi- 
tion of plaque formation when cyanide was added after 
incubation of the plates may have been simply a result of 
the high pH of the solution, which was insufficiently 
lowered by the buffering power of the medium already 
present in the plate, and not a direct effect of eyanide on 
antibody^-*. Possibly, the antibody-erythroeyte complex 
was dissociated at high pH'*. 

The conclusion that cyanide did not act directly on 
antibody is supported by the results of the following 
experiment. Sera taken from mice 6 days after an injec- 
tion of sheep red cells were incubated at 37° C for 10 min 
with equal volumes of the solutions specified in Table 4, 
rapidly cooled and dialysed for 18 h in the cold against 
repeated changes of 0-15 M Mayer’s barbitone buffer, 
pH 7:5, and titrated for haemolysins. The results in 
Table 4 show that 10 M KCN had no significant effect 
on haemolytie antibody, although it markedly inhibited 
the formation of haemolytic plaques in gels. 

The suppressive effect of metabolic inhibitors on plaque 
formation in the conditions of the first experiment (Table 
1) does not seem to be a consequence of the release of 
antibody before plating caused by cell damage. Spleen 
cell suspensions from immunized rats were incubated 
at 37^ C for 10 min in the presence of KCN, NaN, or 
rotenone at the concentrations shown in Table 1. When 
0-1 ml. of cell suspension was plated in the absence of 
additional metabolie inhibitor (that is, the inhibitors were 
diluted 1 : 40) there was no inhibition of plaque formation. 
When spleen cells from immunized mice suspended in 
medium 199 were incubated for 10 min at 37^ C in various 


‘Table 3. EFFECT OF pH ON HAEMOLYTIC PLAQUE COUNTS 





Plaque 
Solution added [nitial pH Final pH = counts/plate 
0-14 M saline, pH adjusted with NaOH T4 237 303 
9.0 241 274 
10-0 941 248 
iro 231 298 
12-0 143 183 
OTM NaOH-glyeine buffer 80 188 190 
90 161 187 
10-0 11i 158 
11-0 2 11 
12-0 0 1 
KON in 0/14 M saline 

3x10? M 10-4 9-5 186 207 
10° M 10-8 -0 143 169 
3x10-* M iro 10-1 109 110 
10° M Ir3 10:7 1 3 

i it 0:14 M saline, pH adjusted with 
3x 10-5 M T4 9-0 222 271 
10° M 7:35 8-5 192 219 
3x10°M T4 EE 257 287 
1071 M 7:45 8-0 281 296 


Duplicate plates were incubated at 37° C for 1 h, then 10 ml. of the specified 
solutions was added. After 10 min the solutions were drained off, the plates 
washed in 10 ml. of saline (two changes, 10 min each) then incubated with 
complement for 0-5 h. The pH of the solutions was measured before adding 
to the plates and after they were drained off. 


"Table 4. LACK OF EFFECT OF CYANIDE ON HAEMOLYTIC ANTIBODY 


50 per cent haemolytic 


Added solution end-point (log 









1914 M Mayer's buffer, pH 7-5 fd 
0-1 M glycine- NaOH buffer, pH 8-0 67 
0-1 M glycine-NaOH buffer, pH 11-0 6-6 
2x107 M KCN in saline, pH 11-6 82 
2x10 M KCN in saline, pH 7:4 3-0 


Serum from mice 6 days after injection of sheep red cells was incubated 
with equal volumes of the solutions specified for 10 min at 37° C, Haemo- 
lysins were titrated affer dialysis of treated serum against Mayer's buffer. 
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Table 5, EFFECT OF CYANIDE ON SUSPENSIONS OF PLAQUE-FORMING CELLA 


Plaque counts f 
Added solution — Added solution 
an-neutralized neutralized 


Final concentration of added solution 








132 157 85 aa 

60 74 67 98 

KCN, 3« 10° M 28 35 i00 110 

KCN, 107 M 4 4 108 112 
NaOH-giycine buffer, 0-015 M. pH 8 109 114 
NaOH-giycine buffer, 0-015 M, pH 10 91 116 
NaOH-glycine buffer, 0-015 M, pH 12 89 117 


0-1 ml. of solutions. at 10 times the concentrations in column 1. add 
0-9 mL. aliquots of spleen oellsin medium 199 at 37? C. After 10 min at 377 €, 
cells washed three times in 10 ml. cold 199 and plated. 








concentrations of KCN, washed in 199 and plated, there 
was a progressive decrease in plaque count with increasing 
concentration of KC? If, however, the cyanide solution 
had been neutralized before its addition to the cell 
suspension, there was no inhibition of plaque formation, 
even at 10-! M KCN (Table 5). Inhibition was not simply 
a result of cell damage at high pH, for buffers at pH H 
or 12 were not inhibitory. 

Although active cell metabolism is necessary for plaque 
formation, preliminary experiments indicate that protein 
synthesis in vitro is not necessary. Puromyein (10-* M) 
or cycloheximide (10° M) incubated with cells for 2 b 
before preparing plates and/or incorporated into the top 
layer did not inhibit plaque formation. It appears that 
antibody previously synthesized by the cell is seereted 
from the cell in vitro through an energy-dependent mechan- 
ism. This process rather than actual antibody synthesis 
in vitro seems to form the basis for plaque formation 
during the early primary antibody response. 
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Properties of Phenoloxidase in 
Mycobacterium leprae 


Mycobacterium leprae separated from infected human 
tissues, oxidizes 3,4-dihydroxyphenylalanine (dopa) and 
a few other phenolic compounds'-*. This property is 
not shown by several other mycobacteria'?. Phenol- 
oxidase occurs in vertebrate melanocytes and is widely 
distributed in the plant kingdom*. (B.C. 1.10.34, o- 
diphenol: oxygen oxidoreductase). For a large number 
of substrates the phenoloxidase of the leprosy bacilli ix 
similar to the enzyme from plant sources, and distinct 
from mammalian phenolase, which has a limited substrate 
specificitv*. When the reaction products were compared, 
another distinguishing feature of the .M. leprae enzyme 
became evident and this is reported here. 

In the sequence of reactions converting tyrosine or dopa 
to melanin, several intermediates are formed. These have 
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been well characterized by their absorption spectra, and 
the activity of the enzyme can be estimated spectro- 
photometrically. The method is also sensitive enough for 
use with small amounts of human material. Concentrates 
of organisms used in the study were separated from 
infected spleen of a case of lepromatous leprosy, removed 
at autopsy. Normal human spleen did not oxidize dopa?. 
My recent studies (unpublished) showed that spleens from 
leprosy patients who had become negative for bacilli 
also had no dopa oxidase. The method used for separating 
the bacili, and the purity of the preparation obtained 
have been reported earlier'-?. The plant enzyme used was 
mushroom tyrosinase (Sigma Chemical Company) A 
water extract of Harding-Passey mouse melanoma 
served as a source of mammalian phenolase. 

After incubation of melanoma extract or M. leprae 
with r-dopa, the reaction mixture was centrifuged at 
15,000g for 45 min at 0? C and the spectrum of the super- 
natant was measured in a Beckman DU spectrophoto- 
meter. With mushroom tyrosinase, the reaction was carried 
out directly in the cuvette (1 cm light path); the results 
are shown in Fig. 1. The values have been corrected. for 
any absorbance of the enzyme. Tt may be seen that dopa 
did not undergo autoxidation in the experimental 
conditions. For melanoma and mushroom tyrosinase, the 
product detected in the medium was dopachrome, having 
maximum absorption at 480 my. Incubation of tyrosinase 
and dopa at 37^ C gave the same product. A crude 
preparation of potato phenolase also formed dopachrome 
from dopa or tyrosine. With M. leprae, however, the 
intermediate that accumulated in the medium was found 
to be indole-5,6-quinone with & characteristic peak at 
540 my (ref. 5). Bacilli disrupted by sand-grinding 
behaved similarly. Varying the enzyme concentrations 
made no difference. The results suggest that the decarb- 
oxylation step involved in the oxidation of dopa to 
melanin is quite rapid in the case of M. leprae. In 
melanoma and mushroom tyrosinase, the process was 
rather slow and most likely non-enzymatic. Under 
anaerobic conditions (in an atmosphere of nitrogen) 
M. leprae did not oxidize dopa, indicating that the 
reaction is oxidative (my unpublished observations). 
Heating at 100° C for 15-20 min inactivated the bacilli??. 

The feature distinguishing phenolase of M. leprae was 
further identified by testing a few additional substrates 
(Table 1). AH the compounds were oxidized by both 
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M. leprae and mushroom tyrosinase, but the melanoma 
extract did not oxidize them. The products formed by 
mushroom tyrosinase were yellowish in colour, similar to 
p-quinones. With M. leprae, the products were purplish 
or bluish purple, suggesting that they were probably 
o-quinones. Results on the oxidation of these compounds 
will be reported in detail elsewhere’. Several so-called 
-M. leprae cultures (obtained from the American Type 
Culture Collection) did not show any properties of the 
leprosy organisms*. Non-availability of an authentic 
culture of M. leprae hampers more extensive studies, 
The results do, however, reveal a highly characteristic 
metabolie propertv of M. leprae, which could be ex- 
ploited for identification of the bacillus, and probably 
in developing a rational chemotherapy of leprosy. 





S FORMED ON OXIDATION GF 
MUSHROOM TYROSINASE 


Table 1, ABSORBANCE MAXIMUM OF QUIN 
PHENOLIC COMPOUNDS BY M. leprae AN 





Wavelength (my) 


Substrate Mushroom 
M. leprae tyrosinase 
3,4-Dihydroxycinnamie acid 600 ASO 
3,4-Dihydroxybenzoic acid 560 350 
3,4,5-Trihydroxybenzoiec acid 560 380* 


* No peak but a shoulder in the spectrum. 
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2-Haloethanephosphonic Acids as 
Ethylene Releasing Agents for the 
Induction of Flowering in Pineapples 


A NEW class of plant growth regulators has been discovered 
at the culmination of an extensive synthesis and testing 
programme. 

The chemical induction of flowering in pineapple was 
first demonstrated by Rodriguez! using ethylene. It was 
later shown that auxins** could induce flowering as a 
result of stimulation of the production of ethylene within 
plant tissue. We have now found that 2-haloethane- 
phosphonie acids are very active agents for foreing pine- 
apple flowering, and function through an ethylene 
mechanism. 

In field tests, smooth Cayenne pineapple plants were 
sprayed with a water solution of 2-chloroethanephos- 
phonie acid in amounts of 1, 2 and 4-0 Ib./aere in volumes 
of 50 and 200 gallons/acre. All treatments produced 
100 per cent flower induction, while all the control plants 
remained vegetative. The larger treatments also hastened 
the flowering response, so that plants treated with 4 Ib./ 
acre matured 2-3 weeks earlier than those treated with 
llb./aere. All mature fruits were well shaped and showed 
no deleterious effects of chemical treatment. The vegeta- 
tive growth of the treated plants was somewhat retarded, 
especially after receiving the larger 4 lb./acre of 2-chloro- 
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ethanephosphonic acid. Also, the length of the peduncle 
was shortened, unlike the response to low concentrations of 
auxins. Slip and sucker production was normal on all of 
the treated plants. Further tests have confirmed that 
2-chloroethanephosphonic acid is a highly effective agent 
for forcing pineapples to flower. 

This material, synthesized in General Aniline Film 
Corporation’s Central Research Laboratory and first 
released as ‘Amchem 66-329', represents a new class of 
plant growth regulator (patents pending). It has shown a 
wide variety of plant growth regulating effects*. The 
material causes epinasty, root initiation, axillary bud 
stimulation, growth retardation, stimulation of fruit 
maturity, defoliation, release of mature fruit, stimulation 
of underground rhizome buds and a number of other 
effects which closely parallel those obtained with ethylene. 

‘Amchem 66-329 (a formulation containing 2 lb./gal) 
is a mixture of 2-chloroethanephosphonie acid and the 
mono-2-echloroethyl ester of this acid. The stability of 
aqueous solution of 2-chloroethanephosphonic acid to 
weak base has been referred to by Maynard and Swan’. 
They report the acid is stable to titration with 0-1 N 
alkali at room temperature. This is true for a short time 
(24 h), but after standing for several days the neutralized 
&cid evolves appreciable amounts of ethylene at room 
temperature. Indeed, even at a lower pH (41) aqueous 
solutions yield some ethylene. Quantitative evolution of 
ethylene is obtained from pure 2-chloroethanephosphonic 
acid with an excess of base by warming an aqueous solu- 
tion to 75? C for 10 min. This decomposition can best be 
described as a base catalysed elimination reaction and the 
overall reaction is shown in equation (1). 


o 
|l 
Ci—-CH,CH,—P—OH + OH —— 
| 
o- 


O 


l] 

CH,—CH, + P—(OH), + Cl- a) 
| 
o- 


Because the pH of the cytoplasm of plant cells is greater 
than 4:1, any 2-chloroethanephosphonic acid entering the 
cell will be degraded with the liberation of ethylene. It 
is thought that this ethylene released within the plant is 
responsible for most, if not all, of the observed biological 
activity. 

Although the mono-2-chloroethyl ester of 2-chloro- 
ethanephosphonic acid is biologically active, it does not 
undergo the base catalysed elimination reaction of 
equation (1) on heating with excess alkali. Under these 
conditions, the competitive dehydrohalogenation reaction 
producing vinyl phosphonic acid derivative becomes 
dominant, as shown in equation (2). 


o 

CI—CH,CH, —P-—0—R +0H——- 
| 
o- 


o 


i 

CH,—CH—P—OR + Cl- (3) 
| 
o- 


Additional studies of vinyl phosphonie acid in solution 
with base have shown that this compound does not 
produce ethylene. 

In eontrast to alkaline hydrolysis, it is postulated that 
the plant hydrolytic enzyme systems readily hydrolyse the 
mono alkyl ester as evidenced by the biological response 
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of plants treated with the mono-2-chloroethyl ester of 
2.ehloroethanephosphonie acid. It thus appears that 
both the mono ester and the acid exert their biological 
effect through the same final intermediate, 2-ehloro- 
ethanephosphonic acid, yielding ethylene within the plant 
tissues. 

This class of new plant growth regulating compounds 
provides a simple and effective system for studying the 
growth regulating effect of ethylene. 
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Effect of an *Atherogenic" Diet 
containing Starch or Sucrose on the 
Blood Lipids of Young Men 


Yupxin has suggested that the dietary change most 
likely to be an aetiological factor in ischaemic heart disease 
is the replacement of a large proportion of starch by suc- 
rose!, It is thus relevant to investigate the differences 
that can be caused experimentally when starch or sugar 
is the principal dietary carbohydrate. We report here 
studies on human volunteers. 

Ten male students between 19 and 25 yr old were 
studied for 3 weeks. During the first (control) w 
each subject daily weighed and recorded his normal diet, 
and from this information the average daily intake was 
computed. It provided 3,310 kealories, of which 48 per 
cent was from carbohydrate, 37 per cent from fat, 11 per 
cent from protein and 4 per cent from alcohol (Table 1). 
The subjects were also examined, and their blood pressure, 
electrocardiograms and blood lipids were measured and 
found to be within normal limits. They were then 
divided into two groups so that the average calorie intake 
during the preliminary week was similar in the two groups. 
During the 2 experimental weeks the volunteers were in 
residence, their feeding was supervised and their activity 
was kept as constant as possible. 

The experimental diet provided 3,600 kealories each 
day, of which 50 per cent was from carbohydrate, 30 per 
cent from fat, 11 per cent from protein and 9 per cent 
from aleohol (Table 1). One group received their earbo- 
hydrate—except for that in the wine, beer or milk 
entirely as sucrose. This was weighed out and given daily. 
The subjects consumed it with their meals and through- 
out the day in beverages. The other group was giver 
cooked wheat starch in the form of pancakes at the usual 
meal times. Various recipes were prepared from the 
ingredients shown in Table 2. The cholesterol supplement 
was dissolved in the fat by gentle warming and this 
mixture was used for all the cooking. i 













Table 1. PROXIMATE COMPOSITION OF DIETS, MEAN DAILY VALUES (AND 
RANGE) 
Pre-experimental ixperimental 
Kealories 3,310 (2,560—3,040) 2,600 
Fat (g) 149 (108-195) 120 
Protein (g) 93 (Ti 99 
Aleohol (g) 18 Bi 48 
Carbohydrate (g) 399 (298-537 450 
Sucrose (g) 160 (114-261) 
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After the first experimental week, the diets of the 
groups were interchanged: thus each subject acted as 
his own control. 

Blood samples were taken before breakfast and total 
serum cholesterol was estimated by the method of Zlatkis. 
Zak and Boyle*, phospholipids by the method of King 
and Allott? and total esterified fatty acids by the method 
of Stern and Shapiro*. Triglycerides were caleulated by 
the formula used by Albrink*. We also measured platelet 
stickiness in the same blood samples". We examined the 
urine for the presence of sugars by taking 10 ml. of a 
24 h sample of urine, passing it through a resin column, 
drying in a vacuum, taking it up in 0-5 ml. of water and 
spotting it on a Whatman No. | paper for descending 
chromatography. 

The concentration of serum cholesterol before the 
experiment was 240 mg/100 ml. in each group. There was 
a significant rise which persisted throughout the 2 weeks 
(Table 3). There was no difference between the two groups 
or between the periods of the sucrose diet and the starch 
diet. 

The effect on the concentration of serum phospholipids 
was somewhat similar. Again, there was no difference 
which could be attributed to the different carbohydrates. 

The serum triglyceride behaved quite differently. In 
group l, there was a small rise in the week during which 
the subjects took suerose, and then a small fall when they 
changed to starch. In group 2, there were similar and 
rather larger changes with the different carbohydrates: 
a fall during the week with dietary starch, and a rise 
during the week with dietary sucrose. Although none of 
these separate changes reached the level of significance, 
there was a significant difference in triglyceride levels at 
7 days between group 1 taking sucrose and group 2 taking 
starch, and also a significant rise in triglyceride level in 
group 2 when it changed from stareh to suerose. 

Platelet stickiness increased in every subject between 
the first and second weeks, the average increase being 
some 35 per cent in both groups; there was no difference 
attributable to the type of carbohydrate. 

Paper chromatography revealed sucrose in the urine of 
every subject taking sucrose, in amounts equivalent to 





Table 2. INGREDIENTS OF EXPERIMENTAL DIET, DAILY QUANTITIES 


(g or ml.) 


Meat (beef, chicken, ham, bacon) 300 
Egg 250 
Starch or sucrose 100 
Green vegetables 250-280 
Milk 150 
Beer (or wine) 1,200 tor 300) 
Hydrogenated coconut oil 50 
Cholesterol 4 


Table 3. 


SERUM LIPIDS IN HUMAN VOLUNTEERS 
Group 1 
Initial 


Period days Sucrose week Starch week 


7 14 
Cholesterol E 346 
tmg/100 mi.) (310-366) 
Phospholipid 61 
(ng/100 mi.) (241-250) 
Triglyceride 00 








dmequiv./L} (0:59-—3-05) 


Group z 





Period days Initial Starch week Sucrose week 
0 7 
Cholesterol 238 
(mg/100 mi.) (205-268) 5 
Phospholipid 229 47 
(mg/100 ml.) (209-256) 1204-260) 4235-290) 
Triglyceride 1-58 O75 189 





{mequiv. jl) (0-78-4-16) (003-02) 
Statistically Significant Differences 
(P < 6-05) 


(ddl) 





p Value 
Cholesterol AH subjects Day 0 v. day 7 x 0-005 
Day 0 v. day 14 < 0:005 
Phospholipid All subjects Day Ov. day 7 < 6-005 
Day 0 v. day 14 < 0-005 
ide 
Group 1 v. group 2 0-025 
chover" test 0.024 


These are median values of male students, five in cach group, when given 
atherogenic diet with starch or sucrose. 
For methods see refs, 16, 17 and I8. 
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about 500 mg per day. No sucrose was found in any of the 
specimens from subjects taking starch. 

During the first week, the weight of the subjects in each 
group increased by an average of 2 Ib.; there was no 
further change during the second week. 

The experimental diets, containing cholesterol and 
saturated fat, led to a rise both in cholesterol and in 
phospholipids. This is similar to the finding of Beveridge, 
Connell, Mayer and Haust?/. We found no difference in 
the cholesterol or phospholipid concentrations when starch 
or sucrose was in the diet; it may be that the effect of the 
other dietary components in producing a rise in serum 
cholesterol masked the effect of the different carbo- 
hydrates. It seems that the rise in serum cholesterol 
reaches a plateau after 1 week. This may be due to an 
increase in the rate of breakdown in cholesterol brought 
about by high dietary cholesterol, as suggested pre- 
viously?:*. 

Our results with triglycerides differ in one or more 
respeets from those of other workers. Hodges and Krehl? 
and Kuo and Bassett!" also found an increase in trigly- 
cerides in subjects given dietary sucrose instead of dietary 
starch, but they did not use the “atherogenic diet" that 
we did. Macdonald and Braithwaite!! used raw starch in 
their highly experimental diets, while we used eooked 
starch. Kuo, Feng, Cohen, Fitts and Miller’? found it 
necessary to feed at least 85 per cent of the diet as sucrose 
in order to produce lipaemia, and Macdonald and Braith- 
waite"! used diets with 77 per cent starch or sucrose; our 
subjeets received 50 per cent of their diet as carbohydrate. 
Rifkind, Lawson and Gale! reported a fall in triglycerides 
in subjects in whom dietary sugar was restricted. It has 
been suggested!! that this was due to a fall in weight of 
the subjects during the experiment, rather than to a 
change in the nature of the dietary carbohydrate. Our 
own subjects, however, also showed a fall in triglycerides 
during the first week when sugar was removed from their 
diets, in spite of the fact that they gained a small amount 
of weight. 

Platelet adhesiveness increased with both diets, and 
was the same when the diet contained either starch or 
sugar. As with cholesterol and phospholipids, it is possible 
that any difference that may have been produced by the 
carbohydrate was masked by the inerease eaused by the 
basal diet with its cholesterol and saturated fat. 

The appearance of suerose in the urine raises some 
interesting questions. First, even though the amounts are 
small, it disposes of the general belief that sucrose is 
always completely hydrolysed before absorption. It is 
especially to be noted that this oecurred even though the 
sucrose was taken in amounts not greater than those 
consumed by many people in their usual diets, and even 
though it was distributed throughout the day, again 
folowing the usual pattern of consumption. Second, 
there is the possibility that some of the effeets of sucrose 
in producing metabolic change may be caused by small 
quantities of unhydrolysed sucrose acting on the tissues. 
This possibility has been considered by Aitken, Robinson 
and Yudkin!? in experiments on rats; they were, however. 
able to demonstrate that the increase in a number of 
hepatie enzymes produced by dietary sucrose did not occur 
when the unhydrolysed sugar was introduced parenterally. 

We thank the Leverhulme Trust Fund, the Max Rayne 
Foundation and General Foods Corporation for financial 
assistance, and the staff of St Stephen's Hospital for 
helping with the platelet eounts. 
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Chemosterilization of Schistosoma 
mansoni 


THe range of chemical agents which can produce sterility 
in experimental male rodents is gradually increasing. (For 
recent surveys, see Jackson!*.) The list includes nitro- 
aromatie eompounds, for example, nitrofuranes, nitro- 
thiazoles and nitropyrroles, besides a variety of compounds 
of the alkylating category. Recently, a nitrothiazole 
derivative, niridazole (‘Ambilhar’), has been introduced 
for the treatment of schistosomiasis** and part of its 
effective toxic action involves damage to the gonads of 
the male and female parasite. Reversible inhibition of 
spermatogenesis in mice by this compound has been 
described’, Here we wish briefly to record the ability of 
two simple unrelated substances, ethylenedimethane- 
sulphonate (EDS) and hexamethylphosphoramide (HMPA) 
effectively to inhibit the reproductive capacity of Schisto- 
soma mansoni within the mouse. 

Both eompounds were administered daily by gavage to 
female albino mice (originally an SPF Swiss strain, 
obtained from ICI (Pharmaceutieals), Ltd, Alderley Park, 
Cheshire). Dosing began 1 week after exposure to in- 
fection by approximately 100 cercariae. Treatment with 
EDS continued for 5 weeks at a level of 200 mg/kg in 
40 per cent dimethylsulphoxide-water and with HMPA 
for 7 weeks at 250 mg/kg in water. Bi-weekly tests for 
miracidia begun 8 weeks after infection were completely 
negative in both series and remained so for 2 months. 
Parallel controls yielded consistent evidence of infection 
with counts as high as 200 miracidia per four mice even 
in the later weeks of the experiments. After death, 
schistosomes were present in mice of both treated and 
control series in comparable numbers. The sterile para- 
sites did not differ notably from the controls except that 
the gonads, partieularly in the females, were small, while 
the vitelline glands in the latter appeared atrophic. Male 
mice given a comparable course of EDS were sterile in 
the second week of treatment and probably remained 
permanently so. 

A 2 week course of oral EDS at 200 mg/kg daily, begun 
10 weeks from the initial infection with eereariae, elimin- 
ated miracidia within 2 weeks although recovery occurred 
later; 100 mg/kg intraperitoneally was similarly effective. 
The phosphoramide (250 mg/kg) was ineffective in similar 
experimental conditions. It should be noted that the 
mouse is partieularly tolerant to the relatively high doses 
used in these experiments, especially to the sulphonic 
ester. As in rodents treated with EDS and HMPA, sexual 
activity of sterile males seemed unaffected because 
schistosomes were found to be in copulo in the mesenteric 
and portal blood vessels, as in the control series. 
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EDS belongs to a homologous series of diol diesters of 
methanesulphonic acid which includes the antileukaemic 
drug busulphan (‘Myleran’). In general, these compounds 
exert inhibitory effects on the spermatogenie cells of 
rodents? and also on granulocyte precursor cells of bone 
marrow$-*. EDS although antispermatogenie, however, i8 
exceptional in that it does not produce suppressive effects 
against haemopoietic cells in either rat or mouse. Its 
ability to sterilize male schistosomes was rather unex- 
pected because sulphonic esters have not found favour as 
chemosterilants against insect species*. The antifertility 
and antispermatogenic actions of HMPA in rodents were 
briefly reported in 1966 (ref. 10). In our experience, 
neither compound has interfered with the reproductive 
capacity of the female rodent, so that an effect on the 
female schistosome was not anticipated. The nitro- 
thiazole derivative niridazole was reported to damage the 
gonads of both sexes; indeed, a predominant action on 
the female was suggested!!. It is possible that the effects 
on the female parasite may occur secondarily to a sterile 
male partner. 

This work is supported by grants from the Ford 
Foundation and Welleome Trust and was carried out 
with the assistance of a Medical Research Council training 
scholarship (P. D.) We thank Professor R. Peters, 
School of Tropical Medicine, Liverpool, for providing 
facilities to infect the mice used. 
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Leukoegresin: a Factor from Rabbit Skin 
associated with Leucocytic Emigration 
in the Arthus Reaction 


INCREASED vascular permeability and leucocyte emugra- 
tion are important events in inflammation. In the Arthus 
reaction the time course of these events is distinctive. 
suggesting a chemical mediator different from those in 
other forms of inflammation'. We isolated permeability 
factors from the Arthus skin lesion during the period of 
increased vascular permeability change and then purified 
them?-*. Promoters of leucocyte emigration have been 
found in leucocytes or tissue-serum  müxtures* and 
lymph node cells*, but these substances have not yet been 
purified satisfactorily. The cationic protein from poly- 
morphonuclear (PMN) lysosomes*-!° and leucotaxine!! 
from pleural exudates stimulate PMN emigration, but 
they also increase vascular permeability. This com- 
munication deals with isolation and purification of a 
factor which is associated with leucocyte emigration in 
Arthus lesions. 

Arthus reactions were induced simultaneously in ten 
sites on an area measuring 15x 12 em on the elipped 
flanks of 2-2-3 kg rabbits sensitized with bovine serum 
albumin®, The increase in vascular permeability reached 
its peak in about 4-5 h?, leucocyte emigration in about 
12h}. The skin bearing the lesions was excised, extracted 
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and powdered with acetone. Extracts of the powder were 
separated by ammonium sulphate into three protein 
fractions, containing chiefly euglobulin, pseudoglobulin 
and albumin. 

The capacity to promote leucocyte emigration was 
measured in vitro by Boyden's method"*, with chambers 
containing two compartments with an interposed micro- 
pore (35) filter. Rabbit PMN leucocytes, collected from 
the peritoneal cavity by Hirsch's method??, were sus- 
pended in 2 per cent human serum albumin in Gey's 
buffered solution, pH. 7-4, and placed in one compart- 
ment; the test solutions were placed in the others. 
Casein (0-2 per cent) in the buffered solution was used as 
the control substance" Before test, all samples were 
dialysed against M/15 phosphate buffer, pH 7-4. The 
PMNs that had emigrated through the micropores, after 
staining with haematoxylin, were counted over several 
microscopic (10x 40) fields and the mean counts were 
recorded. Concentrations of the test fractions were 
recorded as the absorbancy, E, at 280 mp and the specific 
activity was expressed as mean PMN count/E sso mu. For 
final estimates, all tests were made with concentrations 
of test fraction causing more than 100 PMNs to pass 
through the membrane. 

The pseudoglobulin fraction (50 ml.; absorbancy 25-30) 
in M/50 phosphate buffer, pH. 7:4, after desalting through 
a column of ‘Sephadex G-50', fine (Pharmacia)! (with a 
flow rate of twelve drops/min and 15 g effluent fractions 
collected), yielded one chromatographic peak with a 
specific activity of about 24. The chemotactic potency of 
the euglobulin fraction and albumin fraction was very 
weak. 

The activities of pseudoglobulin fractions from Arthus 
lesions aged 4-5, 12, 24 and 48 h were respectively 5, 24, 
l4 and 10. The degrees of tissue leucocytosis observed 
in lesions of these ages were roughly in the same propor- 
tion, suggesting that the factor in the pseudoglobulin 
fraetion is a mediator of leucotaxis. 

When active pseudoglobulin fractions (30 ml.; ab- 
sorbaney 40-45) were eluted through a column of DEAE- 
‘Sephadex 4-50' (Pharmacia)!* with M/50 phosphate buf- 
fer, pH. 7-4 (with a flow rate of 24 ml./h and 6 g effluent 
fractions collected), a single peak was obtained, with 
an aetivity of about 240; further eluates obtained by 
increasing salt gradient (M/3 NaCl in terminal) at pH 7-4 
showed negligible activity. 

When active fractions (25 ml.; absorbancy 8-10) were 
eluted through a column of ‘CM-Sephadex C-50' (Phar- 
macia)'® with M/50 phosphate buffer, pH 6:8 (at a flow 
rate of 24 ml./h and 6 g effluent fractions collected), 
one peak of inactive material was obtained. A linear 
gradient elution with sodium chloride (M/5 in terminal) 
at pH. 6:8 yielded two components. The activity of the 
first component was about 600, the second component 
was inactive. By successive rechromatography on ‘CM- 
Sephadex’, the activity of the first component was in- 
creased to 800 and then 1,100. In this state the material 
gave a positive biuret reaction and behaved as an almost 
homogeneous substance on electrophoresis. It was non- 
diffusible and thermostable. 

The chemotactic factor is clearly distinet from the 
peptide Arthus permeability factors (permeability factors 
I, II and III)*-*, Given intracutaneously in doses of 5 or 
20 ug, it did not increase vascular permeability to circulat- 
ing pontamine blue, but induced pronounced PMN 
emigration followed by a widespread infiltration. (By 
contrast, the Arthus permeability factor induces pro- 
nounced oedema accompanied by dye leakage, but no 
PMN emigration.) In the pannieulus carnosus muscle 
PMNs were found stieking to the endothelium of the 
venules within 15 min of intracutaneous injection and 
emigrating through the venular walls after about 30 min. 
By cinephotomicrography, Kageyama et al. (unpublished 
data) observed a similar sequence of events when the 
factor was applied to the guinea-pig mesentery. The 
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factor appears to be chemotactic only for PMN. It has 
been named leukoegresin because of this characteristic 
property. 
This work was supported by grants from the Educa- 
tional Ministry of Japan and the US Army Research and 
Development Group, Far East. 
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Occurrence of Structures with 
Lysosome-like Function in Plant Cells 


EVIDENCE for the existence of bodies with a lysosome-like 
function in plant cells has been discussed by Gahan!. 
He and Maple observed that the terminal stage of xylem 
differentiation in root tips is accompanied by a change 
from a particulate to a diffuse distribution of acid phos- 
phatase*. Sievers? in an electron microscopic study of 
the rhizoid cells of Chara observed the presence of com- 
partments in the cytoplasm containing what appeared to 
be the remains of various organelles. He concluded that 
these structures have a function analogous to the lyso- 
somes of animal cells. 

In a study of the differentiation of lignified collenchyma 
of Eryngium sp., the anatomy of which has been described 





Unstained transverse section of mature collenchyma of Eryn- 
gium rostratum Cav. photographed in an interference microscope (a) with 


Fig. 1. 


the wall Weel at compensation point (phase difference = 6°) and 
(b) with the lignified wall Weee at compensation point (phase difference = 


72°). 


NATURE, VOL. 218, JUNE 8, 1968 





Fig. 2. Electron micrograph showing the cytoplasmic organization in 
a cell in which only the wall Wea) was present (permanganate fixation), 





Fig. 3. Electron mueropeph showing the cytoplasmie organization 
in a cel! in which formation of the wall Wss was at a very early stage 
(glutaraldehyde fixation, lead citrate and uranyl acetate staining). 


in detail by Duchaigne*, structures resembling those 
described by Sievers in Chara have been observed. The 
cell walls of the mature collenehyma consist of an un- 
lignified collenchymatous wall and an inner lignified 
secondary wall (Weoi and Wiese, Fig. 1). Before the forma- 
tion of the secondary wall the cytoplasm showed no 
unusual features of organization (Fig. 2); mitochondria, 
Golgi apparatus, endoplasmic reticulum and plastids 
could be identified. In ceils at this stage of differentiation, 
acid phosphatase (demonstrated by the Gomori reaetion* or 
by the post-incubation coupling method of Rutenberg and 
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Seligman‘), and §-glucosidase (as shown by the deposition 
of indigotin after incubating in 1 per cent indican at 
30° C) were shown (using the optical microscope) to have 
a particulate distribution in the cytoplasm, and both 
enzymes were absent from the collenchyma cell wall. 
With the development of the secondary wall and 
especially during the later stages of its formation, the 
level of activity of both enzymes in the cytoplasm in- 
creased. As seen in the optical microscope, their dis- 
tribution became diffuse through the eytoplasm and in 
the collenchymatous and secondary walls. Paralleling 
these changes in enzyme distribution, striking changes in 
the organization of the cytoplasm were observed. The 
plasmalemma developed an irregular scalloped outline 
(Fig. 3) and various vacuolar bodies appeared. These 
were sometimes apparently empty (V,, Fig. 3), granular 
(V. Fig. 3) or they contained what appeared to be 
vesicles (Vs, Fig. 3). The irregular outline of the plasma- 
lemma appeared to arise from the migration of these 
vacuolar structures to the cell surface (arrow, Fig. 3) 
and in some instances the contents of the vesicles of 
type V, could be seen lying between the plasmalemma 
and the cell wall. In the most mature cells, only a thin 
peripheral layer of cytoplasm was present, surrounding 
a large central vacuole in which the remains of the 
vacuolar bodies shown in Fig. 3 could be seen (Fig. 4). 
In view of the observed change in the distribution of 
acid phosphatase associated with the development of 
vacuolar structures (V,, Va Va Fig. 3), it was thought at 
first, as with the structures described by Sievers, that 
they had a lysosome function. In leaf segments which 
had been fixed in glutaraldehyde and then stained by 
the Gomori method, however, structures containing 
deposits of lead and measuring 0-5y-Iy in length, and 
obviously differing from the vacuolar structures, were 
recognized (Fig. 5). In some instances these were 
associated with compartments in the cytoplasm which 
contained transparent vacuolar structures (double arrow, 
Fig. 5). Prolonged incubation in the Gomori medium 
resulted in heavy deposition of lead in the cytoplasm. 
The membranes of the vacuoles were stained, but no 





Fig. 4. 


Cell in the terminal stages of differentiation, showing the 
remains of vacuolar bodies and a large central vacuole. 
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Fig. 5. Electron micrograph of a collenchyma cell in which the 
development of the wall Wee was at an early stage, after staining 
with acid phosphatase by the Gomori method. Bodies containing 
lead deposits and considered to have a lysesome function are indicated 
by arrows. The section was post-stained with osmium tetroxide and 
lead citrate to show details of structures in the cytoplasm. The lead 
deposits, however, could be seen in the bodies showing acid phosphatase 
activity before post-staining. 


deposition of lead occurred within the vacuoles, unless 
they contained vesicular components (that is, V, type 
vacuoles, Fig. 3). These observations thus suggest that 
the lead stained structures shown in Fig. 5 have a lyso- 
some function. The origin of the vacuolar structures 
shown in Fig. 3 has not been demonstrated conclusively, 
but the association of the lysosome-like structures with 
them (Fig. 5) suggests that they may 
result of the release of acid phosphatase into the eyto- 
plasm. 

It should be noted that the V; type vacuoles of Fig. 3 
resemble the autophagic vacuoles described by de Duve‘, 
and bodies strikingly resembling his “residual bodies" 
were also observed. 

On the basis of these observations it can be assumed 
that the release of acid phosphatase to the cell wall takes 
place with the onset of lysis of the cytoplasm. The change 
in the distribution of 8-glucosidase paralleling the change 
in the distribution of acid phosphatase has potential 
interpretative significance in relation to possible mech- 
anisms of lignification, for example, that proposed by 
Freudenberg? in which this enzyme participates in the 
hydrolysis of glucosides of lignin precursors. It is recog- 
nized, however, that the enzyme may have an origin 
different from that of the acid phosphatase. These 
observations will be described in relation to the structure 
of the cell wall and its lignification in these cells, in a 
detailed contribution at present in preparation. 
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Crystalline Inclusions in Normal 
Primate Thymoblasts 


NUCLEAR blebs"? have been recorded as representing 
parallels between Burkitt tumour and normal thymocytes. 
Motivated by the recent discovery of regularly arranged, 
crystalloid structures of unknown nature in the Ivmpho- 
blasts of an in vitro culture of Burkitt tumour?, I report 
here similar observations in normal primate thymo- 
blasts. 

A young healthy vervet monkey was killed and its 
thymus was removed. Small pieces of this were fixed in 
5 per cent glutaraldehyde in Palade's sucrose buffer, post- 
fixed in 1 per cent osmium tetroxide, and prepared for 
electron microscopy. Thin sections of the material, cut 
with glass knives and mounted on 200-mesh copper grids, 





Fig. 1. Electron micrograph of a vervet monkey thymoblast. TB. 
Thymoblast; C, crystalloid inclusion; N, nucleus; M, mitochondrion; 
EC, epithelial reticulum e Hl; TF, tonofibrils. ( x 5.000.) 








thymoblast t 
MF, myelin figure. 


monkey 
ER, endoplasmie reticulum: 
( = 40,000.) 


Electron micrograph of a vervet 


Fig. 2 


(rystalloid structure; 
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were double stained with uranyl acetate and lead citrate, 
and examined under the ECA Zeiss electron micro- 
scope. 

Intracytoplasmic crystalloid structures were found in 
two thymoblasts. One of the structures was long, lamin- 
ated and intimately associated with the endoplasmic 
reticulum (Fig. 1). These structures were regular parallel 
lines measuring 260 À apparently made up of rows of 
obliquely set, small (150 by 110 A) and closely packed 
granules (Fig. 2) which were separated from each 
other by less dense interspaces measuring 90 A. These 
granules gave the crystal the appearance of a "textile". 
Single granules in the vicinity of the endoplasmic 
reticulum are probably macromolecules not yet incor- 
porated into the crystal. The honeyeombed structure 
shown in Figs. 3 and 4 has a centre to centre distance 
of about 350 A, and is possibly a cross-section of another 
crystalloid inclusion. Such inelusions cannot be confused 





Viz. 5. Electron micrograph showing vervet monkey eosinophil 
granules, ( x 9,920.) 


with monkey eosinophil granules, for the latter have oval 
outlines, dense cores, “hairy” cortices, and limiting mem- 
branes (Fig. 5). The inclusions do, however, bear some 
resemblance to the regularly arranged membranous struc 
tures observed in Burkitt lymphoma, and to the erystal- 
like cell inclusions found in tumours induced by Rous 
virust. In addition to the fact that their form and face 
resemble more closely those of the crystalloid structures 
described by Fawcett and Burgos’ and by Leeson’ in 
the mammalian, hormone-secreting interstitial cells of 
Leydig, and of those reported by Carr? in globule leuco- 
cytes, the thymoblast inclusions are remarkably similar 
to the storage protein-iron ferritin. Fig. 2 in this com- 
munication can be compared with Towe and Lowenstam’s 
Fig. 5 (ref. S. Only careful measurement can reveal that, 
whereas the ferritin micelles are only 55-60 A across, 
the thymoblast inclusion granules range from 90 to 





Fig. 3. Electron micrograph of a vervet monkey thymoblast, C, f À 
Honeycombed structure; Cn, centriole; N, nucleus; M, mitochondria. 130 A. 
(= 3,720.) The nature of such crystalloid structures is unknown. 


It is unlikely that they are viral because (a) until the das 
of its death the monkey was in perfect health, and (5) no 
virus particles were found in any of the thymic cells, If, 
however, crystal structure could be taken as a criterion 
for biochemical identification, it would seem likely that 
the erystalloid structures reported are probably erystal- 
lized, proteinaceous, secretory substances with a high 
content of iron. 
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Effect of the Time of Day at which 
Honeybee Colonies are First Allowed 
Flight in a New Location on their 
Choice of Flower Species 


A FLOWER tends to present most of its pollen at a time of 
day characteristic of its species. "Thus dandelion (Taraza- 
cum officinale) presents its pollen between 0900 and 1500 h, 
but 63 per cent between 1000 and 1100 h, whereas apple 
(Pyrus malus) presents its pollen between 0800 and 
1700 h, but 67 per cent between 1200 and 1600 h:. When 
dandelion and apple are flowering in the same area, indi- 
vidual foraging bees tend to be constant to one or other 
species and when dandelion flowers close for the day very 
few bees that visited them earlier change to visiting the 
apple’. Tt seemed probable therefore that if colonies of 
bees were prevented from foraging until the afternoon of 
the first day they were present in an apple orchard, more 
bees might become conditioned to apple and fewer to 
dandelion than if they are allowed to forage early in the 
morning. 

To investigate this, twelve colonies in the same apiary 
were confined to their hives after flight on May 10, 1967, 
were moved to an apple orchard in flower and were then 
divided at random into two equal groups 30 m apart. 
The next day hives of one group were opened at 0900 h 
and hives of the other group at 1300 h. Each hive had 
a pollen trap which removed about 10 per cent of the 
pollen loads the bees collected. The pollen was emptied 
from the traps at the end of each day and the proportions 
of dandelion and apple pollen were estimated?. Means of 
36.1 g and 54-0 g of pollen per colony were trapped on 
May 12 and 13 but only 0-3, 0-0, 1-5, 2-6 and 8:5 on the 
next 5 days. Hence results for May 12 and 13 only are 
given in Table 1, but differences between the two groups 
on the other days were similar. 


Table 1. MEAN PERCENTAGES OF POLLEN COLLECTED 


Dandelion Apple 
May 12 May 13 May 12 May 13 
Colonies released at 
0900 h $7(rr2) Z8(£10) 42-0(x-9:4) 48:5 (47-2) 
Colonies released at 
1300 h T6(4502) 1:7 (40-8) 76-9(+3-0) 72-0 (43-3) 


(S.E. of means in brackets) 


Little dandelion pollen was collected by either group 
and the amount did not differ significantly between the 
two groups, but more apple pollen was collected by the 
group kept in their hives until 1300 h (May 12, P<0-01; 
May 13, P « 0-02). Most other pollen collected was from: 
Acer pseudoplatanus, Aesculus hippocastanum, Quercus 
robur, Lamium album, Scilla nonscripta and Ilex aqui- 
folium. 

Confining colonies until midday increases the proportion 
of pollen-gatherers visiting apple. Because pollen- 
gatherers are more valuable pollinators than bees col. 
lecting nectar only‘, this practice probably also in- 
creases pollination. The same principle probably applies 
to other crops that present their pollen mostly or 
exclusively in the afternoon (for example, Pyrus com- 
munis, Prunus persica, Trifolium repens and Vicia faba), 
but experiments are needed to establish this. Further- 
more, it should be borne in mind that colonies can be 
damaged by confining them to their hives. 
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Inhibition of Phage Development 
in Bacillus cereus Strain T by 
Pre-spore Extracts of Bacilli 


THE susceptibility of infection of a bacillus by a bacterio- 
phage varies with the physiological state of an organism. 
Goldberg and Gollakota! observed that a phage for 
Bacillus cereus strain T infected the organism in the 
vegetative stage and lysed the bacterium with the release 
of new phage partieles. But when the phage was mixed 
with the pre-spores of the bacteria, the phage particles 
were able to adsorb to the micro-organisms but did not 
cause lysis of the culture. The bacilli progressed towards 
sporulation and produced spores as in an uninfected cul- 
ture, but after germination the cells lysed. It was also 
shown that in these conditions the phage genome was 
incorporated into the spore. Investigations were carried 
out in order to understand the inhibition of phage multi- 
plication during the pre-spore stage in sporulating bacilli. 
We report here evidence for the presence of a factor in 
pre-spore extracts of sporulating organisms able to sup- 
press phage multiplieation in a permissive system. 

A large plaque forming phage which was used in these 
experiments was isolated from a phage lysate from 
Goldberg's original stocks. The general methodology of 
handling phage was according to Adams?. 

Bacillus cereus strain T, used throughout these investi- 
gations, was grown in a G^" medium from a spore inoculum 
by the active culture technique described by Halvorson?. 
This technique enabled us to obtain maximum synehrony 
in the eulture with respect to the physiological state during 
the successive steps involved in sporulation. The progress 
of morphological differentiation was followed by phase 
contrast microscopy. 

A 11. culture of B. cereus cells was grown to the required 
physiologieal stage by inoeulating the medium with a 
10 per cent (v/v) inoculum of a culture of actively growing 
vegetative cells. The organisms were collected and sus- 
pended in 20 ml. of 0-01 M potassium phosphate buffer, 
pH 6:8. The cells were broken by sonication with a 
Branson sonifier, care being taken not to allow the temper- 
ature to rise above 107-15? C during the process. The 
extract was acidified to pH 5-5 with 1 N hydrochlorie acid 
and the precipitate was removed by centrifugation. The 
precipitate was taken in 0-01 M potassium phosphate 
buffer, pH 6-8, and dialysed overnight against the same 
buffer, pH 6:8, at 4? C. Several such dialysed extracts 
were prepared from different stages of sporulation of 
Bacillus cereus strain T, as well as from the pre-spores of 
à few other spore formers. "These extraets were tested for 
their inhibitory aetivity on phage multiplieation in a 
system containing phage infected vegetative cells of B. 
cereus strain T. 


Table 1. EFFECT OF ADDITION OF EXTRACTS FROM CELLS OF DIFFERENT 
PHYSIOLOGICAL AGE ON THE PHAGE MULTIPLICATION IN B. cereus STRAIN T 


Age of cells from which the 


extracts were prepared pPru/ml. *$ of inhibition* 
ah 24x 10? 33 
6h 2-3 x 10° 39 
&h 7-5 x 108 94 
10h 2-0 x 10* 44 
12h 2-2 x 10° 39 
Control (no extract) 3-6 x 10* — 


Vegetative cells of B. cereus strain T (5x 10? ml.) were suspended in 
nutrient broth. The bacteriophage at a multiplicity of 4 was mixed with the 
cells and the culture was allowed to stand for 5 min for adsorption of the 
phage to the cells, Then extracts (about 150 mg solids/ml.) were added to 
the culture and the system was incubated for 60-70 min until lysis occurred 
in the control culture. The number of phage particles was determined by the 
usual agar overlay technique. 

*rFU control—pru experiment , 196 


PFU control. 





The results in Table 1 show that the maximum inhibi- 
tory activity was exhibited by extracts prepared from 
cells at a physiological age of 8 h which corresponded to 
the pre-spore stage of the organism. Furthermore, pre- 
spore extracts of three strains of B. subtilis as well as one 


NATURE, VOL. 218, JUNE 8, 1968 


strain of B. megaterium showed asimilar inhibition against 
phage multiplication. 
Experiments were carried out to gain an insight into 
the nature of the inhibitory factor. Results showed that 
the factor lost its biological activity when heated at 100° C 
for 10 min. There was no significant loss in activity on 
treatment with DNase or RNase, but proteolytic enzymes 
destroyed the inhibitory effect of the extract. 
Purification of the extracts by column chromatography 
has been attempted to concentrate the biologically active 
compound. The factor can be adsorbed to CM-cellulose 
and eluted with a pH gradient. The active component 
exhibits the properties of a basic protein. We are trying to 
isolate the active principle in a pure state and study its 
structure as well as the mechanism of inhibition of phage 
multiplication. It would be interesting to investigate the 
role of such basic proteins in sporulation of micro-organ- 
isms. 
This work was supported by grants from the American 
Cancer Society and the US National Institutes of Health. 
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Effect of Anti-lymphocyte Serum on 
the Response of Human and Mouse 
Lymphocytes to PHA 


THE immunosuppressive properties of anti-lymphocyte 
serum have attracted a great deal of attention. Most 
work has been carried out with antisera against lympho- 
cytes of laboratory animals'~*, but some clinical studies 
have also been made using anti-human lymphocyte serum 
(AHLS). Clinical work, however, is handieapped by 
the laek of method of assaying the immunosuppressive 
potency of AHLS in vitro. It has been shown that the 
stimulation of nucleic acid which is induced by phyto- 
haemagglutinin (PHA) in human lymphocytes in vitro 
is broadly similar to that induced by antigens**. We 
have therefore studied the effeet of anti-mouse lympho- 
eyte serum (AMLS) on the response of mouse peripheral 
lymphocytes to PHA in vitro in the hope of establishing a 
correlation with the graft protecting potency of the 
serum. If a correlation could be established it seemed 
that analogous assays of AHLS might be used as a guide 
to its graft protecting potency. 

All antisera were made in horses; the four anti-mouse 
lymphocyte sera (Nos 1-4) and three of the anti-human 
lymphocyte sera (Nos 5-7) were made at these laboratories; 
the fourth (No. 8) was a gift from Dr K. James. The 
immunization courses are shown in Table 1. The AMLS 
were assayed in CBA mice grafted with tail skin from A 
strain mice aecording to the technique of Billingham and 
Medawar*. Mice grafted on day 0 received subeutaneous 
injeetions of 0-5 ml. of AMLS on days 2 and 5; grafts 
were scored as rejected on the day the residual scab fell 
off and one half day was subtracted for the calculation of 
the mean survival time. Control groups were not injected. 

Peripheral blood lymphocytes were collected from 
CBA mice, cultured and their response to PHA determined 
as described by Festenstein!*, except that !C-2-thymidine 
was added (0-075 uCi culture) on day 2 and the cells 
collected on day 3. Viable counts made when the cells 
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Table 1. PREPARATION OF ANTI-LYMPHOCYTE SERUM IN HORSES 
Graft 
Horse No. protection 


(MST days)* 
Anti-mouse lymphocyte serum 
Two intravenous injections of 80-90 x 10* 
mouse thymocytes on day 0 and d y 14, 
bled day 21 


1 
(WRL No. 5942) 
EX 4896 





2 
(WRL No. 7273) 
27.10.67 
3 Four intravenous and intramuscular injec- 
(WRL No. 6997) tions of 50-80 x 10* mouse thymic on 











19.1.67 day 0, day 14 and then at inter of 
6 weeks; bled 7 days after last injection 15-0 5 Lot 
4 Fifteen intravenous and intramuscular in- 
(WRL No. 6768) jections given twice weekly, graded from 
5.1.67 0-5 to 32x 10" mouse thymocytes/injec- 
tion; bled 7 days after last injection 22-5 3:3 


Anti-human lymphocyte serum 

Two intravenous injections of 10° human 
peripheral lymphocytes given on day 0 
and day 14; bled on day 21 

Sight intravenous and intramuscular injec- 
tions of human spleen cells during 6 
months, graded from 2-5 x 10* to 64 x 10° 
nucleated cells/injection; bled 7 days 
after last injection 

Eleven injections of human spleen or 
thymus cells during 12 months, graded 
from 5x10? to 50x 10° nucleated eells/ 
injection; bled 10 days after last injection 

* MST, arithmetic mean of survival times de termined on atleast twelve mice. 


+ Not significantly different from MST for uninjected mice of 12:5 days. 


5 and 6 
(WRL Nos, 7207 
and 7211) 14.4.67 


7 
(WRL No. 6977) 
14.4.67 





8 
(Edin. No. 3) 





were collected showed that 50-70 per cent of the lympho- 
eytes survived. Human peripheral lymphocytes were 
separated from polymorphs by differential settling and 
overnight incubation!!. Aliquots of washed cells were 
ineubated with PHA for 48 h and the degree of stimulation 
was estimated by adding 0-2 uCi of 1C.2-uridine/eulture 
and incubating for a further 60 min; the cells were then 
colleeted by filtration and washed with trichloroacetic 
acid and ‘methanol before scintillation counting in 
the usual way. All in vitro experiments were carried 
out with complement free media and the ALS was heated 
at 56° C for 30 min before use. ALS was added to the 
cells either with the PHA (AMLS) or 30 min before it 
(AHLS), preliminary experiments having shown that the 
activity was unaffected by prior addition. 

The graft protecting potency of the four AMLS is 
shown in Table 1 and the effect of the sera on the response 
to PHA is shown in Fig. 1. All four sera inhibited the 
response to PHA. The inhibition was not à result of cell 
death; microscopic examination of the cells showed that 
they were still intact, though untransformed. While the 
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lines and those from single experiments as points. AMLS from: lightly 

immunized horses: horse 1 (———— ), horse 2 (— - ——* —); moderately 

immunized horse: horse 3(..... 3; hyperimmunized horse: horse 4 
(— — — —). Immunization courses are shown in Table 1, 
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courses of Immunization could not be compared exactly, 
it appeared that the inhibitory activity of the serum 
inereased as the course lengthened; the graft protecting 
power of the sera, however, did not. so that serum 3. 
which was inactive in vivo, had an in vitro activity inter- 
mediate between the two dose sera } and 2 and the 
hyperimmune serum 4. 

The effect of AHLS on the response of human peripheral 
ivinphoeytes to PHA is shown in Fig. 24 and b. The 
effect is complex, but it seems to be composed of three 
elements. (I) An inhibition which extended to increas- 
ingly high dilutions as immunization proceeded. The 
cells were viable though untransformed and this reaction 
seems to be analogous to that seen in mouse cells. (2) 
An augmentation of the response by concentrations of 
AHLS lower than those required for inhibition (Fig. 2a). 
This effect was produced by sera 5 and 6, which did not 
stimulate uridine uptake in the absence of PHA. The 
degree of augmentation was variable and it is not yet 
certain that it was distinct from the augmentation 
produced by normal horse serum, though it did appear 
to be larger. (3) An augmentation of the response to 
PHA by concentrations of AHLS higher than those 
required for inhibition (Fig. 2b). This effect was seen only 
when sera were used which stimulated uridine uptake by 
lymphocytes in the absence of PHA"? and it occurred 
for the same range of concentration irrespective of the 
presence or absence of PHA. 
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Fig. 2. ‘The effect of the inmunization course on the inhibitory activity 
of AHLS and variation of the PHA response with concentration of 
AHLS. The response to PHA alone is shown as a horizontal line, values 
from three replicate experiments shown as vertical lines, values from 
single experiments shown as points. a, Lightly immunized horses: horse 
5 t —-), horse 6 (— — ~ —) $, hyperimmunized horses: horse 7 
Immunization courses are shown in Table 1. 
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The cytotoxicity of the AMLS prevented the use of 
these sera at concentrations high enough to establish 
whether or not mouse lymphoeytes were stimulated in 
the same way. 

The inhibition of the response to PHA by both AMLS 
and AHLS is in contrast to the stimulation reported by 
Greaves et al.13, They, however, used onl y concentrations 
of AHLS which induced a marked stimulation of DNA 
synthesis, and they removed the antiserum before adding 
the PHA. In the experiments deseribed here, the anti- 
serum remained in the cultures and, in these conditions, 
inhibition was observed at eoncentrations as low as one 
hundredth of those which would induce DNA synthesis. 
The results of Greaves et al. seem to be analogous to the 
augmented responses to PHA which we observed in the 
presence of sera 5 and 6 (Fig. 2a). This response to some 
samples of AHLS and to normal horse serum may be a 
form of immune response by the cells to normal horse 
serum which is only expressed in the presence of PHA; 
if so, it would be analogous to the stimulation of inter- 
cellular reactions reported in vitro1i-15, 

The response of human peripheral lymphocytes to 
PHA can be measured equally well by determining the 
incorporation of either '!C.2.uridine or 5C-2-thymidine 
(unpublished work of B. M. and J. A. C. P.); it would 
therefore seem that the inhibitory effeet of ALS on the 
response to PHA is similar in both human and mouse 
lymphocytes. Because the inhibitory effect of AMLS 
was not correlated with in vivo activity it is very unlikely 
that the graft protecting potency of AHLS can be deter- 
mined in this way. 

Diserepancy between in vivo and in vitro activities has 
also been noted by James?! and it implies that the anti- 
bodies involved are heterogenous”; the variation in the 
diserepancy implies that the proportions of the antibodies 
in the serum also vary as immunization proceeds. 
Whether this is the result of the complexity of the antigen, 
or of the sequential synthesis of different classes of globulin 
with different biological properties!*, is a matter for 
conjecture, 

The immunization of the horses was planned and 
organized by Dr A. J. Woiwod, Mrs I. Batty, Dr D. C. 
Zdwards and Mr A. Thomson, using antigens prepared 
by Mr D. Thomas. The sera were prepared by Dr F. V. 
Linggood. We thank Professor M. Woodruff and Dr K. 
James for samples of serum from horse 8, and Dr H. 
Festenstein for advice. 
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Fracture Criterion for Cast Iron 


COMPRESSION tests and tension tests on cast iron have 
been earried out in an environment of hydrostatic pres- 
sure! The results for the fracture stresses are shown in 
Fig. 1. 

Let e be the fracture stress in compression in a test 
carried out under a hydrostatic pressure p. Then the 
stress tensor oy, taking compressive stresses as positive, is 


sy = (e+p) 0 0 
0 p 9 
0 0 p 


The hydrostatie or volumetrie component of this stress 
system equals (p+c/3) while the maximum deviatoric 
stress or the maximum differenee between the principal 
stresses and the volumetric stress is equal to (c--p)— 
(p+¢/3)=2¢/3. The maximum “tensile” stress is p. 

The evaluations of the volumetrie stress and the 
maximum deviatorie stress for tension tests carried out 
under a hydrostatic pressure q are identical with those 
given for compression with the appropriate sign change— 
that is, the maximum deviatoric stress at fracture is 
equal to — 2£/3, where t is the fracture stress in tension. 
The maximum tensile stress is (q— t). 

'The experimental results for the compression tests can 
be obtained from the compression line in Fig. 1 (Chandler 
and Mair! denote tensile stresses as positive) and are given 
in Table 1. 


Table 1 
Maximum devia- 


Hydrostatic Fracture Volumetric stress toric stress 
pressure (p) stress in ( pt £) (20) 
(tons/in.*) compression (c) 3 3 
(tons/in.*) {tons/in.*) (tons/in.*) 
0 458 15-3 30-5 
10 48-3 26-1 32-2 
20 50-6 36-9 3357 
25 53-0 47-7 353 
40 55:4 58-5 36-9 
50 58-0 69:3 38-7 


The corresponding results for tension are obtained from 
the “tension” curve in Fig. 1 at the values of volumetric 
g 
stress shown in Table 2. 





x 
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a ee 
x 







Maximum tensile stress (tons/in.*) 





~ 20 x 

-40 Pd 
401 rd 
COMPRESSION 

-800 ——- i aes i 4. i 
0 -10 -20 -80 —40 -—50 ~ 60 -70 
Volumetric stress (tons/in.*) 
Fig. 1. Maximum tensile stress/volumetric stress curves for cast iron. 


Chandler and Mair! examined various criteria to obtain 
a representation of the fracture stresses in the tension and 
compression tests under pressure but found none to be 
satisfactory. I have plotted in Fig. 2 the numerical values 
of the maximum deviatorie stress as a function of the 
vohimetric stress for the fracture of cast iron in com- 
pression and in tension under various hydrostatic pres- 
sures, It can be seen that a fracture criterion of the 
maximum deviatoric stress gives an excellent representa- 
tion of these results. 
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Fig. 2. Maximum deviatoric stress against volumetric stress for cast iron 
in tension ( x ) and compression ( C) under hydrostatic pressure, 





It has been shown that the fracture stress of cast iran 
under hydrostatie pressure in tension tests? and in torsion 
tests? could be represented by either a maximum tensile 
stress or a maximum deviatoric stress criterion; the criteria 
are equivalent for these particular stress systems. Unfolr 
tunately, it is not possible to compare these resuts- 
quantitatively with the previous article, because different 
cast irons were used. None the less, the maximum devia- 
toric stress seems to represent well the results for the 
fracture of cast iron under hydrostatie pressure in à variety 
of stress systems including tension, torsion and compres- 
sion tests. 

Tabie 2 


Maximum deviatoric 


Volumetric stress — Maximum tensile stress stress 

(a- t ) at fracture (q — £) ~2t 

3 {tons/in.*) 3 
(tons/in.*) (tong/in.*) 

9 -141 141 

10 ~ 12-6 22-4 

20 -8-5 28-5 

30 -26 32.6 

40 + 4-6 354 

50 +13-1 36-0 


Because the maximum deviatoric stress is directly 
proportional to the tensile, compressive or shear stress at 
fracture in the corresponding tests under pressure, the 
latter stresses can be regarded as the determining factor. 
They vary because the volumetric stress at the same 
ambient pressure is different for each type of test. 

H. Lr. D. Puos 
National Engineering Laboratory. 
Glasgow. 
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GENERAL 


Pair Distribution Function for Particles 
in a Box 


ONE method of studying the thermodynamic properties 
of simple liquids is to consider the packing statistics of 
finite model assemblages of rigid spheres'. "This finite 
model approach yields not the well known pair distribu- 
tion function, which deseribes the average distribution of 
atoms about a typical atom in an infinite liquid, but 
rather a pair distribution histogram A(¢). For an 
assemblage containing N spheres, NR(o)Bp gives the 
number of pairs of spheres the centres of which are separ- 
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ated by distances in the interval (p, ¢+8p). Of course, 
in the limit of an infinitely large model (N— c) and 
infinitesimally smal! histogram interval (8g—0), R(g) 
becomes equivalent to the usual pair distribution func- 
tion. One of the difficulties associated with a finite model 
is that edge effects seriously impair the usefulness of 
H(p) as an approximation to the radial distribution 
function. Clearly, any method of eliminating the edge 
effects from R(5) is of considerable interest. 

Mason? described a procedure that partly compensates 
for the edge effects in a spherically shaped model. His 
technique was simply to multiply the pair distribution 
histogram of the model by a sealing factor, which he 
caleulated to be 


Aa — OS KDR, 
ZPR + gary SES 





where R is the model radius. The denominator represents 
an average pair distribution function for particles ran- 
domly distributed with unit density within a sphere of 
radius R, while the numerator gives the corresponding 
function for a random distribution of the same density 
but unlimited in extent (R= cc). 

We have been concerned with interpreting pair distribu- 
tions for assemblages of atoms? and have derived. inde- 
pendently of Mason's work, expressions for the scaling 
factors in various cases. The factor obtained for a 
spherical model agrees with that given by Mason: the 
ease of a model confined to a rectangular box is also of 
some practical interest, and the appropriate scaling factor 
has already been given by Bell and Dean‘. Details of 
the derivation are as follows. 

Consider a rectangular parallelopiped, bounded by the 
pairs of planes 





w= + 8/2 
y= tn? 
z= tC/2 


and containing particles distributed randomly with unit 
density. The probability of finding a particle in the 
volume element dzdgdz, containing the point (x.y.z). can 
be written as 
JG EMG) fle.cjdadydz 
where 
f(x,£) 2 1 for jx] < £/2 (1) 
= for |x] > £/2 
The probability of finding, in addition, a second particle 
separated from the first by a distance in the infinitesimal 
range (o.p--dp) is just 
dirdydzidefaS[ f(x Ef (yn D fle + 2.2 M Qr unte + v. E)] H 


where S is the surface 
Xu ty 

The average number of pairs of particles (counting each 
pair twice) separated by distances in the infinitesimal 
range (p.p-- dg) is then given by 
ENEG tael g)de = fdafdyfdz 

td gd ST fée 2 fy afc OSE t Oflu + uon v Dp (2) 

E 


This equation defines the average pair distribution fune- 
tion Ger g). 
We can rewrite equation (2) for Gero) in the form 





Gio C p) = [dS gnat) (3) 
where (compare equation (1)) 
rto r i 
90.3) sz [^ festes tas: | 
zli-|AE]| for [1«£ j A 
= 0 otherwise | 
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off 


Scaling factor for a cube-shaped box, 


Fig. 1. 
lf 
ex Ent (8) 


then |4|« 5. |u|]&*; and [vi <%. so that integration of 
equation (3) is quite straightforward, giving 


kp g rare ag ug le ope 

1 yi =a EnH +E) + a  (E+q4t)- — 6 

i tm E 2 d 3s! dad m 
If, on the other hand, 

pte Sta ttt? (7) 


then |4| >, or jp) 2 5, or |v| 2 C for each point. on the sur- 
face S. In this case, the integrand of equation (3) vanishes 
identically over S and Ge,(g) is zero as one might 
expect; this simply expresses the fact that no two particles 
are farther apart than the length of a diagonal of the box. 
For values of p intermediate between the ranges (5) and 
(7), the situation is more complicated and equation (3) 
is most conveniently evaluated by numerical quad- 
rature. 

The limiting form of equation (3) for an infinitely large 
box (2.5.5 o0) is just 


and the scaling factor is given by 
F-Ga«Co)Gen(o) (8) 


This expression has been used? to adjust the pair distribu- 
tion function for an assemblage of tetrahedra occupying 
a rectangular eage, and gave very satisfactory results. 
Experience of this and several other applications sug- 
gests that the procedure should be successful over range (5) 
at least. 

Log,,F is plotted against g/£ in Fig. 1, for a cube-shaped 
box (4=,=%). The sealing factor departs appreciably 
from unity for most of the range, being as large as 1-5, 
2-5 and 5-0 for ¢/Z=0-25, 0-50 and 0-75, respectively. 
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BOOK REVIEWS 


EXPLOSIVE BIOLOGY 


The Biological Time Bomb 
By Gordon Rattray Taylor. 
and Hudson, 1968.) 35s. net. 


Pp.240. (London: Thames 


BioLocGv is teeming with ideas and techniques which will 
soon be used to manipulate man himself; we are going to 
feel the consequences for good or ill far more than at 
present. These are the lessons of this book. How true are 
they ? 

I must agree about the rapid advances in knowledge of 
biology, and the author certainly provides plentiful 
evidence for them. We are piloted through several major 
areas of established research, which are fairly described. 
There are also chapters on speculative advances, including 
the prevention of death and new minds for old. 

We are liberally supplied with quotes, warnings. 
experiments. Ideas near to science fiction are brought out, 
their application to man plotted on an impending time- 
scale, and many shown to be imminent. The author ts 
knowledgeable, can marshal and present facts well, and 
has put a great deal of truth into the book. Many of the 
prophecies are likely to come true. Medical advance is so 
rapid that some of the author’s comments on ethical 
problems that could be raised by transplantation surgery 
have come true since the book was written. The scope of 
biology and scientific medicine is now so wide that success- 
ful experiments on animals can be applied immediately to 
man-—witness the “pill”. 

But the pity of this book is that whereas it could have 
provided a well-balanced discussion of problems arising 
from the application of biological knowledge, it fails to do 
so. It is patently obvious to many people that the develop- 
ment of powerful new biological tools demands care and 
forethought in their application to medical and social 
practice. Responsible comment is therefore weleome and 
needed. Sadly, the bias of this book is too often against 
good judgment. 

In parts, the author summarizes clearly the issues 
involved as in the development of contraceptives or the 
provision of kidney machines. But elsewhere the rational 
arguments are lost in excessive forecasting. The wilder 
speculations such as monkeys with human hands or 
disembodied brains conferring immortality could well 
have been omitted for this reason. The elaboration of 
new drugs or new methods need not lead us into some of 
the circumstances portrayed. Difficulties are bound to 
occur. But we have experience of the unexpectedly harm- 
ful issues resulting from benevolent discoveries, and we 
are learning how to handle the ethical and legislative 
aspects. Consideration could well have been given in the 
book to the implications of current medical advance. 
Some of these are explosive enough. and perhaps more 
urgent than the topies selected by the author. How about 
the conservation of deleterious mutant genes as the 
original selection forees against them are relaxed by 
improved medieal services, or the social problems result- 
ing from the differential inerease in population growth of 
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religious or racial groups in various Countries now that 
contraception and legalized abortion are so widespread ? 

Even though the author dismisses early on the image of 
biologists as absent-minded academies unable to com- 
munieate their ideas outside their immediate colleagues. 
subsequent chapters still label many of them as naively 
experimenting away without thought of the consequences. 
If this be true, the author's solution to the problems ol 
emergent biology is unlikely to work. 

He suggests the creation of committees of the Royal 
Society and other organizations to lay down the ethical 
guidelines and outlaw such aspeets of research às necessary. 
But the biologists themselves, who were so inept in the 
early chapters, will have to be on these committees to 
provide the necessary know-how. By ali means let us 
have open diseussion of all the implications of biological 
research. But I doubt that rules issued by such commit- 
tees would be binding in a free society where standards 
change so rapidly and the freedom of the individual is 
prized. The diffieulty in framing rules of general accept- 
ability is shown, for example. by the change in attitude 
since pre-war to studies on contraception, the impasse a 
few years ago over the abortion of deformed foetuses and 
(I suspect) the very recent change in some quarters towards 
the aeceptability of organ transplantation. 

This book will publicize many of the problems that 
scientists are facing now and that everyone will ultimately 
have to face. But readers could easily be misled about 
biological research by the inclusion of the possible with the 
wildly improbable and by the understatement of many 
benefits possible from biology. The alleviation of schizo- 
phrenia, death from cancer, or the problems facing a 
family with a deformed child, all of which will be probably 
achieved with the biological methods outlined in this 
book, would be invaluable. "Their solution is unlikely to 
lead to biologists becoming society's “accursed scientists”. 

R. G. EDWARDS 





SCIENCE AND HUMANITY 
The Essence of T. H. Huxley 


Selections from his writings edited with several brief 
interpretative essays by Cyril Bibby. Pp. xii+ 246. 
(London: Macmillan and Co. Ltd: New York: Si 
Martin's Press, Inc., 1967.) 38s. net. 


The Huxleys 
By Ronald W. Clark. Pp. xvi+ 398+ 27 photographs. 
(London : William Heinemann, Ltd., 1968.) 634. net. 


Is the light of the Dainton report, it would be idle to 
deny that, in this technological age, science has lost 
some of its attraction for young people. These two books 
are therefore timely; for few great scientists have enjoyed 
such popular esteem as T. H. Huxley, and several of 
those descended from him have continued to play notable 
publie roles. Dr Bibby and Mr Clark, in different ways, 
both show why this should be so, and thus they make an 
important contribution to the so-called “two cultures” 
argument. The key to the matter is that, as Huxley 
said. "science and literature are not two things, hut two 
sides of the same thing". Dreary literature is as boring 
as dreary science, but science illuminated by a human 
imagination can have an effect as powerful as that of 
great art. Both have human value, both deal with 
things that are important for real people; and both 
scientists and artists sometimes fail to take this mto 
account. 

AM of T. H. Huxley's work shows an intense preoccupa- 
tion with his fellow men, particularly, of course, his 
lectures to working men. Dr Bibby confines his selection 
mainly to the "popular" essays and lectures, but the 
textbooks and the scientifie papers also exhibit the same 
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care for presentation to suit the audience, the same 
readiness to use "literary" deviees in order to help his 
readers to a better understanding of his work. If this 
selection reflects Dr Bibby's own interests, this is natural, 
and they fortunately match Huxley's own in their range 
and concern for humanity. He divides his book into 
several sections dealing with broad aspects: scientific 
method, philosophy, Esc education and so on. The 
foreword, by Sir Julian Huxley, and the editor's introduc- 
tory and concluding remarks underline the relevance of 
Huxley's work today—not so much for the details, of 
course, but because it still has so much to say on under- 
standing what science is about. 

The commentary which acts as a link between the 
sections is a shrewd guide to the progress of Huxley's 
thought, while the concluding essay on “T. H. Huxley and 
Today" is all too short (though Dr Bibby devoted much 
of his earlier book on Huxley to this). The main criticism 
one might raise echoes that of Henry Edward Armstrong's 
Huxley Lecture at Imperial College, where he complained 
that Aldous Huxley had sublimated his grandfather to a 
caesura, and reduced him to a "mere literary bricklayer, 
eke of marvellous force and grace”; his own aim, on the 
contrary, would be to restore him to his place as a great 
imaginative artist, a master of design. The organizing 
power of Huxley's mind can only be fully conveyed by a 
complete work and it is a pity that Dr Bibby could not 
find room for one essay in its entirety to demonstrate this 
quality, without which the others lose much of their 
impact. 

If we are now in danger of forgetting the essentially 
human character of science, the role of history and 
biography may be crucial; a recent comment in Nature 
(218, 222; 1968) on the British Society for the History of 
Science symposium on teaching the history of science 
suggested this as a bridge between the cultures. Mr 
Clark has already proved his skill in this difficult art, and 
again rises to the formidable challenge presented by the 
story of the whole Huxley dynasty. Out of a vast number 
of strands he has woven a tapestry of even texture and 
coherent design. Starting from 'T. H., he traces the 
development of the family tradition through many 
branches and in various kinds of writing. The main 
emphasis rests on Sir Julian and his brother Aldous, and 
Mr Clark not only brings off the difficult feat of advancing 
the action on two different fronts without too much 
distracting zigzag, but also reveals the importance of the 
family itself in influencing the education and careers of 
its members. Each character plays a vital, even if small, 
part; and the inclusion of a family tree is but one illustra- 
tion of the care taken to keep track of the multifarious 
details, neither losing the small but significant anecdotes 
nor allowing them to dominate and ruin the edifice. This 
firm hand shows throughout, in Mr Clark's own vigorous 


style; he elearly likes using the English language, but 
only rarely does his imagery become in the least ex- 
travagant. Like Dr Bibby, he has benefited from the 


full co-operation of the family, and his approach, sympa- 
thetie but not adulatory, is perhaps seen at its best 
during the later years of Aldous Huxley. His admiration 
for greatness in science comes through most forcibly when 
he deals with T. H. and Sir Julian or with the Eckersleys 
and the younger men of science; but his capacity for 
human understanding is clearest when discussing the 
novels and the later mystieal works of the most complex 
charaeter of all the Huxleys. 

These two books emphasize most opportunely the 
profound truth that science is much more than the collec- 
tion and description of facts, necessary as these are. In a 
technologieal age, when means are in danger of turning 
into ends, we should remember that the greatest human 
appeal is that of humanity itself; and it is through the 
humanity of great scientists, shown by their lives as well 
as their writings, that the appeal is most direct and most 
enduring. D. J. FoskETT 
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BOVERI THE BIOLOGIST 


Life and Work of a Great Biologist 

Theodore Boveri: 1862-1915. By Fritz Baltzer. Trans- 
lated from the German by Dorothea Rudniek. Pp. 165. 
(Berkeley and Los Angeles: University of California 
Press; London: Cambridgo University Press, 1967.) $6; 
575. net. 


THE process by which one theory displaces another is 
always a fascinating study, and a particularly interesting 
example of this process is that by which Weismann’s 
theory of the chromosomes was refuted and the modern 
theory, in its first form, established. Although Boveri was 
not, of course, the only biologist concerned with this 
transformation, he was one of the most gifted, and it is 
searcely too much to say that the whole of his rather 
short working hfe was devoted to its realization. 

We have grown so accustomed to consider the ehromo- 
somes as distinctly characterized individuals that we 
find it difficult to understand how any well-developed 
theory would be possible in which all the chromosomes 
of a set, whether diploid or haploid, would be considered 
as virtually identical with one another; yet this is what 
Weismann’s theory postulated. Had Weismann been an 
obscure figure among the biologists of his time, his theory 
would now be of little interest even to the historian; but 
he was, in fact, one of the most widely known and 
influential theorists of the late nineteenth century. 

It seems probable that he did not at first give much 
thought to the intimate nature of his germplasm, but 
pictured it vaguely as a chemical substance composed of 
identical large molecules. When he realized that a homo- 
geneous material, however complex its molecules, could 
not be the carrier of the sum of the organism's heritable 
characters, he did not think of the gamete-nucleus as a 
supra-molecular system carrying a single set. of factors of 
heredity, but, as it were, he substituted for the molecules 
of his original substance living organie entities each of 
which carried a complete set of factors, so that each was 
equivalent to a haploid set of chromosomes in the theory 
we now accept. 

Thus he was left with a very large number of entities, 
his tds, any one of which could in principle direct the 
whole development of an organism. Each id contained 
a complete set of determinants; a complete set, that is, 
of what we should now be tempted to call genes, though 
the correspondence is imperfect. The ids of any one 
organism differed from one another only in that they 
carried different modes of the same determinants; or, 
we might say, different allelomorphs of the same genes. 
The determination of overt characters was in all cases 
multifaetorial and statistical; for example, the eyes 
would be blue if most of the determinants for eye colour 
were of the mode “blue” 

Weismann supposed the chromosomes to be receptacles 
each of which carried a random assortment of ids. In 
this way the chromosomes were thought of as virtually 
identical with one another, differing only with respect to 
the modes of the determinants carried in the various ids. 
The reduction division removed half the diploid number 
totally at random. 

A second element of the theory was that development 
of the individual was thought to be directed by a regular 
and self-determined, or built- in, proeess of unpacking of 
the ids, such that at each cell division during ontogeny 
all the ids changed simultaneously in one or both of the 
daughter eells. This is the form in which Weismann’s 
theory reached its final elaboration in his book. Das 
Keimplasma, of 1892. 

It is clear that the notion of predetermined unpacking 
can give no account of regulation, and by 1896 Driesch 
and, much more elegantly, E. B. Wilson had showu 
experimentally that this part of Weismann's theory was 
untenable. Something, however, had to be put in its 
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plaee, if the theory that chromosomes are the carriers of 
heredity was to be preserved. Strangely enough, Driesch, 
who was later to deny the possibility of a naturalistic 
explanation of development, suggested in 1894 the lines 
on which a new theory should proceed. He proposed that 
“the typical processes of ontogenesis are to be thought of 
as released by typical differences in the protoplasm of 
the embryo” and that development was thus due to 
Wechselbeziehungen. 

Boveri was able to show experimentally that the notion 
of the equivalence of the chromosomes was false, and by 
observation and experiment he showed that it is extremely 
plausible that the set of chromosomes of a fertilized egg 
consists of a number of pairs such that the members of a 
single pair are virtually identical in make-up, but no pair 
resembles any other pair. He also discovered distinctly 
different. zones in the cytoplasm of eggs, and showed 
experimentally that early development ean be explained 
as a process of interaction between nucleus and eyto- 
plasm. Of these fundamentally important researches 
Professor Baltzer gives an exposition which I can only 
describe as bildschón. My only criticism is that, although 
he makes quite elear the relation of Boveri's notion of 
Rückwirkung of cytoplasm on nucleus to Weismann's 
theory of predetermined nuclear unpacking, he does not 
sufficiently explain what it was that Boveri refuted in 
his experiments relating to the individuality of the 
chromosomes. 

Boveri's work on chromosomes is of the greatest 
interest in itself, but its interest is enhanced by the faet 
that it tended to establish by observations and experi- 
ments on one set of objects of study what the American 
workers were at the same time advocating as a result of 
observations on another set. A particularly significant 
paper reporting experiments on sea-urchin eggs was pub- 
lished by him in the same year (1902) in which Sutton 
published his paper describing the diploid set of chromo- 
somes of Brachystola magna as a set of pairs in which 
each pair can be distinguished by inspection from all 
other pairs. 

Professor Baltzer devotes ninety-eight pages of his 
book to Boveri's scientific work and to an excellent 
selective bibliography: he gives fifty-five pages to 
Boveri's life and personality. The biography is inter- 
esting and adequate; and I hope it is no very harsh 
criticism to say that one could have wished for a more 
practised hand to display, with some feeling for its general 
historical context. the life of one whose brilliance con- 
tributed to the lustre of the closing years of European 
civilization. 

'The book was translated from the German by Professor 
Dorothea Rudnick, in collaboration with Professor Balt- 
zer. There are some minor faults of translation, but they 
do not seriously disturb the understanding of the text. 
and scarcely call for detailed correction in a review. 

J. S. WILKIE 









FOR SCIENTISTS AND HISTORIANS 


The Mathematical Papers of Isaac Newton 

Vol, 2: 1667-1670. Edited by D. T. Whiteside. Pp. 
xxii+4 plates. (London: Cambridge University Press, 
1968.) 210s. net. 


(Tur second volume of Newton's mathematical papers 
fulfils the expectations raised by the first. Without re- 
peating the praise bestowed on the latter, I shall only 
insist on the fact that we are here given more than a 
scholarly transcription of documents often hard to 
decipher, to date or to order; the author presents us also 
with the results of a sharpsighted, painstaking and 
infinitely competent study of their contents, which can 
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thus be directly appreciated in their historical perspee- 
tive, A volume like this one is accordingly mueh more 
than a repository of documenta for the benefit of future 
historians; it can be read also (especially the introductions 
to the various parts) with both pleasure and profit by 
scientists curious of history. 

During the four years (1667—70) covered by the present 
volume, Newton was chiefly occupied with optical studies 
(‘glass-works” as he called them) and chemistry, and a 
good deal of the mathematical papers aseribed to this 
period have a transitional character; they form either the 
completion of researeh started in the student years or the 
preparation of work to come. Nevertheless, there is s 
considerable amount of material of great importance 
available here for the first time. In analytical geometry, 
we find an enumeration of sixteen species of cubies, 
carried out by a method different from that published in 
1704 at the end of the Opticks, and rather resembling that 
independently developed by Euler in 1748: the influence 
of Descartes, and especially Schooten, js roore con- 
spieuous in this work, left unpublished, than in the later 
approach. In algebra, we may now for the first time 
examine the Latin translation, made by Mercator, of 
Kinekhuysen's algebra, which Newton, at Collins's request, 
spent more time than he liked in annotating and eorrect- 
ing. Collins's projeet of publieation of this translation, 
with Newton's amendments, finally misfired: Newton 
remained with the manuscript. the copyright of which he 
had to buy back from the printer for the sum of £4; he 
later made use of it for his Lueasian lectures, eventually 
published against his wish under the title of Arithmetica 
universalis in 1707. The original material, now reproduced 
in full, gives instructive evidence of Newton's didactic 
preoccupations and didactic talent. 

The papers to which one turns with the greatest 
curiosity, however, are those on analysis, and above all 
the famous tract De Analysi of 1669, of which we are now 
given the authentic text, and, more important still, the 
partial transcript taken by Leibniz when in 1676 he had 
the opportunity of reading the copy made by Collins. The 
latter document (which had only been studied so far by 
the German specialists of Leibniz, C. I. Gerhardt and J, E. 
Hoffmann) throws decisive light on the parallel develop- 
ment of Newton's and Leibniz's ideas during this early 
period. It is clear, for instance, that Leibniz had nothing 
to learn from Newton about the differential and integral 
calculus; in the matter of series expansion, on the other 
hand, Newton's superiority over both Mercator and 
Leibniz is obvious. 

The De Analysi is by far not the best we have about 
Newton's calculus; it is a hastily written report, prompted 
by the publication of Mereator's Logarithmotechnia, and 
intending to record Newton's priority in the method of 
series expansions rather than to present a systematic 
exposition of the results he had achieved in the method of 
fluxions; but as the earliest document Newton could 
produce on the latter subject, it acquired renewed interest 
when the unfortunate quarrel over the invention of tbe 
calculus broke out. Although this quarrel has for us only 
incidental significance, it was a very judicious idea of the 
editor to collect in an appendix the documents arising 
from it which bear upon the De Analyst; as it happens, 
these documents supply us with first hand comments from 
the protagonists themselves upon their pioneering work, 
which essentially contribute to elucidate their basic con- 
ceptions and motivations. The first of these documents 
is a review of a collection of mathematical papers of 
Newton’s—among them the De Analyst—published by 
W. Jones in 1711; although this review appeared anony- 
mously in the Acta. Eruditorum and mentions Leibniz in 
the third person, it was clear to the contemporaries that it 
was written by Leibniz himself. Newton contemplated 
publishing a reply, but did not proceed further than three 
incomplete drafts, which are now for the first time made 
available. and prove to be remarkably revealing. Leibniz 
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had pointed out that Newton's approach was substan- 
tially identical to his own, and that a rigorous proof of 
either method required an application of Archimedes's 
method of exhaustion—much the modern point of view. 
Newton surprisingly contests this identification, asserting 
that his own method of fluxions entirely avoids the use of 
infinitesimal quantities: it proceeds “in finite quantities 
exactly by vulgar geometry" without involving any 
“error” or "approximation". More specifically, the 
increment. of the independent variable, which Newton 
calls its "moment", is wrongly identified by Leibniz with 
his differential; in Newton's argument—so he asserts—the 
moment is never treated as infinitely small; it is first taken 
finite. and ultimately (after all the terms of the equation 
have been divided by it!) it is made to vanish exactly. 
This, he says, conforms to the precepts of geometrical 
reasoning taught by the ancients. Here, then, we see the 
root of the opposition between the two giants; it was an 
opposition of mathematical temperaments. too deep- 
seated to allow of any conciliation: the one upholding the 
primacy of abstract. logical thinking, the other clinging to 
geometrical and kinematical intuition. It is a fact inviting 
reflexion that they both could appeal with equal justifiea- 
tion to the example of the Greek masters, 
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INSIGHT INTO SENSES 


Sensory Inhibition 

By Georg von Békésy. (The Herbert Sidney Langfeld 
Memorial Lectures, 1965.) Pp. x+265. (Princeton. 
N.J.: Princeton University Pres London: Oxford 
University Press, 1967.) 81s. net. 





Dr BÉKÉsv is, of course, famous for his studies of the 
mechanics of the cochlea —studies to which his superlative 
instrumental skill contributed not a little. But he has 
also been interested in sensory psychology, and it is this 
aspect of his work which is covered in this volume. The 
title is à misnomer; it is not strietly a book about sensory 
inhibition, even if the word "inhibition" is interpreted 
very widely, as the author himself does, to mean simply 
à failure of response. 

The material in this volume originally formed a series 
of lectures and these were designed, no doubt, as much 
to entertain as to instruet. It is perhaps chiefly valuable, 
in & way that no collection of formal scientific papers can 
be, as affording an insight into the ways of thinking of a 
leading research worker, and into the development of his 
ideas over a long working life. As far as it has a central 
theme it is that of an investigation of the analogies which 
exist between the subjective responses of different sensory 
modalities. As he explores these analogies, we see once 
again at work the author's tremendous ingenuity in 
devising adequate instrumentation for what appear at 
first sight to be the most unlikely situations. It is salutary 
to be reminded that the classical methods of experimental 
psychology, suitably applied, can still turn up unsus- 
peeted data, and the results presented here confirm our 
suspicions that the various sensory systems utilize similar 
basic neural mechanisms. 

Of course, such experiments can tell us little or nothing 
about what these mechanisms are, or where they are 
located. It is doubtful, for example, if the old trick of 
using different stimuli to each of two eyes or ears to 
answer the question “Central or peripheral ?" has much 
validity in the light of modern knowledge of centrifugal 
connexions. It is doubtful, even, if the question is any 
longer worth posing. The known complexity of central 
nervous processing makes the attribution of phenomena 
simply to central inhibition, or indeed central anything 
else, uninstruetive. To say that if we cannot feel a stimulus 
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it is inhibited is to sav nó more than that we cannot 
feel it. 

It was Békésy's great contribution to the study of 
hearing that at a time when theoretical models of the 
cochlea were being constructed on the basis of a com- 
bination of the results of subjective response and histo- 
logieal appearance, he took the lid off the cochlea and 
actually looked at what was happening. Here, however, 
the lid remains firmly on, and we can only speculate, as 
he does, about the bases of the phenomena he describes. 

I. C. WHITFIELD 





UNDERSTANDING THE BRAIN 


A View of the Brain 

By J. S. Griffith. (Oxford Science Research Papers, 1.) 
Pp. 79. (Oxford: Clarendon Press; London: Oxford 
University Press, 1967.) 155. net. 


Models of the Nervous System 
By Sid Deutsch. Pp. vii+ 266. (New York and London: 
John Wiley and Sons, Inc., 1967.) 


BRAIN research is rapidly becoming one of the liveliest, 
and one of the most controversial, branches of modern 
science, Until a few years ago it was generally acknow- 
ledged to be the preserve of eonventional anatomy and 
physiology. illuminated from time to time by clinical 
observation and ablation experiments on animals. But the 
classical tradition of Sherrington, Lashley, Penfield and 
Adrian has now widened into a broad river, fed by tribu- 
taries from cybernetics, perceptual psychology, com- 
munication theory, molecular biology, psycholinguistics 
and even computing science. Little wonder that many 
physiologists and experimental psychologists are appre- 
hensive about their subject becoming a latter-day tower 
of Babel, or that their fears should find ample justification 
in the superficiality and unrealism of much that is written 
about the central nervous system. But when this kind 
of thing happens in a seience, it should not be taken as 
a sign of intellectual decadence but as a sign that the 
central problems and concepts have not yet been ade- 
quately formulated; it is the loose ends and obseurities 
that have always been the growing points in the history 
of science. So when a new book or scientific paper raises 
the blood pressure of an experimental neurophysiologist, 
perhaps his most appropriate reaction is to ask himself 
whether there may not be some important problems which 
are worrying the author, whieh he himself may have 
overlooked in his own thinking. Perhaps the author is 
concerned with logical rather than physiological problems; 
questions as to the logical design rather than the micro- 
anatomy of a particular cerebral system; questions which 
the computer scientist might classify as relating to soft- 
ware rather than to hardware. Perhaps such distinetions 
are not always sharp; but we are most unlikely to 
understand the brain completely unless we pay attention 
to both kinds of question. 

Professor Griffith’s book is a research monograph in 
which he directs attention to a few central problems 
about the brain and describes some of his own ideas 
about them. He asks how it is that millions of neurons 
"know" how to join up together and how the resulting 
enormously complicated network can behave in an 
integrated manner. His view on the former question is 
dominated by the idea that every type of neuron is 
characterized by whether or not it possesses each of a 
number of chemical messengers. Cells with the same set 
of messengers are regarded as constituting a “mode”, 
and such modes behave as physiological units. Within a 
mode the eross-connexions are supposed to be excitatory 
but between different modes inhibitory. In these terms 
he discusses the stream of consciousness which he 
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identifies as a succession of "words". each word being 
associated with the activity of a particular mode. The 
set of modes constitutes a system which he ealls the 
“eentre’’; influences are supposed to flow from the centre 
to the cortex and back again, the cortex being the seat 
of the memory. One must admit to feeling rather uneasy 
about such a model, oversimplified though its author 
admits it to be. But at least it will provide material for 
controversy and construetive improvement. Perhaps the 
most useful suggestion in the book is Professor Griffith’s 
theory of synaptic facilitation; there are many other 
ideas, for example, those relating to the embryology of 
the brain, which seem rather more open to question. At 
least Professor Griffith’s book is clear and readable. which 
is a rare quality nowadays. 

Professor Deutsch is an electrical engineer. and perhaps 
it would not be unfair to describe his book as an engineer" 8 
dream about the brain. This he virtually admits in his 
preface, where he says “it may be true that 99 per cent 
of engineering models are wasteful mutations, but the 
l per cent that survives is more than sufficient justification 
for model making". The book contains some useful 
mathematical material and some interesting ideas about 
particular eerebral systems such as the auditory cortex. 
The only trouble is that the occasional appearance of 
detailed anatomieal drawings of parts of the brain may 
lead the innocent reader into supposing that Professor 
Deutsch's models have been established by the experi- 
mental evidence. Tt is very easy to make bad puns on 
the word “neuron” which to a model builder may mean 
anything he pleases, but to a student of the brain means 
a nerve cell the anatomy and physiology of which are still 
beyond our intellectual reach. 

Both books are interesting to read and very reasonably 
priced, but, different as they are, they both confirm one's 
view that theoretieal books about the brain should at 
present carry an X certificate. Theoretical neurophysio- 
logy is not yet a subject for the scientifically immature 
mind, But in these permissive days the young will 
undoubtedly read such books, and their elders will have 
to hurry up and straighten out the subject before it falls 
into utter intellectual confusion. 


H. €. Loxauer-Hicers 


REVISED SOURCEBOOK 


Sourcebook on Atomic Energy 

By Samuel Glasstone. Third edition. 
(Prineeton, N.J.. and London: D. Van ? 
pany, Ine., 1967.) 866. 64. 


Pp. v +883. 
Nostrand Com- 


Ir is not easy to find new ways of describing the third 
edition of a book which has been so successful in its two 
previous editions that they each sold about 50,000 copies. 
There is no reason to doubt that this third edition of 
Dr Glasstone's Sourcebook on Atomic Energy wil be 
equally successful. It is, of course, based largely on the 
previous edition published in 1958, but in addition to 
revising out-of-date material new material is also added. 

Because of the very wide field it covers, the depth of 
treatment of any particular topie is restrieted, but the 
subjeet matter is dealt with in an extremely competent 
fashion and is so well written as to be easily understood. 
It is published under the auspices of the US Atomic 
Energy Commission and thus it is aimed particularly at 
those engaged in the atomic and nuclear energy fields, 
though its appeal will not be restricted to such a narrow 
audience. 

Deseribing as they do the early theories of the atom and 
its structure, fundamentals of electricity, of matter, energy, 
radiation, the structure of the atom, natural radioactivity 
and isotopes, the first six chapters are little altered from 
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the previous edition. Nuclear radiations, their detection 
and measurement are treated next and considerably 
expanded, and now such new topics as the Mésshauer 
effect, semiconducting detectors and a considerably 
expanded section on bubble and spark chambers are 
included. Likewise the chapter on the acceleration of 
charged particles is also considerably expanded. Nuclear 
reactions, artificial radioactivity and the neutron are then 
dealt with, followed by a somewhat longer account of 
nuclear forces and of nuclear fission. The Thapto on the 
utihzation of nuclear energy includes a considerable 
section on fusion. Inevitably the chapter on nuclear 
reactors is much longer, almost double in length, because 
there are so many new reactor systems to describe. The 
remaining chapters on the synthetic elements, uses of 
isotopes and radiations, biological effects and radiation 
protection and cosmic rays have all been brought up to 
date and, in the case of the chapter on cosmic ra. 
expanded. Finally, there is an entirely new chapte 
elementary particles. 

There are à number of minor improvements in the 
presentation over the earlier editions. Each ehapter now 
has a list of books and articles for further reading and 
there are more illustrations, particularly of distinguished 
scientists. All the numerical data have been revised and 
the unified scale of atomic masses 1s used. 

Without doubt this is a most excellent reference book 

















and it can be thoroughly recommended as a worthy 
suecessor to the two previous successful editions. 
J. F. Hir, 


ELASTICITY AND PLASTICITY 


Theoretical Elasticity 

By A. E. Green and W. Zerba. 
451. (Oxford: Clarendon 
University Press, 1968.) 105s. 


Second edition. 
Press; London: 
net. 


Pp. xv + 
Oxford 


Dynamic Plasticity 
By N. Cristescu. (North-Holland Series in Applied 
Mathematics and Mechanics, Vol. 4.) Pp. xi+614. 
(Amsterdam: North-Holland Pubhshing Company, 1967.) 
85 guilders; 198s. 


THEORETICAL elasticians fall into two main classes: those 
who are motivated by problems of physical or engineering 
interest; and those who approach the subject essentially 
as mathematicians, attracted by its mathematical appeal. 
The Green and Zerna book is largely orientated towards 
the latter elass. It presents the subject as a marriage 
between differential geometry and mechanics, capable of 
yielding significant fruit in a full-blooded environment of 
Riemannian tensors. Nobody could disagree, especially 
in view of all the results achieved, almost as numerous 
for anisotropic as for isotropic linear media plus a useful 
chapter on finite deformations. Certainly any serious 
reader must invest heavily of his time and energy to 
master the book's celebrated notational intricacies; but 
the returns are considerable. Where else could one so 
readily find, for example, the eomplex potential of an 
isolated force in an anisotropic plate; the isotropic elastic 
coefficients relevant to general curvilmear co-ordinates: 
and the tensor form of St Venant’s compatibility rela- 
tions ? On the other hand, in line with the authors’ bias, 
no reference is made to dislocations or inclusions, two 
important topies which have attracted much attention 
since the 1954 edition. One wonders why the Papkoviteh- 
Neuber representation receives no mention, though it 
embraces all the particular representations cited on pages 
165 et seg. Voigt’s abbreviated notation for the stress and 
strain components is not given, though it could have been 
introduced with advantage on page 176. But these and 
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other omissions are more than compensated by the 
soundest modern account available of plate and shell 
theory, including a new final chapter “which deals with 
methods of deriving membrane theory, inextensional 
theory, and bending theory, by asymptotic expansions of 
the three-dimensional linear elastic equations". This 
account should prove of considerable importance to 
engineers, and will save much analytical effort, once its 
mmplications have been digested. To summarize, the 
second edition of Green and Zerna is not a textbook for 
beginners, and it is not a definitive treatise, but for the 
mature student it will provide an almost inexhaustible 
mine of enduring information. 

What Green and Zerna do for theoretical elasticity, 
Cristeseu does for dynamic plasticity. He is a well 
equipped mathematician who has imposed order on a 
vast mass of material by combining clarity of mind with 
wealth of learning. The dynamic plastic continuum 
presents considerably more complications than the simple 
linear or even non-linear elastic continuum. Physical 
ideas and arguments inevitably play a much greater part. 
The experimental material is diversified and not always 
well defined. Above all, numerical mathematics must be 
brought in at the outset, not merely as a tool but as an 
equal partner with mathematical analysis and with 
experiment. As the author remarks, "the creation of high 
speed computers with huge memories ean be considered 
a revolution for the development of the theoretical 
problems of dynamic plasticity’. For example, the 
loading/unloading boundary, even for one-dimensional 
problems, has so far remained inaccessible to mathe- 
matical treatment, but can be located for any initial and 
boundary conditions using a computer. Similar remarks 
hold for the reflexion of waves from the fixed or moving 
ends of an extensible string. Bearing in mind all the 
inherent. difficulties of the subject, not excluding that of a 
Rumanian writing almost impeccable English for a Dutch 
publisher, Cristescu has produced an astonishing book 
that can be read with equal profit by the beginner and 
the advanced research worker. More than 700 references 
are cited, drawn from East and West, ranging in time 
from Coulomb’s celebrated 1773 memoir to numerous 
papers of 1966 vintage, including a few on dislocation 
mechanisms, but curiously omitting Hill's “Plasticity” 
A suceessful balance is preserved as between mathe- 
matical, physical and experimental aspects, though some 
experimental work might have been more critically 
treated. M. A. JASWON 


OPERATION ORSANCO 


The Orsanco Story 

Water Quality Management in the Ohio Valley under an 
Interstate Compact. By Edward J. Cleary. Pp. xvi+ 
335. (Baltimore, Maryland : The Johns Hopkins Press; 
London: Oxford University Press, 1967. Published for 
Resources for the Future, Ine.). 81s. net boards; 28s. 6d. 
paperback. 





River pollution is one major feature of our high standards 
of living, and the Ohio River, which flows down one of 
the most populated and industrialized valleys in the 
United States, had almost reached the eondition of an 
open sewer in 1935. The problems of combating this 
seale of pollution seemed insoluble, where the catchment 
area totals 155,000 square miles and embraces the territor- 
ies of eight states, where well over eleven million people 
contribute to sewage entering the river, where industrial 
effluents vary from paper waste to brine and phenolic 
compounds, and where the majority of the publie were 
apathetie and unaware of the real situation. 

On the other hand, the threat of disease through water 
supply contamination had been emphasized in 1930 by 
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widespread gastro-enteritis, the cost of adequate treat- 
ment of water extracted from the river for publie use was 
inereasing, and the recreational facilities, principally 
boating and fishing, were fast deteriorrting. 

The story of ORSANCO (Ohio River Valley Water 
Sanitation Commission) is an account of how these prob- 
lems were approached and controlled by an interstate 
compact the formulation and setting up of which is no 
mean achievement in à eountry where the individual states 
are proud of their independence and jealous of any form 
of federal eontrol. Yet such was the will and vision of 
a handful of people that not only was such a compact 
negotiated, it was also made to work and work well. 
Publie opinion was aroused, industrial enterprises offered 
help, municipalities built new sewage works, large-scale 
surveys were undertaken, and all for a cost of less than 
a penny per year per head. Federal aid has become 
increasingly important in recent years, but initially the 
cost of the programme was to a very lar ge extent met by 
contributions from the member states. 

Quite apart from the problems of scientific assessment 
of the river conditions and of ways and means of combat- 
ing the various forms of pollution, the welding of such a 
legally viable compact, which could be enforced in case of 
need, remains an achievement the magnitude of which can 
only be appreciated by reading the book itself. In many 
ways, T'he Orsanco Story is a legal history of interstate 
relations and bargaining, and Edward J. Cleary, the 
executive director of ORSANCO, makes it both readable 
and exciting. 

The story does not stop with the end of the book, 
however, which takes us up to December 1966. New 
problems are continually arising, the value of the dollar 
falls each year, federal control is increasing, and the role 
of ORSANCO is changing to meet the new demands 
imposed on it. Nevertheless, this book records the history 
of what the American Society of Civil Engineers, on 
selecting ORSANCO for its “outstanding achievement. 
award” in 1963, called “the most effective large-scale 
water pollution abatement programme ever undertaken 
in the Western Hemisphere”; and it affords a measure of 
comfort for those who stand appalled at the menace of 
the increasing garbage of civilization. R. S. WILSON 








AIR PHOTOS 


Aerial Discovery Manual 

By Carl H. Strandberg. (Wiley Series on Photographic 
Science and Technology and the Graphic Arts.) Pp. 249. 
(New York and London: John Wiley and Sons, Inc., 
1967.) 140s. 


Tus book, which is planned as an American college (or 
home study) training course in air photo interpretation, is 
divided into three sections--~‘‘Aerial Photographie Inter- 
pretation’, "Photo Geology" and “Photo Hydrology”. 

The first section deals with the general prineiples and 
techniques of air photo interpretation and diseusses the 
equipment and methods used in air photo studies. In 
spite of their importance little is said about stereoscopes 
other than the simple lens type. A comparative assess- 
ment of the three most commonly used stereoscopes would 
have been useful. The author reveals a lack of photo- 
grammetric knowledge when he writes of “two methods 
used to determine the exact scale of aerial photograph", 
&nd nowhere is there reference to the special geometric 
characteristics of a vertical aerial photograph. The 
methods suggested for determining distances and heights 
are somewhat erude, and it is not made at all clear why a 
vertical aerial photograph cannot be treated as a true to 
scale plan. 

Much of the seeond section, which deals with photo 
geology, is taken up with a basic introduction to geology, 
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soils and drainage patterns. The first chapter entitled, 
“Concepts of Photo Geology", deals almost exclusively 
with elementary physical geology, and barely mentions 
photo geology. The emphasis is on landscape forms which 
are well illustrated with vertical stereo photographs. The 
only photo relating to soils is a nine panel multi-band print 
containing à considerable amount of useful information 
which, unfortunately, the author does not adequately 
utilize or explain. 

The first part of the third section deals with the air 
photo interpretation of streams, rivers and lakes, while 
the second half gives three interesting and rather unusual 
examples of the use of aerial photographs in the study of 
water pollution, aquatic vegetation surveys and fish kills. 
The only colour photographs in the book are four obliques 
used to illustrate these three topies. 

Tt is obvious that the author's main interest and experi- 
ence is in the field of photo hydrology. The problems of 
water supply and water pollution are both major and 
world wide, and the author has clearly shown that the 
utilization of aerial photographs can play an important 
part in tackling these problems. 

The book is extensively illustrated and contains many 
half-tone reproductions of aerial photographs, but no 
originals. Most of these are small stereopairs which show 
considerable variation in print quality. For “home study” 
students it would have been useful to have had a selection 
of ground photographs to illustrate some of the main 
features shown on the aerial photographs. The references 
are not systematically listed but are given in the text, or 
in footnotes, or at the end of each section. 

As a textbook dealing with the “techniques” of air 
photo interpretation it has some deficiencies; nevertheless, 
it is a valuable book in that it shows some of the more 
unusual fields in which aerial photographs can usefully be 
used. W. Gorpon COLLINS 





FIELD DATA 


The Collection and Processing of Field Data 

(A CSIRO Symposium.) Edited by E. F. Bradley and 
O. T. Denmead. Pp. xix --597. (New York and London: 
Interscience Publishers, a division of John Wiley and 
Sons, 1967.) 165s. 


ADVANCES in research are often retarded because scientists 
and technologists trained in different disciplines frequently 
find it difficult to appreciate each others' problems and to 
pool techniques to deal with them. This difficulty is espec- 
ially common between scientists who study environmental 
and biologieal phenomena, whieh by their nature create 
special problems of instrumentation, sampling. recording 
and data treatment, and engineers who design and manu- 
facture the apparatus used. This collection of thirty-six 
papers is an attempt to unprove methods of collecting, 
processing and interpreting field data, by defining the 
problems common to various field disciplines, including 
plant and animal ecology, hydrology, meteorology, 
oceanography and soil physics, and by fostering an 
interest between field and engineering scientists. The 
publication contains a wealth of up-to-date information 
on the design of measuring techniques, data collecting 
and processing systems, and computers, and no doubt 
those present at the symposium derived great benefit 
from their discussions. 

Unfortunately, in the printed form, the aim of the 
symposium is not fully realized. This is partly a result 
of the wide scope of the field subjects included; for 
example, soil physies and animal ecology have little in 
common at the levels considered. It is also because the 
editing is poor. It is not enough that editors should 
rearrange papers and discussions for publication; they 
should insist that the onus of making the text intelligible 
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lies on the author, not on the reader, and that technical 
or specialized terminology be kept to a minimum. Failing 
this, a glossary of technical terms and jargon would help. 
Some of the contributions, for example, by Van 
Bavel on “Use and Abuse of Information Processing by 
Machine" and Chapman on "Measurements for Water 
Resource Assessment" are lucidly conceived and pre- 
sented, showing that mutual understanding and stimula- 
tion ean develop when contributors look beyond their 
own narrow interests. It is a pity, therefore, that much 
of the value of this unique collection of papers may be 
overlooked by the intended audience because of hurried 
and superficial editing. Tr 

Nevertheless, it is recommended to any scientis 
cerned with the collection and processing of compl 
field data, though it will disappoint many biologists with 
its single contribution on plant ecology and only three on 
animal ecology; micro meteorologists, hydrologists and 
oceanographers will probably find it more helpful, and 
engineers will appreciate better the complicated inter- 
actions between the variables that field scientists attempt 
to measure. At £8 5s. per copy and with only a small 
proportion of the book relevant to most individual 
scientists, it is a volume to borrow rather than to buy. 

T. Lewis 





University News 


Professor F. L. Whipple, director of the Smithsonian 
Astrophysical Observatory, has been appointed Phillips 
professor of astronomy in Harvard University. 


Appointments 


Mr D. E. Warren has been appointed the director of 
overseas surveys of the Ministry of Overseas Development 
in succession to Mr W. D. C. Wiggins. The directorate 
provides aid to developing countries overseas in the fields 
of land survey, air photography, basic mapping and land 
resource investigation. 


Dr M. A. T. Rogers has been appointed acting secretary 
of the Royal Institution on the resignation of Brigadier 
H. E. Hopthrow. 


Announcements 


The following four engineers have been elected to the 
council of the US National Academy of Engineering : 
Henri Busignies, senior vice-president and chief scientist, 
International Telephone and Telegraph Corporation, New 
York City ; Walter R. Hibbard, jun., vice-president for 
esearch and development, Owens-Corning Fiberglas 
Corporation, Granville, Ohio ; L. Eugene Root, president, 
Lockheed Missiles and Space Company and group vice- 
president, Lockheed Aircraft Corporation, Sunnyvale, 
California; Chauncey Starr, dean, College of Engineer- 
ing, University of California at Los Angeles. 


CORRESPONDENCE 


Climate versus Man and his Animals 


Srr,—In your issue of May 18 (Nature 218, 641; 1968) 
R. E. MeDowell examines some of the physiological 
limitations which hold back livestock production in the 
tropics, but no mention is made of the means of greatly 
extending these limits that lies in the potential for new 
domestication among wild herbivores. j 
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The tropical environment is inhospitable to existing 
domestic species and presumably McDowell's intention 
was only to consider how the environment affects the 
production of cattle. But his paper is cast in more general 
terms as “climate versus man and his animals", and while 
it is stated that “to attain the desired level of animal 
performance all elements contributing to the environ- 
ment and their interactions must be considered", it would 
also be appropriate to consider how the balance might be 
swung in man’s favour by the recruitment of new species 
to “his animals". 

The adverse effects of high temperature and associated 
high humidity, or drought, on exotic domestic animals 
are manifest as decreased food intake, depressed weight 
gains and reeurrrent loss of weight in the dry season, 
depressed milk yield, and decreased resistance to disease 
and parasitism. In addition, the fecundity of the stock 
may be very low. In producing low efficiency the physio- 
logical mechanism on which the environment places 
stress are the animals ability to dissipate heat, to con- 
serve water and to use nutrients that are of limited avail- 
ability. Moreover, behavioural reactions play an important 
part, as in tolerance of discomfort and the feeding patterns 
adopted. 

Large herbivores that are indigenous to the tropics 
exhibit adaptations that could be of the greatest value as 
attributes of domestie stock. Buffalo (Syncerus caffer) and 
oryx (Oryx gazella) tolerate wide fluctuations in body 
temperature and so lessen the need to lose water for 
the purpose of temperature regulation'. The eland 
(Taurotragus oryx) voids faeces of low moisture content 
nnd this enables it to gain more preformed water. An 
estimated 4 1. of water per 100 kg body weight per day 
is available to the eland from food and metabolie sources, 
so that the animal ean be almost independent of surface 
water, Grant's gazelle (Gazella granti) lives through the 
dry season without drinking water*. Ruminants have 
evolved an effective means of nitrogen conservation by 
urea-recyeling through the salivary glands and those 
adapted to the arid zone can be expected to be particularly 
efficient in this regard and to thrive on herbage of excep- 
tionally low protein content. Indigenous tropical ungu- 
lates, exemplified by eland? and by wildebeest (Con- 
nochaetes taurinus)®, have high fertility and fecundity 
and exhibit a shorter calving interval than cattle. Finally, 
in their selectivity towards the plants that they graze or 
browse, indigenous mammals probably exhibit superiority 
over exotie species, and the antelopes can select a high 
proportion of the most nutritious parts of plants. If these 
natural adaptations were harnessed, then the contrasting 
lack of appropriate physiological and behavioural adapta- 
tions in eattle, and their restricted ability to acclimatize 
or acquire immunity to disease, would no longer set 
the limits to production or to man’s contention with 








climate. 

Eland have been domesticated in the Soviet Union® 
and on a small scale in Southern Africa’. Buffalo, blesbok 
(Damaliscus dorcas) and springbok (Antidorcas marsupialus) 
have at least reached the stage of “animal keeping". 
What is needed, however, is the development of such 
projects on a large scale so that the forms in a state of 
incipient domestication may be rigorously selected for 
doeility and efficiency and strains produced that can be 
compart d with cattle on a ranching basis. The productive 
superiority of communities of indigenous large herbivores 
on range land, at least in Africa, has been convincingly 
established? and currently the means of exploiting this 
advantage is through game cropping. The technieal 
problems in making a cropping scheme efficient, however, 
compared with ranching cattle, where the beasts can be 
rounded up and handled, are formidable. Would it be 
justified to fully domesticate a new range of species? I 
believe it would®: the eost would be high, but so would 
be the eost of raising the productivity of traditional 
systems. The four major meat producers-—eattle, sheep, 
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goats and pigs— were domesticated by prehistoric man 
from species indigenous to S.W. Asia some 6,000 to 9,000 
years ago!?. It seems unnecessary that we should today 
be limited by his choice. 

Yours faithfully, 


P. A. JEWELL 
Department of Zoology, 
University College London, 
Gower Street, WCL. 


! Bligh, J., and Harthoorn, A. M., J. Physiol.,176, 145 (1965). 

* Taylor, C. R., and Lyman, C. P., Physiol. Zool., 40, 280 (1967). 

* Lamprey, H. E., East Afric. Wildlife J., 1, 63 (1903). 

+ Skinner, J. D., Anim. Breed. Abstr., 85, 177 (1987). 

* Watson, R. M., thesis, Univ Cambridge (1967). 

* Treus, V., and Kravehenko, D., Symp. Zool. Soc., Lond., 21, 395 (1968). 

7 Talbot, L. M., Payne, W. J. A., Ledger, H. P., Verdcourt, L. D., and 
eek M. H., Cominonu. Bur, Anim. Breed. Gen, Tech. Comm., 16, 42 
(1965). 

è Crawford, M. A., Vet. Rec., 88, 302 (1968), 

* Jewell, P. A. in Domestication and Exploitation of Plants and Animals 
(Weidenfeld aud Nicolson, London, in the press). 


10 Domestication and Exploitation of Plants and Animals (edit. by Ueko, P. J.. 
and Dimbleby, G. W.) (Weidenfeld and Nicolson, London, in the press). 








Paraffin Sections 


Srg,—Diffieulties I have experienced in finding technical 
assistance in the preparation of paraffin sections for 
research work have led me to the discovery that there is 
a large number of histology technicians (mainly married 
women) who are keen to do work at home eutting sections. 
Owing to the sporadie nature of the requirements for 
paraffin sections by many investigators, and to the 
difficulties that they have in finding, equipping and super- 
vising competent technicians, it seemed that some arrange- 
ment for meeting their requirements with the services 
of part time technieians might be a useful service. 

However. it is hard to assess what the actual demand 
for such a service might be, and I am therefore writing to 
ask through your columns if those who are interested 
would eare to address their enquiries to 


Yours faithfully, 
Pave D. BYERS 


146, Harley Street, 
London, Wl. 


EnRATUM. In the communication "Complex Protein- 
Prodigiosin in Serratia marcescens” by Ramón Cruz- 
Camarillo and Atilano A. Sánchez-Züfiiga (Nature, 218, 
567; 1968) 10,000g in the ninth line of the second para- 
graph should read 100,000g. 


Erratum. In the sixth line of the fifth paragraph of 
the communication “Ordovician Conodonts from New 
Zealand" by A. J. Wright (Nature, 218. 664; 1968) 
trigonious should be spelt irigonius, and in the eighteenth 
line Llaneilian should be spelt Llandeilian. Cytroniodus 
in the sixth paragraph should be spelt Cyrtonéodus, 


Erratum. In the communication “80 MHz Photography 
of the Eruption of a Solar Prominence” by J. P. Wild, 
K. V. Sheridan and K. Kai (Nature, 218, 536; 1968) the 
times in the ninth line of the fifth paragraph should read 
04h 18m and 04h 30m, In the same paragraph Fig. 3 
(ii)-(viii) should read Fig. 3 (ii)-(viii). The last sentence 
of the sixth paragraph should read: "Assuming the 
shoek wave to have originated from near the photosphere 
when the Ha prominence erupted, we infer a radial 
shock velocity of 550 m s~, which is typical for such 
phenomena?". The address of the authors of this 
article is Epping, New South Wales, and not Sydney. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, June 10 
UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p.m.—Dr M. 5. Losowsky: "Liver Disease 
and Intestinal Absorption”’.* 


Monday, June 10—Friday, June 14 


GINEERS (at Savoy Place, London, WC2) 
Technique for On-Line Com- 


INSTITUTION OF ELECTRICAL Ej 
Conference on "Industrial Measurement 
puters”. 





Wednesday, June 12 


UNIVERSITY OF LONDON (at the Institute of Urology, 5t Philip's Hospital, 
Sheffield Street, London, WC2), at 5 p.m.—Dr D. W. Hill and Mr A. R. 
Constable: "Cameras, Scanners and Renograms", (Seventh of eight lectures 
on “The Use of Isotopes in Urology" )* 


BRITISH SOCIETY FOR THE HISTORY OF PHARMACY (at the Pharmaceutical 
Society of Great Britain, 17 Bloomsbury Square, London, WCR), at 7 p.m.— 
Professor L. Cowen (Rutgers, The State University, New Brunswick): 
"Liberty, Laissez-Faire and Pharmaey in Britain". 





Thursday, June 13 


RoyAL Socrery (at 6 Carlton House Terrace, London, SW1) at 4.30 p.m. 
— Professor F. Hoyle, FRS: "Review of Recent Developments in Cosmology” 
(Bakerian Lecture). 


Friday, June 14 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 4 p.m,—Dr J. S. Cameron: “The Nephrotic 
Syndrome”,* 


Monday, June 17 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, 
Du Cane Road, London, W12), at 6 p.m.— Dr J. V. Williams: ‘‘Surface 
Forces and Ateleetasis".* 


Monday, June 17—Friday, June 21 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdeage Walk, Westmin- 
ster, London, SW1)— London Summer Meeting. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

CHAIR OF MECHANICAL ENGINEERING—The Secretary and Registrar, The 
University, Southampton (June 10). 

SENIOR LECTURER or LECTURER IN FORENSIC PATROLOGY in the Medical 
School and the United Neweastle upon Tyne Hospitals—The Registrar, The 
University, Newcastle upon Tyne (June 12), 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS (one or more 
permanent or temporary posts) in the DEPARTMENT OF PuiLosorHY-—The 
Secretary, University of Lancaster, University House, Bailrigg, Lancaster, 
quoting Ref. No. 1, 320/A (June 12). 

ASSISTANT LECTURER or LECTURER (interested in experimental or mathe- 
matical approaches to taxonomy and ecology) in the DEPARTMENT OF 
DR The Registrar, The University, Liverpool, quoting Ref. RV/518 
(June 14). 

VECTURER In MATHEMATICS— The Principal, Bede College, Durham (June 
14). 

RESEARCH ASSISTANT in the DEPARTMENT OF SOCIOLOGY fo assist with 
research on factors affecting choice of further education— The Registrar, 
D of Essex, Wivenhoe Park, Colchester, Essex, quoting Ref. S8/12 
(June ] 

LECTURER (graduate in pharmacology, pharmacy, biochemistry or medi- 
cine) in PHARMACOLOGY —The Registrar, University of Strathelyde, George 
Street, Glasgow, C1 (June 15). 

ASSISTANT LECTURER (preferably with an interest in spectroscopy) in 
INORGANIC CHEMISTRY— [he Secretary, Birkbeck College (University of 
London), Malet Street, London, WC1 (June 17). 

LECTURER and an ASSISTANT LECTURER IN SocioLoGy- The Secretary, 
TUS College (University of London). Malet Street, London, WCL 
June 17). 

LIBRARY ASSISTANT— The Secretary-General, Association of Common- 
red j DISSE (Branch Office), 36 Gordon Square, London, WC1 
(June 17). 

ASSISTANT LECTURER/LECTURER (with appropriate teaching, research 
and/or industrial experience, preferably with a higher degree) in NUTRITION 
and/or FOOD SCIENCE in the DEPARTMENT OF BIOCHEMISTRY — The Academic 
Bere (LEG), University of Surrey, Battersea Park Road, London, SW11 

une 21). 

LECTURER (preferably with research experience in microwaves, a know- 
ledge of theoretical and technological problems of microwave solid-state 
devices, and teaching experience) in the DEPARTMENT OF ELECTRONIC AND 
ELECTRICAL ENGINEERING-—The Secretary, University College London, 
Gower Street, London, WC1 (June 21). 

PROFESSORIAL FELLOWS (2) in the newly established Research School of 
Chemistry, Institute of Advanced Studies, Australian National University 
— The Secretary-General, Association of Commonwealth Universities (Branch 
ee Marlborough House, Pall Mall, London, SW1 (Australia and London, 
June 21), 
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EXPERIMENTAL OFFICER (preferably with experience in electron microscapy 
and some acquaintance with electron prabe microanalysis} in the DEPART- 
MENT OF METALLURGY--The Registrar, The University of Manchester Insti- 
tute of Science and Technology, Sackville Street, Manchester, 1 (June 24). 

LECTURER in the DEPARTMENT OF SOCIOLOGY- The ristrar, University 
of York, Heslington, York, quoting Ref. 68/26/A (June 24). 

RESEARCH ASSISTANT (with qualifications in one of the social sciences or 
history or statistics) to a GROUP of SOCIAL STUDIES DEPARTMENTS- The 
Registrar and Secretary, University of Durham, Old Shire Hall, Durham 
(June 24). 

CHAIR OF HUMAN NUTRITION at the London School of Hygiene and Tropieal 
Medieine— The Academic Registrar (A), University of London, Senate 
House, London, WC1 (dune 28). 

COMPUTER OPERATIONS MANAGER (with experience of computer operations 
and some supervisory experience, perhaps as a shift leader or chief operator) 
to be responsible to the Head of the Computer Unit for the day to day manage- 
ment of the computer and data preparation rooms— The Registrar, Univer- 
sity College of Wales, Aberystwyth (June 28). 

SECRETARY (with relevant administrative experience, a university degree 
and preferably under 40 years of age) to the DEPARTMENT OF ZOOLOGY, bo 
assist in the general administration of the Department-—The Prof 
Zoology, Department of Zoology, The University, Downing Stree 
bridge (June 29). 

LECTURER at the MARINE BIOLOGICAL STATION (13 miles from the main 
University site) and in the ZOOLOGY DEPARTMENT, University of Otago, 
Dunedin, New Zealand— The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SWI (New Zealand 
and London, June 30). 

LECTURER or SENIOR LECTURER in CLINICAL VIROLOGY at the University 
of Otago, Dunedin, New Zealand— The Association of Commonwi 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8W1 
(New Zealand and London, June 30). 

SENIOR SCIENTIFIC OFFICER (with a good honours degree) for work on soil 
fertility in the CHEMISTRY DEPARTM i Secretary, Rothamsted 




















T—-The 
Experimental Station, Harpenden, Herts. quoting Ref. 1051/94 {June 80). 

SENIOR LECTURER (with a science degree specializing in geology and con- 
siderable field or research experience, preferably with a higher degree) in 
GEOLOGY at the University of Queensland, Australia-~The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mail, 
London, SW1 (Brisbane and London, July 5). 

LECTURER or ASSISTANT LECTURER IN BIOLOGY (Plant Ecology} at Chan- 
cellor College, University of Malawi-—The Inter-University Council, 33 Bed- 
ford Place, London, WC1 (July 11). 

SENIOR LECTURER or LECTURER (with a good honours degree and/or & 
higher degree and teaching experience, specialized in one or more of the 
following: bio-geography, economie geography, or agricultural geography, 
and preferably experience Or interest in resource analysis and regional 
planning) in the DEPARTMENT OF GEOGRAPHY, Ahmadu Bello University, 
Zaria, Nigeria— The Inter-University Council, 33 Bedford Place, London, 
WC (July 12). 

SENIOR LECTURER or LECTURER in MECHANICAL ENGINEERING; und a 
LECTURER in MECHANICAL ENGINEERING at the University of Cape Town, 
South Africa— The Secretary-General, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, SW1; and 
The Registrar, University of Cape Town, Private Bag, Roandesbosch, Cape 
Town, South Africa (July 19). 

SENIOR LECTURER or LECTURER in the DEPARTMENT OF AGRICULTURAL 
ENGINEERING and LAND PLANNING, Makerere Univers College, Uganda 
(University of East Africa)— The Inter-University Council, 33 Bedford Place, 
London, WC1 (July 19). 

POSTDOCTORAL FELLOW in the PHYSICS DEPARTMENT to carry out à re- 
search programme on the “Properties of Plasma Produced by Laser Beams” 
—The Registrar, University College of Swansea, Singleton Park, Swanses, 
South Wales (July 26). 

PROFESSOR (with a higher degree in psychology and experience in tertiary 
teaching and in the supervision of research) of PSYCHOLOGY at the University 
of Queensland, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8W1 (London and 
Brisbane, July 26). 

LECTURER/SENIOR LECTURER (with some general training in microbiology 
as well as research and teaching experience in immunology) in IMMUNOLOGY 
in the DEPARTMENT OF MICROBIOLOGY, University of Melbourne, Australia 

—'phe Association of Commonwealth Universities (Branch Office), Mart- 
borough House, Pall Mall, London, SW1 (July 31). 

PROFESSORIAL FELLOW in the DEPARTMENT OF S Institute of 
Advanced Studies, Australian National University tiation of 
Commonwealth Universities (Braneh Office), Marlborough House, Pall Mall, 
London, SW1 (Australia and London, August 1) 

CHAIR OF PHYSICAL ELECTRONICS at Victoria University of Wellington, New 
Zealand— The Association of Commonwealth Universities (Branch Hice), 
Marlborough House, Pall Mall, London, SW1 (August 31). 

READER in THEORETICAL PuYsIcs— The Registrar, University of New- 
castle upon Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 (August 31). 

ASSISTANT (graduate) in the DEPARTMENT OF Botany The $ 
Bedford College (University of London), Regent's Park, London, 3 k 

LECTURER in OPERATIONAL RESEARCH INDUSTRIAL ENGINEERING in the 
MANAGEMENT ENGINEERING SECTION -—Professor S. Eilon, Imperial College 
of Science and Technology, London, SWT. i 

PROFESSOR of ELECTRICAL ENGINEERING at the University of the West 
Indies, St Augustine— The Secretary, The Inter-University Council for 
Higher Education Overseas, 33 Bedford Place, London, Wel. 

RESEARCH FELLOW, and a GRADUATE ASSISTANT (blochemists or cell 
physiologists) in the SCHOOL OF BIOLOGICAL SCIENCES, for one year in the 
first instance, to study molecular and cellular mechanisms underlving the 
development of muscular dystrophy in man-- The $8 tary of Science, 
Science Office, University of Sussex, Falmer, Brighton, Sussex, quoting 
Ref. 445/7. : 

RESEARCH SCIENTIST (with a good B.Sc. honours degree in physiology, 
biochemistry oranother biological science) to help with workin proi on the 
physiology of lactation— The Secretary, Institute of Animal Physiology. 
Babraham, Cambridge. 

RESEARCH STUDENTS (graduates with good honours degrees in physics) 
in the DEPARTMENT OF PURE AND APPLIED PHYSICS (ficids of research 
include: acousti ultrasonics, magnetic materials, thin films, electron 
microscopy, magneto-optics, low temperature physics, high temperature 
physics, graphitization processes, biophysies)— The Registrar, Room, 322, 
University of Salford, Salford, 5. 

SENIOR TECHNICIAN (with experience in microbiology, biochemistry or 
organic chemistry) in the ANIMAL DIVISION to assist in research on hacterio- 
static effects of serum proteins— The Personnel Officer, National Institute for 
Medical Research, The Ridgeway, Mill Hill, London, NWT. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


British Engine Boiler and Electrical Insurance Co., Ltd. Technical Report 
1968, Vol. 8. Pp. 95. Manches ster: British Engine Boiler and Electrical 





Insuranee Co., Ltd., 1968.3 1 L. {164 

Ambassade de France, Service de Presse et d'Information. France's 
Political Institutions. Pp, 16. (London: Ambassade de France, Service de 
Presse et d'Information, 1968.) [164 


National Parks Commission. Coastal Preservation and Development. 
The Coasts of North Wales-—Report of the Regional Coastal Conference 
held at Dolgellau on November 15th, 1966. Pp. v+78 +18 plates. (London: 
H.M, Stationery Office, 1938.) 225, 6d. net. [174 

The Design and Function of Laboratory Animal Houses. (Based on a 
meeting organized jointly by the Laboratory Animals Centre and the Labora- 
tory Animal Science Association, held at the Zoological Society of London 
on 23-24 May 1967. Laboratory Animal Symposium No. 1) Edited by 
Ronald Hare and P. N. O'Donoghue. Pp. 141. (London: Laboratory 
Animals Ltd., 1068.) 22x, 6d, [174 

Ministry of Technology; Ministry of Defence (Navy Department); 
Ministry of Defence (Army Department); Inter-Service Metallurgical 
Research Council. Corrosion of Alloys at High Temperatures in Atmospheres 
Consisting of Fuel Combustion Products and Associated Impurities 
a Critical Review. By P. Hancock. Pp. iv+56. (London: H.M. Stationery 
Office, 1958.) 22s, 6d. net. [274 

Building Research Station Digest 92 (Second Series): Building Overseas 
in Warm Climates. Pp. 8. (London; H.M. Stationery Office, 1968.) 4d. i174 

The Macaulay Institute for Soil Research. Collected Papers, Vol. 8, 
1964-1960. Edited by Alexa M. B. Geddes and Rosaleen Noble. E 
collected papers No. 1-76. (Craigiebuckler, Aberdeen: 
tute for Soil Research, 1968.) 

Bulletin of the British Museum (Natural History). 


























Í 
Vol, 16, 
No. 4: The Lower Palaeozoic Brachiopod and Trilobite Faunas of Anglesey. 


Geology. 


(London: 
[194 
ies and University 


By Denis Edwin Beeching Bates. Pp. 125-199+14 plates, 
British Museum (Natural History), 1968.) 60s. 
University Grants Committee. Return from Universit 








Colleges, Academic Year 1965-66. (Cmnd. 3586.) Pp. vii- 191. (London: 
H.M. Stationery Office, 1968.) 20s. net. [194 


Fertiliser Soc - The Nutrition of Glasshouse and other Horticultural 
Crone. By Dr G. W. Winsor. Pp. 32. (London: Fertiliser Society, 

Research Using Transplanted Tumours of Laboratory Animals: a Cross 
Referenced Bibliography--IV. By D. C. Roberts, Pp. 147. (London: 
Imperial Cancer Research Fund, 1968.) [234 

Report by the Hydrographer of the Navy 1967. Pp. 37+8 plates, 
(London: Hydrographic Department, Department of Defence, 1968.) [234 

Bulletin of the British Museum (Natural History). Entomology. Vol. 21, 
No. 6: A Revision of the Ethiopian Species of the Tribe Notiphilini (Diptera: 
Ephyridae). By B. H. Cogan, Pp. 279-365+1 plate. 35s. Vol. 91, No. 7: 
The Aloeides thyra Complex (Lepidoptera: Lycaenidae). By G. E. Tite and 
C. G. C. Dickson, Pp. 367-388 +8 plates. 538. Vol. 21, No. 8: The Types of 
Lepidoptera Heterocera described by P. Mabille. By P. Viette and D. S. 
Fletcher. Pp. 389-425. 184, (London: British Museum (Natural History), 
1968.) [244 

University of Oxford. Sehedules of Lectures authorized by Boards of 
Faculties, Trinity Term 1968. (Supplement (2) to Orford University Gazette 
No. 3349.) Pp. 1023-1086. (Oxford: The University, 1968.) 2s. [254 

British Caenozoie Fossils (Tertiary and Quaternary). Third edition. Pp, 
ix+132 (44 plates). (London: British Museum (Natural History), 1968.) 
6. 







































S. [254 
Arthur D. Little. Scientific Research in the United Kingdom 1967. 
Pp. 32. (Musselburgh, Midlothian: Arthur D. Little, 1965.) [254 





Kent Incorporated Society for Promoting Experiments in Horticulture. 
Report of the East Malling Research Station, Maidstone, Ist October 1966 
io 80th September 1967. (Fifty-fifth year.) Pp. xxiv+216. (Maidstone, 
Kent: East Malling Research Station, 1968.) 214.; $3. _ (264 

The Annual Report of the Committee of Visitors of The Royal Institution 
of Great Britain. The States of ounts and Other Reports for the year 
ending 31st December, 1967. Pp. 55. (London: The Royal Institution of 
Great Britain, 1968, [2094 

Computer Education in the Technical Colleges. (‘On Course" Bulletin 
No. 2. Pp. 13. (London: Department of Education and Science, 1968.) 
Gratis. . _ [204 

British Medical Bulletin, Vol. 24, No. 2 Symposium on 
“Structure and Function of Membranes”. (London: The 
British Council, 1968.) 40s. [304 

Construction Industry Research and Information Association, Metric 
Conversion Factors. Pp. 10. (London: Construction Industry Research 
and Information Association, 1968, Available from E. N. Mason and Sons, 
Colchester, Essex.) 6a. [304 
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Other Countries 


Research and Development Effort in Finland 1962-1968. Pp. 17, (Helsinki: 
Finnish Research Council for Technical Scien 1968.) [84 
National Museum of Canada. Natural History Papers. No, 38: Crab-Like 











Anomura and Brachyura (Crustacea: Decapoda) from Southeastern Alaska 
and Prince William Sound. By Josephine F., L. Hart. Pp.6. No. 39: The 


Zooplankton of Five Small Mountain Lakes in Southwestern Alberta. By 
R. Stewart Anderson. Pp. 19 (2 plates), No, 40: New Records of Gamma- 
ridean Amphipod Crustaceans from the Intertidal Zone of Prince William 
Sound, Alaska. By E. L. Bousfield and Joel D, Hubbard. Pp. 11. Anthro- 
pology Papers. No. 17: The Texas Creek Burial Site Assemblage, British 
Columbia. By David Sanger. Pp. 23 (5 plates), (Ottawa: Queen's Printer, 
1968.) [34 

Organization for Economie Co-operation and Development Problems of 
Science Policy. (Seminar held at Jouy-en-Josas, France, 19th-25th February 
1907.) Pp. 195. (Paris: Organization for Economic Co-operation and 
Development; London: H.M. Stationery Office, 1968.) 13 franes; 228, 6d. ; 








$3.20. [94 
Tracor, Ine. Annual Report 1967. Pp. 28, (Austin, Texas: Tracor, Tue., 
1968.) [104 


Institut Royal Météorologique de Belgique. Bulletin Mensuel, Observa- 
tions Ionosphériques. Janvier, Pp. 26. Fevrier, Pp. 26 (Uccle-Bruxelles: 
Institut Royal Météorologique de Belgique, 1968.) {104 

Annual Report of the Department of Agriculture, New South Wales, 
1966-67. Pp. 172, (Sydney: Government Printer, 1967.) A $2.15. (114 

Climatie Observations at University of Ibadan, Nigeria, No. 46, Oetober 
1967-January 1968. Pp, 21. (Ibadan: Department of Geography, Univer- 
sity of Ibadan, 1968.) [164 

Australia: Commonwealth Seientific and Industrial Research Organization. 
Annual Report of the Division of Animal Health, 1966-67. Pp. 57. (Mel- 
bourne; Commonwealth Scientific and Industrial Research Organization, 
1968.) [174 
search Organization. 
Annual Report of the Division of Applied Physics, 10 . Pp. 42. (Sydney: 
Commonwealth Scientific and Industrial Research Organ ation, 1968.) [174 

International Atomie Energy Agency. Technical Reports 
Treatment of Low- and Intermediate-Level Radioactive Waste Concen- 
trates. (Report of a Panel) Pp. 110. (Vienna: International Atomic 
Energy Agency; London; H.M. Stationery Office, 1068.) 65 schillings; 
20s. 10d.; $2.50, [184 

Fondation Universitaire, Quarante-Septiéme Rapport Annuel, 1966-1967. 
Pp. 175. (Bruxelles: Fondation Universitaire, 1968.) [184 

Publications de l'Institut National pour l'Etude Agronomique du Congo. 
Série Technique No. 75: Recherche de la Densité Optimale pour le Palmier 
a Huile planté en allées, Par R, E, Guldentops et L, Seuvie. Pp. 79. (Brux- 
elles: Institut National pour l'Etude Agronomique du Congo, 1968.) 150 
francs, (19. 

The Weizmann Institute of Science. Scientific Activities 1967. Pp. xiii 4 








Australia: Commonwealth Scientifie and Industrial K 























2858. Science and Industry in Rehovot. Pp. 24. (Rehovot, Israel: The 
Weizmann Institute of Science, 1968.) [194 
Institut Royal Météorologique de Belgique. Annuaire, Rayonnement 


Solaire, 1967, Pp. v +60. (Uccle-Bruxelles: Institut Roval Météorologique 
de Belgique, 1968.) {104 

Istochimica Enzimatica Normale e Patologica del Sistema Nervoso Cen- 
trale. By Piero de Giacomo. Pp. 259, (Napoli: Acta Neurologiea, Parco 
Grifeo. 1966.) [224 

Sveriges Geologiska Undersókning. Avhandlingar och Uppsatser, Ser. 
Ba, Nr. 23: Precambrian Geology of the Los-Hamra Region, Central Sweden. 
By Thomas Lundqvist. Pp, 255--map. 25 kr. Ser. C, Nr. 621: Petrology 
of Jotnian Rocks in the Güvle Area, East tral Sweden. By Roland 
Gorbatschey, Pp. 50-1 plate, Ser. C, Nr. : On Liassie Nodosariid 
Foraminifera and their Wall Structures. By Eric Norling. Pp. 75 (9 plates). 
Ser. €, Nr, 629: Problemen Kring Malmbrottstyckena i Kirunas Hangvaggs- 
porfyr. By Per Geijer. Pp. 23 med en tavla. (Stockholm: Sveriges Geos 
logiska Undersókning, 1967 and 1908.) [224 

International Council of Scientifie Unions--Upper Mantle Committee, 
Indian National Report—Upper Mantle Project, 1063-66. Pp. ix 4 93, 
(Hyderabad: Geophysics Research Board, Council of Scientific and in- 
dustrial Research, 1967.) [224 

Science Lycée Biological Research Center, Ankara. An Investigation on 
the Detrimental Effect of Streptomycin on Learning Process in Mic By 
K. T. Yürükcodu. Pp. 18. (Ankara: Science Lycée Biological Research 
Center, 1968.) [224 

New Zealand Marine Department. Fisheries Technical Reports, No. 17: 
Investigations into the Effectiveness of Escape Gaps in Crayfish Traps. 
By J. Bain, Jnr. Pp. 11. No. 21: Toheroa Wellington West Coast 





































Beaches. By B. R. Tunbridge Total Length/Carapace 
Length in Craytish (Jasus lalandii). s Pp. 12. No.24: The 
Oceurrence of the Mud Crab, Sewilla serrate in New Zealand. By J. 8. 
Manikiam. Pp. 9. (Wellington, New Zealand: New Zealand Marine 
Department, 1967.) [234 
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TO: T. G. Scott and Son, Limited, | Clement's 
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ee 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


COMMONWEALTH INSTITUTE OF 
ENTOMOLOGY 
LONDON, S.W.7 

VACANCY FOR ASSISTANT EDITOR 

Duties include producing and editing the 
Institute’s publications. Candidates should have 
experience of research and publication in agricul- 
tural or veterinary entomology: good critical 
faculty and ability to write lucid and concise 
English essential; reading knowledge of other 
European languages and experience in field ex- 
perimentation desirable. Salary in the scale 
£1,051 to £3,232 per annum gross. Starting 
salaty according to age, qualifications and experi- 
ence. Two extra increments after two years satis- 
factory service for applicants aged 32 or under 
on appointment. Provision for superannuation. 

Application forms and full particulars from the 
Secretary, Commonwealth. Agricultural Bureaux, 
Farnham House, Farnham Royal, Slough, Bucks, 
Eegland. Closing date for applications August 
31, 1968. (X2137) 


UNIVERSITY OF SHEFFIELD 
POSTGRADUATE SCHOOL OF 


LIBRARIANSHIP AND 
INFORMATION SCIENCE 


SCIENTIFIC INFORMATION 
RESEARCH PROJECTS 


The postgraduate School of Librarianship and 
Information Science is undertaking two research 
projects involving the use of computers for handi- 
ing scientific information. They are supported 
by grants from the Office for Scientific and Tech- 
nical Information. One project is concerned with 
the development of a novel technique for produc- 
ing subject indexes. The other involves computer 
techniques for the determination of similarities 
among chemical structures, especially in relation 
to the documentation of chemical reactions, and 
to the storage and searching of large files of 
chemical structures. Both projects are under the 
direction of Dr. M. F. Lynch. 

Applications are invited for two posts of RE- 
SEARCH ASSISTANT, one associated with each 
project ; applicants should preferably be gradu- 
ates in à scientific subject with experience of 
programming. Initial salary within the range 
£1,105 to £1,340 per annum. 

Further details from the Registrar, The Uni- 
versity, Sheffield $10 ZTN, to whom applications 
ften copies), should be sent by June 24, 1968. 

(2224) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF NATURAL PHILOSOPHY 
ASSISTANT PROGRAMMER 


Applications are invited from graduates with a 
qualification in mathematics or computing for the 
post of Assistant Programmer in Natural Philo- 
sophy. The duties are to write and run pro- 
grammes for a theoretical physics project at com- 
puters in Glasgow and elsewhere. The post is for 
three years and the salary scale is in the range 
£895 to £1,050 per annum. Initial salary accord- 
ing to experience and qualifications. 

Applications, giving details of age, qualifica- 
tions and experience, should be sent to Dr. R. G. 
Moorhouse, Department of Natural Philosophy, 
The Univessity of Glasgow, Glasgow, W.2, not 
jater than June 24, 1968. Q23D 








NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 
Applications are invited for the undermentioned 
vacancy: 


Vacancy B 13/18/69/1426 
PHYSICAL CHEMIST 


New Zealand Department of Scientific and 
Industrial Research, Soil Bureau, Taita. 


The Physical Chemistry Section aims to apply 
theoretical chemistry, physico-chemical methods, 
and instrumental techniques to obtain basic soil 
data and relate them to soil processes and classi- 
fication. The appointee will be engaged on a 
study of the clay-humus complex in soils, starting 
on soils from the volcanic regions where strong 
bonding occurs between organic matter and the 
allophanic clays. A wide range of instrumental 
analysis techniques is available including infra-red, 
differential thermal, X-ray diffraction, X-ray 
fluorescence and other methods. The successful 
applicant will be encouraged to undertake and 
publish original research within the scope of the 
section. 

Salary: In the range $NZ2,230 to $NZ5,970 
according to scientific qualifications and experi- 
ence. An outstanding scientist may proceed to 
$NZ7,300 on merit. 

Passages: Fares for appointee and his wife and 
family, if married, will be paid. . 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.l1, with whom applications will close on 
June 24, 1968. Please quote reference B 13/18/ 
69/1426 when inquiring. (2237) 





MACMILLAN & CO. LTD. 


Young people with science degrees, pre- 
ferably in physical sciences, required for 
editorial work on the development of new 
books in science and technology. Some 
university research or teaching experience 
an advantage. 


Please apply to John Maddox, Macmillan 
& Co. Ltd., 4 Little Essex Street, W.C.2 
(2245) 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


THE NATURE CONSERVANCY 
SCIENTIFIC OFFICER CLASS VACANCY 


The Natural Environment Research Council re- 
quire a Scientific Officer/Senior Scientific Officer 
to work in the Nature Conservancy's recently 
established Conservation Surveys and Land Use 
Section based at Attingham Park, Shrewsbury. 
The Section advises the Conservancy on the con- 
servation implications of large-scale changes of 
land and water use throughout Great Britain. 
Duties include the collection, collation and in- 
terpretation of ecological information, the 
arrangement of surveys and the “ identification ” 
of areas where additional research is needed. 

Qualifications: A good honours degree in an 
appropriate subject, Candidates should have a 
sound ecological background and a keen interest 
in conservation and land use problems. 

Salaries: Scientific Officer (under 29 years at 
December 31. 1968) £926 to £1.574. Senior 
Scientific Officer (normally at least 26 vears and 
under 32 years at December 3l, 1968), £1,744 
to. £2,155. 

Initial appointment will be non-pensionable but 
there are prospects of a permanent and pension- 
able post. 

Application forms obtainable from the Natural 





Environment Research Council (E) Alhambra 

27-33 Charing Cross Road, London, 

; > Please quote reference E2.7.122. Closing 
date: June 21, 1968. (2306) 





CANTERBURY 


LECTURER / ASSISTANT LECTURER IN 
APPLIED MATHEMATICS 


Applications are invited for appointment to the 
post of Lecturer/Assistant Lecturer in Applied 
Mathematics from October, 1968. 

Further particulars and application forms may 
€ obtained from the Registrar, Beverley Farm, 
the University, Canterbury, Kent, to whom com- 
pleted applications should be submitted by June 
36, 1968, quoting reference A.18/68. (2206) 





UNIVERSITY OF OXFORD 


UNIVERSITY LECTURESHIP IN 
MICROBIOLOGY 


The University proposes to appoint a Lecturer 
in Microbiology at a stipend on the scale for 
University Lecturers: £1,470 (under age 28) 10 
£1.560 (at age 28) to £2,900 (at age 43 and over) 
with F.S.S.U. The lecturer will be required to 
engage in advanced study or research, and to 
co-operate in the teaching of biochemistry and 
in the administrative work of the Unit, both in 
Term and Vacation, under the direction of the 
Head of the Unit. In making this appointment, 
preference may be given to a candidate wib in- 
terests in the field of microbial genetics. The 
jectureship may be held jointly with a College 


including a state- 
ment of age, qualifications, experience and giving 





STATION 


(Financed jointly by the Agricultural 


Research 
Council and The Animal Health Trust) 
RESPIRATORY PHYSIOLOGY SECTION 


EXPERIMENTAL OFFICER required to assist 
with the design and construction of respirometers 








and to take charge of a gaseous meta bolism 
laboratory. Candidates should have a p de- 
gree or H.N.C. or an equivalent qualifi n. and 


experience of the analysis of respiratory and 
blood gases. Training in the use of radioisotope 
techniques would be an advantam Appointment 
in the A.E.O. or E.O. grade according to age, 
qualifications and experience. Salary range £1,017 
per annum (at age 26 or over) to £1.243 per 
annum for A.E.O. and £1,365 per annum to 
£1,734 per annum for E.O. Superannuabte post. 
Further particulars and application forms from 
the Secretary, Houghton Poultry Research Station, 
Houghton, Huntingdon, to whom completed ap- 
plication forms should be returned. by June 28, 
1968. (2240) 


ROTHAMSTED EXPERIMENTAL 
STATION 
HARPENDEN, HERTS 
ASSISTANT EXPERIMENTAL OFFICER or 
EXPERIMENTAL OFFICER with mechanical 
aptítude and knowledge of electronics to super- 
vise and develop controlled-environment equip- 
ment and physical instruments, Degree in science 
or engineering, H.N.C. or equivalent qualification, 
Salary according to age and experience in grade 
of Assistant Experimental Officer £744 to £1,243) 
or Experimental Officer (£1,365 to £1,734). Super" 
annuation. ; 
Applications to the Secretary quoting reference 
1052/114. (2135) 





ER RESEARCH: 





~ INSTITUT 


ROYAL CANCER HOSPITAL. JUNIOR 


TECHNICIAN required in Department of Cell 
Biology, Chester Beatty Research Institute, Ful- 
ham Road, S.W.3. Candidates preferred with 
G.C.E. “A?” levels in biological subjects. Ex- 
perience of tissue culture techniques | would be 
useful. Starting salary in region of £650 to £750 
in scale extending to £1.276 per annum. Further 
study possible.—Apply with names of two referees 
to the Secretary, 34 Sumner Place, S.W.7, quoting 
reference 301 /B/ 327. (2232) 





NORTH CANTERBURY 
HOSPITAL BOARD 


STEROID CHEMIST 


CHRISTCHURCH HOSPITAL 
NEW ZEALAND 


A chemist with an honours degree Or 
higher qualification is required to take 
charge of the Pathology Service steroid 
laboratory. f 

The laboratory works in close associa- 
tion with a medical unit engaged in steroid 
research and opportunities exist for devel- 
opment and research activities. A, weil 
staffed and equipped laboratory is available. 
This newly created position provides a very 
attractive senjor post for a trained steroid 
chemist. 

Those interested should write for further 
details to the Director of Pathology, Christ- 
chutch Hospital, Christchurch, New 
Zealand (K1994) 





AUSTRALIAN ATOMIC 
ENERGY COMMISSION 
RESEARCH ESTABLISHMENT 
LUCAS HEIGHTS NR. SYDNEY 


RADIATION 
DOSIMETRY 


The Australian Atomic Energy Commission is in the process of establishing a programme 
of research and development in the field of radiation dosimetry and radiation standards. 
The aim of this programme is to examine critically the basic concepts currently applied 
to the specification of dose in radiological and radiobiological contexts and to establish 
methods for the accurate and absolute realization of both existing dosimetry units and 
other physical correlatives of radiation effects associated with the interaction of ionizing 
radiation with biclogical systems. As a first step precise and reproducible techniques 
for the measurement of exposure and absorbed dose for photons and electrons {including 
beta particles) will be established at dose rates extending into the high level region. 
Methods to be evaluated include free-air chambers, cavity ionization chambers, 
calorimetry and chemical and solid state systems of dosimetry. 


A position is available for a Research Scientist to direct a group engaged in this pro- 
gramme. Applicants must have the ability to work meticulously and have an interest 
in the precise measurement of physical quantities. An applicant for a Research 
Scientist position must have a Ph.D. (or post-graduate research experience of equivalent 
standard and duration) supported by satisfactory evidence of research ability. Salary, 
depending upon qualifications and experience, will be within the following ranges: 


SENIOR RESEARCH SCIENTIST Aust. $6,892- 57,974 


RESEARCH SCIENTIST 


$5,255- $6,622 


(Female rates are $428 p.a. less than male rates quoted above) 


Application forms and further information may be obtained from the Commission's 
representative, Mr. C. M. GRAY, Atomic Energy Adviser, Office of the High 
Commissioner for Australia, Canberra House, 10-16 Maltravers Street, 
Strand, London, W.C.2. Please quote position R14. (2309) 


SIR JOHN CASS COLLEGE 


LONDON 


LECTURER GRADE H- 
SENIOR LECTURER IN 
BIOLOGICAL SCIENCES 


Applications are invited for the above 
full-time appointment. Applicants should 
have some experience of teaching at Uni- 
versity level and should preferably have 
carried out research work for a higher de- 
gree. An active interest in Ecology, Lim- 
nology, Animal Behaviour, Comparative 
Physiology. Biochemistry of cell metabolism 
or Molecular Biology, would be regarded 
as appropriate but other specialisations 
would be considered. 


Forms of application, which should be 
returned by June 24, 1968, and details may 
be obtained from the Secretary, Sir John 
“ass College, Jewry Street, London, E.C.3. 


Salary scales: 

Lecturer, Grade I, £1,725 by £55 (9) 
by £60 (D to £2,280 plus London 
Allowance £70. 

Senior Lecturer, £2,280 by £60 (D by 


£65 (3) to £2,595 plus London Allow- 
ance £70. (2204) 


SIR JOHN CASS COLLEGE 


RESEARCH ASSISTANTS 
IN BOTANY 
AND ZOOLOGY 


Applications are invited from Honours 
graduates in these subjects and from those 
graduating this Summer for several appoint- 
ments in connection with research in the 
Department of Botany and Zoology, be- 
ginning September 1, 1968. Research 
Assistants will be required to assíst in re- 
search currently in progress in the Depart- 
ment and will be expected to register as 
postgraduate students working for the 
M.Phil. or Ph.D. (internal) of the Univer- 
sity of London. Work in Botany includes 
studies on cytochemistry (including auto- 
radiography and electron microscopy) ; 
chromosome complements in relation to 
taxonomy ; plant anatomy ; embryogenesis. 
Work in zoology includes acoustic physio- 
logy of insects and of freshwater animals ; 
ecology of the parasites of small mammals ; 
electron microscope studies on the verte- 
brate retina ; insect behaviour. Other lines 
of work would be considered in both sub- 
jects. Appointments are for up to three 
years at a salary of £810 by £30 (2 to 
£870 maximum (under review), 

Forms of application and full particulars 
are obtainable from the Head of the De- 
parunent of Botany and Zoology, Sir John 
Cass College, Jewry Street, London, E.C.i, 
and should be returned as soon as possible. 

(2203) 








NATURE. JUNE 8, 1968 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


Applications are invited for the post of 
ASSISTANT LECTURER or LECTURER 
in the Department of Botany. Candidates 
should be interested in experimental or 
mathematical approaches to taxonomy and 
ecology. 


Salaries will be within the range £1,105 
to £1.340 per annum for an Assistant Lec- 
turer and £1,470 to £2,630 per annum for a 
Lecturer. 


Applications, stating age, qualifications 
and experience, together with the names of 
three referees, should be received not later 
than June 14, 1968, by the Registrar, from 
whom further particulars may be obtained. 
Please quote Ref,: RV/518/N, Q14D 





UNIVERSITY COLLEGE 
LONDON 


THE NEW LABORATORIES 
OF THE DEPARTMENT OF HUMAN 
GENETICS AND BIOMETRY 


and the 


MEDICAL RESEARCH COUNCIL 
HUMAN BIOCHEMICAL GENETICS 
RESEARCH UNIT 


require the following 
(D Technician with experience of auto- 
mated amino acid analysis, 
(2) Technician with experience of cyto- 
genetics and tissue culture, 


(3) Technicians with experience in general 
biochemistry. 


(9 Junior and Student Technician, with 
appropriate “A” or O“ fevels. 


Salary and grade according to age and 
experience, 


Application forms from Establishment 
Officer (HG/2), University College London, 
Gower St, W.C.. (2287) 


Medical Research Council 


CLINICAL RESEARCH CENTRE 
ANIMAL DIVISION 


JUNIOR TECHNICAL OFFICER 


male, 20-25 required to assist with investi- 
gations into the breeding and supply of 
laboratory animals including primates. 
Previous research experience is not neces- 
Sary but an interest in embryology, histo- 
logy and practical work with animals js 
essential, and could well interest a new 
graduate. This is a permanent superannu- 
able post. Salary in scale £699 to £1,201 
plus London Weighting. Annual leave of 
three weeks, three days. 

Minimum qualification. Pass degree, or 
equivalent, in a biological subject, 

Place of work, Mil Hill initially, but 
moving to new research centre at Harrow 
in 18 months. 

Applications to Mr. Daly, 
Clinical Research Centre, 
Administrative Office, 
164 Tottenham Court Road, 
London, W.1. 
(2308) 


DEPARTMENT OF PATHOLOGY 


Senior Technician required for expanding re- 
search laboratory studying biochemical effects ot 
virus infections. Applicants should preferably 
have had previous experience or training in viro- 
logical and biochemical techniques. Duties will 
inchide organisation of technical facilities in the 
laboratory. Salary range £828 to £1,417, Entry 
point according to age, qualifications and experi- 
ence. 

Applications to the Superintendent, Department 
of Pathology, Tennis Court Road, Cambridge. 

13) 
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THE PAPUA AND NEW GUINEA 
INSTITUTE OF HIGHER 
TECHNICAL EDUCATION 


(Director: W. W. Duncanson, Ph.D(Camb.), 
D.Sc(Lond), F.Inst.P., F.LE.E) 
SENIOR LECTURER IN CIVIL 

ENGINEERING-—SOIL MECHANICS 


Candidates with good honours degrees and 
teaching, research or relevant practical experi- 
ence are invited to apply for this position in the 
Department of Civil Engineering (Professor P. C. 
Ryall, M.A(Camb), M.Sc, A.M.LC.E). The 
appointee will be responsible for equipping and 
running extensive Soils and Materials Labora- 
tories, which will be used for research and con- 
sultancy work as well as for undergraduate teach- 
ing. Interests in other aspects of Civil Engineer- 
ing are also essential. 

Salary: $47,480 by SA254 to $A8,750 per 
annum (approx. £3,500 to £4,100 per annum) plus 
a Territory Allowance of $A500 per annum (ap- 
prox. £230) for single, and $A860 (approx. £400) 
per annum for male married, members of staff. 
Furnished accommodation is available at reason- 
able rental and taxation rates in Papua and New 
Guinea are about half the U.K. rates. 

The Director of the Institute will be in the 
United Kingdom during June and July and Pro- 
fessor Ryall during August and early September. 
Their addresses may be obtained from the Asso- 
ciation of Commonwealth Universities. 

Further information about the Institute, method 
of application and conditions of appointment Gn- 
cluding annual leave and passages for children, 
F.S.S.U.-type superannuation, study-leave, etc.) 
may be obtained from the Association of Com- 
monwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, §.W.1. Ap- 
plications close in Papua/New Guinea and in 
London on July 15, 1968. 2208) 





UNIVERSITY COLLEGE CARDIFF 
A Current Collaborative Research Project.— 
Applications are invited from male or female 
science or medical graduates for two Research 
Assistantships tenable for four years: 

t. SENIOR ASSISTANTSHIP (post-doctoral), 
Salary either on scale £1,470, £1,595, £1,720. 
£1,750, or alternatively at maximum rate of 
£1,750 according to experience and qualifications. 

2. JUNIOR ASSISTANTSHIP (preference for 
Honour Graduates), Salary either on scale 
£1,155, £1,260, £1,365, £1,400, cr at maximum 
rate of £1,400 according to experience and quali- 
fications. 

Both appointments are subjec: to the usual 
terms and conditions of employment of the Uni- 
versity College, Cardiff, and include optional 
superannuation arrangemenis (F.S.S.U.). 

The nominees will undertake full-time research 
work on a current investigative project in the 
Departments of Anatomy and Pharmacology in 
collaboration with Professor J. D. Lever and 
Drs. J. D. P. Graham and T. L. B. Spriggs. 
The appointments are tenable in the Department 
of Anatomy. The Medical Research Council has 
financed the project for the last three years and 
their support is to be continued. The research 
centres upon the experimental application of 
electromicroscopic, autoradiographic and pharma- 
cological techniques to an investigation of peri- 
phera! autonomic innervation, 

Further particulars may be obtained from Pro- 
fessor J. D. Lever, Department of Anatomy, 
University College, Cathays Park, Cardiff, who 
should receive applications containing the names 
and addresses of three referees, not later than 
June 24, 1968. (2146) 





SENIOR DEMONSTRATOR IN CHEMISTRY 
The University invites applications for the 
above-mentioned position. Applicants should 
hold at least an honours degree in any branch of 
Chemistry, and preferably a higher degree (M.Sc. 
or Ph.D.) The successful applicant will be re- 
quired to assist in the teaching of undergraduate 
chemistry, and will also be expected to conduct 
research on a subject approved br the appropriate 
Professor in the Department. The salary range 
for a Senior Demonstrator is $44,275 by SALIO 
(4) by $A125 (D to $A4,840 with provision for 
advancement by further annua! increments of 
$A115 to a maximum salary of $45,645 per 
annum where the appointee has shown superior 
competence as a teacher and has specialised 
responsibilities. The University provides Super- 
annuation similar to F.SS.U.. Housing Assist- 
ance, Study Leave and Travel Grants. 
Additional information and application forms 
will be supplied upon request te the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pali Mall, London, S.W.1. 
Applications close in London and Brisbane on 
June 28, 1968. (2265) 





INORGANIC 
CHEMIST 





THE SUCCESSFUL APPLICANT will assist a section leader with 
the planning of a programme of reactor irradiations for the production 
of a number of radioelements of high atomic number including 
228Th, 288Py and ?**Cm. He will also supervise the processing of 
the irradiated targets. This work will involve the chemical separation 
and purification of alpha, beta and gamma emitting nuclides by 
remote handling techniques and their subsequent conversion into 
suitable metallic forms (e.g. metals, cermets etc.) for use in sealed 
radiation. 

AN HONOURS DEGREE OR PROFESSIONAL QUALIFICA- 
TION will be required together with a good knowledge of inorganic 
chemistry and modern separation techniques, 


SALARY RANGE: £965-£2,030 
HOUSING or assistance with house purchase may be available. 








APPLY TO: The Personnel Officer (Ref. S.141 /34) 


THE RADIOCHEMICAL CENTRE 


Amersham Bucks Q220 


BRIGHTON COLLEGE OF TECHNOLOGY 


(A Proposed Polytechnic) 


RESEARCH ASSISTANTS —vecancies exist in a wide range of 


projects in the following Departments of the College : 
COMPUTING and CYBERNETICS (particularly in fields of multi-access 
systems, theory of automata and information retrieval}; MANAGEMENT and 
BUSINESS STUDIES; APPLIED PHYSICS; APPLIED CHEMISTRY; 
PHARMACY; MECHANICAL and PRODUCTION ENGINEERING; 
ELECTRICAL and ELECTRONIC ENGINEERING; CIVIL ENGINEERING 
and BUILDING, 

Remuneration £870 x £30—£930 per annum. 

S.R.C. Advanced Course STUDENTSHIPS available in one-year M.Sc. Course in 

Applied Solid State Physics 

Further particulars and application forms obtainable from the Registrar, Brighton 

College of Technology, Moulsecoomb, Brighton BN2 4GJ. Completed forms to be 

returned as soon as possible. (2268) 





AGRICULTURAL RESEARCH RESEARCH 


COUNCIL 
ETHOLOGIST| LABORATORY 


COMPARATIVE ASSISTANTS 
PHYSIOLOGIST If you would like to be involved with 


the new science of opto-electronics, and 
would feel at home in a chemistry labora- 
tory, a physics laboratory, an electronics 
laboratory, a workshop or a photographic 
dark room, you should get in touch with 
us. We need assistants for our scientific 
staff working on: 


Applications are invited for a research 
post at the Council's Poultry Research 
Centre, which is located at the University 
of Edinburgh King's Buildings, West Mains 
Road, Edinburgh 9. Candidates should 
have postgraduate qualifications in an 


appropriate subject and an interest in Laser Optics 

physiological psychology or social be- PR 

haviour. Appointment will be as Scien- Pattern Recognition 

tific officer (salary according to experience Photo-Sensitive Materials 
within scale £926 to £1,574) or Senior 

Scientific Officer (£1,744 to £2,155). Applications should be made to: 
FSS.U. 


The Personnel Manager (Ref. 63), 


Hawker Siddeley Dynamics Limited, 
Manor Road, 
HATFIELD, Herts. Gao) 


Applications, with names of two referees, 
to the Secretary at above address. (2299) 
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TENTIFIG CIVIL SERVIL 


MINISTRY OF HOUSING AND 
LOCAL GOVERNMENT 


London 


GEOLOGISTS (2 posts graded S.S.O./S.O.), preferably with qualifications which 
include Geography às a subsidiary subject, for duties which involve: giving advice 
and preparing memoranda on geological aspects of planning ; problems associated 
with the working of minerals: distribution of minerals and their economic import- 
ance, 

Non-contributory pension. Promotion prospects, 

APPLICATION FORMS from the Civil Service Commission, Savile Row, London, 
W.1. Please quote $/52-53/68/MHLG/1. Closing date July 1, 1968. 


INFESTATION CONTROL LABORATORY 
Ministry of Agriculture, Fisheries and Food 
Tolworth, Surrey 


CHEMIST (graded E.O./ A.E.O.) required for the following duties : 

G) Assessment of scientific literature and data for the Pesticides Safety Precautions 
Scheme and preparation of special scientific reports and abstracts for United Kingdom 
and international committees and panels related to the Scheme. 

(i) Preparation of data on pesticides covering chemical, biochemical, and toxico- 
logical properties. 

Gil) Attendance a: some national scientific committees. 

Although a chemist is preferred, consideration will be given to applications from 
suitably qualified biologists. 

Non-contributory pension, Pramotion prospects. 

APPLICATION FORMS from Civil Service Commission, Savile Row, London, W.1. 
Please quote $/94-95/68/M AF /10. Closing date June 28, 1968. 


AGRICULTURAL SCIENTIFIC SERVICES 
East Craigs, Edinburgh 


BOTANIST (graded E,O./A.E.O.) to assist in trials to determine the distinciness and 
field performance of new varieties of potato and to do work in the laboratory on 
consumer quality. Experience in bio-chemistry an advantage. 

Qualifications : Degree in botany or agriculture or H.N.C. in biology. Prospect of 
permanent pensionable appointment. 

WRITE to the Establishment Officer, Department of Agriculture and Fisheries for 
Scotland, Room 172, St. Andrew’s House, Edinburgh, 1, for application form, mark- 
ing the envelope with the reference letter ‘J’ in the bottom left-hand corner. Closing 
date June 21, 1968. 


FRESHWATER FISHERIES LABORATORY 
Pitlochry, Perthshire 


BIOLOGIST (graded E.O./A,.E.O.) to assist with study of salmonid fish. The duties 
will involve work on the rearing of young fish. (Reference G.) 

CHEMIST (graded E.O./A.E.O.) to assist with the chemical analysis of fresh water. 
Previous experience in work of this nature, or of instrumental analysis, is desirable, 
tut not essential. (Reference H.) 

Posts are for men only. 

Prospects of permanent pensionable appointments. 

Write to the Establishment Officer, Department of Agriculture and Fisheries for 
Scotland, Room 172, St. Andrew's House, Edinburgh, 1, for application form, mark- 
ing the envelope with the appropriate reference letter in the bottom left-hand corner. 
Closing date June 24, 1968. 


















AGE LIMITS 
SCIENTIFIC OFFICER/SENIOR SCIENTIFIC OFFICER 


Salaries (starting salary may be above minimum): S.O., £926 to £1.574. (Incre- 
ments and special £120 award for approved post-graduate experience.) S.S.O,, £1,744 
to £2,155. Most Scientific Officer Class appointments carry promotion prospects to 
Principal Scientific Officer, £2,250 to £3,107. Salaries are supplemented in the London 
area, £125 Inner London, £75 Outer London, 


Qualifications *8.0., Ist or 2nd class hons. degree or equivalent or higher 
qualification in appropriate subject. Age under 29. SS O.: As above pius at least 
3 years’ post-graduate research, Age normally 26-31. 


ASSISTANT EXPERIMENTAL OFFICER/ 
EXPERIMENTAL OFFICER 


Salaries : A Eo, css (age 18) to £803 (age 22) to £1,017 (age 26 or over) to 
£1,243. E.O.. £1,365 to £1,734 (starting salary may be above minimum) Most 
Assistant Experimental Officers become Experimental Officers before reaching A EO. 
scale maximum. Promotion prospects to Senior Experimental Officer, £1,977 to £2411. 
Salaries are supplemented in the London area. £125 Inner London, £75 Outer London. 


Qualifications * Degree, H.N.C., or equivalent in appropriate subject. Under 22, 
minimum qualification. is G.C.E, in five subjects, including two Scientific/Mathe- 
matical subjects at ‘A’ level or equivalent level, .A.E.O., age 18-27; E.O., normally 
26-30, (2201) 
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Young people with science degrees, pre- 
ferably in physical sciences, required for 
general editorial work. Successful appli- 
cants will find themselves engaged in a 
variety of the activities necessary for the 
production of scientific journals, among 
which the presentation of scientific informa- 
tien for a profe al and for a general 
public plays an essential part. Some uni- 
versity research or teaching experience an 
advantagi 

Please applv to Editor, Nature. 
Macmillan (Journals) Lid.. 4 Little Essex 
Street, W.C.2. (2244) 
















UNITED NEWCASTLE UPON TYNE 
HOSPITALS 
AND UNIVERSITY OF 
NEWCASTLE UPON TYNE 


NON-MEDICAL GRADUATE  MICROBIO- 
LOGISTS (two) required in Joint Department of 
Microbiology. Applicants should possess a 
Science Degree (Honours) which includes micro- 
biology or an equivalent qualification. The duties 
are primarily to assist in tbe routine work which 
includes diagnostic bacteriology, mycology, im- 
munology and serology but there are opportunities 
for research. Salary and conditions of service as 
authorised by the Whitey Council for National 
Health Service employees-—Basic Grade: £963 
per annum to £1,658 per annum ; Senior Grade: 
£1,833 per annum to £2,276 per annum. 

Applications, giving full details of education, 
qualifications, present and previous employment, 
if any, to Assistant Secretary, Royal Victoria 
Infirmary, Newcastle upon Tyne, NEL 4LP. 

(2247) 

MEDICAL RESEARCH COUNCIL 

SENIOR TECHNICIAN required, in the 
Animal Division to assist in research on bacterio- 
static effects of serum proteins. Experience re- 
quired in microbiology, biochemistry or organic 
chemistry. The Division will shortly be accom- 
modated in new laboratories. Salary according to 
age and experience on a progressive scale rising 
to £1,802 per annum. 

Please apply to: Personnel Officer, National 
Institute for Medical Research, The Ridgeway, 
Mill Hill, N.W.7. (2242) 

SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE 

ASSISTANT EXPERIMENTAL OFFICER 

An A.E.O. is required in the Mycology Section 
for work on the grey mould discases of soft 
fruit and tomatoes. A graduate with an interest 
in the physiological aspect of host-parasite rela- 
tons would be suitable. Salary £803 at age 22, 
rising to £1,017 at 26 (maximum entry salary) and 
thereafter to £1,243. Superannuation. 

Further particulars may be had from the Secre- 
tary. with whom applications, giving full details 
of age, education and experience, together with 
the names of two referees, should be lodged by 
June 28. (2247) 

HISTOLOGICAL LABORATORY TECHNI- 
cian required for Medical Research Council sup- 
ported research project in bone pathology. If 
suitably qualified, starting salary £1,030 plus £75 
London Weighting.—-Apply in writing to Dr. D. 
Manson, Department of Pathologv, Royal Dental 
pital School of Dental Surgery, Leicester 
Square, London, W.C.2. Q182 

ORGANIC CHEMIST WITH BIOCHEMICAL 
interest required for synthesis of radioactively 
labelled compounds and study of their metabo- 
lism. Starting salary up to £1,100 per annum, 
according to qualifications ; opportunity for regis- 
tration. fer Ph.D. 

RESEARCH TECHNICIAN required for 
assistance in above work. Starting salary up to 
£850 per annum. 

Apply: Reader in Chemical Pathology, Bio- 
chemical Res. Lab., Udall Street, rt 5 

(218 


ST. BARTHOLOMEW’S HOSPITAL 
LONDON, E.C.1 


RESEARCH ASSISTANTS for work on ab- 
normalities of amino-acid metabolism in man. 
Both posts suitable for gradua in chemistry or 
biochemistry. Previous experience with auto- 
mateg methods of chemical analysis desirable for 
first post; no previous experience necessary for 
second post. Salary scale £800 to £1,400 inch 
sive. 

Apply in writing to the Clerk to the Governors 
quoting ref.: ASC/1450, Research Project No. 
35/2. (305 
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Heart Transplants as Medicine 


Tue death this week of Mr Frederick West, the first 
British patient to live for a while (46 days) with 
somebody else’s heart, has raised once again the ques- 
tion of whether it may be too soon for surgeons to 
regard heart transplants as a part of medicine as 
distinct from experiment. This certainly is a view 
widely held by a great many potential recipients—the 
general public. This death and the others which have 
occurred in the past few months have also raised a 
number of important questions bound up with the 
way in which doctors should regulate their relation- 
ships with the public, through newspapers and the 
like, when important medical innovations are involved. 
Now that there may be something of a lull in heart 
transplant operations, there is a strong case for paying 
close attention to these and other matters. 

The public relations of medicine can and should be 
dealt with easily. It is perhaps inevitable that the 
conduct of operations like these should be attended by 
publicity. For one thing, there are all kinds of irrational 
but entirely proper considerations tending towards this 
end. Doctors, for example, are naturally elated that 
they have been able to perform successfully intricate 
pieces of surgery like these. Patients and their relatives 
are sometimes (though not always) carried along by 
the same wave of excitement. More important, de- 
velopments in medical practice as potentially important 
as heart transplantation deserve to be made widely 
known. The days have long since gone when medicine. 
like magie, was a secret craft. Indeed, where trans- 
plantation operations are concerned, there are par- 
tieular reasons why some details of each operation 
carried out should be made publicly available at some 
stage. Indeed, in the long run it is in the best interests 
of the medical profession, especially when these opera- 
tions are in their infancy, that the general public 
should be given good reason to believe that the donors 
are really dead and the recipients deserving cases. 

So far as it goes, this is probably a non-contentious 
statement. The difficulties come when it is translated 
into practice. And there is no question that some of 
the medical people involved in transplant operations 
have allowed themselves to be carried away by their 
elation, usually with unfortunate results. The way in 
which there has been a tendency to link heart trans- 
plants with national prestige is especially unfortunate, 
partieularly because so much of what has recently 
been possible in organ transplantation stems from 
programmes of research which have taken on, without 
preplanning, a thoroughly international flavour. There 
have even been suggestions that undue publicity has 
frightened off many potential donors and their families, 
but publicity may also have worked the other way. 
The real problem is that a great deal of it has been 


unseemly, and that there has been entailed some un- 
warrantable intrusion into people's private lives. In 
the circumstances, there are a number of practical 
steps which the medical profession should take to 
protect its own interests and those of its patients. In 
this spirit, it is foolish of doctors to try to be at once 
surgeons and publie relations officers, and indeed it is 
only in countries like Britain that the hospitals would 
allow them to do this. "There is a great need that 
enough information should be provided of the circum- 
stances of each operation, so that the reasons for it 
can be publicly understood. There is a case for with- 
holding the names of those involved for a brief spell, 
when cireumstances suggest the need of particular 
secrecy, but there is no case for permanent suppression. 

The question of whether heart transplants are at 
this stage premature is necessarily more difficult to 
answer. The difficulty, of course. is that there is as vet 
no means of knowing what place this kind of operation 
may eventually assume in medical practice. One pos- 
sibility is that the steady improvement of the success 
rate with kidney transplantations in the past five years 
may also oecur with hearts, and there is no doubt 
that present anxieties would have been anticipated if 
the early failures of kidney transplantation had been 
more widely known. But this is not an important or 
even relevant consideration. It would be entirely 
unreasonable to expect that surgeons could promise 
that their present efforts in transplantation will eul- 
minate in a well-established method of treatment for 
disease. "They can only hope. which is why there is 
bound to be an element of the experimental in every 
heart transplantation. It does no harm to acknowledge 
this. 

If, however, these operations are in some sense or 
another experiments, there is every reason why they 
should be carried out as well-planned experiments. 
The National Academy of Scienees in the United States 
spelled out some weeks ago a helpful code of practice 
to help in making decisions in this field. Briefly, the 
overriding need is that there should be good reason to 
believe that an intended transplantation operation will 
indeed further the understanding of the intricate prob- 
lems which are involved. It is not enough to say "We 
are bound to learn something". As with other kinds of 
experiments, there should be an appreciation in advance 
of the kind of uncertainty which may be the result. In 
circumstances like these, it is obviously also essential 
that the potential recipient of a transplanted heart 
should be, for some unhappy reason or another, ín 
risk of death if left untreated. Strict adherence to 
these principles would solve a lot of problems even if 
it should be recognized that one result would be longer 
intervals between successive operations. 
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Marking Time on Metrication 


It is hard to understand how the British Government 
has allowed itself to get into difficulties over the plan 
to adopt the metric system in Britain. Until a month 
ago, everything seemed to be going smoothly—the 
Board of Trade had announced approval for the change, 
and had defined a broad timetable; the British 
Standards Institution, charged with the detailed task 
of organizing the change, seemed well on top of its job. 
Within the government departments, the Standing 
Joint Committee on Metrication made little secret of 
its plans, and they seemed sensible enough. Industry, 
while not welcoming change any more enthusiastically 
than usual, was broadly in approval. In any case, the 
timetables prepared by the BSI deliberately left some 
scope for individual companies to set their own pace. 
Given the complexities of the problem, and the Govern- 
ment’s knack for making simple things sound difficult, 
all seemed well. 

Difficulties started to arise when the Confederation 
of British Industry submitted a report to the Joint 
Committee on Metrication which suggested the forma- 
tion of a Metrication Board, similar in status and 
function to the Decimal Currency Board. The CBI 
evidently wanted to do two things—help those indus- 
tries which still had doubts about the wisdom of the 
change, and help to organize the change in the retail 
sector. Unlike most countries, Britain had decided 
that the change to metric units in the shops should 
folow rather than precede the change in industry. 
There was some danger, the CBI felt, that the change 
in the retail sector would be left until too late, and that 
the best way of avoiding this was to set up a strong 
Metrication Board. The Standing Joint Committee 
on Metrication accepted the logic of this recommenda- 
tion, and a month ago had prepared a report which 
embodied the CBI’s idea as its principal recommenda- 
tion. Nobody questioned the urgency of the report. 

But this was a month ago. Since then, nothing seems 
to have happened—the Standing Joint Committee's 
report has not been published, and no statement of 
Government intentions has been made. A frustrated 
president of the CBI, Mr Gerry Norman, has now felt 
obliged to protest in strong terms about the delay. The 
need for the metrication Board was becoming more 
and more urgent as time passed, he said, as industry 
proceeded with its plans for metrication. Publication 
of the report had become an urgent priority. 

There are two possible explanations for this strange 
breakdown in communications. The first, and least 
likely, is that the Government has now had cold feet 
about the whole thing. and wants to postpone the 
change for a year or so. (It is inconceivable that the 
Government would want to cancel it altogether.) There 
has, it is true, been some opposition to the change in 
some sectors of industry, principally in the building 
industry, which thinks that the change in standards 
will permanently increase its costs. Because buildings 
last very much longer than other manufactured pro- 
ducts, the building industry will have to live with dual 
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standards for longer than other industries. The thought 
of having to fit metric baths into non-metrie bath. 
rooms for the next 60 vears is admittedly sobering, 
but hardly overwhelming. 

It is in fact far more likely that the delay is simply 
further evidence of the inability of government in 
Britain to move quickly, even when all are agreed that 
speed is essential. No doubt the report of the Standing 
Joint Committee has been cheerfully circulating around 
government departments, gathering initials and amend- 
ments at every turn. The only explanation offered 
this week was that the problems of planning machinery 
and the costs of the change were causing delay— 
although it is fair to add that a month in Whitehall 
passes as quickly as a week elsewhere. The best 
estimate was that “clarification” could certainly be 
expected by the end of July, when Parliament rises 
for the summer recess. This is a dismal performance— 
and the Fulton Commission, which next week publishes 
its judgment of the British Civil Service, could hardly 
have picked a better time. 


Good Cheer for Fusion 


PLASMA physicists working on the problem of turning 
thermonuclear fusion into a source of power continue 
to express a guarded optimism. It is true that con- 
trolled fusion is a very long term prospect, but people 
still think it will be able to compete with other sources 
of power. One of these is Professor D. J. Rose 
from Massachusetts Institute of Technology, who 
has just published the results of work carried out 
at Oak Ridge National Laboratory during a sabbatical 
year (report ORNL-TM-2204). Professor Rose, who is 
spending the rest of his sabbatical at Culham Labora- 
tory, produces hopeful results by proposing very large 
fusion power stations, of 10,000 electrical megawatts 
or so. As he points out, power stations this big are 
unlikely to be needed by most utilities until the twenty- 
first century, which is another reason for taking the 
long view. 

Given power stations this size, some of the major 
difficulties appear to become distinctly more tractable. 
Professor Rose suggests that plasma containment 
times only a few times greater than those already 
achieved in the laboratory would be enough to make a 
very large fusion reactor economical. Another reason 
for going to big sizes is that the business part of the 
fusion reactor is free—it is simply a large evacuated 
volume in which the fusion reactions between atoms of 
deuterium and tritium would take place. 

Professor Rose’s calculations do not apply to only 
one type of system, and it seems that he is not entirely 
sure which system will turn out best. Thus the calcula- 
tions apply equally to open or closed, pulsed or steady 
state reactors. He assumes that direct conversion is 
unlikely to be feasible, and has therefore proposed a 
system in which the fusion reactor is used to provide 
heat for electricity generation. One of the advantages 

of the sort of system visualized is that it would have a 
very short tritium doubling time, because the fast 
neutrons generated in the reactor would breed further 
tritium in the “blanket” which surrounds the reactor 
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vessel. The tritium doubling time would perhaps be of 
the order of one year. The reactor would also be a 
very fruitful source of neutrons, but would produce far 
less radioactive waste than fission reactors. More 
recent calculations, Professor Rose says, have shown 
that fusion reactors would produce one ten thousandth 
as much overall radioactivity as fission reactors of 
comparable size. Another advantage is that when 
fusion reactors are shut down, the total afterheat 
would be tiny—something like 60 kilowatts for a reactor 
of 10,000 to 15,000 MW. A large fission reactor, by 
contrast, may be nominally shut down by insertion 
of the control rods, but nevertheless goes on producing 
very large quantities of heat—perhaps 10,000 times 
as much as the fusion reactor the same size. 

One of the important results of Professor Rose’s 
report (apart from sustaining optimism among plasma 
physicists, which is itself important) may be to redirect 
some of the research effort. Professor Rose is particu- 
larly keen that more work should be done on the 
effects of the energetic neutrons on the reactor vessel. 
There is no experience of radiation damage at these 
extreme energies. There is also the question of inject- 
ing fuel into the reactor, which may turn out to be 
a great deal harder than it sounds. But Professor Rose 
concludes that a fusion power station, if feasible, 
would be cheap. Capital costs in the region of £12 
per kilowatt and a generating cost of 0-3 pence per 
kilowatt look good. By the year 2000, of course, 
there is always the chance that they will have been 
overtaken by something even better. 


Steady State Supported 


THE steady state theory of cosmology still has a great 
deal of life in it, according to Professor Fred Hoyle, 
director of the Institute of Theoretical Astronomy at 
the University of Cambridge. Professor Hoyle, giving 
this year’s Bakerian Lecture at the Royal Society last 
week, discussed how the evidence put forward against 
the steady state theory can be overcome. He emphas- 
ized, however, that his lecture—a review of recent 
developments in cosmology—was an entirely personal 
view of the subject. His interpretation of counts of 
radio sources, for example, certainly differs from that 
of several other astronomers. 

The most recent challenge to the steady state theory, 
Professor Hoyle said, was the discovery about three 
years ago of the microwave background radiation. 
This is radiation at microwave frequencies which seems 
to permeate space and corresponds to a black-body 
temperature of about 3° K. One school of thought 
believes the microwave radiation is a by-product of 
events early in the history of a so-called big-bang 
universe. One of the reasons for this interpretation is 
the difficulty in understanding the radiation in terms 
of emission from existing radio sources which are not 
expected to emit strongly enough at short wavelengths 
te account for the measured intensities. The micro- 
wave background has consequently been widely held 
to be a fossil relic of a big-bang cosmology. Professor 
Hoyle said, however, that there is evidence coming to 
light that the spectra of an appreciable fraction of radio 
sources have an upturn toward higher frequencies. 
This means the microwave background may yet be 
explained by emission from radio sources, and that the 
steady state theory will be upheld in this respect. 
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In his leeture, Professor Hoyle went through the erises 
the steady state theory had so far faced. In particular, 
he discussed the way in which counts of radio sources 
can distinguish between different cosmologies. The 
practice is to count the number of radio sources N 
brighter than a certain flux 5, and to plot log N against 
log S. Various cosmologies predict different values 
for the slope of the straight line through the points, 
the steady state theory predicting a slope of — 1-5, for 
instance. Professor Hoyle said that counts of radio 
sources in the Cambridge 4C and 5C surveys agree 
with the steady state cosmology. but that the earlier 
3C survey gives a steeper slope more in keeping with 
the big-bang theory. To understand the steep slope 
given by the 3C survey in terms of the steady state 
cosmology, the radio sources making up the survey 
can be classified according to their appearance and the 
slope of the log N-log S curve evaluated for each class. 
Objects which look like radio galaxies lead to a slope 
of —1-4, and sources identified as quasars have a 
slope of —1:56. The remainder of sources in the 3C 
survey, which could not definitely be identified as 
quasars or as radio galaxies, contributed a slope of 
—2-5. Professor Hoyle says the disagreement of 
the 3C survey with the steady state theory can thus 
be attributed to the contribution to the counts of 
sources the nature of which is unknown, and which 
therefore may have no cosmological significance. New 
counts of radio sources now under w ay in the southern 
hemisphere may help to resolve this question. 

Another criterion for distinguishing cosmologies 
involves the red-shift of distant objects. The technique 
is to compare the observed relation between red-shift 
and visual magnitude with the relation expected for 
various cosmologies. All cosmologies predict the 
same relation between red-shift and visual magnitude 
for comparatively local objects, however, and it was 
not until the discovery of the quasars, with their large 
red-shifts, that red-shifts could be used by cosmologists 
in this way. Although measurements of quasars tend 
to support the big-bang theory, there is doubt whether 
their large red-shifts are in fact of cosmological signifi- 
cance at all. The problem seems to hinge around 
indieations that quasars are large masses confined in 
volumes comparatively small by astronomical stand- 
ards. This suggests that their large red-shifts may be a 
gravitational effect, yet the spectra of quasars are 
not what are expected for emission in a high gravita- 
tional field. Further, some quasars seem to show 
more than one red-shift, and up to nine red-shifts have 
been associated with one object. This may mean the 
emission is coming from differing positions in a strong 
gravitational field, or an alternative explanation is 
that the quasar is ejecting clouds of gas at speeds 
approaching the speed of light. The uncertainty 
about what quasars really are makes their cosmological 
significance much less convincing. 








Daresbury’s Plan 


Tue Nuclear Physics Laboratory at Daresbury sees 
as one of its functions the design of accelerators which 
may form the future development of the site. At the 
moment, for example. the Daresbury laboratory is 
completing a design study for an electron synchrotron 
producing energies which may go up to 20 GeV. One 
of the features of the Daresbury design is that it uses 
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the NINA accelerator to inject particles at 3 GeV into 
the machine. The small size of the beam at this energy 
seems to give some saving in the size of the magnets 
involved. 

The only electron accelerator with an energy reach- 
ing 20 GeV is the linear accelerator at Stanford. Such 
machines produce beams of particles in pulses to allow 
for cooling of the radio frequency generators and wave- 
guides. The accelerator envisaged by the Daresbury 
group has the advantage of a longer duty cycle than 
the Stanford accelerator, however, which would make 
it a more versatile machine. What chance the Dares- 
bury design has of being built is a different matter. 
At an estimated cost of just over £3 million it may be 
good value for a 20 GeV machine, but the likelihood 
of the Science Research Council finding this kind of 
money must be small. 


Students and Vice-Chancellors 


Ow the surface, at least, the confrontation between 
British university students and their vice-chancellors 
is exceedingly decorous. Last week-end most of the 
executive heads of British universities gathered in 
Downing College, Cambridge, where they apparently 
spent a good deal of their time alarming each other 
with previously unpublicized stories of insurrection or 
the threat of it. It is not therefore surprising that 
the vice-chancellors should have issued a statement 
after their meeting which roundly condemned the wild 
goings-on of recent weeks. "We utterly condemn, and 
will resist, attempts by extremist groups to obstruct 
or disrupt the life of the universities. Such activities 
destroy freedom of speech and the freedom to learn, 
and we believe that they are entirely unacceptable to 
the overwhelming majority of members of the British 
universities, staff and students alike." The same state- 
ment went on to acknowledge the constructive interest 
of a large part of the student body in the affairs of the 
universities, promised that there “is scope for them to 
do more" but insisted that there are "important 
academic and financial matters" on which the members 
of universities with "continuing responsibility" must 
continue to be in charge. The statement finished with 
à promise to work out "suitable arrangements" within 
individual universities and, in particular, to consider 
the “specific and important points" to whieh the 
National Union of Students has drawn attention. 

By itself, there is no means of knowing whether this 
statement will satisfy the somewhat belligerent de- 
mands which the National Union of Students made 
publie just over à week ago, although it is also possible 
that some of the bellicosity which the students have 
been showing stems from the wish of the students’ 
organizations not to become entirely alienated from 
their more radical supporters. Briefly, the students 
are asking for "effective student presence on all relevant 
college committees", staff-student control of discipline, 
student control of their own organizations and staff- 
student discussion of course content and teaching 
methods. On examinations, the students are looking 
for prompt "radical reform", though it is not entirely 
clear what they mean by this. One tendency is to ask 
for the abolition of formal examinations, but another 
asks that there should. be some kind of external assess- 
ment of the grades which students are awarded. In 
one sense, however, the National Union of Students 
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appears to have forced its own hand by asking that the 
programme of reform should be completed before the 
beginning of the next academie year. Unless somebody 
does something to make this hope come true, there is 
at least à chance that, when the new academie year 
begins, the first signs of trouble will show themselves 
within the students' organizations. 


Gas-cooled Fast Reactor 


Desiens for fast breeder reactors seem to be proliferat- 
ing almost as fast as those for conventional thermal 
systems. Several months ago the European Nuclear 
Energy Agency announced that it was investigating the 
possibility of building a fast reactor cooled either by 
gas or by steam, in contrast with the liquid sodium 
cooling which is being used by the UK Atomic Energy 
Authority, among others. Now Gulf General Atomic 
in the United States has announced a $53 million 
joint project which is intended to speed up the develop- 
ment of a gas-cooled system. The project, to be 
jointly supported by Gulf and twenty-one United 
States electric power companies, complements another 
study already in progress and supported jointly by 
Gulf and the Swiss Federal Institute for Reactor 
Research at Wurenlingen. 

The project just announced by Gulf covers fast 
reactor core design and development, systems and 
component development, and safety analysis. Gulf 
hopes that the system will have a high breeding gain— 
1-5-1-6—giving low fuel costs, and that the capital 
cost of the system will be less than that for liquid 
metal-cooled systems. If all goes well, Gulf vice-presi- 
dent Dr Frederick de Hoffman visualizes the building 
of a full-scale power station by the early eighties. 





Good Food Guide 


AxvBoDY worried about the colour of processed peas, 
the use of silicones by plastie surgeons or the danger of 
going blind from eating fresh cassava, should seek 
advice from the British Industrial Biological Research 
Association. BIBRA is supported jointly by industry, 
Government and a few charities and assesses the possible 
hazards to health of materials which member companies 
develop, manufacture or use. These materials are 
chiefly used in food technology—food additives and 
packaging—but also include drugs, cosmetics, toiletries 
and pesticides; the association hopes eventually to 
cover all potential environmental hazards. 

The association lost its first director, Dr L. Goldberg, 
to the United States a year ago; he has been replaced 
by Dr R. F. Crampton, a biochemist who was the 
medical director of Abbott Laboratories, Ltd. At the 
opening of a new £60,000 extension, Dr Crampton 
stressed that the association is unique in Great Britain 
and Europe, and possibly the world, in the way it is 
organized and financed. For every £100 donated by 
British industry, the Government contributes £150. 
In addition, the Nufüeld Foundation is contributing 
£30,000 a year for six years and the Welleome Founda- 
tion will be sponsoring a study on the neurological 
effects of cyanide and fresh vitamin B,,—found in 
fresh cassavas and suspected to be the cause of blindness 
and paralysis in parts of Nigeria. 

In return for these funds, which totalled more than 
£250,000 last year, the association acts as a consultancy 
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service to its members in Britain and abroad, conduct- 
ing research on problems presented by the companies. 
It also provides information on British and foreign 
legislation relating to food additives, cosmetics, packag- 
ing materials and pesticides, and it gives advice on the 
design, results and adequacy of toxicity tests carried 
out by the member companies. Because the Govern- 
ment insists on reviewing various groups of food addi- 
tives every five years, an important part of the associa- 
tion’s work each year involves carrying out additional 
tests on those groups coming up for review. 


Committee Power 


A REPORT of professional manpower published by five 
learned institutions in Britain last week is in the 
traditional mould. It sets out from the same premises, 
uses the same figures and predictably enough reaches 
much the same conclusions as the manpower reports 
already published. This is not surprising, as the 
authors of the previous reports, Dr F. S. Dainton, 
Mr G. S. Bosworth, Professor M. M. Swann and Lord 
Jackson, were all connected with the committee which 
has produced the latest report. The Council for 
Engineering Institutions set up the committee, whose 
aim it was to produce in abbreviated form the collec- 
tive wisdom of the previous reports. The argument is 
that busy academics and businessmen have no time to 
consult the original sources, but would welcome being 
told the conclusions in an easily digested form. 

As the report points out, the members of the com- 
mittee served in their own capacities, not as representa- 
tives of the organizations which nominated them, 
The fact that members were nominated by the CEI, 
the Confederation of British Industry, the Royal 
Society, the Institute of Physics and the Physical 
Society (a single learned society, despite its name) 
and the Royal Institute of Chemistry is therefore not 
strictly relevant, though it is prominently displayed 
on the front of the broadsheet. After a few sentences 
from the Duke of Edinburgh, the report deals briskly 
with the problems, and goes on to suggest ways in which 
government departments, industry, professional insti- 
tutions, universities and schools can help to solve them. 
The most sensible of the recommendations are those 
which lend support to the idea of much broader degrees 
at British universities, though the assumption that 
this would help to recruit more students to courses in 
science is not argued. The report accepts that there 
is “a serious shortage of highly qualified manpower", 
which is likely to get worse rather than better. To 
cure it, it suggests that the UGC should discriminate 
in favour of "disciplines that economic facts dictate 
are essential to community needs”. This discrimina- 
tion must start in the schools and continue in the 
universities, with grants (or loans, the report adds 
darkly) used as controls. 

The report conveniently ignores reports published 
outside the British Isles, such as those recently produced 
by OECD on the technology gap. One of these contains 
some remarkable figures, which ought to have given the 
committee pause for thought. All those countries 
the economic performance of which is rated higher 
than that of Britain—the United States, France, 
Germany and Japan—produce fewer technologists as a 
proportion of the population at risk. The UK, accord- 
ing to OECD, is ahead of all other OECD countries 
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in the production of technologists, and ahead of all 
but the United States in the production of scientists. 
One member of the committee had read the report, 
apparently, but no attempt was made to evaluate it. 
Perhaps the committee members simply refused to 
believe it, but if so they should have said so. In any 
case, there must be serious doubt whether industrialists 
and academics who have remained deaf to the pleas 
of the Jackson, Swann, Jones and Dainton reports 
will be moved by the obiter dicta of the CEI. The most 
amusing aspects of the report are those in which com- 
promises have been necessary to secure the approval 
of the non-representatives of the CBI. On the subject 
of the availability of risk-capital. for example, the 
committee could hardly give open support to the 
possibility that the Government might provide it 
through the Industrial Expansion Bill, because the 
CBI regards that as a mischievous measure. The 
report therefore calls on the Government to “foster 
a climate in which adequate provision can be made 
for risk finance for research and development projeets- 
of potential long-term benefit, and for their commercial 
exploitation". That could mean almost anything, or 
nothing. 


More Nutrition Research 


A NEW extension to the Dunn Nutritional Laboratory, 
set amid the lush green background of Cambridge, was 
officially opened on June 17 by Sir Rudolph Peters 
and Dame Harriette Chick. Despite the garden party 
atmosphere, even a casual look around the superbly 
equipped new accommodation revealed that serious 
work is in progress and that every effort is being made 
to maintain the laboratory's excellent record under the 
directorship of Dr E. Kodicek 





New extension to the Dunn Nutritional Laboratory 


The Dunn Nutritional Laboratory was first estab- 
lished in Shaftesbury Road, Cambridge, in 1929 through 
the joint efforts of Sir Frederick Gowland Hopkins and 
Sir Walter Morley Fleteher—the then secretary of the 
Medical Research Council —to found a laboratory to be 
concerned with the physiology of human nutrition. 
The new extension, which was completed in February 
this year, cost about £75,000. The equipment, includ- 
ing such items as an ultrasonic disintegrator, a Joyce 
Loeb] Chromoscan densitometer, a spectrophotofluoro- 
meter and so on, is estimated to have cost another 
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£75,000. In all there are about 70 members of staff— 
20 scientific and the rest technical staff. The building 
has ground floor laboratories for biochemistry, tissue 
culture and electron microscopy; the first floor consists 
of animal rooms for the maintenance of rats, rabbits 
and guinea-pigs, and includes special rooms for surgery 
and the isolation of experimental animals given high 
levels of radioactive isotopes. Another feature of this 
floor is the facility for breeding specific pathogen-free 
rats on a relatively small scale. 

Research at present includes studies on the effect of 
ascorbic acid on collagen and elastin biosynthesis, the 
nutrition of fibroblasts in culture, the chemistry and 
metabolism of the bound form of nicotinic acid in 
cereal grains, and electron microscopy of chromosomes. 
The role of bactoprenol in bacterial membranes is also 
being investigated. 

One particularly interesting topie of research, in its 
very early stages, is an investigation of the diet of the 
Hazda tribe. This very primitive tribe of northern 

- Tanzania is reported to eat meat only once in about 
3 weeks and yet the members are, by tropical standards, 
very healthy. (Forty members from two tribes have, 
however, been known to virtually strip the meat off an 
elephant in a few days.) The remainder of the time, 
they feed on nuts and berries including mahlaloka and 
lashana. Dr Southgate is now analysing the food as 
part of a joint project with Dr J. M. Woodburn of 
London University to see how the tribe flourishes on 
such a meagre diet. Such an investigation may give 
an idea of the diet and nutrition of man at an early 
stage of civilization, thereby throwing light on at least 
one of the factors which has influenced the development 
of human nutritional patterns and requirements, 


Medical Priorities 


Tue late Sir Ernest Rock Carling was for many years a 
governing trustee of the Nuffield Provincial Hospitals 
Trust and chairman of the trust's medical advisory 
committee. As an annual memorial to him, the Rock 
Carling Fellowship was founded—each holder having 
the task of reviewing in a monograph the state of 
knowledge and activity in one of the fields in which Sir 
Ernest was particularly interested. Professor W. J. H. 
Butterfield of Guy's Hospital and Medical School, 
who is the most recent holder of the fellowship, has 
called his monograph Priorities in Medicine. 

Although in the final chapter Professor Butterfield 
sets out ten selected priorities, some of these seem 
- to be more heavily stressed than others in the text. 
As he points out, the priorities are based on personal 
experiences and refer particularly to the situation in 
London. Not surprisingly, some of the issues raised 
were also considered by the Royal Commission on 
Medical Education. Had the monograph been written 
after the report of the Royal Commission was published, 
it might have turned out differently, but many of 
Professor Butterfield's suggestions are still stimulating 
and will provide food for further thought. 

One need clearly expressed is the need for better 
health education. This stems from the fact that 
acute diseases have to a large extent given way to 
chronio ones, which the public tend either to ignore or 
to try and treat themselves. Although health education 
has made some progress, Professor Butterfield suggests 
that the chemist's shop would be a good place to 
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advance it further. and that experts must be willing 
to provide basic data for the production of films and 
film strips for schools. Another priority which Pro- 
fessor Butterfield appears to support wholeheartedly 
is screening as a means of tracing unrecognized disease. 
Indeed, in the field of cervical cytology, screening—as 
Professor Butterfield points out—has already started. 
He anticipates, however, that one major drawback to 
selective screening for chronic illness is the fact that the 
framework of the National Health Service as organized 
at present is not really suitable; in part because access 
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is not available to the population at risk, and in part 
because of the problem of people moving from place to 
place. 

Research is also considered a priority; the National 
Health Service costing more than £1,400 million a year 
“must expect to emulate the other successful corpora- 
tions by investing at least several million pounds per 
year on research". Better management, too, he sug- 
gests, is needed, thereby creating a “loop of ideas"— 
research leading to better understanding, leading to 
better management, and so to better care and better 
morale. The long term target must be “an unattain- 
able but generally desirable medical Utopia". 

The possibilities for community (general) practice 
receive particular attention, Professor Butterfield 
favouring a structure consisting of the concentration of 
three or four group practices in a main centre where 
doctors would hold their general consulting sessions 
seeing patients by appointment. To assist the main 
centre would be satellite units where other activities 
not requiring diagnostie or other equipment and 
welfare could be carried out and supervised by the 
practitioner. Each of the group practices would be 
responsible for all aspects of medical care in its particu- 
lar sector of the town. The new town of Thamesmead 
has provided a suitable site for such a plan, and here 
a Joint Health Services Advisory Committee has been 
set up, probably the first of its kind in the country. 
By reeruiting young medical assistants to work in 
such communal practices, Professor Butterfield hopes 
that the flow of emigrants could be reduced. 

On a more speculative level, he suggests that in view 
of the fact that large capital investments will be 
involved in the Thamesmead project and others like it, 
it might be more efficient to “‘sequestrate funds" from 
the various branches of the National Health Service 
and put them under the control of a local or area 
health board. 
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Out of the Woods 


Tur Norwegian commitment to scientific research 
—£20-5 million in 1963— may seem trivial compared 
with the budgets of the United States or Britain, but 
the Norwegians are at least trying to use the funds 
as efficiently as possible. The Central Committee for 
Norwegian Research, the government's advisory body 
on the country's general research policy, completed a 
proposal for "Recommendations for a Norwegian 
Research Poliey" in the autumn of 1966, and it has 
now been published for general discussion. 

The report justifies its concern with long range 
planning by stating that "the decisions that are made 
now will be of importance to developments for a long 
time to come, and it is important that the responsible 
bodies are able to make their decisions on the best 
possible basis.... The co-ordination of activities in 
various areas and the priority-rations of sectors can 
only be discussed thoroughly on the basis of an overall 
survey". At present, research policy questions are the 
concern not only of the government’s board of research 
and the central committee but also of the individual 
ministries, the research councils, the scientific institu- 
tions and the industrial organizations. With only 
2,700 research man-years by scientific personnel to 
account for in 1963, more than half of them at institutes 
connected with universities, the problem may not seem 
very great, but with limited resources it is even more 
important to plan and co-ordinate research allocations 
in the best way. The present organization has, accord- 
ing to the committee, “developed somewhat accident- 
ally", and it is “dubious as to whether it leads to 
the most satisfactory allocation and the most effective 
use of the available resources". Jt also feels that 
priorities are reached arbitrarily in many areas, "greatly 
dependent on how clever the spokesmen for the various 
projects and research teams are". 

The first point that the report makes is that the 
level of research in Norway, in terms of percentage of 
GNP, is at present far lower than in most countries— 
0-59 per cent compared to 3-29 for the USA, 2-38 for 
Britain, 1-45 for France—and that more investment, 
especially in the universities and in applied research, 
must be undertaken. 

'The committee makes a number of recommendations, 
the chief of which is that the resources at the disposal 
of the research councils—-which give research grants to 
universities, government departments, research insti- 
tutes and industry—should be increased. The report 
points out that these councils are the most flexible 
source of funds; within their yearly budgets they can 
allocate money for immediate needs as well as support 
long-term projects. To simplify the organization, the 
report suggests that each government ministry be 
given responsibility for financing and formulating 
priorities in the area of applied research that falls 
within its administrative field of interest. It stresses 
that much more work needs to be done in the social 
Sciences, in partieular those areas of interest to govern- 
ment administration, such as psychology and sociology. 

Naturally enough, a basic priority js the expansion 
of university training and, along with it, expansion of 
research. The report points out that money must be 
allocated for more non-scientific personnel, equipment 
and running costs as well, in order to make use of the 
research worker's full potential. Basic research in 
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industry also needs to be expanded, possibly financed 
by increased government contracts. Even more im- 
portant is a more comprehensive information service 
so that research results can reach the greatest number 
of interested people and industries. 


More Committees 


WrrH the foundation of the Schools Science and Tech- 
nology Committee (SSTC), the Schools Council's 
Project Technology now has royal patronage and the. 
Duke of Edinburgh’s own action group, with suitable 
amendment, now has a more concrete base on which 
to build its activities. The two schemes, both designed 
to promote technology in schools. have been tackling 
the problem from rather different angles and it has 
become increasingly obvious to those involved that the 
fragmentation of effort was causing friction rather than 
enlightenment. The SSTC, chaired by the Duke of 
Edinburgh. will be responsible for Project Technology, 
and will promote and organize other activities on 
similar lines to help schools in their presentation of 
applied science. 

Projeet Technology was begun in 1966, under the 
direction of Mr Geoffrey Harrison (see Nature, 918, 716), 
and already more than 600 schools are in touch 
with latest developments through a regular bulletin 
and regional meetings. The action group came later 
to the scene when. at a meeting of the Association of 
Science Education last November. the Duke announced 
its formation. Under the chairmanship of Lord 
Jackson of Burnlev the group diseussed possibilities 
and recommended that the SSTC should be set up. 
With the Duke on the committee will be Vice- Admiral 
Sir Frank Mason. Dr C. G. Williams and Mr B. de 
Ferranti, all involved with engineering: Professor 
E. R. Laithwaite, Mr F. C. Brown and Mr C. English, 
representatives of further education; Mr J. J. Bryant, 
Mr E. Semper and Dr F. R. McKim, who have experi- 
ence of teaching; Mr Harrison from Project. Tech. 
nology, and Mr J. A. G. Banks from the Schools 
Council. The intention is for these influential people 
to encourage industry to provide practical help and 
put pressure where required to make sure action is 
taken. Although a certain amount of money will be 
required, it is not thought that a large fund-raising 
scheme will be undertaken. 

Another field in which the Schools Council is likely 
to meet a difference of opinion is that of sixth-form 
specialization and its effects on university entrance. 
A joint working party to investigate reforms of the 
eurrieula aeceptable to both sides was announced in* 
March by the Schools Council and the Standing 
Conference on University Entrance (see Nature, 217, 
1199), but the membership of the group has only now 
been announced. Professor Butler of Imperial College 
has been elected chairman of the working party, the 
other members being Professors J. T. Allanson from 
Birmingham, R. H. Campbell from East Anglia and 
O. E. Lowenstein from Birmingham, Dr E. W. H. 
Briault from the Inner London Education Authority, 
Mr A. H. Jennings from Ecclesfield Grammar School, 
Mr J. S. Morrison of University College, Cambridge, 
Mr J. W. B. Ruffle from Bishop Wordsworth’s School, 
Salisbury, Mr E. R. Taylor from Wolverhampton 
Grammar School and Miss D. Reader Harris from 
Sherborne School for Girls. 
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Interested parties are invited to submit proposals 
or views to the working party, and are asked to send 
them to the secretary, Joint Working Party on Sixth 
Form Curriculum, the Schools Couneil, 160 Great 
Portland Street, London W1. 


Better Materials 


Tue Explosives Research and Development Establish- 
ment (ERDE) of the Ministry of Technology at 
Waltham Abbey, Essex, last week held its first open 
days since it was established in 1945. One of the 
aims of the open days seems to have been to aequaint 
industry with the work in progress at ERDE on the 
development of polymers and the design of high 
strength composite materials. "The 500 acre site at 
Waltham Abbey has a long association with explosives 
going back more than four centuries, first as à private 
gunpowder works and later as the Royal Gunpowder 
Factory. It has a network of canals which at one time 
used to be the means of transport within the site. 
The facilities at ERDE include remote handling 
equipment for the testing of new explosives and the 





Testing underwater explosives at the Explosives Research and 
Development Establishment. 


large-scale processing of rocket propellants. Although 
explosives and propellants still form the mainstay 
of the work at Waltham Abbey, about 30 per cent of 
the establishment's effort is now devoted to materials 
research. ERDE seems to have become particularly 
adept at developing materials of high strength by 
adding reinforcing fibres. Some of the new composite 
materials have properties which may make them 
suitable for applications in the aviation industry. 
One of the lines of research under way is the investi- 
gation of thermoplastics containing various fibrous 
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fillers as alternatives to glass-fibre. A number of 
fibres have been tried, including asbestos, carbon and 
whiskers of silicon carbide, in a range of thermoplastics. 
Asbestos and silicon carbide fibres have been particu- 
larly successful—silicon carbide giving the better 
properties but at a higher cost than asbestos. 

Work on the strengthening of thermoplastics is 
leading on to the improvement of the properties of 
metals by the addition of reinforcing fibres. The 
addition of whiskers of silicon carbide to aluminium 
is producing the strength and high temperature 
properties of titanium at only half the weight. So far, 
reinforced aluminium has only been produced on a 
pilot plant basis, but it looks as if the chief difficulties 
the manufacture of whiskers of silicon carbide and their 
alignment in the metal—have in principle at least 
been overcome. Now that the aviation industry is 
beginning to need the properties of titanium in the 
construction of supersonic aircraft, the prospects of 
aluminium reinforced by fibres look attractive. It is 
materials such as these which are likely to make weight 
problems such as those the American supersonic 
transport is facing at present a less important factor 
in the design of future generations of aircraft. 

Apart from this work on composites, the materials 
sections at ERDE are also working on the improvement 
of polymers for applications such as flexible fuel tanks, 
dracones, arrester tapes for aircraft and hovercraft 
skirts. Here the problems are the degradation of the 
material by the effects of heat, light and fuels. By 
investigating the way in which the polymers break 
down under these influences, ways of modifying the 
polymers to make them more permanent are being 
developed. 


Analysis of MEDLARS 


A FULL-SCALE evaluation of the performance of 
MEDLARS (Medical Literature Analysis and Retrieval 
System) by the National Library of Medicine in the 
United States shows that the system is operating on 
average at about 58 per cent recall and 50 per cent 
precision, that is to say, it retrieves 58 per cent of 
relevant documents in response to a specific request, 
at the expense of having 50 per cent irrelevant docu- 
ments retrieved at the same time. The results of the 
analysis, the first large-scale evaluation of a major 
operating information system, have recently been pub- 
lished in a report from the library (Evaluation of the 
MEDLARS Demand Search Service, US Dept. of 
Health, Education and Welfare, 1968). Unfortunately 
the report is written in such a way that for a non- 
specialist in information retrieval systems it is difficult 
to tell the wood from the trees. This is a pity, because 
the user of the service ought to be as aware of the 
results as the MEDLARS specialist, and indeed one of 
the rather eryptically written recommendations is that 
there is a great need for improvement in MEDLARS 
"at the interface between user and system”. 

The test programme was conducted impartially by 
a specially recruited “information systems evaluator”, 
with the help of an advisory committee appointed by 
the director of the National Library of Medicine. An 
analysis was made of 300 actual requests made to the 
system in 1966 and 1967. It concentrated on the 
evaluation of the demand search function of MED- 
LARS, that is, the behaviour of retrospective literature 
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searches in response to specific demands. The collec- 
tion of material on which the searches were made 
consisted of more than half a million citations to journal 
articles in the biomedical field, input to the January 
1964 and subsequent issues of the monthly Index 
Medicus. This collection is growing at the approximate 
rate of 200,000 citations per year. Articles from about 
2.400 scientific journals are indexed at an average 
level of 6-7 terms per item using a controlled vocabu- 
lary of Medical Subject Headings (MeSH). Over three 
thousand demand searches are processed annually at 
the National Library of Medicine, additional searches 
being handled at regional MEDLARS centres in the 
United States, in the United Kingdom and in Sweden. 
The present study was confined to the United States. 
A demand search is conducted by a serial search of 
the index term profiles of the 700,000 citations on 
magnetic tape. This search is essentially a matching 
process; the index term profiles of journal articles are 
matched against a search formulation, which is a 
translation of a subject request into the controlled 
vocabulary of the system. 

The prineipal objectives of the test programme 
included a study of the demand search requirements of 
the users; the determination of how effective and 
efficient the present service is in meeting these require- 
ments; and how the requirements of users could be 
met in the future. 

The results showed that on average 
retrieves about 65 per cent of the 
literature from its collection of data. Few of the 
individual search results, however. were in the area 
bounded by the average ratios +5 per cent. In fact, 
the results were widely scattered. Some of the searches 
appear to have performed well with high recall accom- 
panied by high precision. Other searches had very 
unsatisfactory recall results. It seems that a rather 
different average result was expected. The report 
states that the system was expected to function in a 
high recall, low precision way, in the region of, for 
example, 75-90 per cent recall at 10-20 per cent 
precision. Tt is suggested that the reason why on 
average MEDLARS is operating at 58 per cent recall 
and 50 per cent precision may be because the searchers, 
unconsciously or consciously, choose to operate in this 
general area. MEDLARS is now retrieving an average 
of 175 citations per search; to operate at an average 
recall of 85-90 per cent, and an average ratio around 
20-25 per cent, would mean that MEDLARS would 
need to retrieve in each search an average of 500-600 
citations, which many users would not be willing to 
scan. Little is in fact known about the recall and 
precision requirements and tolerances of MEDLARS 
users. The report suggests, however, that a decision 
on this subject ought not to be fixed. Each user has his 
requirements and the MEDLARS demand search 
request form ought to be redesigned to cater for recall 

requirements and precision tolerances of each user. 


the system 


"major value" 





How Did Mycenae Fall? 


A SURVEY of available palaeoclimatological evidence 
by Dr H. E. Wright, direetor of the Limnological 
Research Center of the University of Minnesota, seems 
to east doubt on the suggestion that the fall of Mycenae 
was brought about by a climatic change. This idea was 
put forward by Professor Rhys Carpenter in a book 
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called Discontinuity in Greek Civilization (Cambridge, 
1966) in which he suggested that the extension of the 
summer droughts into autumn and spring caused 
repeated failure of crops in southern Greece and thus 
the breakdown of the Mycenaean economy. Professor 
Rhys Carpenter suggested that this resulted in the 
abrupt fall of the civilization—in about 1200-1000 sc 
—an event which has never been adequately oe 

In the current issue of Antiquity (XLI, 123: 1968) 
Dr Wright reviews the evidence for this hy pot! 3 
which is available from pollen remains found in layers of 
soil dating from the time of the fall of Mycenae. He 
has found no indication of any vegetational change 
that could have accompanied a “climatic c thange in the 
Mediterranean region during Mycenaean times. Analysis 
of pollen from soil layers on the southern Dalmatian 
coast, 250 miles north of Greece, has shown that the 
Mediterranean evergreen oak has dominated the land- 
scape smce 4300 Bc with no sign of a climatic change. 
In north-western Turkey, although a reduction in the 
forests of beech and fir at about 2000 nc may reflect 
a change to a drier climate at that time, there was no 
significant change around 1200 zc. 

In Peloponnesus, pollen from the Osmanaga lagoon 
near Pylos has shown that there was an increase in the 
growth of olive trees to about 40 per cent of the total 
vegetation at about 1000-600 Bc. These must have been 
cultivated, for wild olives now form a very small part 
of the Mediterranean vegetation. This seems to 
indicate that olive-growing characterized the post- 
Mycenaean period—known as the Greek dark ages— 
from 1100 to 800 Be. Dr Wright suggests that at that 
time olives were the chief subsistence crop, whereas the 
Myeenaeans had a more diversified range of crops, 
which have left a poor pollen record. At any rate, the 
flourishing olives are evidence against a climatic 
deterioration, and Dr W right is forced to the conclusion 
that there is no reliable scientific evidence to support 
the theory that climatic change brought about the 
downfall of the Mycenaean civilization. 











Porton Revealed 


Tue recent furore in Parliament and the press over 
the secrecy of the biological warfare work carried out 
at the Microbiological Research Establishment at 
Porton has led to a concession, albeit a slight one, from 
the Government: beginning in late 1968 or early 1969, 
Porton will hold an open day for the first time. The 
Ministry of Defence announced this in the House of 
Commons on June 12. Mr John Morris, Minister of 
Defence for Equipment, made the announcement and 
added that "the scientists at Porton have been sub. 
jected to quite intemperate attacks recently. . . I 
hope the open days . . . will relieve any publie anxiety 
which may exist" 

In answer to questions about the animals used at 
Porton, Mr Morris stated that all animals were well 
taken care of, but he believed that they could not 
be shown on television because of an 1876 Aet of 
Parliament restricting photographs of animals. The 
animals used in experiments certainly seem to be those 
normally found in biological laboratories —26,882 mice, 
720 guinea-pigs, 825 hamsters, 60 voles, 63 monkeys 
and 44 sheep last year—and since 80 per cent of the 
work of the laboratory is unclassified, it would seem 
unlikely that the RSPCA would have cause for com- 
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plaint over the treatment of the remaining 20 per cent. 

This classified research did cause some debate in 
the House of Lords last week, however. Lord Brockway 
questioned the Minister of State for Foreign Affairs, 
Lord Chalfont, on information supplied by Porton to 
the United States which would be of use in the develop- 
ment of nerve gases such as those used in Vietnam. 
Lord Chalfont refused to be drawn on this issue and 
simply stated that all information in this field ex- 
changed with the United States was confidential. He 
did add that the Government was anxious that the 
production of biological and chemical weapons be 
brought into the arms control field and to this end the 
Government had placed the matter on the agenda at 
the Geneva Disarmament Conference. 


Defence Research 


Str SOLLY ZUCKERMAN, the British Government's chief 
adviser on science, is not a man given to overstatement. 
Indeed, since he became chairman of the Central Ad- 
visory Council for Science and Technology, he has not 
been given to statements of any sort. Thus when he 
told the Select Committee on Science and Technology 
that some of the Government research establishments 
“are so dreary as to be unbelievable” it was bound to 
take notice. Sir Solly, who appeared before the com- 
mittee on June 13, named no names, but the committee 
doubtless has its own ideas. Sir Solly firmly rejected 
the notion that when a defence laboratory has com- 
pleted its primary purpose, it should be re-deployed 
in the civil research field. If the objective of a labora- 
tory no longer applied, he said, it should be closed 
down. "Institutions should not be kept alive merely 
for the purpose of keeping them alive." 

Sir Solly was also critical of some aspects of British 
defence contracting. He agreed with Mr David Price 
that there tended to be too great an element of research 
and development in defence contracts, and claimed that 
one should never build an aircraft except around exist- 
ing engines. (This is an argument which the aircraft 
manufacturers would never accept.) He accepted the 
argument that "holding contracts", designed to delay 
expenditure, were likely to do nothing but increase it. 
Sir Solly also gave the committee some idea of what 
his advisory council has been up to since its formation. 
It was engaged, he said, in trying to find out what 
was spent on research, both defence and civil, and 
where it was spent. Sir Harry Legge-Bourke was 
surprised that the facts were not already available, 
but Sir Solly said that the figures for industry's own 
expenditure were not known, and the breakdown in 
government establishments between manpower and 
materials was also something of a mystery. When the 
figures were at hand, Sir Solly said, it would be possible 
to make decisions, but he thought it was unlikely that 
his council would ever be able to determine the overall 
allocation of expenditure on research. Under the 
British accounting system, this was a minister's 
responsibility, and he could spend as much as he liked, 
within his budget, on research. Sir Solly did express 
a hope that it would soon be possible for his council to 
put forward some advice on the budget of the Science 
Research Council. 

On the planning of defence research contracts, Sir 
Solly put forward the theory of the "band of uncer- 
taintv". As a project advanced, he suggested, this 
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band should become narrower. "This had not happened 
in a number of defence contracts, and Sir Solly said 
that this might be one reason why costs tended to 
increase. On the mobility of scientific manpower, 
Sir Solly observed that scientists were "sessile" rather 
than "mobile"—it was difficult to move them from 
place to place, particularly if the move would mean 
à change of environment for research. Finally, there 
was a pat on the back for the Ministry of Technology. 
“The Ministry of Technology is a good thing”, he 
declared. But it might perhaps do more for small 
companies, which had “a major part to play". 


Parliament in Britain 


by our Parliamentary Correspondent 
Oceanography 
Mr Gerry Fow er, for the Ministry of Technology, 
stated that no work in the ministry’s defence research 
establishments is directed specifically to the develop- 
ment of oceanography and marine science, but that 
some work undertaken primarily for defence has been 
found to have other uses. An example of this is the 
application of thermal mapping techniques to such 
marine problems as the discharge of industrial effluents 
into the sea and work on underwater photography. 
The ministry is obtaining industry’s views on worth- 
while research and development projects through the 
Construction Industry Research and Information 
Association. (Written answer, June 11.) 
Advanced Combat Aircraft 
Mr Jonn Morris, for the Secretary of State for 
Defence, said that discussions were under way with 
other European governments about the possible joint 
development and production of an advanced combat 
aircraft for the late "70s, but that these discussions--- 
with the German, Dutch, Belgian, Italian and Canadian 
ministries of defence—had not yet reached any con- 
clusions. He agreed with the points raised by several 
members concerning the unique amount of develop- 
ment work already carried out by Britain and the 
capabilities of the British aircraft industry, but added 
that the Government was not yet in a position to 
decide whether or not these advantages warranted 
Britain developing such an aircraft on her own for 
sale abroad, instead of working in collaboration with 
other countries. (Oral answer, June 12.) 


Mental Illness 

Mn KxwxETH Ropryson, Minister of Health, was 
forced to admit that the total expenditure on research 
into mental disease in his department in 1968-69 
amounts to only £54,000. Last year the expenditure 
was even less—£33,000. Mr Dodds-Parker pointed 
out that half the hospital beds in Britain were occupied 
by those with mental disease. Could something not 
be done to increase the effort * Mr Robinson said that 
the main agency for medical research was the Medical 
Research Council, and that the Secretary of State for 
Education and Science would doubtless take note of 
the question. Lord Balniell added that 8 per cent of 
the MRC expenditure went on research into mental 
disease. Did the minister not think that there ought 
to be a marked improvement, or a full explanation 
given to the publie, so that this situation be made 
acceptable to them ? Mr Robinson could only suggest 
that Lord Balniell should ask the minister responsible 
for the MRC. (Oral answer, June 11.) 
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Hunting Neutrinos from the Sun 


Ever since it became plain, in the thirties, that the 
energy of the Sun is derived from thermonuclear 
reactions, it has been clear that a few per cent of it 
must escape ia the form of neutrinos. It follows that 
if there were means of measuring the properties of the 
supposed flux of neutrinos, it should be possible to 
distinguish between various models of solar energy 
production. The trouble, of course, is that the detec- 
tion of neutrinos is exceedingly difficult. This is why 
there will be great interest in an experiment which is 
being carried out by a group from the Brookhaven 
National Laboratory, the first results of which have now 
been reported by Davis, Harmer and Hoffman (Phys. 
Rev. Lett., 20, 1205; 1968). Although the meagre 
results so far available are not in themselves conclusive, 
they are already sufficient to show that the carbon- 
nitrogen cycle cannot be an important source of energy 
in the Sun—a conclusion which has also been estab- 
lished by means of laboratory measurements of nuclear 
cross-sections in the past few decades. 

It is of course inevitable that the first results from an 
experiment like this should lie at the margins of signifi- 
cance. The outstanding problem is the detection of 
neutrinos. In the Brookhaven experiment, an attempt 
has been made to recognize them by means of the nuclear 
reaction in which a neutrino converts a nucleus of 
chlorine-37 to argon-37, which is itself radioactive (half- 
life 35 days). The detector used in the experiment 
consists of a tank containing 390,000 litres of tetra- 
chloroethylene—a well-known cleaning fluid. In 
principle, the interaction of neutrinos with nuclei of 
chlorine-37 can be recognized by measuring the 
amount of argon-37 produced. To reduce as far as 
possible the uncertainties due to the production of 
argon-37 nuclei by protons from muons in the cosmic 
rays, the whole detection system was buried at a depth 
of 4,850 ft below the ground in the Homestake gold- 
mine at the township of Lead in South Dakota. 

In practice, this detection system is best adapted for 
the comparatively energetic neutrinos produced by the 
radioactive decay of boron-8 nuclei in the Sun. Indeed, 
the experiment was planned on the basis of information 
to suggest that the detection of neutrinos from the 
decay of boron-8 would be roughly a thousand times 
more efficient (cross-section 1:35 x 10-3? em?) than the 
deteetion of neutrinos from, say, the proton/proton 
reaction which dominates the production of energy in 
the Sun. In the same spirit, the flux of neutrinos from 
boron-8 on the Sun is calculated to be just over ten 
million per square centimetre per second at the surface 
of the Earth, or about one tenth of the flux of the less 
energetie neutrinos from the proton/proton reaction. 
This implies that neutrinos from boron-8 should be 
responsible, if these calculations are correct, for the 
formation of between two and seven atoms of argon-37 
in a day. 


The difficulties of measuring such tiny amounts of 
radioactivity are formidable. The technique is to use 
small amounts of argon-36 (which is not radioactive) 
as a carrier gas and to look for radioactive decay of 
argon-37 with a proportional counter. The best series 
of experiments so far seems to be one carried out during 
three months last summer, but even then the results 
were not conclusive—it has only so far been possible 
to set an upper limit of 0-5 counts a day for the forma- 
tion of argon-37 in the detector on account of neutrinos 
from the Sun. This, however, is only a preliminary 
result. More time is obviously necessary if this experi- 
ment is to be fully productive. It seems now to be 
agreed that it will be necessary to continue observa- 
tions on samples of chlorine used in these detectors for 
periods of several months before the uncertainties due 
to the background can be fully defined. 

What does all this mean? In the same issue of 
Physical Review Letters, Bahcall, Bahcall and Shaviv, 
who have been concerned for some time with theoretical 
predictions of the neutrino flux from the Sun, argue 
that there is no necessary conflict between the measure- 
ments now reported and expectations based on up-to- 
date estimates of the course of the nuclear reactions in 
the Sun. Since the neutrino measurements were first 
planned, the lifetime of the neutron has been re-evalua- 
ted at Copenhagen (Christensen, C. J., Nielsen, A. J., 
Bahrenden, A., Brown, W. K., and Rusbach, B. M., 
Phys. Letters., 26 B, 11; 1967). At the same time, the 
&bundance of heavy elements in the Sun has been 
measured (Lambert, D. L., Nature, 915, 43; 1967). Both 
of these developments suggest a smaller flux of 
neutrinos from boron. Not merely are the experimen- 
tal measurements themselves subject to error but the 
theoretical calculations are also based on assumptions 
which will have to be refined before more accurate 
comparisons are possible. In the circumstances, it is 
plainly something of a triumph that experimental 
measurements are already sufficiently precise to provide 
an experimental proof that the Sun cannot derive any 
but a small part of its radiated energy from the carbon- 
nitrogen cycle. But plainly this is only a beginning. 
With luck there should be a great deal to learn about 
solar structure when the neutrino experiments have 
been taken further. 





Improving the Humble Potato 


PoTaToEs are exceptional among major agricultural 
crops in being propagated vegetatively rather than by 
true seeds, so that there is plenty of opportunity for the 
survival and spread of pathogens such as soil.borne 
viruses. The paracrinkle virus, until now ubiquitous in 
the popular King Edward variety of potato, has been 
particularly damaging in its effects. Virus-free clones 
originally produced by Dr B. Kassanis at Rothamsted 
Experimental Station by means of meristem culture 
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are rapidly replacing contaminated King Edwards 
throughout Britain with spectacular results. 

Kassanis cultured the first King Edward meristems 
in 1955. The method he used involves removing the 
200 micron wide growing point—the apical meristem— 
under the microscope. This is then grown in sterile 
conditions on nutrient jelly where, after 3-5 months, a 
small plantlet develops, which is large enough to be 
grafted or grown on soil. Those plantlets that passed 
stringent virus tests were allowed to produce tubers 
and then to multiply in special seed producing areas. 
Until 1957 the tubers were being produced in a glass- 
house at Rothamsted, from where they were distributed 
to seed producers and the National Institute of Agri- 
cultural Botany at Cambridge. By 1967 their progeny 
occupied 84 per cent of the acreage of King Edwards 
grown for certified seed in Scotland. Within a few 
years they will almost certainly occupy most of the 
100,000 acres planted with this variety in Great Britain, 

In the past, when paracrinkle infected all King 
Edward crops, the Majestic variety outyielded King 
Edward by 10 per cent or half a ton per acre. Majestic 
does not develop paracrinkle. In the past two years 
virus-free King Edwards have been beating the 
Majestic yield by half a ton per acre. If the British 
acreage under King Edwards remained constant, 
Rothamsted scientists point out that the additional 
yield from the 100,000 acres planted with paracrinkle- 
free potatoes would be worth about £2 million per 
annum. This would be enough to defray all the costs 
of Rothamsted. It is considered to be one of the best 
returns for negligible expenditure lately achieved in 
agriculture. It is rarely that plant pathologists can 
claim to be on the verge of eliminating a major disease 
so cheaply and with such benefit. 


Making Good Use of Timber 


DuniNG the past five years one of the many projects 
occupying the Timber Research and Development 
Association (TRADA), which moved to Hughenden 
Valley near High Wycombe early in 1967, has been 
the development of techniques and standards for the 
construction of timber frame housing. During 1968 
the last data sheets of a Design Guide for Timber Frame 
Housing are expected to be published. As TRADA's 
annuel report says, this guide has already sold 970 
copies, a sign of inereasing interest in this type of 
housing which is making a considerable contribution 
to industrialized building methods. 

After developing a scheme for timber framed con- 
struction in two stories, TRADA went on to four stories 
for the first time in Britain, designing two blocks of 
twenty maisonettes for Wycombe Rural District 
Council for the Glory Hill estate at Wooburn. The 
framework is constructed from preformed two storied 
timber framed components on e reinforced concrete 
base. These components can be erected quickly and 
serve as a framework for the brickwork which is built 
between party walls and on the outside of the flanking 
walls. The timber frames are erected to full height, 
roofed in and made weatherproof at an early stage of 
construction, and work on the interior can then begin. 

The standards already available for timber frame 
houses are mostly North American and not applicable 
in the British climate, and so for two years a member 
of the biology and chemistry section of TRADA has 
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been living in one of the maisonettes measuring 
temperature and humidity. The moisture content of 
the timber—very important because damp timber 
will rot—has been measured by inserting small pieces 
of timber into holes bored in the plasterboard lining of 
the walls; these can be removed after a month and 
their moisture content measured. Results so far 
seem to indicate that little change will be required in 
the standards of construction already adopted. 





by @ @ 4441;i1 * 


————2— 





One of the two blocks of twenty maisonettes designed by the 
Timber Research and Development Association for the Glory 
Hill project. 


The other sections of TRADA have been engaged in 
a variety of projects during the past five years. The 
engineering section, for example, was asked to design 
a portable cycle track for the ‘Skol’ international 
six day race in 1967. The timber handling section 
has been engaged in a softwood handling project due 
to be reported this year, and the biology and chemistry 
seetion has been carrying out exposure trials of timber 
in the sea to find the timbers whieh show the best 
resistance to attack by marine borers. White eypress 
pine has shown the best natural resistance to attack. 

The completion of the new testing hall at TRADA 
has added to the scope of investigations that can be 
carried out on behalf of member firms. During 1966-67 
the number of enquiries dealt with by the advisory 
services section increased from 20,266 to 23,894 at 
the building centre in London, and from 11,960 to 
12,877 at the five regional offices. During 1967 many 
new courses were introduced by the training section of 
TRADA, which runs eourses, largely for the timber 
trade, in the leeture room at Hughenden Valley. 


Drugs for All 


REFORMERS who would like to change the law on some 
topical aspects of surgery and drug dispensing would 
have taken little comfort from Professor L. Cowen of 
Rutgers University when he spoke at the meeting of 
the British Society for the History of Pharmacy on 
June 12. Speaking about “Liberty, Laissez-faire and 
Pharmacy in Britain", Professor Cowen discussed the 
effect of the eighteenth century ideas of personal 
freedom on the course of medical and pharmaceutical 
legislation throughout the following century. Although 
the influence of philosophical argument is evident, it 
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is clear that the personal rivalries and self-interest of 
practitioners were part of the reason why state control 
of medicine and pharmacy came so late in Britain 
compared with the rest of Europe. 

In 1649, Nicholas Culpeper, whose Physical Directory 
was a translation of the Pharmacopoeia of the Royal 
College of Physicians, said of the liberty of the subject, 
"this is the Prize we are playing for". The idea of 
personal liberty, developed during the eighteenth 
century by philosophers such as Thomas Hobbes and 
John Locke, and the classical economists led by Adam 
Smith, inhibited attempts at medical and pharma- 
ceutical reform throughout the nineteenth century. 

In 1794, Adam Smith thought that the absence of 
restrictions would keep down the costs of medical care, 
and that a practitioner's success would in any case be a 
reflexion of his merit rather than any formal qualifica- 
tion. In response, William Cullen used what was to 
be the constant argument of nineteenth century medical 
reformers— that the community were unable to judge the 
merits of medical men, so that their life and health 
were often in the hands of ignorant people. “The 
legislature," he said, "should take especial care that 
the necessary art should, as far as possible, be rendered 
both safe and useful to society". 

Between 1813 and 1852, when the Pharmacy Act 
finally brought in national registration and qualifying 
examinations, chemists and druggists opposed at least 
five Bills which sought to regulate their activity. They 
also objected to poisons Bills, because they would 
“embarrass the dispensing of drugs" or because they 
were unworkable. Walpole’s fear that poisons legisla- 
tion might interfere with the trade and business of 
druggists was calmed in 1868, when an amendment to 
the Pharmacy Act restricted the sale of poisons to 
duly qualified chemists and druggists. 

The reasons for such treatment of so many reforming 
Bills seem to have been largely self-interest and 
rivalries between interested parties, but libertarian 
ideas were also to the fore. John Mason Good thought 
that the Apothecaries Bill of 1814 was “founded in 
tyranny and oppression". As late as 1883, T. H. 
Huxley declared that the state should no more interfere 
with medicine than with, say, the profession of engin- 
eering. Adam Smith's influence is evident in the 
remark of Jacob Bell, the sponsor of the 1852 Pharmacy 
Bill, that the chief obstacle to the Bill was the recurring 
argument that the law was incompatible with free trade. 

Inherent in the concept of personal liberty was the 
right of anyone to practise medicine, or to seek medical 
attention from anyone—no group should have a 
monopoly. This idea was not only used as an argument 
against medical reform but was also a principle of medi- 
cal and pharmaceutical legislation. Sir James Graham 
intended with his Medical Bill of 1844 to establish a 
national register and medical council, but proposed no 
restrietion on private practice, and would allow anyone 
to prescribe and administer medicine. The public 
were to be free to consult an unregistered practitioner if 
they chose. The Medical Act of 1858, which established 
a national register, had the purpose of making it 
"expedient that persons requiring medical aid shall 
be able to distinguish qualified from unqualified prac- 
titioners", 

The Royal Commission of 1882 acknowledged that 
the assumption of medical titles by unregistered persons 
had aroused much indignation, and that the relevant 
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section of the 1858 Act had been unsuccessful, but 
considered it undesirable to try to prevent these people 
from practising. 


Oestrogen Effects 
from our Medical Biochemistry Correspondent 

Tug development of the contraceptive pill has stimu- 
lated research on the effects of female hormones on 
metabolism. The subject is also of interest in the study 
of cardiovascular disease—women of reproductive age 
suffer far less from cardiovascular disease than men, 
and if the reason for this could be established it might 
be possible to find compounds which would have the 
same effect without the feminizing properties of natural 
female hormones. 

Because cholesterol is often incriminated as a cause 
of cardiovascular disease, the effects of oestrogens on 
cholesterol metabolism might be of great importance. 
It has been reported that oestrogens inhibit the 
synthesis of cholesterol, but Merola, Dill and Arnold 
(Arch. Biochem. Biophys., 128, 378: 1968) have now 
shown that this effect is only observed in tissue prepara- 
tions. In the living animal there is no inhibition of 
cholesterol synthesis, but cholesterol moves from the 
serum into the liver. Rats were given a synthetic 
oestrogen or oestrone by mouth, and the synthesis of 
cholesterol from “C-mevalonic acid was compared 
with that in control animals both in vitro and in vivo. 
Inhibition of cholesterol synthesis in liver homogenates 
from the treated animals appeared to result from 
inhibition of the decarboxylation of mevalonic acid. 
Liver slices from the treated animals also synthesized 
less cholesterol than slices from control animals. 
There appeared to be inhibition of the cyclization of 
squalene as well as the decarboxylation of mevalonic 
acid in this system. When they looked at whole 
animals, however, the team could find no evidence of 
any significant decrease in the synthesis of cholesterol 
from 4C-mevalonic acid. After single doses of oestro- 
gen the fall in serum cholesterol was accompanied by 
an increase in the concentration of liver cholesterol. 
Within 16 hours of the administration of oestrogen 
the concentrations had changed significantly from 
75 mg/100 ml. to 45 mg/100 ml. in the serum, and from 
2-23 mg/g to 2-44 mg/g in the liver. When the chol- 
esterol was labelled by giving the animals 4C-mevalonic 
acid before the oestrogen treatment, it was clearly 
shown that the decrease in serum cholesterol could be 
explained by the increase in liver cholesterol, and an 
inhibition of biosynthesis did not seem to contribute 
to the effect. 

The blood level of glucose may also be affected by 
oestrogens, according to a recent paper in the British 
Medical Journal (ii, 528; 1968), Thirty years ago there 
were reports that oral glucose tolerance varied during 
the menstrual cycle, though the variations found 
differed in different studies. The subject had not been 
investigated again until the present study on ten 
women who were menstruating normally. The blood 
sugar was estimated every half hour up to two hours 
after a test dose of glucose, and this oral glucose toler- 
ance test was repeated at weekly intervals for three to 
four weeks in all the subjects. The results were 
compared by measuring the area under the curve (the 
glucose tolerance test area or GTT area). Seven out 
of the ten women had a minimum GTT area at the 
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beginning of the cycle and values then rose to a 
maximum after ovulation (identified by the basal 
temperature rise in two women). This increase 
was similar to the rise in oestrogen production 
during the cycle and suggests that it is oestrogenic 
hormones which control the variation in glucose toler- 
ance. Unfortunately they did not measure hormone 
excretion, so it is impossible to tell whether the women 
who had irregular variations (three out of the ten) were 
abnormal in their hormone production or were respond- 
ing abnormally to a normal pattern of hormone pro- 
duction. 

One factor affecting blood clotting has now been 
shown to be affected by oestrogens. Daniel et al. (Brit. 
Med. J., i, 801; 1968) found that the blood of women 
given stilboestrol to suppress lactation contains more 
Christmas factor (factor IX) than the blood of lactating 
women or women who are not feeding their babies 
but not receiving oestrogens. This result is interesting 
in view of the possible connexions between “the pill” 
and blood clotting. The multitude of different effects of 
oestrogens, however, makes the task of identifying 
their role in cardiovascular disease more complicated. 


Hydrobiology in Africa 


from a Correspondent 
AFTER the successful meeting of Latin American 
hydrobiologists held in March 1968 at Santa Fé, 
Argentina (Nature, 918, 417; 1968), a second regional 
meeting devoted to tropical hydrobiology was organ- 
ized by the International Biological Programme at 
Makerere University College, Uganda, from May 20 to 
24, 1968. Hydrobiologists from ten African countries, 
both French and English-speaking, attended, together 
with observers from France and the United Kingdom. 

Although the aims of this meeting were similar to 
those of the Latin American meeting—contacts and 
stocktaking of results, problems and gaps—the results 
and the scene differed considerably. For at least forty 
years East Africa with its lakes has been the object 
of unceasing attention from European scientists, 
though less attention has been paid to the other regions. 
There is, therefore, an uneven state of knowledge on 
the inland. waters of Africa. Besides reports on organ- 
ization and work in progress, there were some highly 
&dvanced communications on comparative limno- 
chemistry of East African waters, on the characteristics 
of waters of the Congo Basin and a detailed analysis 
of the explosive fish speciation in Lake Victoria. 
For the first time the limnological team now working 
on Lake Chad and organized by ORSTOM (Organiza- 
tion de Recherches Scientifiques et Techniques Oütre- 
Mer) appeared with preliminary reports on various 
aspects of this fascinating inland basin. ORSTOM 
maintains probably the biggest research staff of thirty- 
five collaborators at its establishment at Fort Lamy 
(Chad). 

The meeting dealt with various types of waters, both 
natural lakes and rivers, and the newly created man- 
made lakes of Kariba, Volta and Kainji, where changes 
of fish faunas are under way. The attendance of FAO/ 
UNDP workers was gratifying: their work, which 
is aimed at practieal exploitation problems, overlaps 
with many fundamental issues of hydrobiology. It 
became elear during the course of the meeting that at 
least in hydrobiology/limnology, there is no exclusive 
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delimitation between fundamental and applied know- 
ledge. 

Professor De Bont, from the Congo, pointed out that 
three previous African meetings, organized by inter- 
governmental agencies, were held in 1952, 1956 and 
1959 and were devoted mainly to fishery problems, with 
a fringe of fundamental limnology, whereas the present 
meeting was mainly directed toward the latter. African 
limnology, judging by the presence of many Africans at 
the meeting, is growing fast. Consequently, recogni- 
tion and collation of all previous efforts are imperative. 


Geometry of Gear Hobbing 
from a Correspondent 


Most investigators in the field of metal machining 
concentrate their efforts on the mechanics of the cutting 
process, the conditions at the tool-chip contact zone 
and possibly the resulting cutting forces and tool 
wear rates. Moreover, in order to exclude influences 
which may interfere with the understanding of the 
basie principles, studies are usually confined to ortho- 
gonal eutting conditions where, from the point of view 
of the process geometry, the cross-section of the chip 
remains constant, although—for instance— vibrations 
and other effects may cause chip thickness variations 
in practice. 

In the machining operations in industry there are, 
however, many examples where chip thickness varia- 
tions are not due to undesirable influences but to the 
basic geometry of the process involved. An example 
is the case of milling in which, even when the material 
to be removed is of constant depth throughout, the 
thickness of each chip cut during the engagement of 
a cutter tooth in the workpiece material varies periodic- 
ally, thus causing regular and predictable cutting force 
pulsations. The problem becomes more complex in 
the gear hobbing process, when not one but several 
surfaces have to be simultaneously generated. Here, 
variations of the chip section are due not only to the 
basic geometry of the milling process as such but also 
to the geometry of hobbing, in that both the width and 
depth of the cuts change as the operation proceeds. 

In view of the fact that the magnitude of the chip 
section has a direct influence on the cutting forces and 
the cutter wear, and that these may affect the stability 
of the operation and in turn the accuracy and surface 
quality of the machined gear teeth, the authors of a 
paper now circulated by the Institution of Mechanical 
Engineers—Mr R. G. Hannam and Mr C. Andrew— 
have analysed the process geometry and thus developed 
& means for predicting the force distribution and pulsa- 
tions during hobbing operations. 

The analysis was carried out by studying first the 
action in a plane which is perpendicular to the axis 
of the gear blank and at the same time contains the 
common perpendicular to the axes of gear blank and 
hob. The next step was the analysis of the cutting 
action in planes at right angles to the first —in planes 
which are parallel to the axis of the gear blank. The 
results show the action of the various cutting edges, in 
particular the number of hob teeth engaged in forming 
a tooth space and the amounts of metal removed at its 
flanks and root. 

The authors found for a specific example, calculated 
with the aid of a computer, that the maximum chip 
section removed by the tips of the hob teeth is more 
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than three times that removed by the tooth flanks 
and that the volume of metal removed by a tip is 
almost twice that removed by one flank, thus explaining 
the fact experienced in practice, that the loading of 
the tips of the hob teeth is greater than that of the 
flanks. They also established that the volumes of 
material removed by the two flanks of one tooth space 
are unequal and that the maximum loadings on the 
tip and flanks do not occur simultaneously. This not 
only results in fluctuating machining forces but may 
also lead to a reversing torque acting on the table 
which carries the workpiece, and this can be dangerous 
if excessive backlash exists in the table drive. 

The results of the computer calculations apply, of 
course, only to the particular example for which they 
were carried out, but the principle will be applicable 
to other gear geometries and will thus be of general 
interest and value. 


Cephalopod Catalogue 


THE first in a series listing invertebrate fossil type 
specimens of the Division of Invertebrate Paleontology 
of the Smithsonian Institution has just been pub- 
lished (US National Museum Bulletin 262, part 1; 
1968). It covers the collection of Palaeozoic Cephalo- 
poda, and it has been compiled by Louis R. Purnell, 
a member of the museum staff. The only other pub- 
lished catalogue (USNM Bulletin 53, part 1; 1905) 
covered the complete collection of fossil invertebrates 
held at that time. Since then, the type collections 
have grown from approximately 11,500 to nearly 
200,000. Included in this figure are some 55,400 
small foraminifera, 25,000 brachiopods, 9,000 crinoids 
and 12,300 trilobites. The Palaeozoic cephalopods in 
the collection today number some 4,250. 

The cephalopod catalogue is split into four chief 
chapters: Nautiloidea, Ammonoidea, Bactritoidea 
and Coleoidea. Within each chapter the taxa are 
listed alphabetically by genus and species. Individual 
citations include the binomen, author, date, page, 
plate, figure number, kind of type, catalogue number, 
rock unit as originally designated, and locality. The 
catalogue sets out to be only a brief listing of type 
specimens, and therefore it is not a source book for 
occurrence data, synonymies or stratigraphic inter- 
pretation of any kind. 


Proteins Sequenced 


THE current edition of the Atlas of Protein Sequence 
and Structure, published annually by the National 
Biomedical Research Foundation, lists the amino-acid 
sequences of more than 200 proteins. This is double 
the number that appeared in last year’s edition and 
constitutes a signal tribute to the industry of bio- 
chemists as well as an indication of the interest that is 
aroused by the subject. 

The protein molecules sequenced, in whole or in 
part, include 36 cytochrome-Cs, 5 ferrodoxins, 20 
alpha and 15 beta haemoglobins, 4 myoglobins, 12 
Bence-Jones proteins, 4 ribonucleases and 22 other 
assorted enzymes. There are more than 30 pituitary 
hormones, glucagon, secretin, 18 insulin A chains and 
19 insulin B. Five transfer-RNA sequences have also 
been included. 

The text of the Atlas lists amino-acid residues by 
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the familiar three letter symbols as well as by the 
single letter symbols recommended by the Commission 
on Biochemical Nomenclature. The alignments of 
homologous sequences, printed on fold-out sheets at 
the back of the Atlas, employ the single letter symbols 
alone and are thereby enabled to display entire 
sequences on a single line. 

The Atlas is far from being a mere catalogue of other 
people’s work; it includes a considerable amount of 
discussion and statistical analyses of the data it con- 
tains. Where appropriate, node point sequences m 
phylogenetic trees have been worked out by computer 
and are tabulated with the sequence alignments. 

Many proteins of known sequence have been deter- 
mined because of their medical or biochemical interest 
and their significance for evolutionary studies has 
been of perhaps secondary importance in the eyes of 
their investigators. There is thus a certam disparity 
in the distribution of sequence data among biological 
groups. In the mammalian kingdom 146 protein 
sequences of more than 30 residues have been deter- 
mined, whereas insects and plants boast only three 
proteins each. No proteins of this length or greater 
have been sequenced for molluscs, protozoa or algae. 
The selection of significant proteins for sequencing 
will depend on careful judgment and doubtless a con- 
siderable measure of luck. 

The Atlas is edited by Margaret O. Dayhoff and 
Richard V. Eck and is available from the National 
Biomedical Researeh Foundation at the trifling 
price of $6. 


Enzymes and NMR 


from our Molecular Biology Correspondent 


One of the most noticeable trends in the past year or so 
in the field of structure and mechanism of enzymes has 
been the increasingly widespread use of nuclear mag- 
netic resonance to study conformation and binding. 
Much of this work still represents, as it were, à flexing 
of muscles, involving, as it does, the examination of 
systems of known three-dimensional structure, which 
can therefore be used to practise assignment and 
interpretation of frequencies. In principle, NMR 
spectra of the smaller enzymes may be expected to 
produce new data on the composition and geometry 
of active sites, the types of interactions with the 
substrate and even on the kinetic parameters of the 
system. 

“The identification of resonances in the lysozyme 
spectrum has been extended by Cohen and Jardetaky 
(Proc. US Nat. Acad. Sci., 60, 92; 1968), who have 
examined the part of the spectrum (low-field) arising 
from the aromatic residues, which are abundant in 
this protein. Compared with the fully denatured 
enzyme, the native molecule shows certain character- 
istic shifts, which allow several assignments to be made. 
Some interactions, in particular that between the two 
adjacent tryptophans 62 and 63, are very tenacious 
and are not eliminated even in 8M urea. The most 
interesting effects, however, concern binding of the 
specific inhibitors, N-acetylglucosamine and its dimer 
and trimer. The monomer shows only a small effect, 
but the dimer and trimer, which bind strongly, produce 
some striking changes. As the inhibitor is added, a 
new peak appears in the spectrum, which shifts down- 
field as saturation is approached. This is similar to an 
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effect observed in urea denaturation, and is assigned 
to certain tryptophan protons. Another peak moves 
similarly downfield, and this arises from another set of 
tryptophan protons. It is suggested that the two 
residues, try-62 and try-63, are implicated, and together 
form one of the “subsites”, which lysozyme is thought 
to contain. Shifts are also observed in the upfield region 
of the spectrum, where there are peaks due to aliphatic 
methyl groups perturbed by proximity to aromatic 
rings. Evidently these are driven into closer contact 
by the substrate interaction, and from the X-ray data 
of Phillips and his group it is deduced that it is 
ile-98 and try-63—two residues on opposite sides of 
the active site crevice—that are involved. 

The quantitative observation of binding of an in- 
hibitor to a-chymotrypsin is the subject of an interest- 
ing paper by Gerig (J. Amer. Chem. Soc., 90, 2681; 
1968). The ligand selected was tryptophan, which is 
known to inhibit the enzyme fairly strongly. The free 
amino-acid has a well-developed sharp spectrum, but 
when chymotrypsin is added it is progressively bound 
and immobilized, and its spectrum in consequence 
proceeds to broaden. It is thus possible to relate the 
line width in terms of the values for free and fully bound 
ligand to the binding constant. It is found that D- 
tryptophan binds more strongly than its antipode, and 
produces correspondingly greater broadening. Al:1 
stoichiometry is observed. No broadening occurs when 
the enzyme carries a covalently attached inhibitor. 

NMR can under favourable circumstances be used 
to measure rates, since observed relaxation times will 
be related to the average lifetime of a ligand on its 
binding site. The possibilities of determining the 
forward and backward rate constants in a carboxy- 
peptidase-inhibitor system from the nuclear magnetic 
relaxation times are discussed by Navon et al. (Proc. 
US Nat. Acad. Sci., 60, 86; 1968) and a complete set 
of kinetic parameters is promised for a future occasion. 


Plankton Sampling 
from a Correspondent 


Tug first scientific meeting of the International Associa- 
tion of Biological Oceanography (IABO), held at Wood's 
Hole Oceanographie Institution, Massachusetts, May 
21-24, 1968, was devoted to the "Design and Analysis 
of Plankton Sampling". The programme was divided 
into five sessions: “The Objectives of Plankton 
Research"; “Design of Sampling Programs"; "Design 
and Use of Sampling Devices"; “Sampling Error in 
the Field"; and “Methods of Data Analysis". 

R. S. Glover (Oceanographie Laboratory, Edin- 
burgh) discussed oceanwide synoptic surveys of the 
type which have been carried out for many years from 
his laboratory using the Hardy plankton recorder. 
This has enabled long-term trends and other spatial 
and temporal patterns of variation in the North 
Atlantic plankton to be interpreted and related to 
similar patterns in the hydrology of the area. An 
improved version of the Hardy recorder is at present 
being developed which can be programmed to undulate 
through a range of depths and will record various 
physical environmental variables. A similar long-term 
synoptic survey of the distribution of planktonic 
teleost eggs and larvae was discussed by E. H. Ahlstrom 
(Bureau of Commercial Fisheries, La Jolla). While 
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the main species being studied was the California 
sardine, the formidable task of enumerating and 
identifying eggs and larvae as far as possible of all 
species of fish has provided a very worth-while ecologi- 
cal background to the sardine programme. R. M. 
Cassie (University of Auckland) discussed problems 
inherent in deriving mathematical models for the inter- 
relationship between plankton and their environment, 
a major difficulty being the assignment of appropriate 
error variances to the variates (plankton abundance 
and environmental properties). While some of these 
difficulties seem at present unsurmountable, certain 
quasi-statistical techniques, notably principal com- 
ponent analysis, seem to produce solutions at least 
consistent with the diagnoses which would be made 
by the more intuitive plankton ecologist. 

J. M. Colebrook (Oceanographic Laboratory, Edin- 
tugh) presented some of the principles involved in a 
census-type plankton survey, emphasizing the impor- 
tance of relating sample design to the spatial and 
temporal scale of the population estimate to be made. 
He suggested the use of spectral analysis to resolve the 
continuous spectrum of variation of plankton popula- 
tions into components which might, as a first approxi- 
mation, be classified into the three categories: non- 
stationary trends, periodic variations and stationary 
stochastic processes. R. J. Conover (Dalhousie 
University) showed that the variability of samples 
taken at a drogue was not significantly reduced as 
compared with a similar series of samples at a fixed 
station, suggesting that the drogue had not been en- 
tirely successful in marking the changing position of 
the population. R. I. Clutter (University of Hawaii) 
described several ingenious new sampling devices 
including a plankton purse seine. He also described 
and showed underwater photographs of aggregations 
of a planktonic mysid and discussed the advantages 
of aggregation in survival of the species, notably the 
proximity of males to females for copulation, and the 
reduction of risk from predation. While the species 
concerned, because of its close proximity to the bottom, 
is possibly atypical, it seems that this study represents 
an important advance in the understanding of the 
structure and mechanism of "social" aggregations in 
plankton. 

Two somewhat novel papers diseussed the simulation 
of plankton populations (including the patchiness 
phenomenon) by electronic computer, thus enabling 
the comparison of various sampling regimes. E. P. 
dos Santos (University of S&o Paulo) found that 
aggregation of plankton induced an overestimate of 
the true population, using random sampling. P. H. 
Wiebe (Seripps Institution of Oceanography) used a 
similar procedure but based his patch structure on a 
detailed survey of a 500x500 metre area using the 
Longhurst sampler. In general, it was found that 
both accuracy and precision of estimates increased 
with diameter of net and with length of tow, although 
the longer tow was the more effective of the two expedi- 
ents. P. Foxton used a parachute drogue to trace a 
relatively large (about 40 miles circumference) aggrega- 
tion of Thalia democratica off Long Island. During 
seven days the aggregation moved approximately 
90 miles upwind. It appeared, however, that continu- 
ous contouring of the aggregation was a more reliable 
method of tracing the movement of the aggregation 
than the drogue. 
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The University Explosion in France 


from our Paris Correspondent 


The ferment in France offers an unusual opportunity for reform 
of the university faculties. 


But, to seize it, the revolutionary 


movements must temper their fervour with more traditional 
political discipline. 


No one knows as yet whether France has had an 
unprecedented revolution or a short lived revolt. 
Will the events of May 1968 go down in history along- 
side the taking of the Bastille or the 1871 Commune ? 
Will the return to Paris, despite police action, of 
Daniel Cohn-Bendit, the leader of the March 22 up- 
rising, be one day compared with the odyssey of the 
mythical “sealed carriage" which brought Lenin back 
to Russia? Tt is difficult to reply in the affirmative, 
despite the lyrical and contagious optimism which 
for some weeks has possessed the so-called cartesian 
brains. All the more difficult because new, yet more 
serious, crises may well occur in the future and relegate 
to a more modest position this spring fever which 
is at best only an advance sign of a “Cultural Revolu- 
tion". 

Everything, we know, began with the students; it 
is their claims which, greatly magnified by the blunders 
of an incompetent Minister of National Education and 
by police brutality, lit the powder and thus set in 
motion a general strike which paralysed the country 
for three weeks, shaking the authority of General de 
Gaulle and his Government and causing the dissolution 
of the Chamber of Deputies. It must, however, be 
said that the instigators of this uprising were the 
students of the Arts Faculty. "The majority of the 
students in the Science Faculty and, still more, the 
research students who were not fully aware of the 
significance and extent of this movement, rallied to it 
only after some considerable delay. What is quite 
understandable is that career problems are posed 
much more keenly by the arts students than by the 
science students; on the other hand, traditional values 
have had much weight up to now in the teaching 
provided to the former (often by relatively old teachers) 
than that provided to the latter (by a teaching staff 
generally very young). It is also true that every French 
university is outdated : ons the reasons for their 
complaints were generally less dramatie than those of 
the students of art and the humanities, the science 
Students are naturally associated with the raising of 
the question about the existing structures. Further- 
more, they were probably much more ready to do so; 
in fact, it is mainly at the Faculty of Science that 
methodical thought? had been applied over the past 
few years to all the changes to be introduced. 
At any rate, a difference of climate can be ob. 
served during the past few weeks between the 
work carried out at the Faculties of Science—where 
there seems to be more concern about positive changes 
of the management system, organization of a new type 
of examination, and so on—and that carried out at 
the Faculty of Arts, where ina gay and even picturesque 
atmosphere there is much more concern about political 


questions which largely go beyond the scope of the 
university. 

In short, perhaps unkindly, it can be said that the 
desire for a reshaping is threatened by a danger of 
unrealistic political indoctrination among the students 
of the Faculty of Arts and by a danger of radical myopia 
among the students of the Faculty of Science. In the 
meantime, although bold prophecies have been dan- 
gerous in the past month, the situation is still so con- 
fused that it defies analysis. Everywhere, in the 
laboratories, institutes, lecture halls, at general meet- 
ings held or small committees formed, the scholars, 
teachers and students discuss day and night. On 
certain points ideas take shape and the local authorities 
willingly or less willingly give their agreement. The 
students refuse, however, for the moment, to talk to 
the new Minister of National Education, Mr Ortoli. 
No comprehensive agreement between the Government, 
and the universities has been reached or even envisaged. 
From this extremely fluid situation only trends and 
points of reference are emerging at present. 

In the beginning, under one form or another, the 
desire for joint management (made up of students, 
teachers and administrative staff or, for research 
laboratories, made up of the owners, research workers 
and technicians) has been strongly stated and has 
already produced remarkable results. — In several 
faculties, the dean has had to yield to pressure from 
below and to accept the recommendation to set up 
provisional joint bodies which have taken affairs into 
their own hands. At the National Centre of Scientific 
Research (CNRS) a similar solution has been accepted 
with the institution of the elected central committee. 
At the Ministry of Research, the research advisory 
committee (the “twelve wise men” appointed by the 
Government) is from now on integrated with the 
Provisional National Council, the other twelve numbers 
of which are elected by the scholars. Of course these 
measures, imposed under the pressure of the university 
uprising or granted diplomatically to eut short more 
radical demands, have not as yct a final legal character. 
On the other hand, the committees which have seized 
power here and there have not so far won status by 
regular elections and their renewal may bring surprises, 
especially because the Government and certain profes- 
sors will certainly try, and are already trying, to control 
and bend the movement by cunning manoeuvres. But 
one thing has certainly been achieved: the irreversible 
transformation of the style of university life and 
relationships between teacher and taught. The auto- 
cratic "bosses" (particularly in the Faculties of 
Medicine) are living their last days. Methods of work 
will be altered and the key to the system, the tradi- 
tional examination, will disappear in the turmoil. 
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(The problem now is to know by what it is to be 
replaced, and on this point the collective brainstorm- 
ing has not yet borne fruit.) 

The crisis has not spared the institutions which are 
usually less sensitive to the unrest of the student 
world—the College of France, for instance, or the 
grandes écoles which, including the Ecole Polytechnique 
(although it is under the supervision of the War Minis- 
try), also want to be rejuvenated and to adapt them- 
selves by sacrificing most of their historic privileges. 
Many question marks still remain. It is true that the 
proximity of the elections (at the end of June) is one 
cause of uncertainty, minor it is true. The economic 
Situation is à second, much more serious, cause. The 
concessions made to the workers and the paralysis of 
production for 2 or 3 weeks have cast the shadow of 
inflation, which makes difficult or even impossible any 
planning in the immediate future, either on a short 
term or on a long term basis. (It goes without saying 
that the last stage of the fifth plan will not be carried 
out and that the preparation of the sixth plan must be 
resumed on a new basis. This being the case, the 
possibility of reorganizing educational and research 
institutions will very soon be limited if the new financial 
allocations are not granted by the Government. 
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There are other serious matters within the protest 
movement itself. In the first place, it is still scattered 
in nature. Everyone is thinking, making forecasts and 
carrying out reforms at the level of the institution 
where he is working, but the co-ordination of the action 
in the different faculties—even when these are of the 
same city—leaves much to be desired. Nothing durable 
therefore can be built unless there is an integration of 
the separate plans within the framework of a general 
view of French society as a whole. A "National 
Research Conference" scheduled for July should be 
the first step, as far as the faculty is concerned, towards 
reconciliation. This seems to be more difficult to reach 
on the students’ side. On the other hand, the unani- 
mous wish for a more democratic university does not 
eliminate the need for selection—a need which the 
Government, whose ideas on this matter have been 
purely negative, has made unpopular. (The Govern- 
ment aimed at a reduction in the number of candi- 
dates for higher education, but without guiding them 
towards education varying according to their aptitudes 
equal in quality and effectiveness.) Solutions must 
be found without delay if prudently reformist politi- 
cians are not to be allowed the right to pose as the 
sole possessors of good sense. 


Problem of Fire in Oxygen-rich Surroundings 


by 
D. M. DENISON 
J. ERNSTING 


W. J. TONKINS 
A. W. CRESSWELL 


Royal Air Force Institute of Aviation Medicine, 
Farnborough, Hampshire 


THE deaths of three astronauts when their Apollo space- 
eraft was burnt on January 27, 1967, and of two techni- 
cians in a separate fire, directed attention once more to the 
high risks and the rapid spread of fire in oxygen-rich 
atmospheres. It seems that, on both occasions, an elee- 
trical failure which would have been of no great signific- 
ance in normal surroundings ignited the clothing of one 
of the men, leading to a fire that fatally injured him and 
his companions within a few seconds. 

There have been several similar accidents in the past, 
all following the same pattern. One of the first occurred 
in 1935 during an experiment by Sir Leonard Hill, on 
decompression sickness. He had sealed a goat in a high 
pressure chamber filled with a mixture of oxygen and 
air, when he saw the animal eat through the insulation 
of an electric cable, causing it to spark, whereupon a fire 
flashed over the beast, very quickly killing it. In 1944 
another fire, caused by the overheating of a fan, fatally 
burnt two US Navy divers in a compression chamber 
aboard their salvage ship. These fires arose in atmospheres 
deliberately enriched with oxygen, but many of those 
on record occurred in accidentally contaminated sur- 
roundings. For example, a ditch digger, who had been 
given resuscitatory oxygen while trapped to his waist by 
an earthfall lost his life when a passer-by gave him a 
cigarette. Another, a welder, died because his breathing 


In the past, the high risks of fire in oxygen have not been appreciated. 
Where chambers, diving vessels or space vehicles have contained 
electrical equipment, hot surfaces or poorly disciplined men, fires 
have been frequent and fatal, although poorly publicized. In most 
situations, however, the risks of fire are avoidable. 


equipment was mistakenly replenished with oxygen and 
not air. 

In contrast to the fifty or so deaths from these causes, 
patients have been exposed to pure oxygen at pressures of 
1 to 3 atmospheres (absolute) for some 250,000 man hours 
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Fig.1. How the time taken to ignite variably damp new denim overalls, 
by means of a hot wire, varies with ambient oxygen pressure*, 
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without the occurrence of a fatal fire, and very many 
men have worked innumerable hours in compressed air 
without major incident. At first sight these figures are 
reassuring; however, during the past four years we have 
earried out a series of experiments which suggest that 
deaths will become more frequent unless much greater 
care is taken to prevent them. The object of this article 
is to summarize our views on the subject. 

Human skin and flesh are practieally non-flammable 
in air ati normal pressure, except in rare circumstances}, 
and even in pure oxygen at a pressure of one atmosphere 
they can be set alight only with difficulty, although they 
then burn vigorously?. Body hair, however, is flammable 
in air and highly so in oxygen, and it is possible, though 
not yet proved, that in the latter gas a large mass of 
hair may liberate combustion energy quickly enough to 
ignite skin; certainly in oxygen the body hair of dead 
pigs burns rapidly enough to blister the unresponsive 
tissues beneath?. Nevertheless, it seems most unlikely 
that an unclothed man could be set alight by an ordinary 
electrical or mechanical ignition source in any life- 
supporting gas environment, a safety point that may 
need emphasis. 
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Fig. 2. How the burning time (£50D) of variably damp denim overalls 


varies with ambient oxygen pressure. 


Strangely, “no general theory on the effects of atmo- 
spherie composition and pressure on the burning rates of 
solids has been developed" (Huggett et al.4) although 
some models of the burning process in fabries have been 
explored by Alice Stoll and her colleagues*-?. Clothing 
varies widely in its flammability, but some materials, 
including conventional non-flammable and flame proofed 
fabrics, burn freely in oxygen, and once alight release 
energy quiekly enough to ignite skin?. In general, im- 
mersion in pure oxygen at a pressure of one atmosphere 
will increase fabric ignitability à thousand-fold and 
burning rates some five times®’. 

In most fabrics the spread of fire is dominated by 
convection, as shown by the slowness of their burning in 
weightless environments. (Schreihans in 1965 found a 
two to five-fold drop in rates of flame spread under zero-g 
conditions which he attributed to a blanket of combustion 
products around the flame corona!?.) Huggett et al. in 
1966 measured the rate of burning of fabries in a variety 
of oxygen-nitrogen and oxygen-helium environments and 
found a reasonable correlation with the specifie heat of 
the gas mixture per mole O, (ref. 11), a model which does 
not appear to explain the sharp acceleration of burning 
with gas pressure in pure oxygen atmospheres. 

In materials with a fibrous pile, such as denims, velvet 
and brushed nylon, when the surrounding oxygen level is 
suffieiently high, the pile will propagate a fire in itself 
by radiation and conduction, independent of convection. 
As the ambient oxygen pressure is raised further this 
surface flash travels with increasing speed and sets light 
to the underlying bulk eloth with progressive ease. In 
such materials, ambient oxygen enrichment increases the 
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Fig. 3. Ignition times in pure oxygen of dry new overalls taken from 
an airing cupboard compared with those of dry new overalls left in a 
laboratory overnight. 
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burning rate not a few but many fold, at the sarne time 
making the process much less dependent on conveection®4. 
Little attention has been paid to this phenomenon in the 
past, as it had only been noted to occur in some heavy 
pile fabrics soon after dry cleaning!?. 

In the hope of learning the likely fate of a man if his 
clothes caught fire, we have studied the progress of some 
one hundred and seventy clothing fires on full seale 
dummies or on dead pigs in a variety of low and high 
pressure environments?:*:3.4. These have led us to the 
following conclusions. 

(1) Ignition times and fabric burning times are recipro- 
cally related to ambient oxygen pressure (Figs. 1 and 2). 
They are also roughly proportional to the partial pressures 
of ambient inert gases although the influences of the 
latter are, pressure for pressure, much smaller. Normal 
variations in cloth moisture content (Figs. 3 and 4) and 
ordinary soiling (Figs. 5 and 6) also have marked (and 
opposite) effects. 

(2) In comparison with helium, nitrogen seems to act 
mainly as a brake to the establishment of convective 
currents, for it has less effect on ignition times and fash- 
fire thresholds, but a more marked action on the burning 
rates of the cloth bulks?. Useful effects do not appear 
until the partial pressure of nitrogen exceeds 300 mm of 
mercury, however (Fig. 7). In compressed air atmo- 
spheres its blanketing action keeps pace with the rising 
oxygen pressure sufficiently to prevent the appearance of 
nap fires and to suppress all but a slight increase in 
burning rates, a finding supported by the werk of 
Coleman!* and Yanda et al.!*. From a fire point of view 
compressed air atmospheres are only slightly less safe 
than normal surroundings, a conclusion that should not 
be blurred by present concern with the risks of oxygen- 
rich atmospheres. 

(3) Reversing the comparison, helium seems to act 
principally as a thermal dissipator and a less effective 
convective brake, for it prolongs ignition times and raises 
flash-fire thresholds more than nitrogen but retards the 
burning of bulk cloth less?; the latter observation has 
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Fig. 4. Burning times of dry overalls taken from an airing cupboard 
compared with those of overalls left in a laboratory overnight. 
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Fig. 5. Ignition times of "damp" used overalls compared with those of 
"damp" new overalls. 


also been noted by Chianta and Stoll? and Huggett et al.. 
This suggests that helium would be the more desirable 
atmospheric diluent in situations where nap fires (surface 
flash) could occur, but nitrogen should be preferred else- 
where. Here it should be remembered that the body hair 
of pigs, and so presumably of man, can propagate vigorous 
nap fires and that these will be the dominant mode of 
flame spread in weightless environments’. 

(4) It is, of course, difficult to predict the clinical 
results of clothing fires from experimental studies on 
brass manikins or dead animals, although the studies 
of Stoll et al.” should contribute to a solution. It seemed 
reasonable, however, to begin by assuming that all 
areas of skin in contact with visible flame would be 
irreversibly damaged. Figs. 2, 4, 6 and 7 show the influence 
of variations in the ambient levels of oxygen, nitrogen, 
helium, contained moisture and soiling on the time interval 
between ignition of a denim overall, mounted on a brass 
dummy, and the moment when half the manikin was 
obscured by flame. The times after which flame covered 
the entire overalls were about two-thirds as long again. 
Men usually take between 5 and 20 s to respond to an 
unexpected emergeney and conventional extinguisher 
systems take about 2 s to come into full operation. Taken 
together, these results imply that a man wearing this type 
of elothing would inevitably suffer third degree burns of at 
least half his body surface if his clothing caught fire in 
an atmosphere with an oxygen partial pressure greater 
than 300 mm of mereury and a volume concentration 
greater than 30 per cent. The recent deaths of two divers 
in an environment of 28 per cent O, 36 per cent N,, 
36 per cent He, at a pressure of 3-7 atm. absolute!* may 
mean that this limit is too lenient. 

Clearly these risks are generally unacceptable, and in 
most situations they can be avoided. All electrical circuits 
capable of producing spark energies greater than 10 milli- 
joules ought to be regarded as potential ignition sources 
in oxygen-rich environments?, It is now possible to 
obtain barrier circuits that will effectively separate many 
clectronie devices from the atmosphere in which they are 
"used"? Although statie discharges from the human 
frame can exceed the 10 millijoule level, this risk can be 
eliminated by earthing the occupants or by maintaining 
ambient humidity at or above 50 per cent relative 
humidity. Surface temperatures higher than 150? C 
should also be excluded, as should causes of thermo- 
mechanical sparking?*. Almost every type of clothing 
and domestie material (towels, mattresses, blankets and 
the like) can now be obtained in a substitute form resistant 
to fire in oxygen”, 

There are other situations in which these risks have to 
be accepted, but the degree of deliberate oxygen enrich- 
ment is questionably high. This is partieularly true of 
three types of atmospheres in which a choice of com- 
position exists: those of space vehicles, of chambers for 
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hyperbarie oxygen therapy and of decompression cham- 
bers for diving and compressed air workers. 

The factors which dictate the selection of an atmo- 
sphere for space vehicles are complex?é?*, The presence 
of an inert gas raises the minimum total gas pressure and 
so the strength of the wall needed to contain it; this 
introduces a weight penalty. It also complicates the 
atmospheric control system, carries a greater risk of 
failure, and an increased danger of decompression sick- 
ness during extra-vehieular exeursions. Pure oxygen 
environments even at the lowest acceptable pressure, 
say 150 mm of mercury, import an increased risk of fire? 
and of lung collapse?**, The relative risks of decompression 
sickness introduced by nitrogen and helium are under 
debate but are probably not very different?’. These and 
the previous arguments favour the choice of helium if an 
inert gas is to be used. The practice of flushing out space 
capsules with pure oxygen at a hyperbaric pressure before 
lift-off is unnecessary!® and has been discontinued. 

Hyperbaric oxygen therapy is of proved value to 
patients suffering from impairment of their oxygen trans- 
port mechanisms (as in myocardial infarction, carbon 
monoxide poisoning or regional ischaemia) or from infee- 
tion by anaerobie organisms (for example, gas gangrene), 
and also for the radiotherapy of some tumours and the 
healing of burns and skin grafts. In a large number, 
perhaps the majority, of these cases oxygenation is 
accomplished solely through the lungs and could be 
achieved by oronasal administration of the gas in a com- 
pressed air atmosphere, which is a much safer procedure. 
It has the disadvantage that patients have to breathe 
through a face mask, and that existing chambers need to 
be modified to take the masks and to discharge the 
expirate. Clinical trials suggest that problems of mask 
acceptance are uncommon, and the chamber modifieations 
have been shown to be simple, effective and inexpensive, 
Apart from regional surface ventilation, there is no sub- 
stitute for immersion in hyperbarie oxygen to help those 
patients who need oxygenation of exposed areas within a 
few millimetres of the body surface. In these situations, 
the amount of inert gas required to make the environment 
safe would be impractieably high, introducing unaccept- 
able problems of inert gas narcosis and of decompression 
sickness. 

It is a common practice in diving and compressed air 
work to speed decompression by breathing oxygen on the 
"ascent". Provided this is again administered by oronasal 
mask in compressed air, and the expirate is ducted to the 
exterior, the risks are small. Otherwise the results can be 
disastrous. Six tunnel workers in Tokyo lost their lives 
returning to the surface at the end of a shift when one 
removed his mask to smoke a cigarette. 

Whatever precautions are taken, a risk of rapid fire will 
always remain in oxygen-enriched surroundings. Ex- 
tinguishing clothing fires in oxygen is much more difficult 
than in air. 
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Many extinguishing fluids such as methyl bromide are 
themselves flammable in oxygen, and others such as carbon 
dioxide have to be used in concentrations that are in- 
tolerably high in elosed environments. In the absence of 
a high pressure of inert gas, blanketing is ineffective, and 
for that reason, and also because spread is independent 
of convection, nothing is gained by lying down. 

Spread is so rapid that any extinguishing system must 
eome into operation within 2 s of the onset of fire and 
gain eontrol in 8 5. Because no manually operated systems 
could meet these deadlines, an automated sensor must be 
used. Two satisfactory mechanisms have been designed?*-?*, 
Systems that depend on dilution of the atmosphere with 
an inert gas or on evacuation of the oxygen are dangerous 
because they are too slow, and initially they create draughts 
of oxygen-rich gas that accelerate fire. Extinguishing 
media that have been shown to work are water? and 
bromo-trifluoro-methane (‘Freon 1301')?*. 

Water is cheap, safe and reliable. It is also bulky, 
heavy and difficult to introduce into chambers at hyper- 
barie pressure. To control clothing fires in pure oxygen 
at I atm. it must be delivered at a density of 5 ml./em?/min 
in all directions. Unless this density and completeness of 
distribution are obtained fires will continue to burn 
vigorously. They can also persist underneath clothing 
and in any body fold shiclded from the spray. For this 
reason it is wise to dress in a single layer of a tight-fitting 
open weave material. 

‘Freon 1301’ is virtually non-toxic in the unheated 
state, but its pyrolysed vapours are harmful. It can be 
automatically released from pressurized bombs in time to 
suppress clothing fires completely. The bombs are light, 
compact and easily operated in high pressure chambers, 
but the direct blast from the escaping refrigerant is 
forceful enough to be damaging, although this could be 
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Fig. 7. Burning times of overalls in mixtures of oxygen and nitrogen 
eompared with those of overalls in pure oxygen and in mixtures of 
oxygen and helium. The total pressures of the mixed atmospheres were 
always 750 mm of mercury, so that the partial pressure of inert gas can 
be calculated by subtracting the oxygen pressure (on the abscissa). 
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overcome with baffles?*. Work on the toxicity of ‘Freon’ 
is continuing; meanwhile it is possible that some of the 
new foams will offer a third method of fire control, 

Obviously codes of practice are required for the safe 
operation of oxygen-rich environments. Several groups 
are producing such schemes. The first to be published, 
that of the Scottish Western Regional Hospital Board*^, is 
a commendable example of what is needed. Later this 
year will see the issue of the (American) National Fire 
Protection Association manual on the subject, which 
contains a mass of information essential to those planning 
or operating oxygen installations of all kinds. 

This article has concentrated on the problems of 
deliberately enriched atmospheres, but those of accidental 
enrichment are commoner and easier to overlook, Con- 
tamination of this sort can arise around leaking oxygen 
plant or oxygen cylinders, in discharge ducts, from 
wrongly used oxyacetylene welding equipment, by un- 
witting substitution of oxygen for air in breathing 
apparatus or environmental control systems and by gravi- 
tational or capillary spread of liquid oxygen from, for 
example, storage vessels. i 

Note added in proof. Since writing this article, we have 
learnt that the Explosives Research and Development 
Establishment, Waltham Abbey, Essex, has designed a 
very rapid and effective water sprinkling system for 
cordite rolling mills. We are studying how this can be 
adapted for use with one-man hyperbaric oxygen chambers, 
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Microbiological Research at Porton 


by The director of the Microbiological Research Establishment at 


C. E. GORDON SMITH 


Microbiological Research Establishment, 
Porton, Salisbury 


Tue Microbiological Research Establishment (MRE) (the 
history and functions of which are described in ref. 1) has 
two principal functions: to assess the risk to the British 
people and armed forces of attack by biological warfare, 
and to devise means of protection against such attacks. 
In accordance with Government policy, none of its work 
on biological warfare has an offensive objective. Con- 
siderations of protection must necessarily embrace many 
possible methods of attack and MRE has therefore devoted 
itself very largely to establishing basic principles neces- 
sary to reach informed assessments of risk and means of 
protection. Thus at least 80 per cent of the work is 
unclassified and is published whenever results of sufficient 
interest and importance are achieved. Only information 
of advantage to a potential attacker is withheld. Recent 
criticisms of the ethics of medical and other scientists at 
MRE are quite unjustified. MRE staff are not involved, 
and would resist becoming involved, in any work with an 
offensive objective. They realize the dangers of biological 
warfare (much better than their critics) and feel it is 
their duty to try to ensure that proper protection can be 
provided for their fellow citizens and for British forces if 
biological warfare is used against them. It therefore 
seemed to be time to draw attention to a few of the more 
interesting aspects of the work of MRE during 1967, to 
demonstrate how much of it is of general interest and 
importance. 

Whether a disease spreads naturally or is artificially 
spread, the same basic principles have to be established 
in order to understand how micro-organisms cause disease 
and death, how infections can be treated, or how their 
spread can be controlled or prevented. The facilities at 
MRE for the study of infectious diseases are of a kind 
probably unmatched in western Europe: there is a strict 
code of safety and specially designed apparatus to cope 
with hazardous operations. Elaborate precautions are 
taken to prevent the escape of infective material, and a 
research section is devoted solely to the study of labora- 
tory hazards? and to the formulation of safety procedures 
and equipment?., 


Vervet Monkey Disease 

'The value of these facilities to the community at large 
was well illustrated recently when the establishment 
undertook the investigation of a hitherto unknown infec- 
tious disease which caused twenty-eight cases and seven 
deaths in German laboratory workers* who had been work- 
ing with tissues obtained from vervet monkeys imported 
from East Africa, or who were concerned with nursing the 
patients. The causative agent was isolated in guinea-pigs 
from patients' blood and tissues. Passage of the agent in 
guinea-pigs and monkeys produced a rapidly fatal illness. 
Blood and tissues from infected animals were highly 
infectious and considerable quantities of the agent were 


Porton describes some of the highlights of the work carried out 
during 1967. 


excreted in urine and found in saliva. The organs prin- 
cipally affected were the lungs, spleen and liver. The lungs 
showed severe interstitial pneumonitis; there was marked 
reduction of lymphoid and reticulo-endothelial elements 
in the spleen, and degeneration and necrosis of liver cells 
were commonly found. Basophilie granules were found 
in the cytoplasm of necrotic guinea-pig liver cells but not 
in those of monkeys*. Characteristic, often bizarre, baso- 
philic intracytoplasmic inclusion bodies were produced in 
cell cultures but cytopathic changes were not obvious. 
Electron microscopy of guinea-pig, monkey and cell eul- 
ture material showed elongated (diameter about Olu) 
and rounded pleomorphic (diameter about 0-Su) struc- 
tures*. The agent (Fig. 1) has been unaffected by any 
antibiotice or chemotherapeutic substance so far tried and 
no serological relationship to any known organism has 
yet been demonstrated. There is little doubt that this is 
a new disease of man and the organism may well be the 
first known member of a new class. As it can be found in 
the throat swabs and urine of infected animals and 
German workers have reported venereal transmission by 
man, it has possible potential as an infectious disease of 
man. 


Microbial Products 


Most research laboratories can grow organisms only on 
a small scale because of limited facilities and, if the 
required organism is pathogenic, growing it on any con- 
siderable scale may be dangerous without proper facilities. 
When only a part of an organism or one of its products is 
required, then the very small quantity which can be pro- 
duced may seriously limit research. Although MRE can 





Fig. 1. Electron micrograph of vervet monkey agent in BHK tissue 


cells ( x 17,500, Crown copyright reserved). 
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grow only rather limited quantities of pathogenic bacteria, 
they are larger than most laboratories can produce with 
safety. A great variety of micro-organisms in various 
quantities have therefore been grown at MRE by batch 
or continuous culture to meet the requirements of research 
workers (particularly molecular biologists) in universities 
and hospitals. Deep culture vessels have been used for 
batch growth in quantity of aerobic and anaerobic bac- 
teria, bacteriophages, mammalian cells and one virus'-?. 
The careful control of temperature, pH, oxygen and 
nutrients possible in these vessels leads to higher yields 
than can be obtained from shake flasks'*. The products 
obtained by this method include leucocidin, staphylokin- 
ase, rhodanase, coliform phages and Semliki Forest virus. 
The use of continuous culture techniques" to produce 
microbial products in large quantities for research workers 
is a relatively recent development and has proved to be 
the best available method for growing organisms contain- 
ing high proportions of certain constituents such as ribo- 
somes or alkaline phosphatase’. In the near future an 
apparatus designed and built at MRE for safe continuous 
culture of pathogens will be in use for the study of, for 
example, the effects of controlled growth conditions on 
the production of organisms for cell-wall vaccines (to be 
discussed later). 


Vaccine Research 


The design of vaccines, both bacterial and viral, is a 
major interest of MRE. In bacterial vaccines, the antigens 
of the outer surface (usually the cell wall) of the organisms 
are normally responsible for conferring immunity and 
both bacterial genetics and cell-wall physiology are in- 
volved. To design the most effective possible vaccine 
against a bacterial infection, the most immunogenic 
genotype of the organism must be selected and, if possible, 
improved by genetic manipulation. The best growth 
conditions must then be found to yield the most immuno- 
genic phenotype in large scale culture. 

Although the study of bacterial genetics originated with 
observations by Griffith on the virulence of pneumococci, 
subsequent developments have concerned fundamental 
genetic phenomena rather than the factors controlling 
virulence and. hence the antigens which must be present 
in an effective vaccine. At MRE, genetic methods have 
been used to understand virulence in Pasteurella pestis 
and its close relative, P. pseudotuberculosis, which were 
chosen as models for a number of reasons, not least because 
they produce, in small rodents, diseases resembling plague 
and pseudotuberculosis in man. Not less than eight 
autonomous factors have been identified which appear 
to be involved in the expression of high virulence by 
P. pestis. Interestingly, however, not all of them seem 
necessary for immunization against plague. A gene- 
transfer system which operated between strains of this 
organism might permit the generation of strains with the 
necessary combination of factors for an efficient but safe 
live or killed vaecine. Recently a system has been 
developed at MRE which permits gene-transfer between 
strains of P. pseudotuberculosis'! and between these and 
P. pestis but not between P. pestis strains. Further studies 
will no doubt remove this obstacle and allow the selection 
of recombinant strains of P. pestis suitable for further 
elucidation of the factors controlling immunogenicity. 

The cell wall of bacteria has been shown to vary in 
amount and composition depending on the rate and 
environmental conditions of growth when controlled with 
precision by the use of the continuous culture techniques. 
The cell wall content of the Gram-negative Aerobacter 
aerogenes!* grown in carbon and magnesium-limiting con- 
ditions was measured by a direct gravimetric procedure. 
The slower the organisms were grown, the greater was the 
cell wall content as a proportion of the total bacterial 
mass. The organism also became smaller; thus the size 
change accounted for the percentage inerease in cell wall 
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content and indieated that the cell wall thickness had 
remained roughly constant—a conclusion supported by 
electron microscopy. Analysis showed, however, that 
there were marked differences in cell wall composition: 
as the growth rate increased, the lipopolysaccharide 
content of the cell walls decreased in magnesium-limited 
organisms, but increased in carbon-limited bacteria. With 
the Gram-positive organisms Bacillus subtilis var. náger!* 
the differences were even more marked: in magnesium- 
limited conditions, the wall contained a high proportion 
of a teichoic acid (glycerophosphate polymer containing 
glucose) In phosphorus-limiting conditions, however, 
this polymer was completely replaced by another anionic 
polymer which contained no phosphorus but was com- 
posed of glucuronic acid and N-acetyl galactosamine (a 
teichuronie acid). These polymers appear to be mutually 
exclusive when the organism is grown under these 
conditions. 

Thus a combination of genetic and growth studies offers 
considerable promise of improvement for bacterial 
vaccines. 


Aerobiology 

A study of the effect of stresses which organisms undergo 
when in the airborne state is also one of the main themes 
at MRE. Recent work has shown that, for a laboratory 
aerosol of E. coli B, oxygen (or a trace contaminant) 
was toxic at low relative humidity (RH)U. This toxicity 
was attributed to free radical formation which caused 
damage to flavin-linked enzymes. At high RH oxygen 
was not toxic, but another death mechanism with an 
effect on RNA synthesis operated. These results were 
supported and extended by studies of E. coli B in atmo- 
spheres of nitrogen, argon and helium’; survival was good 
at low RH and poor at high RH. At high RH the nature 
of the atmosphere, however, influenced survival, suggest- 
ing that nitrogen, argon and helium were not completely 
inert biologically. The initial rate of evaporation of water 
from the aerosol droplet did not influence survival of 
E. coli B within the droplet, indicating that RH was 
influencing the survival of the bacterium by determining 
its water content when the aerosol particle eontaining it 
had equilibrated with the surrounding atmosphere. A 
further effect on bacteria in the aerosol state was demon- 
strated using radioactive potassium (**K): bacteria lost 
their ability to retain cellular potassium almost im- 
mediately after aerosolization, indicating that there had 
been loss of ion eontrol and damage to the transport mech- 
anism?*. These results were obtained with bacterial sero- 
sols in a confined space, but a fundamental advance in 
technique has recently been achieved at MRE: a method 
has been devised for trapping droplets containing bacteria 
on ultra-fine spider threads*. Bacteria thus suspended be- 
have as if they were in the free aerosol state; for the first 
time captive and easily manipulated “aerosols” can he 
studied in open spaces or large rooms, in places such as 
hospitals, and the efficiency of various methods of air 
sterilization can be examined in such places. This method 
also makes possible for the first time an examination of 
the aerosol properties of larger particles such as fungal 
spores and pollen grains. 


Pathogenesis of Encephalitis 

How viruses enter the central nervous system and how 
they cause disease and death are poorly understood. 
Studies of eontrasting viruses infecting animals of several 
species by different routes are, however, beginning to 
elucidate some of these problems. Semliki Forest virus 
will cause fatal encephalitis in mice*? or hamsters?? regard- 
less of the route of administration. Surprisingly, whether 
a hamster is infected by inhalation of an aerosol or intra- 
dermally in the leg, the first detectable lesion is in the 
meninges in the olfactory area from which it seems to 
spread to the remainder of the central nervous system. 
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On the other hand, when it is given intracerebrally to 
wild-caught voles (Microtus agrestis)! it can multiply to 
high titre in the brain, but deaths are uncommon. In 
laboratory bred voles, however, fatal clinical disease 
results. The problem, for this and other reasons??, should 
therefore be restated: a wide variety of viruses reach the 
central nervous system (more frequently than is at present 
realized), but why do they sometimes cause encephalitis 
and sometimes not? 

The histological ehanges in encephalitis are (a) inflam- 
matory (cellular infiltrations); (b) degenerative (destrue- 
tion of neurones but also of other elements in the grey 
and even the white matter); and (c) glial reactions (miero- 
glial changes are often due to associated degenerative or 
inflammatory lesions, but astroglial proliferation and 
hypertrophy appear to be eaused by the virus itself or 
by virus-antibody complexes). In collaboration with 
Dr H. E. Webb'* (St Thomas’s Hospital, London) the 
inflammatory changes have been shown to be markedly 
influenced by the presence of circulating antibody and 
are probably caused by deposition or formation of virus- 
antibody complexes—often near blood vessels. Depression 
of the antibody response by irradiation depresses the 
amount of inflammation in the brain, while administra- 
tion of antibody near the end of viraemia aggravates such 
inflammation. Degeneration of neurones explains the 
permanent neurological damage in encephalitis because 
neurones are not replaced. A considerable degree of rapid 
recovery, however, follows the acute stage of encephalitis 
in survivors, and that dysfunction which recovers is 
probablv attributable to inflammation with oedema and 
the dysfunetion of neurones which results from increased 
pressure in the closed box which encloses the central 
nervous system. Glial reactions can be observed very 
soon after infection and long before there is clinical 
evidence of encephalitis. In infected animals which escape 
encephalitis, or which recover from encephalitis, long- 
lasting ehanges (partieularly astroglial proliferation and 
hypertrophy) have been observed and these are much 
aggravated by repeated infections with the same virus, 
although re-infection usually causes no detectable clinical 
disease. Chronic and progressive brain lesions have been 
induced by repeated infections with Semliki Forest virus 
in the guinea-pig which does not suffer detectable acute 
encephalitis on first or on subsequent infections. Re- 
infection with rabies virus after a long interval can result 
in lesions histologically resembling allergic encephalitis, 
often with associated widespread astroglial changes, but 
clinical disease is uncommon??. These new findings raise 
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interesting and important questions about the possible 
virus aetiology of some of the subacute and chronic 
diseases of the central nervous system in man. Elsewhere® 
very suggestive evidence has been presented that measles 
virus, which usually causes a mild systemic illness and 
sometimes an acute one, may also cause subacute sclerosing 
panencephalitis—a chronic and fatal disease predomi- 
nantly of children. Thus it seems clear that viruses can 
reach the central nervous system without causing clinical 
encephalitis, but may linger in a latent form to cause 
chronic degenerative disease. Much further work is 
required to elucidate the responsible mechanisms which 
may include a change in the replicative process of the 
virus, immune and even secondary auto-immune reac- 
tions?, and the results of astroglial proliferation and 
hypertrophy which may possibly include demyelination. 
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New Structural Model of E. coli Aspartate Transcarbamylase 
and the Amino-acid Sequence of the Regulatory 


Polypeptide Chain 


by 
KLAUS WEBER 


Biological Laboratories, 
Harvard University, 


Cambridge, 
Massachusetts 
ASPARTATE transcarbamylase (ATCase) from E. coli 


catalyses the first step in pyrimidine biosynthesis and is 
subject to feedback inhibition by CTP, the end product of 


Molecular weight determinations of the regulatory and catalytic 
chains and the amino-acid sequence of the R chain indicate that the 
ATCase molecule contains six copies of each chain. 


this pathway!. This enzyme molecule is often considered 
as a model for allosteric proteins. 
An important property of the molecule is that the 
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catalytic and regulatory functions can be separated. 
Gerhart and Schachman?-*, showed that in the presence of 
p-hydroxy-mercuri-benzoate (p-MB) the ATCase molecule 
(molecular weight, 310,000) dissociates into sub-units of 
two types (the term sub-unit does not imply polypeptide 
chains): the catalytic sub-unit (two, each with a molecu- 
lar weight of 100,000) and the regulatory sub-units (prob- 
ably four, each with a molecular weight of approximately 
30,000). 


i 
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regulatory polypeptide chain. This result as well as the 
determination of the molecular weights of both sub-units 
after denaturation by sodium dodeeylsulphate (NaDS8) 
and a study of the carboxyl-terminal residues in both 
polypeptide chains mean the tetrameric model for A'TCase 
must be rejected. The experiments reported here 
indicate that ATCase must have a quite different struc- 
tural organization, because the values for the molecular 
weights of the R and O chain are 17,000 and 33,000, 
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Met-Thr-His-Asn-Asp-Lys-Leu-Gln-Val-Ala-Glu-Ile-Lys-Arg-Cly-Thr-Val-Ile-Asn- His-Ile-Pro-Ala-Clu-Ile- 
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-Gly-Phe-Lys-Leu-Leu-Ser-Leu-Phe-Lys-Leu-Thr-Glu-Thr-G 1In-Asp-Arg-Ile-Thr-1le-Gly-Leu-Asn-Leu-Pro-Ser- 
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-Gly-Glu-Met-Gly-Arg-Lys-Asp-Leu-Ile-Lys-Ile-Glu-Asn-Thr- Phe-Leu-Ser-Glu-Asx-Glx-Val-Asx-Clx-Leu-Ala- 
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-Leu-Tyr-Ala-Pro-GIn-Ala-Thr-Val-Asn-Arg-Ile-Asn-Asp-Tyr-Glu-Val-Val-G ly-Lys-Ser-Arg-Pro-Ser-Leu-Pro- 
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-Glu-Arg-Asn-Ile-Asp-Val-Leu-Val-Cys-Pro-Asp-Ser-Asn-Cys-Ile-Ser-His-Ala-Glu-Pro-Val-Ser-Ser- Ser-Phe- 
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-Ala-Val-Arg-Arg-Ala-Asx-Asx-Ile-Ala-Leu-Lys-Cys-Lys-Tyr-Cys-Clu-Lys-Glu-Phe-Ser-His-Asn-Val-Val-Leu-Ala-Asn 


Fig. t. 
indicated by arrows pointing downwards. 
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The amino-acid sequence of the regulatory chain (R chain) of ATCase from E. coli. The points of cleavage by trypsin are 
Arrows pointing upwards indicate cleavage by chymotrypsin, pepsin or partial acid 


hydrolysis. 


On the basis of the number of binding sites present in 
the intact molecules (four sites for the regulatory com- 
pound and four sites for the substrate) and of those 
present in the two different sub-units (two binding sites 
per catalytic and one per regulatory sub-unit) an appealing 
structural model was proposed by Changeux, Gerhart and 
Schachman**, They considered ATCase to be a tetramer 
of four identical “monomers or protomers". One protomer 
was defined as one regulatory and one catalytic site or 
polypeptide chain (molecular weights, 27,000 and 50,000, 
respectively). Such a model seemed to prediet that the 
ATCase molecule would be composed of four catalytic 
and four regulatory polypeptide chains. Support for 
such a structure appeared to come from recent 
studies by Hervé and Stark* and by Weber? on the mole- 
eular weights of the sub-units in urea solution. 
their amino terminal residues*? and their "fingerprint" 
analysis*. 

I am studying the primary structure of the regulatory 
(R) and catalytic (C) polypeptide chains of ATCase. 
Fig. 1 shows the proposed amino-acid sequence of the 


respectively. These values suggest that the molecule 
contains six regulatory and six catalytic polypeptide 
chains. Furthermore, arguments will be presented suggest- 
ing that the moleeule may contain a three-fold axis of 
symmetry. 


Purification and Molecular Weights 

ATCase was purified from Æ. coli by the procedure of 
Gerhart and Holoubek*. C and R sub-units were isolated 
after dissociation of the enzyme by p-MB as described 
elsewhere’. 

The molecular weights of the isolated sub-units were 
determined by polyacrylamide gel electrophoresis in 
NaDS solution using the procedure of Shapiro, Vinuela and 
MaizeP. Fig. 2 shows a semi-logarithmie plot of the 
value of the molecular weights against the migration 
distance for A'TCase, its sub-units and several marker 
proteins of well characterized molecular weights. In all 
runs ATCase gave two bands: one running slightly 
ahead of pepsin, one slightly retarded when compared 
with myoglobin. The isolated C sub-unit gave only the 
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slower moving zone, the R sub-unit only the faster moving 
zone. The molecular weights determined by this method 
are 32,000 to 35,000 for the C polypeptide chain and 
16,000 to 20,000 for the R polypeptide chain. 


Carboxypeptidase A Digestion 


CPA digestion of the R and C sub-units was performed 
in the presence of 0-08 per cent NaDS to assure dis- 
ruption of the protein eonformation!?. The results on 
the R sub-unit are summarized in Table 1. 


Ovalbumin 

Aldolase 

Pepsin 
ATCase; C- chain 


Trypsin 


Molecular weight x 104 


ATCase ; R- chain 
Myoglobin 


RI7- coat protein 





0:2 0:4 0-6 0-3 i 


Relative migration 


Fig. 2, Migration of ATCase and its sub-units and of different marker 

proteins on polyacrylamide gel electrophoresis in 0-1 per cent NaDS 

using the procedure of Shapiro, Vinuela and Maizel'. The molecular 

weights of the marker proteins (9, 16, 17, 18) are plotted on a semi- 

logarithmic scale against the Me of migration relative to the marker 
dye. 


Six different amino-acids were released: — "serine", 
alanine, valine, leucine, phenylalanine and histidine 
("serine" ean be serine or the other amino-acids eluted 
in this position on the amino-acid analyser, that is gluta- 
mine and asparagine). Assuming a molecular weight of 
17,000 for the R chain these amino-acids were released in 
the ratio of two residues of valine for one residue each 
of leucine and alanine. The time course of the release 
does not unambiguously show which amino-acid is 
earboxyl-terminal. During later studies on the tryptic 
peptides of the R chain the carboxyl-terminal tryptic 
peptide was found to have the amino-acid sequence 
Glu-Phe-Ser-His-Asn-Val-Val-Leu-Ala-Asn. | From this 
sequence it is obvious why the residues of valine, leucine 
and alanine released by carboxy-peptidase A reach 
integral values, while because of incomplete enzyme 
hydrolysis the other amino-acids do not. The release of 
two residues of valine for one residue each of alanine and 
leucine from the R protein, caleulated on the basis of a 
molecular weight of 17,000, provides strong support. that 
this is the correct value for the molecular weight of the 
R chain. 

In the C sub-unit only leucine was released by digestion 
with CPA. The equivalent weight for one residue of 
leucine was caleulated to be 33,000. This result is not 
as conclusive as the result on the R chain, because the 
peptide comprising the carboxyl end of the C chain has 
not yet been isolated. This result. however, fits very well 
with the value of the molecular weight for the C chain de- 
termined by polyacrylamide gel-electrophoresis in NaDS. 
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Thus a molecular weight of 33,000 can be assigned to the 
C polypeptide chain. 


Amino-acid Sequence of the R Chain 


Oxidized R protein was digested with trypsin and the 
resulting fragments separated on the cation exchanger 
‘Dowex 50x4' using methods already described. 
Most of the tryptic peptides were pure enough 
for sequence analysis. Some mixtures were further 
separated on the same resin using a different gradient 
elution. The smaller peptides were sequenced by the 








subtractive Edman degradation and digestion with 
carboxy-peptidases and leucine amino peptidase. Larger 


peptides were subjected to further enzyme cleavage by 
chymotrypsin, pepsin, subtilisin or papain. ‘The smaller 
fragments were separated by ion exchange chromato- 
graphy and subjected to amino-acid sequence analysis as 
described here. 


Table 1. AMINO-ACIDS RELEASED BY CARBOXYPEPTIDASE A DIGESTION 


FROM THE R CHAIN 


(umoles amino-acids/umole R chain assuming a molecular weight of 17,000) 
Time in minutes 


Amino-acid 15 45 105 260 
"'Serine"* 0-65 1-20 1:50 2-50 
Alanine 0-60 0-92 0:97 0:97 
Valine 1-18 1-75 1-90 1:03 
Leucine 0-59 0-90 0-98 0-97 
Phenylalanine 0-10 0-50 0-70 
Histidine 0:20 0-70 0-80 






These are results of digestion of R chain by carboxype 
potassium phosphate buffer, pH 7-6, 0-08 per cent in NaDS, at 25? © for 
different time intervals. The results are expressed in «moles amino-acids/ 
umole of R chain, assuming a molecular weight of 17,000 for the R chain. 
Substrate concentration is 4:5 x 10-* umoles/ml. (determined by amino-acid 
analysis on an aliquot of the solution); enzyme concentration 0-1 x 10-? 
4mole;ml. 


* No distinction is made between serine, asparagine and glutamine, 


idase A in 0-1 M 


The sum of the amino-aeids from all the tryptie pep- 
tides is in good agreement with the published amino-acid 
composition of the R chain? recalculated for a molecular 
weight of 17,000. To arrange the individual tryptic 
peptides in a unique linear sequence for the R chain, 
chymotryptie peptides of the protein were isolated using 
ion exchange chromatography on ‘Dowex 50x 4' and in 
some cases further chromatography on 'Aminex QI155S'. 
Additional evidence supporting the arrangement proposed 
in Fig. 1 was gained from peptides derived after pepsin. 
digestion and partial acid hydrolysis. To check the 
proposed structure we isolated peptides from tryptic 
digests of R protein after blocking the lysines with tri- 
fluoracetyl groups by the procedure of Anfinsen et al. 
or after reacting the arginine residues with cyclohexane- 
dione by the procedure of Itano et al.. The peptides isola- 
ted from these two derivatives of the R protein support 
the sequence proposed in Fig. 1. The molecular weight 
caleulated from this formula is 17,000. The details of this 
study will be published elsewhere. 

The velocity of migration in electrophoresis on NaDS- 
gels, the yield of the carboxyl-terminal residues released 
by carboxypeptidase A, and the amino-acid sequence 
proposed in Fig. 1 indicate that the value of the molecular 
weight of the R chain is 17,000. The results of the first 
two methods with the C chain suggest that it has a 
moleeular weight of 33,000. 

Because Gerhart and Schachman® have shown that the 
native ATCase molecule (molecular weight 310,000) is 
composed of 68 per cent catalytic sub-units and the 32 
per cent regulatory sub-units, we conclude that there are 
5-8 R chains and 6-4 C chains per ATCase molecule. This 
calculation clearly indicates a structure of the type R,C, 
for ATCase. 

This structural formula suggests that previous studies 
which seemed to support the tetramerie model of Changeux 
ef al.*55 should be reinterpreted. Results of the two 
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studies on the amino terminal residues**? could possibly 
be explained by a low yield of the residues involved. The 
determination of the molecular weights by sedimentation 
equilibrium in urea solution? yielded values which were 
15 per cent lower than the ones expected from a tetra- 
merie model. On the other hand, the values are approxi- 
mately 30 per cent too high to be compatible with the 
model proposed in this paper. It is easily possible, how- 
ever, that a stronger denaturing agent than urea. for 
example, guanidine-HCl, would yield the values found with 
NaDS. Interpretation of fingerprint analysis ean be 
complicated by problems of enzyme digestion and of 
separation. The amino-acid sequence of the R chain, 
however, is now known and so it is possible to give a fairly 
good interpretation of the peptide map for the R chain 
obtained by Hervé and Starkt*. 

The principal problem remaining is to interpret Chan- 
geux, Gerhart and Schaehman's report of four binding 
sites for regulatory compounds and four sites for substrates 
per ATCase molecule*. Changeux and Rubin!* used this 
result to explain their kinetic measurements on ATCase 
in terms of the two state model of Monod, Wyman and 
Changeux™. There are now strong reasons to argue for 
a structure R,C,, and so the number of binding sites 
should be redetermined. 

Some insight into the three-dimensional organization 

* Threonine was previously reported to be the amino-terminal residue in 
the R chain*", The assignment of an amino-terminal Met-Thr sequence in 
Fig. 1 is based on the isolation of amino-termina! peptides with and without 


the methionine residue. Most of the R chains prepared in these experiments 
start with this sequence. Details will be published elsewhere. 


t Recalculation of their partial amino-acid analysis for the R chain using 
our molecular weight of 17,000 yields eight residues of arginine, ten or eleven 
of lysine and three of tyrosine. This is in excellent agreement with my data. 
Hervé and Stark* report only two tryptic peptides containing tyrosine. This 
is to be expected, because the third tyrosine residue was localized in a large 
tryptic peptide, insoluble at acidic pH. Further Hervé and Stark report nine 
arginine peptides, Ihave repeatedly isolated seven soluble and one insoluble 
tryptic peptide containing arginine. Furthermore, one non-tryptic fragment 
with carboxyl terminal arginine can be isolated. The remaining difference of 
one arginine peptide (not counting the insoluble peptide} can be explained by 
the amino-acid sequence in the R chain giving rise to some overlapping pep- 
tides due to the presence of two basic residues in a row. 


Crystallographic Determination 
Aspartate Transcarbamylase 


by 
DON C. WILEY 
WILLIAM N. LIPSCOMB 


Department of Chemistry, 
Harvard University, 
Cambridge, 

Massachusetts 


ASPARTATE transcarbamylase (ATCase), a regulatory 
enzyme, catalyses the first unique reaction in the pathway 
of pyrimidine biosynthesis'. It exhibits co-operative 
effects? and is subject to feedback inhibition by cytidine 
triphosphate (CTP), an end product of the pathway. 
Gerhart and Schachman? have shown that the molecule 
can be dissociated into two kinds of sub-units. One type 
binds substrate and catalyses the reaction while the other 
is inactive as enzyme but binds the feedback inhibitor 
CTP. It has further been shown that the catalytic moiety 
is composed of a number of identical catalytic polypeptide 
chains (C) and the regulatory moiety is composed 
of a number of identical regulatory polypeptide chains 
(R). 
The number of copies of each protein chain and the 
spatial arrangement of these chains in the ATCase mole- 
eule have been studied to gain an understanding of the 


of the twelve polypeptide chains of the ATCase R,C, 

molecule is possible from a comparison of the molecular 

weights of the polypeptide chains with the moleeular 
weights of the sub-units. The value for the C sub-unit 
is reported to be 96-100,000 by Gerhart and Schaechman*-?. 

Thus each C sub-unit contains three C polypeptide chains. 

These numbers indicate that the ATCase molecule can 

contain a three-fold axis of symmetry. That this is actually 

true is shown in the next article. Similarly, the molecular 
weight of the R sub-unit is reported to be approximately 

30,000 (refs. 2 and 3) which indicates that each R sub-unit 

probably contains two R chains. Thus p-MB cleaves the 

ATCase molecule yielding 2 C, units and 3 R, units. 

This work was supported by grants from the US National 

Institutes of Health and the US National Science Founda- 

tion. 
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of Symmetry of 


Studies of trigonal and tetragonal crystalline forms of aspartate 
transcarbamylase show that the molecule has a three-fold and a 
two-fold symmetry axis. 


regulatory behaviour of the enzyme*-*. Previous studies 
on the number of binding sites for CTP and substrate", 
the amino-acid analysis and an end group analysis?, and 
"fingerprint" analysis* of ATCase and its catalytie and 
regulatory chains are all consistent with a tentative model 
of the structure in which there are four regulatory and 
four catalytie chains (RC), (ref. 4). 

We report. here studies of two crystalline species which 
require that the molecule is situated on one or another 
symmetry axis in different crystalline forms, Determina- 
tion of the space group, water content and density of a 
trigonal crystal form of the CTP-ATCase complex shows 
that ATCase lies on a three-fold axis in the crystal. Thus 
the molecule has at least three-fold symmetry. Similar 
investigation on a tetragonal crystal form of ATCase 
shows that the molecule is situated on a crystallographic 
two-fold symmetry axis. 
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The first result means that the number of identical 
sub-units must be a multiple of three, while the second 
result means the number must be a multiple of two. 
The number of equivalent sub-units must therefore be a 
multiple of six. Using the molecular weights of the cata- 
lytic chain and the regulatory chain determined by Weber$ 
(see preceding artiele) we must conclude that the number 
of RC pairs is six and that the molecular formula is (RC),. 
Furthermore, if we assume that the symmetry of the 
A'TCase moleeule is the same in the trigonal CTP-A'TCase 
erystal as it is in the tetragonal ATCase crystal, the point. 
group symmetry of the molecule must be D,-32. 





Properties of Crystalline Forms 

Octahedral. Three crystal forms of ATCase have been 
prepared and studied. The first is an octahedrally shaped 
crystal which was obtained by dialysis from 0-04 M 
potassium phosphate, 2 x 10-3 M 8-mercaptoethanol, and 
2x 107* M ethylenediamine tetraacetate at pH 5-9. The 
preparation of this crystal form has been discussed 
previously**, Unfortunately, X-ray patterns show that 
these crystals have a high degree of disorder and they 
have not been thoroughly characterized. 

Trigonal. The second form is a trigonal erysta] which was 
prepared in the same way except that 5 x 10-* M CTP was 
added to the dialysate*. The space group of this form is 
P321 with a—122 € 0-05 A and c=143+0-05 A, and the 
unit cell volume is 1-83 x 10° Å? (ref. 4). Crystals of this 
form have also been grown at pH ue from frozen solutions 
of ATCase at — 20° C, and from supernatants which con- 
tain the octahedral crystals and which had remained 
undisturbed for 3 months. The space group of this trigonal 
form has three special positions on which molecules could 
be situated. If there are three molecules per unit cell 
(n= 3) the molecule would be situated on a two-fold axis. 
On the other hand, two molecules (n=2) per unit cell 
would require a molecular three-fold axis, and one molecule 
per unit cell (n —1) would require that the molecule be 
at a position of 32 symmetry. 

The number of molecules per unit cell can easily be 
calculated from the unit cell volume, molecular weight 
of the protein, crystal density and percentage water 
content of the crystal. Prev iously® we assumed a water 
content of 40 per cent and mistakenly caleulated that 
N is 3, and we assigned a two-fold axis to the CTP-ATCase 
complex. In fact, the calculation was done incorrectly. 
assuming 40 per cent by weight of protein rather than the 
correet 40 per cent by weight of erystal. 

We have now measured the water content of the trigonal 
erystals by the method of Low and Richards?’ in which 
wet crystals are weighed, dried at 100? C over P,0, in 
vacuo to constant weight. and reweighed. Because our 
crystals are small (0:5 x 0-5 x 0-2 mm). a number of them 
were placed in the weighing pan in order to bring the total 
weight to about 300 yg. Such air dried proteins commonly 
retain from 5 to 10 per cent of their weight in water!!, 
so that an additional 7-5 per cent? was subtracted from 
the apparent weight of the protein. A measurement of 
the salt content of the mother liquor (0:62 + 0-02 per cent) 
indicated that no correction was needed for salt which 
remained on the dried crystals. The results of nine 
measurements gave a water content of 50-0 + 6-6 per cent, 
in which the error is due both to the use of small crystals, 
which dry rapidly during the initial weighings, and to the 
assumption of the amount of bound water. 

The number of molecules per unit cell caleulated from 
this value is two, and therefore the molecule must possess 
a three-fold axis in the trigonal crystals. If the number of 
molecules is taken to be either three or one, the water 
content would have to be 26 per cent or 74 per cent 
OR E in disagreement with our measurement 
(Table 1). 

Inasmuch as no X-ray diffraction patterns were observ- 
able from the dry crystals, these results could not be 
checked by that method. 
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Table 1. WATER CONTENT OF TRIGONAL CRYSTALS 


Assumed No. of mole- Site symmetry Caleulated per- 
cules per unit cell of molecnie centage of water 
32 74 
3 50 
z 26 





The measured water content of the trigonal erystals is 50 per cent. There- 





fore n is 2 and the molecule has a three-fold as n the trigonal form, The 
density of the crystal was assumed to be 1-10 fo 1-20 g/ml. 
As an independent check, however, the densities 


which would be expected for the trigonal erystal from 
the partial specific volume and number of molecules per 
unit cell were calculated. and the crystal density was then 
determined by the use of a bromobenzene- xylene gradient 
column? The partial specific volume was calculated to 
be 0-737 ml./g from the specifie volumes of amino-acids! 
and the amino-acid composition of ATCase‘, Assuming 
that this partial specific volume is the same as that in the 
crystal and using the density of the buffer (1-004 g/ml.) 

as the density of the water in the crystal, we ealeulate a 
crystal densities which are given in Table 2, for n= 1, 2 
or 3. The result of eight density measurements is 1:154 + 
0:002 g/ml. Comparison of this value with the caleulated 
densities in Table 2 indicates that there must be two 
molecules per unit cell in the trigonal erystals, and there- 
fore a three-fold axis in the ATCase molecule (Table 2). 








Table 2. DENSITY OF TRIGONAL CRYSTALS 


Assumed No, of mole- 


Calculated. density * 
eiles per unit eelt 


Gml.) 
1:077 
1:150 
1-223 

The measured density of the trigonal crystals is 1-154 + 0:002 g/ml. 
fore n =2 and the molecule has a three-fold axis. 


* The density was calculated from V «0:737 ml/g, o (buffer) = 
and F (unit cell) = 1-83 x 105 As 





There- 


1:004 g/ml. 


T'etragonal. The third erystal form is similar to that re- 
ported by Shepherdson and Pardee". It was obtained by 
dialysing 6 mg/ml. solutions of ATCase in 0-04 M potassium 
phosphate against (-04 M potassium phosphate, 2 x 10-4 M 
ethylenediamine tetraacetate, 2 x 10- M B-mercaptoeth- 
anol, and 1-45 M (NH,,80, at pH 7-0. The erystals are 
large (1 x 1 x 0-2 mm) square plates exhibiting birefringence 
through their edges but not through their flat face. The 
reciprocal lattice symmetry of Dy, and extinctions on the 
e* axis (l observed only for | ev en) establish the space 
group as either P,22 or P4,2,2. The extinction on the a* 
axis eannot be decided because of weakness of the pattern 
in this region due to the molecular transform. A four degree 
precession photograph of the tetragonal Ok? zone taken 
for us by Stephen Harrison with the aid of a double mirror 
focusing camera is shown in Fig. 1. This camera allows 
quantitative data colleetion on erystals with very large 
unit cells'®, The symmetries are Cy for AkO, Cy: for Okt, 
and Cy for Aki zones. Unit cell dimensions are a= 100+ 

A and e—337 £3 A. The unit cell volume is 3:417 x 
10° Å». In the unit cell of either of the tetragonal space 
groups the number of molecules could be either two. four 
or eight giving 222 symmetry. a two-fold axis or no 
symmetry, respectively. 

The water content of one tetragonal crystal, measured 
by the method described here, yields 40 per cent. If we 
add 7-5 per cent for bound water, we obtain 47-5 per cent 
water. The salt content of the buffer was measured as 

19-04 0-1 per cent so that a correction was necessary for 
this erystalline form. Following the work on haemo- 
globin“, we assume that 70 per cent of the water in the 
crystal is available to salt. Thus 6:3 per cent of the weight 
of the dry erystal is salt. The percentage of buffer by 
weight is therefore 53:8. Only one determination was 
possible because of a shortage of material. From this 
figure of 53-8 per cent we find that there are four mole- 
cules per unit cell. Thus ATCase has a two-fold axis 
in the tetragonal crystal. If there were as few as two 
molecules per unit cell, a water content of 75 per cent 
would be required (Table 3). 
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Fig. 1. Four degree precession photograph of the 0£/ zone of a tetragonal 
erystal taken on a focusing camera without a layer line screen. 


To corroborate this single measurement, the density 
of the tetragonal crystals was measured as described 
here. Assuming that the partial specifie volume of the 
protein is 0-737 ec/g and that the density of the inter- 
stitial liquid in the erystal is the same as that of the mother 
liquor (1:112 g/ml.), we find that the calculated densities 
for n=2, n=4 and n=8 are 1-116, 1-220 and 1:330 g/ml., 

tively. The result of three measurements is a density 
of 1-215+0-009 g/ml., so that m must equal four in the 
tetragonal crystals. If it is assumed that only 70 per cent 
of the water in the crystal is accessible to salt", then the 
calculated density of the tetragonal crystals for n=4 is 
1-202 g/ml. All of these results indicate that the ATCase 
molecule has a two-fold axis in the tetragonal crystal 
(Table 4). 


Table 3. WATER CONTENT OF TETRAGONAL CRYSTALS 
Assumed No, of mole- — Site symmetry Caleulated per- 


cules per unit cell of molecule centage* of water 
n=2 222 75 
n=4 2 53 
nes 1 + 


The measured water content of the pee “ne crystals is 53-8 per cent, 
Therefore n is 4 and the molecule has a two-fold axis. 

* The density of the crystal was assumed to be 1-2-1-3 g/ml, 

+ This is an impossible case, because it requires a protein molecule smaller 
than ATCase, 


Matthews?" has recently tabulated results for a number 
of proteins, not including ATCase, giving values of Vy, 
the volume of the asymmetrie unit per molecular weight of 


Table 4. DENSITY OF TETRAGONAL CRYSTALS 


Assumed No. of mole- Calculated 
cules per unit cell density * 

n=2 1:166 g/ml, 

n=4 1-220 g/ml. 

n=} 1:330 g/ml. 


The measured density of the tetragonal crystals is 1215+ 0:009. g/ml. 
Therefore n =4 and the molecule has a two-fold axis. 


* The density was calculated from V =0-737 ml./g, o (buffer) = 1-112 g/ml., 
and F (unit cell) 2 3-417 x 10* Å’. 


Table 5. TETRAGONAL CRYSTALS 


Assumed No. of mole- Molecular weight Values of FM 
enles per unit cell of asymmetric unit (ref. 15) 
n=2 39,000 g/M 10-9 A®/dalton 
n=4 155 x 10° g/M 2-76 Á*/dalton 
n=8 310 x 10° g/M 1-38 Á*/dalton 


esi” of the asymmetric unit for these tetragonal erystals is 
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protein in the asymmetric unit. In our tetragonal crystal 
only for the case n=4 does the value of Vy fall into the 
tabulated Vy range of 1-68-3-53 Á*/dalton (Table 5). 


New Information about Symmetry 


The number of molecules per unit cell in each of two 
crystal forms has been obtained from measurements of 
the percentage of buffer, and also independently from the 
density of each crystalline form. These data, when coupled 
with the space group of each crystal form, reveal two differ- 
ent symmetry axes of the ATCase molecule. These 
symmetry axes, in turn, restrict the number of regulatory 
and catalytic chains in the molecule. 

In the trigonal crystal, ATCase, when complexed with 
the feedback inhibitor CTP, exhibits a three-fold axis of 
symmetry. This axis requires the number of R chains 
and the number of C chains to be multiples of three. In the 
tetragonal crystal, ATCase alone exhibits an axis of two- 
fold symmetry. This two-fold axis requires the number 
of R chains and the number of C chains to be multiples 
of two. The ATCase molecule must therefore contain at 
least six copies of each protein chain, a result which is 
incompatible with earlier models* of ATCase. 

If the molecule is composed of identical sub-units 
(formally RC pairs, for example), a simple way to assemble 
the structure is to put each sub-unit (protomer) in an 
identical environment. In other words, one might expect 
the molecule to have point group symmetry. If we assume 
that an ATCase molecule when removed from the trigonal 
erystal (which is grown in the presence of CTP, but has 
also been observed by us at —20°C and 4°C in the 
absence of CTP) has the same molecular symmetry as an 
ATCase molecule when removed from the nal 
erystal, then the molecule must have both three-fold and 
two-fold rotational symmetry. The possible point groups 
would be the trigonal 32, or certain point groups of higher 
symmetry. These point groups of higher symmetry 
demand at least twelve copies of each polypeptide chain. 
In the preceding article Weber has presented molecular 
weights for the R and C chains which indicate the molecule 
contains six copies of each chain, Thus the assumption 
that the ATCase molecule has the same local molecular 
symmetry elements in both crystals and the result (see 
preceding article) for the molecular weights of the R and 
C chains lead to point group symmetry of 32 for ATCase. 
This symmetry restricts the spatial arrangement of the 
regulatory and catalytic chains such that each of the six 
(RC) pairs is in an identical environment. 

We thank D. L. D. Caspar for discussions and J. C. 
Gerhart for samples of ATCase. D. C. W. acknowledges 
support by a US National Science Foundation graduate 
fellowship. We also thank the US National Institutes 
of Health for support. 
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Submillisecond Radio Intensity Variations in Pulsars 
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Pursans have so far been observed with time constants 
&nd radio frequency bandwidths giving time resolutions 
of about 1 ms or more!'-. We present here preliminary 
results of observations made at the Arecibo Ionospheric 
Observatory with equipment adjusted to give a time 
resolution of 0-1 ms. With this arrangement, pulse 
structure possessing circular polarization with time 
scales of the order of 0-2 ms has been seen within single 
pulses from CP 0950 and CP 1133 (reported at the 
Conference on Rapidly Pulsating Radio Sources, May 
1968). Similar short time strueture for CP 0950 at a 
frequency of 2,295 MHz was also reported at the confer- 
ence by R. D. Ekers and A. T. Moffet, and by J. H. 
Taylor, who has observed occasional circularly polarized 
pulses with a much longer integration time. 


Equipment 

The observations were made with the 1,000 ft radio 
telescope. The feed system consisted of the 96 ft radar 
line feed operating on 430 MHz with orthogonal cireular 
polarizations. Two similar receivers were used, each with 
a noise temperature of 350° to 400° K. The mixers of 
the two receivers were driven by the same local oscillator. 
The IF bandwidths for the two receivers were defined by 
matched 125 KHz crystal filters centred on 30 MHz. 
For the sources CP 0950 and CP 1133, a bandwidth of 
125 KHz smears the time resolution by about 0-04 and 


CP 0950 
17 May 1968 
2152:34 UT 


Two pulsars have been observed with a time resolution of 0-1 ms 
using the 1,000 ft radio telescope at Arecibo, revealing structure 
showing circular polarization within the pulses. 


0-06 ms, respectively, which is negligible in these observa- 
tions. The RC time constant was 0-1 ms. 

The orthogonality of the opposite senses of circular 
polarization has been periodically checked by the Arecibo 
planetary radar group. Isolation between orthogonal 
senses of circular polarization has been measured to be 
always greater than 10 to 12 dB in the worst conditions 
of antenna configuration. 

In a companion experiment, left circular polarization 
was observed on two frequencies simultaneously. The 
receiver IF output was passed through two 100 KHz 
erystal filters, one centred on 29-5 MHz, the other on 
30.5 MHz, permitting simultaneous pulse observations 
at 429-5 MHz and 430-5 MHz. 


Observations 

Figs. 1 and 2 show two examples of dual-polarization 
observations of single pulses of CP 0950. Similar results 
are obtained from CP 1133. Short pulses of about. 0-2 ms 
duration ean be seen superimposed on what has been 
called a single pulse component. Although the peak 
powers in the fine structure far exceed the mean power of 
the overall pulse over intervals of several ms, the total 
power in the fine strueture is not usually a large fraction 
of the total. These observations contain many cases, as 
in Fig. 1, in which the observed intensity drops nearly to 
zero at a time when the mean pulse intensity is large. 
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Fig. 1. Intensity against time for a single pulse from CP 0950 as received on orthogonal 


circular polarizations. 


Centre frequeney 430 MHz, bandwidth 125 KHz, RC time 


constant 0-1 ms. 
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Fig. 2. Intensity against time for a single pulse from CJ’ 0950 as received on orthogonal 


*ircular polarizations. 


Centre frequency 430 MHz, bandwidth 125 KHz, RC time constant. 


0:1 ms. 


This suggests the possibility that all of the pulsar radio 
emission is emitted in bursts of less than 1 ms duration. 

The dual-frequency single polarization part of the experi- 
ment produced overall pulse structure similar to that in 
Figs. 1 and 2, that is, a gross pulse structure greatly 
modulated on a short time seale. Some differences 
between the pulse structure at the two frequencies were 
observed, but usually these differences were significantly 
smaller than those resulting from the dual- -polarization 
experiment. 

In the dual polarization observations, some obvious 
differences in pulse structure exist as can be seen in the 
illustrations. In interpreting these observations it 
must be kept in mind that there is a difference in receiver 
gain between the two channels which has not yet been 
corrected for. Thus only the changes in polarization 
within a pulse should þe considered at this time. More 
important is the bandwidth-time constant product of 
25 (allowing a factor of 2 for the fact that tef=?2 pc). 
Even in good signal-to-noise conditions, the r.m.s. un- 
certainty of any point is + 20 per cent and the uncertainty 
in percentage polarization is somewhat larger. Thus 
only intense modulations and polarizations are detectable. 
Their reality is confirmed, however, by the correlation 
that exists between independent observations on two 
polarizations or two frequencies. Yet even with these 
limitations, there are some significant intrapulse changes 
in circular polarization. Fig. 2, for example, shows a 
strong pulse in the left circular channel with no sign of a 
corresponding pulse in the other channel. 

In addition to the intricate pulse structure, Figs. 1 
and 2 show another interesting effect, that of apparent 
reversals of the mean sense of circular polarization across 
the pulses. Careful inspection, with due regard to the 
uncertainties in the value of any point, shows that many 
of the components in both pulses are circularly polarized, 
and that the sense of this polarization reverses at least 
four times. 

The circular polarization observed is compatible with 
the observations of neariy complete linear polarization 
by Lyne and Smith? if there are time variations, which 
is probable, or if only the short time scale components 
are circularly polarized. The short time scale intensity 
variations in the orthogonal channels lead to a changing 
elliptical polarization which goes from one sense of circular 
polarization to Hnear to the other circular sense. The 


lower envelope of the pulse can be either unpolarized or 
linearly polarized. The oceasional circular polarization 
observed by Taylor is also consistent. because a much 
longer time constant (10 ms) was used in that experiment 
(Conference on Rapidly Pulsating Radio Sources, New 
York, May 1968). 


Discussion 


The intensity variations apparent in Figs. | and 2 may 
be due to scintillations of a single ernission source egused 
by an irregular screen of plasma clouds, or a multiplicity 
of intense emission regions within the source. 

If the variations are caused by scintillations, then the 
effective scintillation screen scale length must have a 
size of the order of a Fresnel zone at the screen, and the 
emitting region must be smaller than or about this size 
in order to produce the large scintillation index often 
observed. The radius of a Fresnel zone at a screen near 
the source of emission is given by Fx 4/XH where à 
is the radio wavelength and R is the distance from the 
sereen to the source. The velocity of the elements of the 
sereen transverse to the line of sight, v, must be such 
that they move a distanee equivalent to about one 
Fresnel zone during a time interval of the order of the 
fluctuation time scale, 0-1 ms in this case. Then v= F/« 
where v, is the transverse velocity and ~ is the time scale. 
Table 1 shows a range of values for R, and the related 
values for F and v. The wavelength is 70 em and ris 
assumed to be 0-1 ms. The orbital velocities v, of a plasma 
cloud in orbit at a radius R about an object of one solar 
mass, making no relativistic corrections, are also calcu- 
lated. In order that the necessary transverse velocity of 
the screen be less than the velocity of light, the diffracting 
screen must be less than 10° km from the source. In addi- 
tion, P, the size of the emission region, and the scale 
length of the scintillation sereen must be less than 30 km, 
a remarkably small value. It is interesting to note that 
the necessary transverse screen velocity is consistent 
with that of an orbiting plasma cloud at a distance 


Table 1. CHARACTERISTICS OF THE IRREGULAR SCREEN OF PLASMA OLOIDS 
R ikm) F (km) ry (km 81) vy (km 873) 
10 0-084 840 Dix 108 
10* 0-265 2,650 PR xI 
10 0-846 8,400 Lix UP 
10 2-65 2-6 x 10* $8x10 
10° 8.40 & 4 x 10* Dix HP 
10* 26:5 2-6x 10’ c eax 10? 
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of about 1,000 km from the centre of a one solar mass 
object, roughly the radius of some plausible white dwarfs. 
In any case, very high plasma velocities are required in 
this picture. 

Although scintillations can be invoked to explain the 
rapid intensity variations, they do not directly lead to the 
observed polarization changes. The large magnetic field 
and electron density necessary to change the polarization 
would more likely be found in the source itself than in the 
surrounding medium. 

Turning to the possibility that the overall pulse is com- 
posed of emission from many small regions, each would be 
less than 30 to 60 km in size, and each would have its 
own polarization. Emission from these small regions would 
be triggered by a single periodic disturbance propagating 
outwards from some central object. This model fails to 
explain the often regular variation of polarization within 
a single pulse, and the gross pulse structure. The latter 
feature can be accommodated if the small emitting regions 
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are intense sources within a much larger (6,000 km) 
structure. 

In either model the size of the emitting regions is 
remarkably small, and radio brightness of these regions is 
extremely high, very roughly 101° ergs em s~ or about 
10° times the emittance of the solar surface at all wave- 
lengths. This figure will be reduced by any beaming of 
the radiation. Nevertheless it indicates the presence of 
an extraordinary emission mechanism. 

The Arecibo Lonospherie Observatory is operated by 
Cornell University with the support of the Advanced 
Research Projects Agency through a contract with the 
US Air Force Office of Scientifie Research. 
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, 


Tue remarkable similarities between the energy densities 
of a number of apparently disparate phenomena are well 
known (see Table 1). In this article we shall point out a 
further coincidence concerning the microwave back- 
ground, à coincidence that can explain the similarities of 
at least the first three entries of Table 1. Ic seems that 
ervogenie and solid state properties may play a determin- 
ing part in the feed-back processes that control the inter- 
relation of these phenomena. If so, we shall have an 
example of the extent to whieh astronomy overlaps all 
branches of physics. Hitherto it has been thought that 
the overlap with solid state physies was at most rather 
marginal. Now it seems that solid state processes may 
eontrol astrophysical evolution in a situation somewhat 
analogous to the control of a nuelear reactor by cadmium 
rods. 


‘Table 1. 


Energy density 
{erg cm} 


ENERGY DENSITY OF SOME ASTROPHYSICAL PHENOMENA 


Phenomenon 








4x 1978 Microwave background (universe) 
6x10 H-—He conversion* (universe) 
ARxIOC Starlight (galaxy 
Mx dp Cosmic rays (galaxy) 





* The hydrogen to helium conversion is calculated on the basis that the 
mwan density of helium in the universe is 10-** g em-?. With the helium 
produced from hydrogen at an energy yield of 6 x 10° erg gol. this leads 
immediately to the estimate given, 


Two of us! have recently pointed out that solid hydrogen 
ean condense in suitable eonditions on graphite grains 
in interstellar clouds. For our purpose, however, we need 
a more precise discussion of the relation of the vapour 
pressure of hydrogen to the temperature of the grains; 
and for this we require the heat of vaporization of solid 
hydrogen at ~3° K. The heat of vaporization of liquid 
hydrogen at the triple point (13-8? K) is 217 calories 
mole-! (ref. 2). To this must be added the heat of fusion, 
~ 28 calories mole-! (refs. 2 and 3), together with the heat 
necessary to raise the temperature of the solid from ~ 3° K 





Solid state processes may be a controlling factor in the evolution of 
the universe and may account for similarities in the energy densities 
of several astrophysical phenomena. 


Table 2. DENSITY OF HYDROGEN MOLECULES IN EQUILIBRIUM WITH SOLID 


HYDROGEN 


Temperature Equilibrium density (em?) 












CR) (L = 260 calories mole-!) (L = 300 calories mole-}) 
2g 1:67 x 10> 1-65 x107 
2 241% 10 357 x 10-* 
2 2-80 x 10-4 5-99 x 107 
2 2468 x 107? ROS x 10-5 
2:10 x 107! "BA x 102 
2 1:49 RAT «104 
2. 9-02 BAS x 107? 
: 4-82 x 10 42x107 
* 2-31 x 10% TT x 107 
3 3:06 x 10* TOL 
9 4:89 x 10* p26x 10% 
3 4-80 x 105 864 10* 
35 3-42 x 10° 1:65 x 10* 


Values are calculated from formulae in the appendix of ref, 5 for two 
values of the heat of vaporization. 


to 138° K. Taking the latter as ~ 15 calories mole-!*, we 
obtain ~ 260 calories mole? as the heat of vaporization 
of the solid at — 3" K. Using this value we have calculated 
the number density of moleeules of gas in equilibrium 
with solid hydrogen at temperatures in the range 27-4? K. 
A selection from the results is given in Table 2. When the 
actual gas density exceeds these equilibrium. values, solid 
hydrogen eondenses. 

Impurities in strongly bound crystals tend to reduce 
the average heat of vaporization. Impurities in a very 
weakly bound crystal such as solid hydrogen could have 
the opposite effect, however. Impurities—such as elec- 
trons— produce electric fields that polarize the H, mole- 
cules, and this could lead to a moderate increase of the 
binding of the crystal. In Table 2 we also give the 
equilibrium gas densities for an average heat of vaporiza- 
tion of 300 calories mole-*. Tt is reasonable to suppose that 
the two cases given in Table 2 represent extremes and that 
the actual situation in interstellar and intergalactic clouds 
will lie somewhere between these extremes. 

The densities appropriate to the formation of galaxies 

* The specific heat is 3 calories mole degree? at 13-8° K and zero at 
(0? K. We assumed an average specifie heat 1-5 calories mole degree! 
throughout the relevant temperature range. 
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Table 3. HYDHOGEN-GRAIN CONDENSATION TEMPERATURES 


(L = 260 calories (L = 300 calories 


mole!) mole?) 
Galaxy formation (gas density ~2:3-2-4° K 126-27; K 
10-71-10? em-*) 
Star formation within a galaxy ILT-3K ~3:0-3-4° K 


(gas density 10-'-10* em?) 


are ~ 10-*- 10-3 em and to star formation within a galaxy 
~ 10-7 to 10? cem. With these values Table 2 leads to 
the temperatures relating hydrogen grain formation, 
galaxy formation and star formation listed in Table 3. 

The similarity of the microwave background tempera- 
ture to the temperatures of Table 3 is the further co- 
incidence to which we have referred. The remarkable 
nature of the coincidence is shown by the sensitivity of 
the result to the heat of vaporization of solid hydrogen. 
The agreement is lost if the heat of vaporization is shifted 
by only ~ 50 calories mole-! outside the limits of Table 3. 
Tt is only because hydrogen forms an extremely weakly 
bound solid, and because the heat of vaporization happens 
to be ~ 260 calories mole-!, that the coincidence exists. 
It is also important that hydrogen is the most abundant 
element, so that the question of whether it is gaseous or 
solid is of really major astronomical consequence. 

To explain the apparently mysterious coincidences of 
Table 1 we postulate that galaxy formation and star 
formation proceed very readily when hydrogen is con- 
densed on grains but not when hydrogen is gaseous. 
Provided also that ample material exists to form new 
galaxies—as is the case if the universal density is ~ 10- g 
em-?— we then have a feed-back situation in which the 
radiation background is maintained at a temperature 
equal to the grain condensation temperature. These are 
the values given in Table 3. The universal microwave 
background temperature is that associated with galaxy 
formation, while the star formation temperatures of Table 
3 apply only to mierowave radiation within galaxies. 
Thus our postulate requires somewhat higher radiation 
temperatures inside galaxies than outside. The Debye 
frequency‘ of solid hydrogen is ~ 70 cm~, We expect the 
hydrogen grainsto have radiiof 1-10, and that dislocations 
and impurities within the erystal will permit radiation at 
^10 em-'—that is, at the maximum of the black-body 
distribution for a temperature ~3° K. The temperature 
of the grains is maintained by the absorption of starlight, 
due to the graphite cores. Hence the grains serve to con- 
vert starlight into thermal mierowave energy. 

The relationship between the first three lines of Table 1 
is now clear. Galaxies condense and stars condense until 
the energy production from H—-He is adequate to raise 
the baekground temperature to the values of Table 3. 
Outside galaxies, in the average situation for the universe, 
the appropriate temperature is ~ 2-6°-2-7° K (using the 
300 calories mole- values) and so the average universal 
conversion of H to He is such as to raise the background 
temperature to this value. Inside galaxies, the higher 
hydrogen gas density permits the background tempera- 
ture to be raised to ~3-0°-3-4° K. This requires the 
additional loeal stellar activity to be such that the local 
energy density of starlight is of the order of the difference 
between aT* calculated for 3-07—3-4? K and for 2-6?-2.7? 
that is, 

c a (3:23 — 2-654) ~ 4 x 10-13 erg em~ 


LI 


whieh is about half the energy density of starlight in the 
galaxy, as roughly half the energy of starlight is absorbed 
by grains—the rest escapes. 

We next turn briefly to cosmic rays. If their energy 
Source is nuclear, then the cosmie rays must be chiefly of 
galactic origin. Their higher energy density (see Table 1) 
must be explained on the basis that the storage time in 
the galaxy is greater than the time required for starlight 
to traverse the galaxy, —3x 10! yr. On the other hand, 
if the cosmic rays are universal, the source of their 
energy must be gravitational rather than nuclear, for the 
total supply of nuclear energy only yields an average 
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energy ~6x 10-'5 erg em, about an order of magnitude 
less than the observed cosmic ray energy density. 

Returning to grains, we add a number of general re- 
marks. It is implicit in our argument that an adequate 
supply of small graphite particles always exists on which 
solid hydrogen condenses whenever the radiation tem- 
perature falls below the temperature defined by the 
saturation conditions of Table 2. We suppose they can 
form in stars? or in exploding galactic nuclei*, and even 
be blown out of galaxies into intergalactic space. 

It may be asked how the presence of hydrogen grains 
can promote galaxy formation and star formation. A 
possible answer is that grains can fall across a magnetic 
field. The intergalactic magnetic field could be so high 
that galaxies cannot form directly from gas. Evidence 
from radiogalaxies suggests the presence of magnetic 
fields with intensities of ~ 10-9-10-* gauss. Because 
bursts of radiogalaxies probably originate from sma 
central regions with dimensions appropriate to a quasi- 
stellar object, it is difficult to believe that such fields are 
associated with the galaxies themselves. Rather it would 
be preferable to suppose the intergalactic magnetic field 
is itself —10-* gauss. For an intergalactic density o g 
em-? the Alfvén velocity is 











Vax. Biy (4x) em svt 


where B is the magnetic intensity im gauss. The typical 
gravitational collapse time is 


The distance-seale defined by this velocity and the 


collapse time is 


- 5x I0? B/c em 





and the mass contained in a spherical volume of this 
diameter is 


Mz 6x10) Bp g 
Because Bal? and eol? when volumes change in gas- 


eous conditions, it follows that M stays fixed in such 
changes—that is, the mass M cannot readily fragment. 






M ~ 6x10" g 2 3x 10" Ma 


We would thus expect the unit of condensation in 
gaseous conditions to be a cluster of galaxies rather than. 
an individual galaxy. Fragmentation into individual 
galaxies requires slippage of material across the magnetic 
field. Widespread condensation of gas into grains would 
permit the necessary slippage to take place. 

Throughout the preceding discussion we have assumed 
that the negative feed-back maintaining the background 
temperature operates without delay. Delays have the 
effect of setting up oscillations. Following hydrogen grain 
formation, suppose there is a substantial delay in the 
sequence: galaxy formation-star formation-—augmenta- 
tion of background. During the delay the temperature 
of the background will fall because of the continuing 
expansion of the universe. Thus, by the time st 
formation begins, the background can have fallen appre- 
ciably below the grain evaporation temperature. This 
could permit galaxy formation and star formation to 
undergo an outburst in which so much radiation aug- 
mented the background that the temperature rose well 
above the grain evaporation temperature. Galaxy forma- 
tion and star formation would then be cut off for a time— 
until the expansion of the Universe and the decline in 
energy radiated by stars again lowered the background 
temperature, when the cycle would be repeated. In this 
way galaxy formation could occur in bursts, rather than 
steadily. This indeed yields the "steady state" model 
which Hoyle and Narlikar? found capable of increasing 
the slope of the log N-log S counts of radio sources. Tt is 
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also the model considered in some detail by Burbidge, 
Burbidge and Hoyle’. 

Although these considerations could be relevant to 
evolutionary cosmologies, they have their most interesting 
application in the ease of the steady state theory. Evolu- 
tionary cosmologies are crude in the sense that the time- 
scale is too short to permit sensitive feed-back processes 
to have major effects on a universal scale. Such cosmo- 
logies must seek to explain the observed state of the world 
by adjusting initial boundary conditions. To those with 
a taste for parameter-fitting exercises this may seem a 
satisfactory procedure; but if one hopes to understand 
the world in terms of self-adjusting processes there is little 
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prospect of success in theories that are restrieted to time- 
scales of ~Ha. 
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Condensation of Dust in Galactic Explosions 


by 


F. HOYLE 
N. C. WICKRAMASINGHE 
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LaARGE quantities of dust are known to be present in many 
galaxies'. The dust usually occurs in conspicuous obscur- 
ing lanes within the galaxies, and in some cases may be 
seen to extend radially outwards from a central nucleus’. 
A few cases are known where entire galaxies appear to 
be shrouded by haloes of obscuring dust. Some of this dust 
may have a stellar origin, similar to the dust in our own 
galaxy*. In this article we shall investigate the further 
possibility that dust formation may also take place in 
violent explosions which are believed to oceur in many 
galaxies. There is strong evidence’ to suggest that such 
explosions indeed take place in the nuclei of Seyfert 
galaxies. 

The masses of the objects involved in this discussion 
are ^ 105 Mo and a typical time-scale for the expansion 
phase which follows explosion is ~ 105-10* yr. In order 
to diseuss the possibility of solid particle condensation we 
require a knowledge of the initial nuclear composition of 
the material as well as the run of density and temperature 
throughout the exploding cloud. Assuming a quasi- 
equilibrium configuration at all times Hoyle et al.* have 
derived an expression for c 
(59 kg cups 
pz 28 x iw ( = ) Ga) g em? (1) 
where M is the mass and 7' is the temperature. Although 
equation (1) was derived for the low density phase of a 
massive object implosion, it is also a reasonable approxi- 
mation for the case of an exploding massive object. 
Expressed as a number density of H atoms, equation (1) 
gives 


ng c 10 (7/3000) (2) 


with M set equal to 2x 105 Mc. We are interested here 
only in the relatively low density phase of the explosion. 
long after nuelear aynthesis has ceased. For the purpose 
of our calculation we assume that the relative densi- 
ties of the various nuelides at this stage are not too 
different from the solar values—at any rate as far as 
the more abundant species are concerned. M consider 
two cases: (1) a mixture of H. O. N, C, Fe, Mg. Si with 
solar ratios, and (2) a mixture of H, N, C, Fe. Mg. Si with 
solar ratios but O/C = 0-33. Case 1 will be referred to as 
the oxygen-rich case, and case 2 as the earbon-rich case. 
'The solar ratios adopted are those given by Allen*. 


Large quantities of solid particles with sizes of the order of the 
wavelength of light may form in explosions of massive objects in the 
nuclei of galaxies. 


For each case we carried out detailed molecular equilib- 
rium calculations including ~100 different molecular 
species together with various solids. The temperature 
range considered was 3,000^-800? K, and equation (2) 
was used to determine ng. The thermochemical data 
required for these caleulations were taken from the 
JANAF Tables’. 

In Figs. ! and 2 we have plotted the number densities 
of the principal atomic and molecular species involving 
C, Si, Mg and Fe in the gas phase as a function of T, 
(degrees K x 10-3). The dashed segments indicate that 
the solid phase has condensed and is in equilibrium with 
the gas at the temperatures indicated. In the oxygen-rich 
case (Fig. 1) it is seen that MgO, Fe and SiO, are able to 
condense as solids within the temperature range con- 
sidered. It can be noted that, although most of the 
magnesium exists in free form as Mg, it is the much less 
abundant species MgO which actually condenses on 
account of its much greater heat of vaporization in the 
solid. All the magnesium is, however, drained out of the 
gas phase through this condensing species. In the case of 
silicon, it is again the less abundant but most refractory 
SiO, which condenses as solid and drains out this element 
from the gas phase. For iron, however, the condensation 
takes place through the most abundant Fe. In the earbon- 
rich case (Fig. 2), carbon, silicon and iron are all able to 
condense as solids in free form. 


Table 1 
(i) OXYGEN-RICH CASE 
Condensation 








Condensing temperature n tem?) tíyr) 
species CK) 
MgO 1,100 ~5x 10° 
Fe 1,000 ~ 10 
SiO, 1,000 ~ 19" 
(ii) CARBON-RICH CASK 
Condensation 
Condensing temperature n (em?) tyr) 
species CK) 
C (graphite) 1,800 T -1d0 
Si 1,100 2 ~ 108 
Fe 1,000 2 - 10% 





In the first three columns of Table 1() and (i) we 
have set out, for each of the two cases considered, the 
condensing species, the temperature and the gas phase 
number density of the condensing species at the stage 
when saturation occurs. By varying the assumed value 
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Fig. 1. Oxygen-rich ease. Gas phase abundances of principal species 
competing for the elements silicon, magnesium and iron. Dashed seg- 


ments indicate that the solid phase is in equilibrium with the relevant 
gaseous component at the temperatures indicated. 


Log (n) 








Fig. 2.: Carbon-rich case. Gas phase abundances of principal species 

competing for the elements carbon, silicon and iron. Dashed seg- 

ments indieate that the solid phase is in equilibrium with the relevant 
gaseous species at the temperatures indicated. 
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of M in equation (1). it was found that the calculated con- 
densation temperatures for the various materials listed in 
Table 1 were insensitive to the precise value of M. In 
the fourth column of this table we have calculated the 
time-scale in years for a spherical particle of radius ~ 10-5 
em to grow from the saturated gas. The rate of growth of 
a grain was caleulated according to the formula 


E ES a” (kTmj2xy /* (3) 


where « is the sticking probability, assumed to be 6-1, 7 
is the temperature, n is the number density, s is the density 
of the solid and m is the molecular weight of the eondens 
ing species. 

For any appreciable optical effects to show up, we 
require that solid particles of radii ~ 10-5 em (comparable 
with the optical wavelength) must grow before the gas 
attenuates too much. That is, the maximum available 
time-scale for growth is ~ 105 yr—the time-scale defined 
by the velocity of the expanding gases and the dimension 
of the objects considered. From Table 1(i) it is seen that 
for the oxygen-rich case only Fe particles can grow to the 
required sizes. For the carbon-rich ease (Table 1(ii)) C, Si 
and Fe can condense, but the chief contribution to grains 
must arise from C on account of its larger cosmic abund- 
ance. It is likely that the sizes of these particles will be 
controlled largely by the rates of formation of con- 
densation nuclei. Solid particles so formed will be carried 
along by the viscous drag of the expanding gases. When 
the particles reach the outer edges of the galaxy they 
would experience a very strong radiation pressure because 
of the anisotropy of the radiation field in these regions, 
The particles may even be accelerated to speeds in excess 
of the escape velocity from the entire galaxy. 

Throughout the preceding discussion it was assumed 
that all the molecular concentrations in the gas phase 
reached equilibrium values within time scales significantly 
shorter than 10° years. Such an assumption would appear 
to be valid for most of the molecules considered—at 
any rate, during the high density phases of the expansion. 
If equilibrium concentrations of molecules are not main- 
tained throughout the expansion, we would expect to find 
higher densities of the free atomic species than were 
indicated by our calculations. This would make the 
conditions for condensation of solid particles of C, Si, 
Fe even more favourable than in the equilibrium case. 

The possibility of solid particle condensation in explod- 
ing nuclei of galaxies can have several important con- 
sequences. It is likely that a considerable part of the 
optical radiation from the nucleus is absorbed by grains 
and re-radiated in the far infrared. F. J. Low has in faet 
recently reported at a conference of Seyfert galaxies 
(February 1968) that some Seyfert galaxies emit ~ 100 
times more energy in the far infrared than in the visible 
part of the spectrum. Walker‘ finds that the Seyfert 
galaxy NGC 1068 has a polarization of 8-8 per cent in 
the ultraviolet, but less than 0-5 per cent in the yellow. 
Although a synchrotron component of the optical radia- 
tion is expected to exhibit polarization, it is of interest 
that the wavelength dependence observed is typical of 
polarization by anisotropic solid particles! similar to 
graphite. 
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Crystallization and Torsional Oscillations of Superdense Stars 


by 
M. A. RUDERMAN* 


Department of Physics, 
Imperial College, London 


THE nuclei of a piece of iron compressed to a density of 
105 g cem will arrange themselves into a body centred 
cubic lattice with a melting temperature near 2 x 108 °K, 
corresponding to a thermal energy about 1 per cent of the 
coulomb repulsion between neighbouring nucleit. For 
matter near the end point of thermonuclear evolution 
compressed to still higher densities the dominant nuclear 
species shift towards very neutron rich nuclei, with Z 
between 30 and 50, which arrange themselves into crystal 
lattices with an even greater melting temperature. 
Crystallization among nuclei can occur up to densities 
close to that of conventional nuclear matter where those 
protons that remain cluster into very neutron-rich nuclei 
which are surrounded by and exchange neutrons with an 
ambient degenerate neutron sea, Because canonical neu- 
tron star interiors are estimated to cool to an average tem- 
perature below 5x 108 °K in less than 10? years?-*, the 
outer regions of such stars should be solid. Beginning a 
few metres below the surface and extending almost to 
where nuclear densities are reached, neutron star matter will 
contain a crystal lattice that can support transverse shear 
waves. For very light neutron stars the lattice can fill 
the entire stellar volume. Because the restoring forces 
which oppose any shear strain in such lattices are caused 
solely by coulomb interactions, they are much weaker 
than those forces which oppose density increases (electron 
or neutron degeneracy pressure, and repulsive neutron- 
neutron forces). They are also very much smaller than 
the equally strong gravitational force which acts to restore 
any deviations from a spherical shape of a neutron star. 
Consequently the lowest torsional modes of a neutron star, 
which preserve both stellar density and shape, have periods 
very much longer than the usual ones which preserve 
neither density nor shape. The torsional oscillations occur 
at frequencies which are proportional to the stellar radius 
but not sensitive to its mass and density distribution. 
For a radius R~ 20 km the lowest torsional mode period 
is around 0-1 s, almost two orders of magnitude longer 
than the periods of non-torsional vibration of most 
neutron stars’, The similarity between the calculated 
torsional mode frequencies and those of the pulsed radio 
sources? suggests that it may be worth considering a 
possible relationship between the two, especially because 
the state of matter in the non-solid core of heavier neutron 
stars is such as to suppress the usual damping mechanisms 
for these oscillations. 

When matter is compressed to densities exceeding 10° g 
em? the Fermi energy of the degenerate electrons (> 
1 MeV) greatly exceeds their coulomb interactions with 
nuclei: the electron wave functions are only slightly 
distorted from plane waves. Consequently, except for the 
maintenance of overall electrieal neutralitv, they are not 
very effective in screening the coulomb charge of the 





* On leave from New York University. 


Table 1. 


g {g em?) 107 108 10* 17x10" 
Z 26 26 28 31 
Tz(em-?) L1ix107 1-1 x 105° 108 1-3 x 10%? 

@n (g cm?) 0 0 0 0 
Tm CK) 1x10 2x10* 6x10* 2 x 10" 
es (omfs) 2x10 3x10 Ax10 6x 107 


In the regime o = 107 — 10° g cm all protons are assumed bound into **Fe nuclei. 


Neutron stars may support torsional oscillations, having periods 
in the lowest mode of a few tenths of a second, similar to the periods 
of the pulsed radio sources. 


nuclei embedded in them and the electrons can be approxi- 
mated by an inert uniform sea of negative charge. (For a 
nuclear charge Z, the ratio of screening radius to inter- 
nuclear separation is ~ 4Z-? for all densities as long as the 
electrons are relativistically degenerate.) In their lowest 
energy state the nuclei form a body centred cubic lattice"? 
that can support two transverse shear waves, the long 
wavelength velocity of which depends only slightly on 
direction. Extensive numerical calculations of the erystal 
dispersion relations of a coulomb lattice have been per- 
formed by Clark® and others. The velocity of a low 
frequency transverse shear wave cs in the [110] direction 
is 
Zen,*!* 

c = (0-21) = í 0) 
where nz is the number density of nuclei with charge Ze. 
The inclusion of sereening, which suppresses the inter- 
aetion with distant neighbours, qualitatively changes 
the nature of long wavelength longitudinal compressional 
waves; but it has a small effect on the transve shear 
waves and equation (1) is probably an overestimate. 
The crystal lattice can support long wavelength shear 
waves of this velocity until it melts at a temperature 
T given by 








kb T4 = Zen, 33 (2) 


with k the Boltzmann constant and 8, a dimensionless 
constant, is taken to be 1/50. Equation (2) is the only 
one allowed for a coulomb lattice by dimensional consider- 
ations. The coefficient 3 is predicted to be 1/20 by Linde- 
mann's rule!*:!',.. A computer experiment on the analogue 
of a liquid-solid phase transition among thirty-two 
charged particles suggests }~ 1/80 (ref. 12). 

Caleulated shear wave velocities and melting tempera- 
tures for very dense matter are given as a function of 
density in Table 1. At densities approaching those of 
normal nuclear matter the protons that are present in 
the neutron sea no longer cluster to form neutron rich 
(A-—3:5 Z) nuclei because neutron matter becomes too 
incompressible. "Wolf!* has estimated that nuclei will 
disappear before pn~3x10 g cm. My calculations, 
which lead to the data at p= 1:0 x 104 g em-?, also suggest 
a disappearance of nuclei near pa~ L:3x 10" g em-. 
Surprisingly, in the entire range of densities where a lattice 
and transverse shear velocity can exist, the velocity c, is 
almost constant although the density varies by a factor 
of 167, We shall assume it to have the constant value c, — 
5 x 107 em s~ for all densities up to p L:3x 10" g em”. 
Then the characteristic frequencies of a torsionally vibrat- 
ing non-rotating star depend only on its radius R. The 
lowest frequency torsional mode is a shape preserving 
twisting motion in whieh the northern and southern 
hemispheres rotate oppositely. The displacement s of 


COMPUTED MELTING TEMPERATURE AND TRANSVERSE SHEAR WAVE VELOCITIES FOR DENSITIES UP TO NUCLEAR DENSITY 





3-2 x 10? 16x 108 45x10" 10x10 3x10" 
39 42 48 20 H 
1-6 x 10% 2 x 10% 3-9 x 108 2:5 x 10% 10% 
10° 1-0 x 107 3:3 x 101? tO x 10 3x 10's 
6x19* 7x 10° Lx 10° 5x10 ——— 
9x Ly 6x10 5x107 2x10 


The nz and Z at o= IU? g cm are based upon an extrapolation of 


calculations by Tsuruta and Cameron??, Between o = 1-7 x 10? and 4-5 x 10? gem ?they are those of. Harrison, Thorne, Wakano and Wheeler. Atg= 10x 10M g 
cnr? the data are obtained by minimizing the energy of neutrons, protons and electrons using Weiss’s caleulations!* of the energy of nuclear matter for 
various proton-neutron ratios, together with the assumption that the surface energy is proportional to the difference in energy between nucleons within a 


nucleus and in the surrounding neutron sea. 


Proton clustering into nuclei and hence lattice formation are found to disappear before canonical nuclear 


densitics (e~ 3-6 x 10" g em) are reached. The density g» is that of unbound neutrons, 
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any point (r,9) within the sphere is given by 

N ou ; 

; e2zit 3 
; (3) 


with frequency 
0-43 ©. 2x 107 
aC ry E (4) 
UR / R 
(Alfvén waves of this frequency will be emitted along any 
magnetie field lines which penetrate the oscillating stellar 
surface.) 

The calculated radius R for any given neutron star mass 
depends on the detailed equation of state of dense neutron 
matter but not in a very sensitive way. The HWW 
equation of state! predicts for a stellar mass M = 0-26 Mo, 
a central density pe=10 g cm? and R=36 km. The 
corresponding period of torsional oscillation is 0-2 s. 
Tsuruta and Cameron used equations of state which more 
explicitly incorporate knowledge of nuelear forces and 





calculated for M = 0-2 Mo a radius of 18 km, and c. of 


either 2-4 x 10™ g em or 3-6 x 10 g em-? depending on 
detailed assumptions about the nucleon-nucleon interac- 
tion". In either case the predieted torsional period is 
0-1 s. The largest masses which give stable neutron 
stars (M <2 Mo) have calculated radii of about 10 km. 

With the more realistic TC equation of state none except 
the very lightest neutron stars (M «0:2 Mo) should 
have crystal lattice strueture extending to the centre of 
the star. For M ~2 Mc the lattice should disappear after 
penetrating only about 0-5 km below the stellar surface. 
If oscillations of the sort described by equation (1) were 
restricted only to a freely oscillating outer solid mantle, 
the characteristic periods would be somewhat greater. 
The inner nucleon fluid of the core remains, however, in 
contact with the oscillating mantle and could exert a 
viscous drag on its motion. A weakly interacting normal 
degenerate sea of neutrons at temperature 7 would have 
viscosity y approximately given by!* 


Pr ur? 
ac T) (5) 


where p; is the neutron Fermi momentum, Æp the corre- 
sponding energy and o the n-n scattering cross-section. 
Then for such a neutron fluid with p~ 10" g cm and 
T~5x 108 °K, n~ 10! and the torsional oscillation of the 
mantle would be damped in about 10* cycles if the oscillat- 
ing mass were, say, one-tenth that of the whole star. 

Such fluid core damping would be more than 10° times 
too fast if the pulsing radio sources are to be associated 
with free stellar torsional vibrations. Such rapid damping 
of tho torsional vibrations of medium and heavy neutron 
stars is greatly reduced by two circumstances. The lattice 
is expected to disappear when nuclei will no longer con- 
dense out at a neutron density somewhat less than that 
of the neutrons within conventional nuclei. But in just 
this density regime the homogeneous nucleon fluid will 
behave as a superfluid. Both neutrons and protons at the 
top of their Fermi seas will be strongly attracted to like 
particles of opposite momenta and spin. (At higher 
neutron density and Fermi energy the neutron repulsive 
core begins to dominate the longer range attraction, at 
least for 4S) scattering.) The strong attraction between 
such fermions is the sufficient condition for the formation 
of a large BCS gap? exactly analogous to that in a super- 
conductor, except that the neutrons and electron screened 
protons carry no net charge. For the calculated limiting 
density pr~ 1:3 x 10™ g cem for the termination of nuclei 
condensation and lattice formation, the BCS energy gap 
for the neutrons has been calculated?’ to be ~3 x 10° eV. 
This corresponds to a transition temperature into the 
superfluid state of 3 x 10!" ^K, more than fifty times the 
expected temperature in a cooling neutron star. The 
proton component with a density a few hundred times 
less than that of the neutrons has an estimated energy 
gap” near 5 x 10° eV. 

Although necessarily cavalier theoretical approxima- 
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tions may preclude quantitative accuracy in such estim- 
ates, it is very probable that the crystalline mantle of a 
neutron star rests on a nucleon superfluid much below its 
transition temperature???*, The great reduction that 
ensues in the probability for single particle nucleon 
excitations above the gap causes a similar suppression of 
related dissipative effects in the superfluid. Equation (5), 
for example, is no longer relevant for the deseription of the 
neutron fluid viscosity. The transfer of momentum from 
the crystalline mantle to the adjacent superfluid can be a 
very complicated and slow process which involves the 
formation of quantized vortices in the superfluid and inter- 
actions with a small density of remnant normal fluid 
(really phonons) analogous to that. in rotating containers 
of liquid HelII*?. It seems at least plausible that the 
superfluid lubricant may very effectively suppress fictional 
losses between the core and the mantle. (The very degen- 
erate electron component of the neutron-proton sea is not 
a superconductor but does have a very high electrical 
conductivity. It is restrained from carrying away 
momentum from the mantle because any net momentum 
in the electron component alone means a huge electric 
current which, even at frequencies w~ 10 s^, cannot 
penetrate significantly into the highly conducting 
medium.) 

A second factor which can suppress fictional damping 
from a liquid core is the large angular momentum which 
a neutron star would probably have, at least when it is 
formed. Rapid spinning can reduce the central pressure 
and, therefore, density to such an extent that the lattice 
structure could be maintained throughout the star even 
for heavier neutron stars. For a star rotating so fast that 
it begins to approach a more disk-like shape, the lowest, 
torsional mode has a displacement proportional to 
J,(3-8 r/Rp) in which the inner and outer parts rotate 
oppositely about the axis of rotation. The characteristic 
frequency 0-60 esp! can be very considerably less than 
that of the non-rotating sphere when the disk radius, 
Rp, is sufficiently greater than the sphere's. 

Most of the volume of an oscillating shell is occupied 
by matter with p~ 10% g em. In just this regime the 
caleulation of c, is least certain. The calculation of c, for 
this density (Table 1) suggests that the characteristic 
torsional vibration periods based on an assumed ¢, = 
5x 107 em/s may be a considerable underestimate. 
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New Theory 
Clinical Application 


by 
W. G. DEWHURST 
Institute of Psychiatry, 


De Crespigny Park, 
Denmark Hill, London 


Tuts article outlines a new theory 
function which. I believe, has several advantages over 
existing views. The physiological theory which has 
dominated the field for the past decade was sponsored 
particularly by Brodie and his colleagues at Bethesda. 
Noradrenaline is suggested to be a modulator of synaptic 
transmission in a diencephalic system concerned with 
energy expenditure and the alert state; 5-hydroxytrypt- 


of cerebral amine 





amine (5-HT; serotonin) is regarded as a modulator of 


synaptic transmission in a diencephalic system mediating 
energy conservation and sleep’. Others have also attri- 
buted pathological roles to these or related amines?-*, 
The Brodie view seems to command wide support, for 
it is rarely challenged; if it is accepted, however, one must 
also accept (or explain) some difficulties. A detailed 
critique has been given elsewhere* from which the follow- 
ing examples are taken. Table 1 illustrates some problems 
in the claimed supporting evidence. Other problems stem 
from facts which remain unexplained. Fig. 1 shows the 
urinary exeretion of the main substrates of monoamine 
oxidase before and after the enzyme was inhibited in 
depressed patients*. Normetanephrine and metanephrine 


showed an increase of 75 per cent, 5-HT an increase of 


150 per cent and tryptamine an increase of 300 per cent. 
These differences are statistically very significant. The 
queries for the Brodie hypothesis concern the supposed 
excitants which are affected least and the failure to 
account for tryptamine which shows the greatest change. 

In the hope of explaining this a careful search was 
made of the literature but no satisfactory answers were 
obtained. Indeed, the considerable conflict in experi- 
mental findings and confusion over interpretation pre- 
sented a problem in its own right. On further analysis it 
emerged that methodological errors were the chief source 
of diffieulty*. The important ones are listed in Table 2. 
They may appear obvious or well known, as indeed some 
are, but knowledge of their existence has unfortunately 
not prevented frequent repetitions. The list has a less 
gloomy aspect, however, for it leads to three conclusions 
of value whieh are given at the foot of the table. 


400 


300 


200 


100 


Bxcretion expressed as percentage of basal 








Meta and normeta- 
nephrine 


Tryptamine 


Fig. 1. Urinary excretion of monoamine oxidase substrates before 
(shaded columns) and after (black columns) enzyme inhibition in eight 
depressed patients 
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of Cerebral Amine Function and its 


A comprehensive theory of cerebral amine function unifies bio- 
chemical, physiological, psychological and clinical phenomena into 
a coherent whole. It also provides explanations and valuable tools 
for further research into normal and abnormal function. 


Table 1. EVIDENCE FOR BRODIE HYPOTHESES 
Method Results Comments 
(1) Systemic amine Noradrenaline causes BBB prevents NA reaching 
administration immediate alerting brain. Alerting must 


therefore be primarily a 
peripheral action 
(2) Intracerebral am- 





I ] Noradrenaline causes Saline has same effect, 
ine administra- alerting Large doses may also 
tion cause vascular effects 
(3) Microelectrode Noradrenaline stimu- Anaesthetic effects ignored. 
studies lates some neurones lontopho: erratic. 
and inhibits others Interpretation difficult 
(4) Amino-acid pre- 5-HTP causes drowsi- Dopa effect is probably 
cursors ness. Dopa causes direct and not due to 
alerting amines formed 
(5) Agents releasing “Released cerebral Doubtful selectivity for 


and potentiat- NA 
ing amines 


causes excite- individual amines or cere- 
bral tissues. 


? Environmental control 


ment, 

“Released cerebral 
5-HT" gives equivo- 
cal results 


Table 2. ERRORS IN STUDIES OF CEREBRAL 
(1) General experimental errors 


ACTION OF AMINES 
(a) Anaesthetic effects (in animals) 


(b) Diet and urine volume = effeets (in 
humans) 
(2) Special problems with (a) Destroyed rapidly in solution by 
amines Heat 
Light (visible and ultraviolet) 
Alkali 
(b) Minute amounts in biological material 
(3) Special problems with brain. (a) BBB prevents entry of hydrophilic 


Part of vascular supply is 
essential for survival, 
Thus complete isolation 
impossible and studies in 
sifu unavoidable 


amines into brain from systemic cir- 
culation 

(b) Responses ascribed to brain 
originate in extracerebral tissues 

(e) Use of release or potentiating agents is 
unselective 

(d) Behavioural studies require 
environmental control 


Conclusions: (1) No approach is perfect and as many as are valid must be 
used to obtain an accurate picture, (2) The degree to which listed errors are 
surmounted (or ignored) guides assessment of reported findings. (3) Aware- 
ness of such errors is essential for planning future research 


may 


rigorots 





Determined attempts have been made to put the third 
conclusion into practice. In human studies, diet and 
volume effects have been controlled or allowed for. In 
animal studies, in collaboration with Dr E. Marley, special 
techniques have been devised* to permit rigid control of 
the physical environment (light, heat, humidity, oxygen, 
carbon dioxide, noise) as well as excluding social stimuli 
(whether from the experimenter or other animals) unless 
the object of a particular study. Other techniques have 
been developed for recording and quantifying physio- 
logical and behavioural parameters simultaneously and 
continuously without disturbing the experimental control, 
Arrangements were made to enable amine administration 
without introduction of extraneous stimuli or interference 
with the animals’ activity, and with both handling and 
direct injections completely avoided. Various species 
have been examined (rats, cats, guinea-pigs, chickens and 
adult fowls), and some sixty amines and related com- 
pounds tested?-*. On the basis of both animal and human 
studies*", together with pertinent valid findings from 
other workers, the following theory of cerebral amine 
action has emerged. 


The Theory 


Cerebral amines can be divided according to cerebral 
actions into two distinet and opposing categories: type 4 
(exeitant) and type C (depressant)*. The dichotomy of 

* The terms excitant and depressant are used so commonly with various 


connotations that to avoid further confusion the terms types A, B and C 
ire introduced to denote the specifice meanings of the theory reported here 
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type A and type C can be distinguished at all levels of 
organization, from physicochemical properties of the 
amines, through cellular receptors, to the physiological, 
behavioural and psychological responses elicited. 

Type A amines are soluble in fat as well as water and 
have the general structure R-CH,CH,NH,, where R is 
planar and lipophilie (for example, phenyl, indolyl). Lipid 
solubility of the whole moleeule is the fundamental 
factor which determines the quality (type) of effect. 
Variations in structure of the side-chain affect potency 
and duration of action. not type. A specifie cerebral 
receptor (type A) defined by specific antagonism, 
Ahlquist's eriteria!!, and eross-tachyphylaxis, mediates 
actions of type A amines and is similar to the peripheral 
tryptamine receptor. The responses elicited comprise all 
the phenomena of the alert state. Physiologically there 
is increased motor activity, tremor, increased potentials 
in EMG and desynchronization of EEG. Vocal, explora- 
tory and aggressive behaviour is increased. In man, 
mood is elevated. 

Type C amines dissolve poorly in fat, well in water and 
structurally have the formula R’-CHOHCH,NHCH, 
where R’ is planar and hydrophilic, for example, catechol 
(and ?dihydroxyindolyl). Poor fat solubility determines 
depressant activity (type C) and structural changes of 
the side-chain alter potency and duration within the type 
C category. A specific cerebral receptor (type C) defined 
by Ahlquist’s eriteria!!, and probably by specific antagon- 
ism, resembles the peripheral a-receptor. Responses 
elieited comprise the fuil pattern of drowsiness or sleep. 
Physiologically motor activity diminishes, centrally in- 
duced tremor is antagonized, the EMG is quiescent and 
the EEG synchronized. General behaviour is that of 
normal drowsiness or sleep. No relationship with mood 
has yet been defined. 

Three substances have true biphasic action (type B). 
namely, they act first on type A, then type C receptors. 
Physicochemically they represent either the addition of 
one hydroxyl group to the most potent excitant (5-HT. 
6-HT) or subtraction of one hydroxyl! group from the most 
potent depressant (oxedrine). Methysergide abolished the 
excitant action. 

Type A amines also show a potential ability to act on 
type C receptors when methysergide blocks the A re- 
ceptor. On the other hand, type C amines do not act on 
type A receptors (presumably as a result of solubility 
limitations) and, although alerting may be elicited with 
large doses, this is a result of an action on peripheral 
a-receptors by way of hypertensive effects. The alerting is 
abolished by blocking peripheral «-receptor with hyder- 
gine. 

The main features of the theory are summarized in 
Table 3. It should be noted that the theory is not anti- 
thetieal to the Brodie position, but different. One con- 
trasts an indolethylamine with a catecholamine whereas 
the proposed alternative stresses lipid solubility as the 
determinant of type of action whereas structural changes 
in the side-chain affect potency and duration of action. 


Table 4. 


Method Results 


(1) Systemic administration 
phetamine) produce alerting 


(2) Intrathecal administration 


(5) Intracerebral administration Adresaline in cats induces sleep 


(06) Amino-acid precursors 


(7) Endocrinological evidence 
Dopa alerts 


(8) Microelectrode studies 
(9) Enzyme inhibitors 


(10) Animals with permeable BBB Tryptamine most potent excitant. 


potent depressant 
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Table 3. PROPOSED FORMULATION OF CEREBRAL AUTIONS" 
Category — " 
Property Type 4 (excitant) amines Type C (depressant) 


amines 


Soluble ín water but only 


Soluble in fat and water e 
slight solubility in fat 


1. Physical 


2, Chemical iol [D a pieces oie ethianol- 
t—CH,.CH,.NH, methylamines * 
pee R—CHOHCH, NHCH, 
Ris pla- Side chain at- Ris pla- Side chain ade 
nar and taches to recep- nar and taches to re- 
lipophi- tor and structu- hydro- ceptor and 
lie, e.g., ral variations philic, structural va- 
phenyl, affect potency e.g. ea-  riations affect 
indolyl and duration,  techol potency and 
not type duration, not 
type 
Natural agonists are Natural agonists are 
B-Indolylethylamine Catecholethanolmethyl- 
{tryptamine) amine (adrenaline) 
B-Phenylethylamine Cateeholethanolamine 
(noradrenaline) 
3. Cellular Cerebral receptors identified ede receptors identi- 
by ed by au 
A. Specific antagonism A. Ahlquist's oriteria 
(methysergide) . UY 
B. Ahlquist's criteria B. ? Speeifie antagonism 


(phenoxybenzamine) 
C. Cross-tachyphylaxis 
Identical with peripheral 
tryptamine receptors 


Probably similar to perie 
pheral adrenergic oere- 
ceptor 

4, Physiological 


Locomotor Activity increased Activity reduced . 
Large doses produced tre- Antagonized centrally in- 
mor and ataxia duced tremor 
EMG Increased amplitude Diminished or absent po- 
tentials 
EEG Desynchronized as for alert- Synchronized as fer sleep. 


100-200 uv. 


Amplitude 
r AH 


Frequency 2 





ness. Amplitude 5-10 jv. 
Frequency 15-20 Hz 





5. Behavioural 


General Alert, exploratory, aggres- Drowsy or sleeping 
sive 
Vocal Increased Diminished 


Social stimuli 


Mood elevatedin man, 
also needed 


“pleasure calls” in 
animals 


6. Psychological 


Peripheral action 


May be pressor (amphet- Predominantly pressor 


Blood pressure 


amine), depressor (irypt- 
amine) or both (pheny!- 


ethylamine) 


(isoprenaline is depres- 
sor) doses required, for 
B.P. effecta are larger 


Unhydroxylated amines (for example, tryptamine, am- 


Catecholamines depress and amphetamine alerts 
(3) Intracisternal administration "m ~ - m 
(4) Intraventricular administration is m An n 


Try alerts initially but causes drowsiness later 
Carcinoids secreting 5-HTP have no pathological effect. 


Amines have various effects. Dopa excites neurones 
Tryptamine elevation is dominant effect of MAOT 
Adrenaline most 


than those giving sleep 


* References: Dewhurst, W. G.. J. Psychosom, Res, 9, 115 (1965). 
Dewhurst, W. G., Studies in Psychiatry, chap. 14 (edit, by Davies, D. L., 
and Shepherd, M., 1968). 


Experimental Evidence 

I have given a full critical assessment! which is sum- 
marized in Table 4. It will be evident that whenever 
the blood-brain barrier is circumvented successfully, 
eatecholamines show depressant action irrespective 
of the particular techniques used. It is contended that the 
proposed view is supported by the bulk of the evidence 
and the wide variety of approaches employed. 


Biological Validity 

The evidence considered so far for both theories con- 
cerns their relative accuracy as descriptions of phenomena. 
The value of the new proposals, however, does not lie 


EVIDENCE FOR DEWHURST HYPOTHESIS 


Comments 


Unhydroxylated amines readily pass blood-brain barrier 
(BBB), peripheral sites of action excluded by ablation 
studies 


Technique circumvents BBB 
^ + 


I o I 


Earlier studies found alerting but ? volume and vascular 
effecta 


Two phases coincide w ith peaks of unhydroxylated and 
hydroxylated indoles respectively 


See item 8 


Dopa effects direct and not due to amines formed 
Tryptamine passes BBB readily 
Strict experimental control 
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solely in superior descriptive accuracy, for it has been 
possible to advanee matters three fundamental stages 
beyond the descriptive level of the Brodie theory. 

The first stage has been to give the views a biological 
validity by the establishment of cerebral receptors. The 
evidence defining receptors is specialized, but the identi- 
fication of these struetures in peripheral tissues has been 
enormously fruitful since Ehrlich introduced the concept. 
Evidence for sueh mechanisms in the brain has hitherto 
proved diffieult to obtain and eonsequently speculative 
extrapolation from defined peripheral receptors has been 
made. Thus it has usually been considered that the 
behavioural effects of catecholamines (presumed to be 
central in origin) are mediated by central a-receptors!?:!9, 
and eleetrocortical alerting shared the same mechanisms 
according to Goldstein and Munoz, although Capon! 
regarded this as mediated by peripheral vascular a- 
receptors. Muñoz and Goldstein! also suggested that 
amphetamine acted through cerebral a-receptors. The 
possibility of cerebral tryptamine receptors was raised by 
the work of Vane et al." and myself, and Vane also 
suggested that amphetamine might aet on such receptors. 

Using animals with immature blood-brain barriers, it 
has been possible to obtain direct experimental evidence 
on cerebral receptors*?. The type A receptor has been 
largely identified by methysergide, a specific antagonist 
of this receptor, as it is of the peripheral tryptamine 
receptor. lt antagonizes all the actions of all the excitant 
amines in minute dosage which by itself produces no effect. 
In addition it is surmountable and has some chemical 
similarities to tryptamine, thus fulfilling the principal 
eriteria laid down by Gaddum for competitive antagon- 
ists. Additional evidence is that cross-tachyphylaxis 
occurs between different types of excitant amines and 
they are similarly interchangeable in surmounting specific 
antagonism. Ahlquist™ suggested that when a receptor is 
stimulated by several amines the order of poteney of these 
amines would remain constant whatever the tissue or 
species, On these grounds the type A receptor is identical 
to the tryptamine receptor. 

The type C receptor has been more diffieult to define 
because of difficulties in producing specifie antagonism. 
With large doses of phenoxybenzamine, however, antagon- 
ism occurs, suggesting similarities to o-receptors. This 
view is confirmed by Ahlquist’s criteria, for the order of 
poteney is also similar. It is probable that the large doses 
required of phenoxybenzamine reflect limitations of eur- 
rently available blockers rather than any more funda- 
mental distinction. 

These divisions of amine action worked out in the 
chick's cerebrum are entirely similar to the divisions seen 
in other species and tissues such as the rat's stomach", 
the denervated nictitating membrane” and the denervated 
iris of the cat? This suggests that the receptor mech- 
anisms have general biological validity in most species 
including man. 





Body and Mind 


The second fundamental step has been to recognize 
the association between the type A receptor and mood??, 
Whenever amines of type A are given in man, mood eleva- 
tion occurs. A similar phenomenon almost certainly 
oecurs in other species. Thus animals which previously 
retreated or “froze” in the presence of some given stimulus 
(for example, the experimenter) stood firm or even 
attacked the same stimulus after excitant amines. But 
to invest animals with human feeling is anthropomorphie 
and inadmissible. Evidence on mood must eome, properly. 
from human subjective experience. Animal studies may. 
nonetheless, provide important and legitimate contribu- 
tions. Excitant amines produce what ethologists term 
“pleasure calls” but only when certain social stimuli are 
present. A crossover trial showed that seventeen out of 
eighteen animals produced such calls when accompanied 
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by other animals, whereas only two out of the eighteen 
did so in isolation (P «0-001)*. Without in any way 
accepting "pleasure calls" at face value, one can conclude 
that complex behavioural effects may require social as 
well as ehemical stimuli. Clinical experience in man 
endorses this. 

Indirect evidence also suggests a link between the 4 
receptor and mood. Thus a euphoriant action of trypto- 
phan has been claimed. but others have doubted this. 
Studies in human subjects have shown, in faet, that two 
phases follow oral administration of tryptophan?? First, 
there is a period of alertness and well-being coinciding 
with elevation of unhydroxylated indoles in the blood; a 
second period of drowsiness associated with large ampli- 
tude slow wave activity in the EEG coincides with 
elevation of 5-hydroxyindoles in the blood. Other indirect 
evidence linking the A receptor with mood derives from 
the effects of antidepressants, to be discussed in the next 
section. 

It is inevitable that direct evidence linking the A 
receptor with mood is limited to human subje 
experience and hence by what is ethically permi 
None the less, another approach is still possible within 
these boundaries, namely a study of the effects of methy- 
sergide on mood in man. Such a trial will be reported later. 

The demonstration of a link between mood and the A 
receptor carries a significance wider than the matters 
discussed here. The body-mind problem and scientific 
integration are two examples of fields where the findings 
make relevant contributions. Detailed consideration 
cannot. be pursued here but their existence should be 
noted. 














Health and Disease 


The third fundamental step has been to apply the 
knowledge of normal function to the problems of illness. 
This offers two sorts of help to the clinician. The first is 
to give rational and coherent explanations of many 
puzzling and apparently unrelated phenomena. The 
second is to provide a heuristic tool for rational investiga- 
tion into pathogenesis and treatment of a variety of 
neuropsychiatric conditions. Affective illness serves to 
exemplify this. 

Although various workers have suggested that serotonin 
may be implieated, the most determined and best organ- 
ized view of affective illness so far has been the "catechol- 
amine hypothesis" of Schildkraut and Kety?*;*, This 
regards depressive illness as caused by deficieney of 
catecholamines whereas mania results from an excess. 
To support this they noticed that agents affecting mood in 
man also affect noradrenaline. Antidepressants all in- 
crease noradrenaline either by inhibiting catabolie en- 
zymes (monoamine oxidase inhibitors), by altering 
membrane permeability (imipramine), or by releasing 
noradrenaline (amphetamine). Reserpine (which is ocea- 
sionally followed by depressive illness) depletes cells of 
noradrenaline. The euphoriant action of some amino-acids 
(L-dopa; L-tryptophan) is ascribed to noradrenaline 
formed directly (dopa) or liberated through 5-HTP. 
Studies in affective illness are also cited, for example, the 
increased output of noradrenaline in mania. Successful 
treatment of depression with imipramine is followed by 
increased normetanephrine output. 

An important criticism of this hypothesis is that it 
only cites and explains part of the facts. An alternative 
hypothesis derived directly from the work discussed 
earlier is proposed. Some forms of depressive illness are 
caused by a deficiency of type A amines or insensitivity 
of the type 4 receptor. and some forms of mania are 
caused by an excess of type A amines or increased sen- 
sitivity of the type A receptor. Social stimuli are also co- 
determinants of some complex behavioural responses. 
The evidence may be considered in similar fashion to the 
preceding view. Antidepressants increase type A amines. 
Thus monoamine oxidase inhibitors principally inerease 
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tryptamine, whereas the effect on the metanephrines is 
minimal, The protective action ascribed to imipramine 
can apply equally to tryptamine and perhaps with more 
force in view of the notable sensitivity of this substrate 
to monoamine oxidase. Amphetamine acts directly on 
the type A cerebral receptor. Post-reserpine depression 
gives little help in disunguishing the views, for it is 
unseleetive and affects most amines. Dopa is a weak 
euphoriant in practice, for two of the three studies cited by 
Schildkraut. were negative including his own. Such 
excitant action as dopa may possess is probably a result 
of direct excitatory action rather than from amines 
derived from it as demonstrated in microelectrode 
studies?*. On the other hand, the euphoriant action of 
tryptophan whieh is better supported experimentally 
receives direct explanation by being the preeursor of 
tryptamine. The increased noradrenaline output in mania 
almost certainly represents a secondary increase in extra- 
cerebral metabolism associated with overactivity. The 
inerease of normetanephrine excretion after successful 
treatment by imipramine may reflect a similar circum- 
stance, and tryptamine inereases also* after successful 
treatment. 

Despite its novelty the proposed view based on physio- 
logy already commands support comparable with the 
eatecholamine hypothesis and it explains much that this 
hypothesis ignores. Further applications are not confined 
to aetiology. It permits the specification of a rational 
symptomatie treatment in depressive illness as well as 
the development of prophylactic measures. 

In mania, converse considerations apply and need not 
be further elaborated. One additional treatment offers 
itself, however, namely. the type A receptor specific 
antagonist, methysergide. If the arguments, evidence and 
deductions are correct, then this should benefit maniacal 
patients. A trial of this substance will be reported later. 
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HUMAN studies, based on the examination of cultured 
lymphocytes, have shown that the yield of structural 
chromosome aberrations in vive increases with increasing 
doses of X-rays. The published findings so far, however, 
relate only to the effects of single partial-body doses of 
X-rays given for the treatment of the rheumatic disease 
of ankylosing spondylitis', although data derived from 
in vitro studies? have been used to obtain estimates of 
dose in three men accidentally exposed to mixed y-ray 
and neutron radiation. After partial-body exposure there 
are clearly great difficulties in assessing the dose to the 
target cells and in interpreting the dose-response relation- 
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Considerable applieations exist in other elinieal areas, 
for example, sleeping and waking, tremor, Parkinsonism, 
the Kleine-Levin syndrome, catatonic stupor. These 
cannot be discussed further here but some are dealt with 
elsewheret. 

This work was supported by grants from the Bethlem 
Royal and Maudsley Hospitals Research f'und. 
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by Radiation 


Quantitative variations in the yield of ring and dicentric chromo- 
somes were found in cultures of peripheral blood lymphocytes taken 
from patients after whole-body X-irradiation in the dose range 
17-50 rads. 


ships. Furthermore, it is not known how to relate such 
results to the possible effects of whole-body exposure, 
and information on the yield of aberrations following 
whole-body exposure, quite apart from being of intrinsic 
scientific merit, may be of practical value in the cireum- 
stances of radiation aecidents, when the geometry of 
dose-distribution can be so complex that it may take 
weeks or months to evaluate. 

We have therefore studied the yield of chromosome 
aberrations in eultured lymphocytes from sixteen men 
given controlled single whole-body exposures of 2 MeV 
X-rays in doses varying from 17 to 50 rads. These patients 
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were studied before receiving palliative radiotherapy for 
advanced cancer and all were volunteers who agreed to 
participate in the study after its nature had been fully 
explained to them. Information on seven of the patients 
was incorporated in an earlier paper!. 

lrradiation was given using X-rays from a 2 MeV Van 
de Graaff generator at an average focus-skin distance 
(F.S.D.) of 160 em. The patient, lying on a trolley which 
traversed the X-ray beam at a fixed rate of 14-5 em/min, 
was irradiated first in the supine and then in the prone 
position, the total exposure time being approximately 
30 min in each case. The dose estimated in the mid-plane 
of the trunk is fairly uniform and unlikely to vary by 
more than +5 per cent. 

A sample of venous blood was obtained before radiation 
exposure and further samples were taken as soon as 
radiation was eomplete and 24 h later. The blood was 
cultured by a modifieation of the technique of Moorhead 
et al? for between 42 and 50 h exclusive of 3 h exposure to 
diacetyl methyl colchicine (0-02 mg/ml. of culture fluid). 
Cells were counted, analysed and classified by the method 
of Buckton and Pike*. A hundred cells were analysed 
from each control sample and, with one exception (case 12), 
200 from each post-irradiation sample. 

For the purposes of biological dosimetry, the production 
of ring and dicentrie chromosomes is, at the present time, 
the most reliable indieator of radiation-induced chromo- 
some damage. In this communication we have only con- 
sidered the changes in frequency of these aberrations with 
varying doses of radiation and the full cytogenetic data 
will be published elsewhere. 


Table 1. NUMBER OF RINGS AND DICENTRICS 
i Dose Immediately 24 h after 
sase received Control after treatment treatment 
No. (rads) (100 cells) (200 cells) (200 cells) 
1 25 1 5 3 
2 25 0 2 8 
3 25 0 9 5 
4 25 6 6 7 
5 25 0 8 4 
6 25 0 5 3 
T7 50 0 4 15 
8 50 0 14 14 
9 50 3* 10 15 
10 50 1 9 9 
i 50 0 11 15 
12 50 1 9 vas 
13 17 0 2 1 
14 28 0 1 4 
15 36 0 5 7 
16 40 0 8 7 


_* One cell, containing a dicentric and a tricentrie, has been scored as three 
dicentrics. 


t Seven rings and dicentrics in seventy-five cells analysed. 


Detailed results for each patient are given in Table 1. 
A total of 1,600 cells from the control blood samples 
yielded six rings and dicentries or 3-75 aberrations/1,000 
cells, This frequency is higher than that found by Court 
Brown et al.* in a study of persons from the general 
population of Edinburgh but comparable with that found 
by Buckton et ai.' in patients with ankylosing spondylitis 
examined before receiving radiotherapy. The somewhat 
increased frequency of rings and dicentrics in such patients 
is likely to be a consequence of the amount of X-irradiation 
they have received for medical diagnostie purposes. 

Figs. 1 and 2 show the dose-response relationships 
derived for the production of dicentric and ring chromo- 
somes, the observations made immediately after exposure 
and those made 24 h later being plotted separately. We 
have fitted curves of the form 


y =c + apr 


where y is the yield of aberrations, in this case the number 
of ring and dicentric chromosomes per cell, ¢ is the control 


Table 2 
Time after 95% confidence 
irradiation a n Hmits on x 
Immediate 5-20 x 10-4 1-13 0-52-1-74 
2th 4-22 x 107? 1-88 1°24-2-50 
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Fig. 1. Dose response relationship derived from blood samples taken 


immediately after radiation exposure (95 per cent confidence limits on the 
regression line are shown). 


level of these aberrations and D the dose in rads. The 
symbols a and n are constants which have been estimated 
from the data. Table 2 gives the maximum likelihood 
estimates of a and n together with 95 per cent confidence 
limits on n. 

The number of cells analysed and the narrow dose range 
considered prevent a detailed examination of the exact 
nature of the dose-response relationship and we chose the 
aforementioned model largely because the data of Evans* 
on human lymphocytes irradiated in vitro fitted a curve 
of this form over a wide dose range. 

There is no evidence that the variation in the number 
of rings and dicentrics per cell departs from a Poisson 
distribution and all significance tests have been based on 
this assumption. We exarnined separately for each sampling 
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Fig. 2. Dose-response relationship derived from blood samples taken 
24 h after radiation exposure (95 per cent confidence limits on the 
regression line are shown). 
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time the data for doses of 25 and 50 rads and have found 
no evidence of heterogenicity in any of these four groups 
(pooled 4? = 17-12 on 19 degrees of freedom). 

If individuals receiving 50 rads are considered separately 
there is a higher yield of aberrations 24 h after exposure 
(75 in 1,075 cells) than immediately after exposure 
(57 in 1,200 cells) (P « 0-05). This may be a result of the 
marked differences found in two patients (Nos. 7 and 12, 
Table 1), but because similar fluctuations in aberration 
yield in the 48 h immediately following exposure have been 
observed in patients receiving partial body radiation! 
the observations at the different sampling times have been 
considered separately. 

The variance of n, the slope of the regression line, is 
given by 


UX ibi ai = (Xi Wi 24) 

Ly we 
where a; is the natural logarithm of the dose received 
by the ith patient and w; the weight attached to the 
aberrations yield from the ith patient (=nipi, where nj is 
the number of cells examined and p; the actual number of 
aberrations per cell produced by a dose of e%; rads). 

The most efficient method of obtaining a better estimate 
of the dose-response relationship would be to consider a 
wider range of dose but, for obvious reasons, this is not 
possible. Alternatively many more cells from individuals 
exposed within the present dose range might be analysed, 
but to reduce the 95 per cent confidence limits on n to 
+0-1 would necessitate analysing about 50,000 cells. 
This degree of accuracy would be unnecessary if our 
interest in biological dosimetry lay solely within the dose 
range 0~50 rads, but at higher doses, especially in the 
event of accidental exposure, dose estimation becomes 
more critical. 

Extrapolation of response curves derived between 
0 and 50 rads must be approached with caution and would 
only seem reasonable if close correlations were found 
between in vitro and in vivo studies. Considered as a 
whole, our data are compatible with the in vitro results 
of Evans’, who obtained a value for n of 1-2, but the 
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observations made on blood taken 24 h after exposure 
are also compatible with the dose-squared relationship 
observed by other workers'-*. Even so, extrapolation 
assumes that correspondence at low doses will be reflected 
over the whole dose range. i 

The differences observed at the two sampling times in 
the aberration yield at 50 rads require further investiga- 
tion and may represent an effect present only in vivo, 
Should this be caused by dynamic changes in the lymphatie 
system and the circulating lymphocytes, then conceivably 
it could become increasingly apparent at higher doses. 

The significance of these results lies in the demonstration 
in vivo of quantitative variations in a biological response to 
ionizing radiation at doses which are not associated with 
clinical symptoms or significant alterations in the peri- 
pheral blood count. Although considerably more data are 
required before meaningful comparisons can be made 
between the shape of the dose-response curves from èn 
vitro and in vive studies, these results indicate that such 
comparisons may become possible. 

We thank Professor W. M. Court Brown for his help 
and Professor R. McWhirter for permission to study 
patients admitted to the Department of Radiotherapy, 
Western General Hospital, Edinburgh. Dr C. A. Murison 
and Miss Elizabeth Campbell carried out the dose measure- 
ments. 
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WHEN nerves are stimulated, one or more of the prosta- 
glandins are released from such diverse sites as the 
cerebellum!, cerebral cortex?, spinal cord?, adrenal glands‘, 
adipose tissue’, diaphragm?*, stomach"? and spleen?-!! 
All these preparations contain nerves and blood vessels 
and some contain glandular tissue and striated or smooth 
muscle as well. The source of released prostaglandin is 
not therefore immediately evident. The principal prosta- 
glandin in the central nervous system is F,, (ref. 12), 
whereas certain glandular organs contain chiefly E-type 
prostaglandins!*, so it is possible that different types of 
tissue (nerve, muscle and so on) release different types of 
prostaglandins, 


Experiments with dogs have shown that both prostaglandin E2 and 
F2, are released when the spleen is contracted by nerve stimulation 
or by adrenaline. 
nerves, but derive from smooth muscle cells or other cells with 
similar adrenergic innervation. The prostaglandin release is not the 
cause of splenic contraction. 


The prostaglandins are not released from the 


We have attempted to find the source and nature of 
the prostaglandins which are released from the spleen of 
the dog when it is stimulated to contract either by 
nervous stimulation?! or by adrenalinet’, 

Eighteen dogs of either sex weighing 7-13 kg were 
anaesthetized with halothane. The abdomen was opened 
and the splenie pedicle was carefully dissected to separate 
the splenie artery, vein and nerves. The dog was given 
an intravenous injection of heparin (1,000 1v/kg) and 
after a few minutes the pedicle was clamped and the 
spleen was removed. The artery and vein were cannulated 
with polyethylene tubing and the isolated spleen was 
perfused through the artery with Krebs solution eon- 
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taining 2-3 per cent dextran (moleeular weight, 110,000) 
warmed to 37° C and delivered from a constant output 
pump at a rate of 20-50 (usually 30) ml/min. Part of 
the venous effluent was divided into two streams and each 
was pumped at 10 ml./min by a channel of a second 
constant output pump. The excess effluent was allowed 
to run to waste against a hydrostatic pressure of 9-12 em. 
The spleen was suspended on a Butchart balance which 
operated a strain gauge, the output of which was dis- 
played on one channel of a Beckman-Offner 8 channel 
dynograph. Splenie arterial perfusion pressure and some- 
times the venous outflow pressure were also recorded. 

For splenic nerve stimulation, a Bell transistorized 
stimulator!5 was used. Drugs were either infused into the 
splenic artery or, for calibration, into the splenic outflow 
superfusing the assay tissues. 


Detection of Prostaglandins in Splenic Venous Effluent 


Two methods were used: a continuous method in 
which drugs rendered the assay tissues insensitive to 
interfering substances, and an intermittent extraction 
method in which unwanted substances were removed. In 
the continuous method the two streams of venous effluent 
from the spleen superfused!5 two sets of assay tissues 
which were a rat stomach strip", a rat colon!* and some- 
times a chicken reetum!?, The tissues superfused in 
channel 1 were used to estimate prostaglandins. They 
were made insensitive to acetyleholine, 5-hydroxytrypt- 
amine, histamine and catecholamines by infusing a 
mixture of antagonists to give the stated final concen- 
trations of the active bases: hyoscine hydrobromide 
(10-7 g/ml), methysergide maleate (2x107 g/ml.) 
mepyramine maleate (10-* g/ml.) phenoxybenzamine 
hydrochloride (10-7 g/ml.), and propranolol hydrochloride 
(2x10-* g/ml.. The tissues in channel 2 were made 
insensitive to prostaglandins (while retaining sensitivity 
to eatecholamines) by keeping them in a state of near- 
maximal contraction by addition to the superfusing fluid 
of prostaglandin E,, angiotensin II-amide and 5-hydroxy- 
tryptamine creatinine sulphate (each at a concentration 
of the active substance of 10-* g/ml.). 

The changes in length of the assay tissues were deteeted 
by strain gauges attached to auxotonic levers and were 
recorded on the dynograph. The initial load on the 
tissues was 1-3 g, the highest load being required for the 
rat stomach strip of channel 1. 

In the intermittent method (by extraction procedure) 
Krebs solution which had superfused the tissues of 
channel 1 was collected, and centrifuged to deposit any 
red blood cells. Samples (2-0 ml) of the supernatant 
were acidified with 5-75 N-HCI (0-1 ml.) and immediately 
extracted twice with an equal volume of ethyl acetate. 
The combined ethyl acetate phases were evaporated to 
dryness in vacuo with centrifuging to prevent loss. This 
procedure recovered prostaglandins almost completely (E, 
97 per cent, average of fifteen experiments; Fa 95 per 
cent, average of three experiments) and extracted only 
traces of other substances tested, as follows: acetyl- 
choline 0-6 per cent, adrenaline 0:5 per cent, noradrenaline 
0-5 per cent, 5-hydroxytryptamine 0-2 per cent, angio- 
tensin II-amide 0-5 per cent, slow reacting substance in 
anaphylaxis (SRS-A) 2-4 per cent. Prostaglandins 
recovered in this way were detected and assayed on a 
rat stomach strip, or a rat colon, or both, bathed in 
Krebs solution. Addition of antagonists to the Krebs 
solution did not change the assay value of extracts. 


Substances released from Stimulated Spleen 
Prostaglandins and catecholamines. The spleen con- 
tracted when the splenic nerves were stimulated (0-5—50/s, 
duration of 0:5 ms, 9-30 V) or on addition of adrenaline 
(5-150 ng/ml.) to the perfusate. Fig. 1 shows the result 
of such an experiment in which the splenic nerves were 
stimulated at 5 shocks/s for 10 min. Prostaglandins 
appeared in the venous effluent and caused contraction 
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of the tissues of channel 1. Catecholamines also appeared 
in the effluent as indicated by relaxation of the tissues in 
channel 2. The spleen contracted to about half its original 
weight and there was a rise in perfusion pressure. Release 
of prostaglandins and catecholamines by the Krebs- 
perfused spleen was not an artefact produced by perfusion 
with an artificial solution. This we showed in seven 
experiments using spleens perfused with blood from donor 
dogs. These experiments confirmed the results of previous 
workers*-!!, but because blocking and contracting agents 
could not be added to recirculating blood the responses 
of the assay tissues to prostaglandins and catecholamines 
could not be separated. 


EXTRACTION 
METHOD 





CHANNEL 1 


CHANNEL 2 





10 min 
STIMULATION 


1 


Fig. 1. Output of prostaglandin from dog isolated spleen perfused with 
Krebs solution. When the splenic nerves were stimulated at 5 shocks/s 
(0-4 ms duration, at 9 V for 19 min) the spleen contracted and there was 
a rise in resistance to perfusion at constant flow. The effluent from the 
spleen was taken in two channels over assay tissues, a rat stomach strip 
(RSS), a rat colon (RC) and a chicken rectum (CR) in each case. The 
tissues of channel 1, being blocked with antagonists, contracted in the 
presence of prostaglandin released from the spleen. Prostaglandin was 
also detected by the intermittent extraction method. The tissues of 
channel 2 relaxed, indicating an output of catecholamine. Stimulation 
time mark, 10 min. Vertical scales: prostaglandin output estimated as 
E. (ng/ml.); 5b cm; perfusion pressure in mm mercury and spleen weight 
in grams. 


Type of prostaglandin. Davies, Horton and Withring- 
ton?! detected prostaglandin E, in the effluent blood 
from the dog spleen after splenie nerve stimulation; in 
only one of their five experiments did they deteet a small 
amount of unidentified F-type prostaglandin. In our 
experiments the responses of the assay tissues to prosta- 
glandin in the splenie effluent could not be matched by 
infusions of prostaglandin E, (see, for example, Figs. 2 
and 7). The rat stomach strip is about ten times more 
sensitive to prostaglandin E, than it is to prostaglandin 
Fa, whereas the rat colon is about equally sensitive to 
the two compounds; the discrepancy noted might there- 
fore be explained if both were released. To investigate 
this possibility, active effluent collected from several 
experiments was acidified to pH 3 with hydrochloric acid 
and the prostaglandins in it were extracted with ethyl 
acetate. After thin layer chromatography* of the residue 
obtained by evaporating the ethyl acetate. bioassay 
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Fig. 2. Prostaglandin release by nerve stimulation and adrenaline. A calibrating infusion of prostaglandin E, was first given to the assay 


tissues which were a rat stomach st. 
duration. The spleen contracted an 
nemi ot prostaglandin E, on the RC. After the splee 
or n). 
responses of the tissues to prostaglandin Fra. 


showed the presence of prostaglandin F,, in addition to 
E, (Table 1). All the activity recovered from chromato- 
grams was accounted for by these two substrates. Ex- 
periments 1-5 (Table 1) were made on bulked effluent 
from spleens which had been stimulated by nerve stimu- 
lation as well as by adrenaline infusion. In experiment 6, 
the effluents after nerve stimulation (10/s for 3 min) or 
intra-arterial infusion of adrenaline (125 ng/ml. for 5 min) 
were treated separately to find whether the prostaglandin 
outputs were different. There were similar outputs of 
prostaglandins (Fig. 2). In both instances a large con- 
traction of the rat colon relative to that of the rat stomach 
strip gave evidence for release of F-type prostaglandin. 
This was confirmed by chromatography of material con- 
centrated from the total effluent collected during each 
stimulation period. Fig. 3 shows the location of biological 
activity on a thin-layer plate after chromatographic 
separation of components in the extracts or of pure 
prostaglandins. After stimulation either by the nerves 
or by adrenaline, two substances were present, one 
having the same Rp as prostaglandin E, the other 
as prostaglandin F,, (see also Table 1. experiment 6a 
nerve stimulation, 65 adrenaline stimulation). Thus both 
prostaglandin E, and prostaglandin Fa were released and 
the relative amounts did not depend on whether the 
spleen was stimulated through its nerves or by the direct 
action of adrenaline on the muscle. 


Source of Released Prostaglandin 


The prostaglandins were unlikely to have been released 
by nerve fibres because: (1) Contraction of the spleen 
caused by adrenaline was accompanied by release of 
prostaglandin”, (2) Antagonists of «-receptors for 
adrenaline prevented splenic contraction and also pre- 
vented release of prostaglandin in response to nerve 
stimulation*:?*, Although these experiments showed that 
the prostaglandins detected were not released from sym- 


Table 1, CHROMATOGRAPHY OF PROSTAGLANDINS IN EFFLUENT FROM THE 
SPLEEN 
Rp values 
Experi- Assay Extraets Standards 
ment Solvent tissue Compo- Compo- 
nent 1 nent 2 E, E; Fia 
1 Al RSS/RC 45 34 — 45 33 
2 AI RSS/RC 48-5 38 — 48-5 38 
3 All RSS 63 Not de- 76 63 — 
tected 
4 A II RSS 72:5 48 — 73 — 
5 A II RSS/RC 58 37 — 60 38 
6a A II RSS/ 75 46 —- Nó 46:5 
o5 All RSS/RC 74 49 des z 
7a All RSS/RC 59 39 — Igo 40 
7b All RSS/RC 54 34 dde: 


M Rat stomach strip; RC, rat colon. 4 I, A II solvent systems are from 


A second contraction occurred and was age cere b; 
me pos A 


(RSS) and a rat colon (RC). ‘The splenic nerves were then stimulated for 3 min at 10 shocks/s, 30 V, 60:5 ms 
an output of a occurred equivalent to 5 ng/ml. of pros! 

n refilled, it was stimulated again by intra-arterial infusion of adrenaline (125 ng/ml. 
a similar output of prostaglandins, 
,10 min; vertical scales: 10 cm and spleen weight in grams. 


din E, on the RSS and to » 10 
Subsequent calibrations show the 


pathetic nerves along with the sympathetic transmitter 
substance, they did not exclude the possibility that 
uptake of catecholamines by nerve fibres is associated 
with release of prostaglandin. (3) We eliminated this 
possibility by studying the release of prostaglandin 
from two isolated dog spleens which had been denervated 
at aseptic surgical operations 8 and 9 days earlier. Fig. 4 
illustrates part of one of these experiments in which the 
spleen contracted when adrenaline was infused intra- 
arterially at 100 ng/ml. for 10 min. "The assay tissues 
contracted, indicating that the output of prostaglandin 
(estimated as E,) attained the equivalent of at least 
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Fig. 3. Thin-layer chromatography of standard prostaglandins F. 
(2 ug) and E, (0-5 ug) and of prostaglandins concentrated from the 
splenic effluent during adrenaline stimulation and nerve stimulation 


(see Fig. 2). The three chromatograms were made on a plate in 
a 0:25 mm layer of silica gel G containing 4 per cent AgNO,. After 
development in solvent system A LI of Gréen and Samuelsson? succes- 


sive strips (1 cm) were scraped off the plate into separate tubes and 
extracted with methanol. The extracts were then evaporated to dryness 
and resuspended in Krebs solution for assay on a rat stomach strip and 
a rat colon, Recovery of the standards was 75-80 per cent. Horizontal 
scale, 10 cm; vertical scale, of prostaglandin E,and of prostaglandin Fr. 
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Fig. 4. Prostaglandin release from denervated spieen. Infusion of adrenaline (100 ng/ml. I.A. for 10 min) caused a contraction of the spleen 

and an output of prostaglandin indicated by contractions of a rat stomach strip (RSS) and a rat colon (RC) superfused by the effluent from 

the spleen. Stimulation of the degenerate splenic nerves (together with the splenic artery) at 50 shocks/s (0-5 ms duration and 40 V) for 3 min 

produced only a slight rise in arterial pressure during perfusion of the spleen at constant flow. Time scale, 10 min; vertical scales: 10 em; 
Spleen weight in grams and splenic artery pressure in mm Hg. 


nerves for 3 min at 50 shocks/s, 0-5 ms duration and 
40 V produced no response from the spleen except a 
slight rise in resistance to perfusion. There was no 
resultant output of prostaglandins. Histological exam- 
ination (performed by Dr M. S. Israel) of the tissues 
which were stimulated electrically showed that they con- 
tained substantial nerve trunks in various stages of 
degeneration. 

In this experiment the prostaglandins released from the 
spleen during adrenaline stimulation were submitted to 
thin-layer chromatography; prostaglandins E, and Fy, 
were both found (Table 1, experiment 7a, during adrenaline 
stimulation; experiment 7b, unstimulated). The ratio of 
the quantity of E, released/quantity of F,, released was 
1-6 for the denervated spleen during adrenaline stimula- 
tion, and 2:7, 2-4, 4-4, 0-6 and 0-7 for five innervated 
spleens. From these experiments, we conclude that the 
prostaglandins were not derived from nerve fibres. 

Blood or sinusoidal contents might have been a source 
of prostaglandin. Release of prostaglandin was clearly 
associated with splenic contraction. When the spleen 
contracts it expels blood, so the prostaglandins might be 
derived from decaying blood cells, or from the plasma 
trapped in the splenic sinusoids. In either case, it would 
not be possible to obtain an output of blood from the 
Krebs perfused spleen without also observing an efflux of 
prostaglandin. 

In the experiment illustrated on the left in Fig. 5 the 
splenic nerves were stimulated at 0:5 shock/s for 8 min, 
producing a contraction of the spleen to about half its 
initial weight. The Krebs solution which had previously 
been flowing out of the spleen as clear as it went in 
became heavily coloured with blood. This output of blood 
was measured by taking 0-5 ml. samples of effluent. 
diluting with 2:5 ml. of water to haemolyse the cells and 
measuring the optical density (after dilution, if necessary) 
at 540 mp. Although the output of blood was such that 
the haemoglobin content of the effluent was as much as 
25 per cent of that in the donor dog's arterial blood, there 
was no detectable output of prostaglandin. Two hours 
and several stimulations later (right hand panel, Fig. 5) the 
spleen released prostaglandin in response to a faster nerve 
stimulation (5/s), but at this stage there was no more 
blood to come out of it. Thus the prostaglandin could 
not be derived from blood cells. The output of haemo- 
globin in red cells correlated well in thirty-seven samples 
in one experiment with the output of protein in the super- 
natant Krebs solution?! (Spearman's rank correlation 
coefficient = 0-993; 10-001). Thus the prostaglandin 


could not have arisen either from decaying blood cella or 
from the fluid content of the sinusoids. 

The prostaglandin might have come from contracting 
muscle. If this were so, it was probably the trabecular 
(capsular) and not the vascular smooth muscle which 
released prostaglandin because (1) increasing the per- 
fusion pressure in the spleen by intra-arterial injections 
(100, 200 mv) or infusion (10-40 mu/ml.) of vasopressin 
produced rises in perfusion pressure of up to 40 mm Hg 
but no evidence of prostaglandin release (3 experiments); 
(2) inereasing the vascular tension by up to 65 mm Hg by 
increasing the flow to the spleen and/or clamping the out- 
flow did not cause prostaglandin release in three experi- 
ments. It is therefore likely that the prostaglandin 
originated in contracting capsular muscle. In agreement 
with this we found (Fig. 6) the following. (1) Increasing 
intensity of nerve stimulation from 0-5 shocks/s to 
50 shocks/s produced increasing concentrations of prosta- 
glandin in the effluent. (2) The effect was reproducible 
on repeating the stimulus at 50 shocks/s. (3) Passive 
emptying of the spleen by lowering venous pressure 


2 hour 


interval 
BLOCKED RSS 


Be een i 








PROSTAGLANDIN 7 100 Eo 
EXTRACTION METHOD 150 Toe, 
20 
A ná 
HAEMOGLOBIN a 1,38 1100 ml 


T EM l 07 ODO e Deea do 


SPLEEN ^ X 3 ^ Pd 
WEIGHT N 7 \ we 





STIM C-5/sec x 8min STIM 5/sec x 8min 


Fig. 5. Output of prostaglandin and of blood from a dog isolated 
spleen. When the splenic nerves were stimulated at 0-5 shocks/s (0-5 ms 
duration and 10 V) for 8 min the spleen contracted and the Krebs solution 
issuing from it became heavily contaminated with blood. There was no 
detectable output of prostaglandin. Two hours and several stimulations 
later a similar electrical stimulation at 5 shocks/s caused a contraction of 
the spleen and an output of prostaglandin, demonstrated by contraction 
of a rat stomach strip (RSS) treated with antagonists, and by the inter- 
mittent extraction method. Time scale, 10 min; vertical scales: 2 em; 
ng/ml. (estimated as prostaglandin E,); haemoglobin in g/100 ml. and 
spleen weight in grams. 
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produced no output of prostaglandin. (4) Adrenaline 
infusion (150 ng/ml. intra-arterially) produced an output 
of prostaglandin at least as large as did nerve stimulation. 

Thus our evidence suggests that the prostaglandins 
released from the spleen originate in the smooth muscle. 
It is, of course, possible that the prostaglandins were 
released, not from muscle, but from some other type of 
cell which is affected by catecholamines and their antag- 
onists. While this may be so, we have been unable to find 
conditions in which splenic muscle contraction and 
prostaglandin release were dissociated. 

Whatever the cellular source of the prostaglandins, the 
quantities released by the spleen are much greater than 
the total prostaglandin extractable from the spleen by 
chemical methods", We have confirmed this result in 
a single experiment in which an extract of acidic lipids 
was made from a freshly removed dog spleen. It con- 
tained activity equivalent to 7-4 ng of prostaglandin E,/g 
of spleen, that is, a total prostaglandin content of less 
than 0-5 ug in the whole spleen (weight, 65 g). Prosta- 
glandin therefore must be rapidly synthesized during the 
splenic contractions. To test whether the dog spleen was 
unique in releasing prostaglandin during contraction, we 
perfused a spleen removed under chloralose anaesthesia 
from a 4 kg cat. This spleen contracted on stimulation 
of its nerves (20-50 shocks/s, 15 V for 3 min), and on 
infusion of adrenaline (100 ng/ml. for 3 min). It also 
released prostaglandin as judged by the contractions of 
the assay tissues of channel 1. As in the experiments with 
dog spleen, the contractions of the assay organs to the 
prostaglandin detected in the venous effluent suggested 
that both prostaglandin E, and F,4 were released. 


Time Course of Release of Prostaglandin 


As shown in Figs. 1, 4, 5 and 6, prostaglandin output 
was not maintained after completion of contraction of the 
spleen, despite continued application of the stimulus. 
This might indicate that actual muscle shortening was 
the essential condition leading to prostaglandin release. 
On the other hand, prostaglandins might be released only 
when muscle fibres were actively generating tension. In 
an attempt to correlate the prostaglandin output more 
elosely with actual muscle tension changes, we tried to 
make thé muscle contract isometrically. This we did in 
fourteen trials in five experiments, by clamping the over- 
flow and adjusting the pumps until the inflow to the 
spleen exactly matched the outflow. Changes in venous 
pressure were measured as an indieation of the tension 
changes in the splenie muscle. In nine of these trials the 
change in splenie weight was less than 6 per cent of the 
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weight of the spleen (average 2-7 per cent). (The other 
trials were not suecessful because leaks in the spleen 
enabled it to contract.) An experiment is illustrated in 
Fig. 7. Stimulation of the splenic nerves (10/s for 8 min) 
induced release of prostaglandin. This release declined 
almost to basal levels, despite the maintained increase in 
tension of the capsular muscle, as shown by the increased 
venous pressure. When, however, the stimulation was 
stopped, a second release of prostaglandin occurred. This 
second release had a smaller effect than the first on the 
rat stomach strip, but a relatively larger effect on the rat 
colon, suggesting that a higher proportion of prostaglandin 
Fa was present. This is the only evidence we have found 
to indicate that the release of prostaglandins E, and Fy. 
may be dissociated. This increased output of prostaglandin 
when stimulation is stopped is not only seen after ‘‘iso- 
metrie" contractions (see, for example, Fig. 1). There 
are at least two possible explanations for this effect. It 
may be that prostaglandins are released during changes 
in musele membranes, whether these are associated with 
contraction or with relaxation. Another possibility is 
that the second output of prostaglandin arises from reper- 
fusion of areas of the spleen which were deprived of 
circulation during the contraction. 


Quantities Released 


These results refer to the concentration of prosta- 
glandins in the venous effluent from the spleen. The total 
quantities released have been calculated in twenty-five 
trials on four spleens. We assayed prostaglandin on the 
rat stomach strip as E, and so any prostaglandin F,4 
present would have been underestimated. 

There was a small but detectable output of prosta- 
glandin from the unstimulated spleens (Table 2, column 2). 
Chromatography (Table 1, experiment 7b) indicated that 
the material released in basal conditions was a mixture 
of prostaglandins E, and F,,. Stimulation of the spleen 
substantially increased the output of prostaglandin which 
in one case reached 9-5 pg/min. Table 2 shows the total 
output in excess of basal output in three different con- 
ditions. “Passive contraction” of the spleen, induced by 
reducing the venous pressure, had little or no effect; 
nerve stimulation at 0-5 shoeks/s produced a definite rise 
in prostaglandin output in one out of six experiments; ab 
faster rates, nerve stimulation increased the output by 
up to 22 ug. A second trial on the same spleen produced 
a similar output. 

Such quantities of highly active substances would exert 
pronounced general cardiovascular effects in the animal 
were it not for the fact that prostaglandins are avidly 
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Fig. 6. Contractions of dog isolated spleen to different stimuli, and the associated output of prostaglandin as measured by the intermittent 
extraction method. Increasing frequency of nerve stimulation (0-5, 5, 50 shocks/s of 0-5 ms duration and 10 V) produced increasing outputs 
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andin; but passive emptying of the spleen by lowering the venous pressure from +10 to —10 cm of 


ebs solution produced no 


put of prostaglandin. Finally, intra-arterial adrenaline infusion into the spleen (150 ng/ml.) produced a contraction and an output of prosta- 
glandin. Time scale, 10 min; vertical scales: ng/ml. (estimated as prostaglandin E,) and change in spleen weight in grams. 
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Fig. 7. 


Prostaglandin release on “isometric” contractions of the spleen. 
80 mm Hg, the overilow having been clamped and the input pump rate 


The spleen was perfused at a constant rate at a posu of about 
adjusted to match the output rate. When the splenic nerves were 


stimulated at 10/s for 8 min, both arterial and venous pressures rose, but there was scarcely any loss of spleen weight. The tissues, a rat stomach 


strip (RSS) and a rat colon (RC), showed transient contractions. 
prostaglandin E, their response on nerve 


; contrac Because they responded with maintained contractions to an 8 min infusion of 
stimulation indicated a transient output of prostaglandin from the spleen. On stopping the nerve 


stimulation a second output of prostaglandin occurred which appeared to contain relatively more prostaglandin F,a. Time scale in min; vertical 
scales: 10cm; splenic artery pressure in mm Hg; splenic venous pressure in em of water; spleen weight in grams. 


Table 2. 
Mean basal ary 


Initial spleen ugímin + S.E. o 


QUANTITY OF PROSTAGLANDIN (ASSAYED AS E,) RELEASED BY THE SPLEEN 
Output associated with splenic contraction (total output minus basal output calculated for period of collection 


(T, time of collection in min) 


weight (g) . 3 mean Passive Nerve stimulation Adrenaline 
(N, No. of obs.) contraction at 0-5/3 5/8 50/s intra-arterial 
200 0:097 + 0-012 0:1 (CT 8) 9-0 (T = 25) 3-7 (T = 13) 6:5 (T= 9) 13:2 (T = 12) 
N=7 — 1:2 (T=14) 3-5 (T =13-5) 81 (T=7) — 
190 0-162 + 0-029 0:3 (T =5) 03 (T«11) 4-6 (T= 10) 26-8 (T = 5) = 
Ż (N =8) 2-0 (T =5-5) — 22-1 (Ts 14:5) 19-7 (T =8) = 
195 0:231 + 0:042 3-0 (T —8) 0:0 (T = 13-5) TA (T =5-5) 11-1 (T =8) — 
(N «86) 8-0 (T =6) = — 11-6 (T« 6) zem 
165 0-032 + 0-0025 — 0-0 (T = 29) 83 (T=14) — 52(T=11) 
(N = 6) — 0:6 (T = 16) 43(T-15) — 
— — 1-4 (T-10) — 


removed from the blood by both liver and lungs; even 
the large quantities released from the spleen could be 
virtually completely removed in a single passage through 
these organs! It is possible that prostaglandins are 
humoral agents affecting the liver or the lungs, but we 
have no evidence to support this. The question also 
arises as to the possible function of prostaglandins in the 
spleen itself. There is a hypothesis’ that prostaglandins 
are a link in the chain of events by which a nerve trans- 
mitter such as acetyleholine or noradrenaline finally pro- 
duces an effect on muscle or gland cells. According to the 
hypothesis, injection of prostaglandin into the spleen 
should cause it to contract; but neither we nor Davies 
and Withrington?* observed such an effect. In our experi- 
ments, infusion into the spleen of prostaglandin E, in 
doses up to 375 ng/ml. did not produce a contraction of 
the spleen in any of seven trials although high concen- 
trations (usually about 1/3 of that infused) appeared in 
the splenic effluent. In case this result might be explained 
by prostaglandin failing to leave the vessels and reach 
the trabecular muscle we sprayed prostaglandin E, (1 ug) 
onto the surface of the spleen. The prostaglandin appeared 
in the venous effluent. but failed to eause a splenie con- 


traction. Adrenaline similarly applied contraeted the 
spleen and released prostaglandin. It follows that 


prostaglandin release from the spleen is not a cause of 
splenie contraetion. These experiments therefore do not 
support any general hypothesis? which makes prosta- 
glandins an essential common mediator of smooth muscle 
contraetion. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Spectra of Jovian Millisecond Pulses 


SrECTRAL observations of decametrie emission from 
Jupiter have been described recently'?. In this com- 
munication some spectral characteristics of millisecond 
pulses are given. j 

Two sweep-frequeney spectrographs were operated from 
December 6, 1967, to February 29, 1968, for 4 h each night 
for the purpose described in ref. 2. Both had a 3 dB 
bandwidth of 50 kHz and swept the range of approximately 
20-7 to 23-0 MHz normally at a rate of 10/s. For predicted 
millisecond events from source B on the nights of February 
14-15, 21-22 and 28-29 one of the spectrographs was set 
to sweep at a rate of 46/s. Antennae with power gain of 
approximately 10 dB over an isotropic radiator were used ; 
they were constructed to receive the right-cireular com- 
ponent of radiation. 

The millisecond pulses, recorded from the intensity 
modulated display, appear as lines of varying lengths. 
Sometimes such lines show two and, less frequently, three 
or more maxima. Enlargements of records are shown in 
Fig. 1, where pulses occur at the rate of the order of 1/s, 
and display 1, 2, 3 or 4 maxima during a single scan in 
frequency. These cyclical variations are amplitude effects, 
because only one magneto-ionie component is received. 
The Faraday rotation minima, described in ref. 1, appear 
at constant frequencies if a linearly polarized antenna is 
used, and are not present here except when Jupiter had 
an altitude low enough to destroy most of the circular 
properties of the antenna. 

To obtain multi-maxima records such as in Fig. 1 (as- 
suming that only one pulse is involved on each occasion), 
it is required that the pulse undergoes rapid scintillation 
of intensity when in contact with the receiving pass-band 
while both drift from high to low frequencies with increas 
of time. I have previously suggested! that a few cycles of 
rapid scintillation can be superimposed on millisecond 
bursts due to high transversal velocity components of 
radiating sources in Jupiter's vicinity. Rates 100 times 
faster than the ls component, produced by the solar 
wind, were predicted. Scintillation rates evident in Fig. | 
are between 120 and 150 Hz. In a brief statistical study 
during a period from December 6, 1967, to January 21, 
1968, the rates varied from 70 to 180 Hz. 

The spacing of the scintillation maxima of millisecond 
pulses in the frequency domain is approximately the same 
as that of the "diagonal patterns" of the decasecond 
bursts. This may be a significant link between the 
two different spectral types of Jupiter's decametric 
emission. 

The pulses often occur in denser groups than those 
shown in Fig. 1. A more typical case is reproduced in 
Fig. 2. The scanning rate is 10/s at the top. At the bottom 
a part of the same storm is shown, recorded with another 
spectrograph at a scanning rate of 46/s and approximately 
ten times higher film transport speed. 
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The drifting property of pulses can now be easily recog- 
nized. Several pulses appear to advance in position from 
scan to scan in a regular manner, implying drift rates from 
20 to 25 MHz/s in this particular record. This is in agree- 
ment with the observations of Gordon and Warwick?. 
Sometimes the pulse may vanish during one scan, but re- 
appear in the successive scans while maintaining the 
course of drift. This may be produced by the scintillation 
effect discussed in connexion with Fig. 1. 

The emissions seem to have a relatively narrow band- 
width, in agreement with a previous estimate based on 
multi-channel observations‘, in which a value of 50 kHz 
or less was given for some of the pulses. 

The millisecond pulses observed with fixed-frequeney 
receivers can be produced by these drifting emissions which 
rapidly intersect a stationary 
Pulse durations less than 5 ms derived by Brown et al.* 
are consistent with drift rates and pulse bandwidths of 
the order of 20 MHz/s and 50 kHz, respectively, and the 
receiver bandwidth used by Brown et al. The sub-milli- 
second durations reported by Slee and Gent* would require 
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Fig. 1. Sweep-frequency records of the right-cireular component of 
Jovian millisecond pulses. Events are shown in which à rapid scintilla- 
tion in amplitude is evident. 
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Measurements of the Pulsed Radio 
Source CP 1919 between 85 
and 2,700 MHz 


THE pulsed radio sources':? emit energy almost simultane- 
ously over a wide frequency band’. Pulses from the 
source at 19h 19m 37s, + 21°47'02” (epoch 1950) have been 
received with the Australian 210 ft telescope at frequencies 
of 85, 150, 630, 1,410 and 2,700 MHz. This report covers 
measurements of the spectrum of the pulses, the charac- 
teristics of the intensity variations at different frequencies, 
and observations of the structure and polarization of the 
pulses. A previous communication! discussed measure- 
ments of the period of the pulses and of the dispersion 
between 85 and 1,410 MHz. 


Table 1. CHARACTERISTICS OF RECEIVING SYSTEMS 
Receiver 
Frequency Feed Receiver type bandwidth 
(MHz) (MHz) 
85 Dipole Transistor 0-4 
150 Double dipole Transistor 15 
150 Double dipole Transistor 0-5 
150 Double dipole Transistor 0-15 
630 Double dipole Parametric 10 
1,410 Double dipole Degenerate parametric 10 
2,700 Circular horn Synchronously pumped 150 


degenerate parametric 


The pulsed source was first observed at Parkes on 
March 8, and extensive measurements were carried out 
between March 13 and 28. Up to four frequencies were 
received simultaneously; details of the feeds and receivers 
are given in Table 1. The receivers were used in the total- 
power mode except for the polarization measurements. 
The pulses were recorded using pen recorders with a rise 
time less than 0-1 s, a fast ultraviolet recorder and a 
R.I.D.L. 400 channel sequential integrating unit driven 
by a time base derived from a frequency synthesizer. 
The time base was accurately set to the expected pulse 
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period*. Because of the delay in the arrival times of the 
pulses at the lower frequencies the outputs of three 
reeeivers could be multiplexed and integrated in different 
sections of the 400 word memory. Flux calibrations 
were made by observing 3C 353 at the start of an observing 
period and 3C 444 at the conclusion of the observations. 

The most surprising characteristic of the pulsed sources 
is the high degree of constancy of their period! (for both 
short and long intervals) combined with large, irregular 
variations of intensity. The time scale of the intensity 
variations ranges from seconds to months. We find no 
correlation in the intensity variations at frequencies 
between 85 and 1,410 MHz for individual pulses, nor for 
the average pulse height over intervals of minutes to 
days. 

At 85 and 150 MHz we observe characteristic pulse 
trains lasting about 1 min, as shown by the chart record- 
ings in Figs. 1 and 2. The pulse amplitude rises progres- 
sively for about 30 pulses and then fades back to a low 
level. There are large pulse-to-pulse variations, particu- 
larly at 85 MHz, but the envelope of the pulse train is 
roughly Gaussian in shape. These trains are seen fre- 
quently at 150 MHz and recur quasi-periodically at 
intervals of 1-5 to 3-5 min, We find no correlation in the 
arrival time of pulse trains at 85 and 150 MHz, however. 
Nor is this phenomenon seen at high frequencies; on 
occasions when the pulses are strong at 630 MHz the 
intensity remains high for at least 500 pulses. These 
observations suggest that the rise and fall of the pulse 
amplitude at the lower frequencies are not generated in the 
source itself but are impressed by the interstellar medium 
or a corona around the source. Measurements discussed 
later show that the pulse trains are not produced by a 
slow rotation of the plane of polarization. 

For widely spaced frequencies we have found no correla- 
tion between the variations on time scales between seconds 
and days. For the pulse-to-pulse variations a partial loss 
of correlation occurs even for a small frequency displace- 
ment. Fig. 3 shows the decorrelation between receiver 
channels centred on 150-0 MHz and 150-9 MHz, If the 
intensity variations result from interstellar scintillations, 
the partial correlation between 150-0 and 150-0 MHz 
gives an estimate of the size of the irregularities?. At a 
distance of, say, 30 pe the irregularity size would be of 
the order of 10* km. If these irregularities were moving 
with velocities of tens of km s-! the intensity would 
fluctuate with a time scale of minutes. 

Saslaw et al.5 suggest that the pulses come from a binary 
neutron star system and that excess activity on one star 
would produce a correlation between the strengths of 
alternate pulses. No such effect has been found on the 
150 and 630 MHz records. Scott and Collins* report no 
systematic difference between successive pulses at 85 
MHz for CP 0950. 

On oceasions when pulses could be seen on the chart 
records taken simultaneously at 85, 150, 630 and 1,410 
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A train of 150 MHz pulses received at 20^ 51™ sidereal time on March 8, 1968. The receiver bandwidth was 1-5 MHz. The recorder 


waa slightly underdamped. 
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Fig. 2. A train of pulses received at 85 MHz on March 22, 1968, The receiver bandwidth was 0-4 MHz. 
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Fig. 3. Scatter diagram showing loss of correlation between pulse 

amplitudes at frequencies of 150-0 MHz (bandwidth 0:5 MHz) and 


150-0 MHz (bandwidth 0-15 MHz). The peak noise levels are indicated 
by arrows on each axis. 


MHz, spectra were determined for individual pulses. 
When the pulses were weaker at any frequency, average 

tra were constructed from 5 min integrations with 
the 400 word memory. 

The range of spectra for individual pulses is shown in 
Fig. 4. The peak flux varied by a factor of at least 10 at 
85 and 150 MHz, and at least 5 at 630 and 1,410 MHz. 
Peak fluxes of 100 x 10-** W m-* Hz-' have been observed 
at the two lower frequencies. For most pulses the peak 
flux is greatest at 150 MHz, but there is a significant 
fraction for which the flux is higher at 85 MHz (during 
85 MHz pulse trains), and a smaller number for which 
the 630 MHz flux approaches or exceeds that at 150 
MHz. Davies et al.* have measured peak fluxes at 408 
MHz comparable with the strong pulses we observe at 
150 MHz. In general, the spectrum falls rapidly between 
630 and 1,410 MHz. 

Fig. 4 represents the upper bound to the pulse spectra. 
At any of the four frequencies the pulses frequently fell 
below the limit of deteetion, and the segments of the 
spectrum became steeper than any shown in the figure. 
Pulse heights integrated over periods of 5 min gave 
fluxes an order of magnitude lower. Average spectra 
obtained from these measurements are shown by the 
dashed line in Fig. 4. On some days the pulses at 1,410 
and 2,700 MHz were below noise even after long integra- 
tions. The high-frequency cut-off of the average spectrum 
can thus be much steeper than in the case shown. Moffet 
and Ekers? also report an extremely low average ampli- 


tude at 2,295 MHz. The spectral index between 630 and 
2,700 MHz is typically. —3-0 to —3-5. 

At 630, 1,410 and 2,700 MHz the pulses were always 
observed to be double, and possibly triple at times. Clear 
double pulses observed at 630 and 2,700 MHz are shown 
in Fig. 5. This pulse structure is in essential agreement 
with that found at 2,295 MHz by Moffet and Ekers’ and 
at 408 MHz by Davies et al.?. At 2,700 MHz the leading 
pulse has a rise time of less than 7 ms and a width of 11 ms; 
the trailing pulse has a similar width and a decay time of 
about 5 ms. The total pulse duration is about 38 ms. 

At 85 and 150 MHz the dispersion across the receiver 
pass-band results in a blending of the component pulses. 
The intensities of the components apparently varied 
independently as the shape of the blended pulse changed 
considerably. 

Linear polarization. measurements were made at 150 
and 2,700 MHz. At 150 MHz the receiver was switched 
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Fig. 4. Spectra of individual pulses between 85 and 1,410 MHz (peak 

flux scale refers to the continwous lines), The dashed line shows the 

average pulse height on March 25 integrated over 20 min near 20% 

sidereal in (average flux scale). The 2,700 MHz measurement was 
made on March 28. 
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Fig. 5. Double-pulse structure recorded at 630 and 2,700 MHz. 
Integration times were 8 min at 630, 20 min at 2,700 MHz. 


at 400 Hz between orthogonal dipole feeds; at 2,700 
MHz the outputs from orthogonal polarizations in the 
horn feed were continuously correlated. In both cases the 
sum (total power) of the two polarizations was recorded 
as well as the difference. The average linear polarization 
at both frequencies (integrated for 5 to 20 min) was 
found to be less than 10 per cent. A similar null result 
at 408 MHz has been reported by Lyne and Smith® for 
averages over 1 min. 

The polarization of individual pulses at 150 MHz was 
examined on the chart records. A few per cent of the 
pulses showed significant linear polarization. Occasional 
pulses had more than 50 per cent polarization, the degree 
and orientation being very variable in a time scale of 
seconds. ‘These rapid variations are probably associated 
with the multiple-pulse structure of the emission. The 
relative intensities of the components varied, so one or 
other could at times dominate the 150 MHz output. The 
rapid variations of 150 MHz polarization suggest that the 
individual component pulses are at times highly polarized 
in different planes. The source CP 1133 shows similar 
behaviour in the polarization of its discrete components’. 
The 2,700 MHz measurements, in which the pulses from 
CP 1919 are well resolved, show, however, that any 
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polarization of the components averages out to near zero 
in a 20 min integration. 

We thank D. J. Cooke and D. J. Cole for assistance with 
the instrumentation. We have benefited from extensive 
discussion with V. Radhakrishnan and M. M. Komesaroff. 
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Satellite Observations of Radio Noise 
in the Magnetosphere 


OBSERVATIONS on sounding rockets’? and satellites*'* 
have revealed evidence for enhanced noise bands in the 
ionosphere and magnetosphere, especially between the 
plasma frequency fy and the upper hybrid frequeney 
fr — (fs? fu?)i, where fg is the electron gyrofrequeney. 
Our recent observations on the ATS II satellite have 
provided new information on these noise bands to altitudes 
of about 8,000 km. The radio astronomy experiment on 
ATS II consisted of a Ryle-Vonberg radiometer operating 
at seven discrete frequencies between 450 kHz and 3 MHz. 
The antenna system was composed of a dipole antenna 
76 m from tip to tip. The orbit of the ATS II satellite, 
launched in April 1967, ranged from an initial perigee of 
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Fig.1. Trajectories in the X—Y* plane (CMA diagram) of three observing frequencies, indicating magneto-ionic conditions expected along the 
satellite orbit, for an assumed model distribution of plasma and gyrofrequency. 
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Fig. 2. Typical noise enhancements observed at (a) 700 kHz and (b) 

2.2 MHz. Phe relative amplitude of noise enhancements is shown as a 

function of altitude. Also indicated are approximate magneto-ionic 
conditions delineating various noise bands. 


~180 km to an apogee of ~ 10,000 km, with an orbital 
inclination of ~ 30°, 

In this altitude range various magneto-ionie conditions 
are encountered for the seven fixed observing frequencies, 
four of which (450 and 700 KHz; 1:6 and 2:2 
MHz) were used for the noise observations. 
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tion, for the observed increased resistive component of 
the driving point impedance could be a consequence of 
losses resulting from plasma wave generation. 

A possible source for the magnetospheric radio noise is 
the generation of plasma waves by energetic particles, 
for example, by the Cerenkov process*.’, Necessary con- 
ditions for plasma wave generation are that the velocity 
of the exciting particles is greater than tho thermal 
velocity of the plasma and greater than the phase velocity 
of the waves in the plasma. Because the particle velocity 
must be less than the velocity of light, this condition also 
corresponds to a large refractive index, that is, nz. 
Because of the electrostatie nature of plasma waves, they 
are not usually detected with an electromagnetie antenna, 
located at a distance from the source. Direct coupling of 
plasma waves to e.m. waves, however, is possible for those 
modes the phase velocities of which are nearly equal’. In 
addition, plasma waves ean be converted into e.m. waves 
through density gradients or inhomogeneities?:19, Fig. 3 
shows in a schematie manner on the CMA diagram the 
regimes where plasma wave generation ean occur and 
where coupling of these waves to the slow e.m. mode is 
possible. It can be seen that this is the case in regions I 
and III, that is, corresponding to the principal noise band 
between plasma and upper hybrid frequency and to the 
noise band at low frequencies (f«fw, fu), which also 
includes the well known VLF noise emissions. In region 
II, plasma wave generation is not possible; however, 
e.m. waves arising from plasma waves generated in region 
I (usually at higher altitudes) can propagate in one mode 
(across the magnetic field) into the region of higher 
density where the noise is observed, 

We observe quite regularly noise bands in regions I 
and III and on a somewhat intermittent basis in region II. 
Corresponding to the latter, wo have also observed noise 
at 700 kHz at altitudes as low as 300 km in the vicinity 
of the South Atlantic anomaly (L- 1:35), the L shell 
where intense noise bands have also been observed on 
the ARIEL II satellite! 

Although the details of the noise enhancements are not 
fully understood, it is likely that their origin is a result 
of the interaction of energetic particles with the ambient 
plasma. In any case, the conditions for generation of 
plasma waves and coupling into e.m. waves are met in 
the regions where the principal magnetospheric noise 
enhancements are observed. Further investigations are 
in progress to study the details of the observed noise 





Fig. 1 shows the trajectories in the X—Y* 
plane (or CMA diagram) for the frequencies 
450 kHz, 700 kHz and 2:2 MHz using a 
model distribution of electron density and 
geomagnetic field. i 
Typical examples of observed noise en- 
hancements are shown in Fig. 2. A com- 
posite picture of noise bands at 700 kHz 
appears in Fig. 2a and typical noise bands at 
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2-2 MHz in Fig. 26, where relative intensity Q1 
is given as a function of altitude. In addi. — ^ 
tion to the pronounced noise band between 
plasma frequency fy(X=1) and upper 
hybrid frequency f(rX = 1 — Y?), other noise 
enhancements corresponding to various 
magneto-ionie regimes can be recognized 
in the data. The noise enhancements are 
usually about 10-20 dB above the back. 
ground; their absolute intensity is estimated 
to be ~ 10-7? to 10-1* W/m?/Hz/sterad. 

The nature and origin of these noise bands 
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are not yet understood. Generation by 
energetic particles, as well as antenna 
impedance effects, have been suggested as 
possible explanations. The latter, however, 
is not inconsistent with the former explana- 





Fig. 3, Schematic CMA diagram showing regions where plasma wave 
generation and coupling to (or Propacation of) em. waves is possible. 
Regions I, II and UI correspon 


to domains where noise enhancements 
are observed on the ATS IH satellite. 
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Fig. 4, Electron density distribution as a function t altitude derived from cutoffs of magnetospheric noise enhancements. 


A representative 


ouette II profile is also indicated, 


bands and their relation to other magnetospherie phen- 
omena. 

The principal noise band between fy and fr which 
shows relatively sharp cutoffs can also be used to determine 
local plasma density; other magneto-ionic cutoffs can 
sometimes also be uniquely identified. From these cut- 
offs we have determined local plasma density by utilizing 
gyrofrequencies, fj, from a geomagnetic field model based 
on a 64 coefficient spherical harmonie expansion. Fig. 4 
shows the electron density distribution as a function of 
altitude derived from the noise measurements at four 
frequencies. The plasma density values corresponding to 
data for April/May 1967 for a latitude range +30° agree 
well, at lower altitudes, with representative data from the 
Alouette II satellite; in the altitude range from 1-4 to 
2R, the densities we derived agree well with other satellite 
observations", 

It seems therefore that observations of radio noise in 
the magnetosphere may be an important method not 
only for the study of wave-particle interaction phenomena 
but also for the determination of local plasma density. 
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Surface Density of Large Lunar Craters 


So that variations in cratering parameters on the lunar 
surface can be determined, the front face of the Moon 
has been divided into a grid of equiareal blocks. Various 
erater parameters can be measured for each block, and 
variations of the parameter can be shown diagram- 
matically by assigning the values of the parameter to the 
co-ordinates of the centre of the blocks and then construct- 
ing contours over the lunar disk. 





of the number per block o craters larger than 
e contour values indicate the ratio of the density 


Fig. 1. Contour ma 
10 km in diameter. 

of craters to the total number of craters times 10‘. The terra-mare 
dichotomy and the "nesting" m, the terrae are clearly visible. Total 
number of craters equals 6,242. N,, Small blocks, D > 10 km, all classes. 
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Fig. 2. Contour map of the number per block of craters larger than 10 km 
in diameter in the southern terrae, artificially distributed at random. 
N Small blocks, D> 10 km, all classes, random. 


The initial results of this method have been published 
before’. Only the craters larger than 25 km in diameter 
with little or no erosion were used. The contour map of 
several crater parameters not only showed the dichotomy 
between mare and terra but also a surprising lack of 
randomness in the southern terrae. 
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We have developed a computer program to assign 
lunar craters to individual blocks and to calculate the 
desired parameter for each block. All eraters larger than 
10 km in diameter were studied. This was done to reduce 
possible errors in the Lunar and Planetary Laboratory 
eatalogue?-* and to avoid the problem of secondary craters, 
which have been shown not to exceed 5 km in diameter*. 
The area of each equiareal block is approximately 58 x 108 
km?, 

Fig. 1 shows the contour map of the number of craters 
per block for craters larger than 10 km in diameter. The 
contour values represent fractions of the total number of 
craters times 104. The total number of craters is 6,242. 
The terra-mare dichotomy is clearly indicated, but also 
the contours in the southern terrae are quite regular, as 
they clearly "nest" and give the appearance of a distorted 
bull’s-eye. 

To obtain a representation of the contours of a randomly 
distributed parameter, the craters of all classes of the 
southern terrae were artificially redistributed at random. 
Fig. 2 shows the contours of this hypothetical distribution. 
It is apparent that nesting is absent. 

The contour maps are a convenient way to represent 
the surface distribution of a crater parameter. For 
meaningful comparisons, however, a more quantitative 
method is necessary. For this purpose a "nesting index” 
is defined as follows. The parametric value of each block 
is compared with the average value of the surrounding 
blocks. In a random distribution blocks with a high value 
would appear near high-value blocks just &s commonly as 
near low-value blocks and vice versa. In a highly “nested” 
distribution, however, blocks with a high value would 
tend to be surrounded with high-value blocks, and blocks 
with low values would be surrounded by low-value blocks, 
A funetion ean be defined in which the average value of 
the surrounding blocks is related to the actual value of 
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Fig. 3. The nesting coefficients for the southern terrae of different categories of craters. The abscissa is the number of craters in a block, 


and the ordinate is the average number of craters in the surrounding blocks. The nesting coefficients are indicated. 
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Fig. 4. Contour map of the average diameter of the craters larger than 
10 km. Where the blocks have less than twenty craters each, the 
average was measured for the craters occurring in the areas outlined. 
The value for each area is indicated by the number in the centre 
of the area. The dashed contours are included purely to connect 


contours and have little significance, D, All classes, D > 10 km. 


each block. The correlation coefficient of the function 
with its independent variable is defined as the "nesting 
index" of the contour map. 

The University of Arizona catalogue classifies the craters 
on a seale of 1 to 5. Very sharp and fresh-looking craters 
are classified as 1, craters with blurred rims as 2, craters 
with more extensively broken rims as 3. Craters usually 
described as ruins are classified as 4, and class 5 covers 
ghost and fragmentary craters. 

The mare-terra dichotomy is well known while the 
nesting in the southern terrae is not. For this reason the 
nesting coefficient was measured for the southern terrae 
only, as outlined in Fig. 2. In Fig. 3, the abscissa repre- 
sents the parameter values of each block in the southern 
terrae (as a percentage of the total number of craters), 
and the ordinate is the average parameter value for the 
surrounding blocks. The nesting index is 0-83 for craters 
of all classes; 0-71 for craters of classes 1, 2 and 3; and 
0-26 for craters of class 1. The nesting index of the arti- 
ficially random distribution is zero, as is to be expected. 
Contour maps were also produced from grids with larger 
blocks. For reasonable increases in block size the nesting 
index becomes larger and the relationship among the 
three categories remains the same. The best "nesting" is 
achieved using craters of all classes and the worst for 
craters limited to class 1. This, however, may not be an 
intrinsic property of the lunar craters but may be a 
statistical artefact of the decrease in the total number of 
craters. 

If very large craters considerably deplete the number of 
craters by destruction and burial, areas with a high density 
of craters larger than 50 km should show a low density of 
craters larger than 10 km. A plot of these densities showed 
no correlation. 

The number of craters per block cannot adequately 
describe the diameter distribution of the craters in that 
block. Work is in progress to obtain a parameter that 
can offer this description. In first approximation, the 
average diameter can give a general idea. Fig. 4 shows the 
contour map of the average diameter of craters of all 
classes with a diameter larger than 10 km. In the terrae, 
where there are usually more than twenty craters per block, 
the average diameter of the craters in each block was 
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calculated. In the maria, where the crater density is 
much lower, the average diameter was calculated for the 
craters occurring in the areas outlined. In the southern 
terrae the contours show very little nesting, the nesting 
coefficient being 0-30. Also the range is quite limited, most 
of the values being between 20 and 30 km. 

No unifying theory is yet available to explain these 
properties. There seem to be three possible alternatives. 
(1) Gravity focusing. If meteoritic impact is the mechan- 
ism of origin, a focusing mechanism has intensified the 
bombardment in certain places. If, however, this is the 
case, it is likely that D would also be nested, (2) Rejuvena- 
tion. The southern terrae are not the same age everywhere. 
The centre of the bull’s-eye is older, and the terrain 
becomes progressively younger going towards the maria. 
Rejuvenation by ejecta blanketing does not appear pos- 
sible. (3) Endogenous origin. The craters are pre- 
dominantly endogenous, and the areas of maximum 
concentration are areas of maximum activity. 

We thank J. C. Noyes, J. M. Saari and R. ShorthiH 
for helpful comments and critical suggestions. 


L. B. Ronca 
R. R. GREEN 
Boeing Scientifie Research Laboratories, 
Seattle, Washington. 
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Study of Scintillation Fading Effects 


on Satellite Communications 
in the UHF Band 


SATELLITE communications systems using the UHF range 
are subject to fading along the transionospherie path. 
These fadings are of the same nature as the amplitude 
seintillations which were first known from radio star 
observations. They are caused by irregularities of the 
electron distribution which varies in space and time. 
Recent measurements of variations in the fine structure 
of the ionospheric columnar electron content and of 
simultaneous recordings of signal amplitude indicate that 
amplitude scintillation fadings are observed only if the 
variation in the total electron content exceeds a certain 
minimum. This experimental statement is based on 
many observations of the S-66 beacon satellites (Ex- 
plorers 22 and 27), and precise polarization measurements 
taken within short sampling times (80 us). The ambiguity 
of the polarization data was solved by simultaneous 
measurements of Doppler frequencies. The momentary 
electron content and its momentary fluctuation have been 
determined from the polarization data. Figs. 1 and 2 
show two sets of data: one taken during amplitude 
scintillations and the other during quiet conditions. 
The relative content fluctuation, which was observed 
on 40 MHz during the absence of amplitude scintillations, 


was 
FG 





< 5x 10-7 


(1) 


Here N—fN,dh is the total columnar electron content 
between the altitude of the satellite and the ground, and 
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Fig, 1, Observation during and after amplitude scintillations, From top 

to bottom: polarization angle at 40 z; amplitude recording at 40 

MHz; electron content; content fluctuation (AN/N)*. The solid line 
is a least square quadratic fit. 


AN is measured over intervals of 1 s. These intervals 
correspond to about 3 to 4 km distance swept at iono- 
spheric heights by the satellite's radio beam. Large and 
frequent amplitude scintillation fadings occur at 40 MHz 
when fluctuations of the effective electron content are 
observed in the order of 5x10- to 5x10-*%. This 
experience was gained during the past summer, a period 
relatively close to the fortheoming sunspot cycle 
maximum. 

The observed fluctuation value related to the disappear- 
ance of amplitude scintillations differs from a theoretical 
value deduced by Orhaug!, who calculated, for a uniform 
slab of 20 km thickness, a critical limit in the order of 
F«10- for a frequency of 33 MHz. The difference 
between the two numerical values is obviously a result of 
the different conditions (small uniform slab or total 
content). The reported experimental value of the content 
fluctuation can be accepted even though it is close to the 
precision limit of the applied measuring system, for 
all values of P slightly smaller than 5 x 10- are near the 
precision limit of the measurements. Because fluctuations 
larger than 5x 10-? are related to scintillations, and be- 
cause these scintillations increase in frequency and magni- 
tude with increasing values for the fluctuation, the low 
limit of fluctuations (before occurrence of amplitude 
scintillations) is indirectly confirmed. 

The spatial variation in the effective refractive index 
determines the character of amplitude  scintillation 
fadings. Differences of the refractive index in first order 
are proportional to AN/f' where f is the operational 
frequency. Thus a spatial distribution of refractive index 
variations found typical for the disappearance of scintilla. 
tions at a certain frequency can be scaled to another 
frequency, f», by the following relation 


F, 2 (By 


pF, ^ \B/ (2) 
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where F, and F, are typical fluctuations for the disappear- 
ance of scintillations at the pertinent frequencies f, and 
fı Thus one can determine corresponding minimum 
fluctuation values at other frequencies from the observed 
minimum value of F at 40 MHz. 

The statement in equation (2) seems to be correct in 
as far as weak scattering can be assumed?, which is obvi- 
ously the case for the limit of disappearance of the scintilla- 
tions. The literature, however, confirms equation (2) 
only for frequencies above 100 MHz. Thus a generaliz- 
ing reference to the experimental value obtained at 40 
MHz rests only on theoretical considerations (see Briggs 
and Parkin?). It is therefore planned to obtain similar 
experimental evidence for the numerical value of F in a 
range close to 137 MHz. Such experiments can be per- 
formed with ATS satellites in synchronized orbits or 
with the forthcoming ISIS satellites. 

The theoretical expansion by equation (2) is of value 
for the future planning of best usable satellite frequencies 
in the UHF range. Fig. 3 shows the expanded minimum 
fluctuation values for this range. Observed effective 
content fluctuations are also indicated. With increasing 
frequency, higher electron content fluctuations are neces- 
sary to producescintillation fading. Fig. 3 indicates that fre- 
quencies up to 400 MHz will encounter scintillations rather 
frequently. The observed upper limit of ionospheric fluctua- 
tions is in the order of 5x 10-?, Thus frequencies near 
700 MHz will be disturbed only when strong fluctuations 
occur, The range of 800 MHz and beyond seems to be 
entirely free from scintillation fadings. The prediction 
conveyed by Fig. 3 is in agreement with other experiments. 
Communication experiments performed in the 220 to 
230 MHz range with the LES-5 satellite have reportedly* 
suffered from fading and multipath. Satellite telemetry 
readout at 136 MHz also suffers when scintillations occur. 
It must be taken into account, however, that specifications 
regarding an acceptable percentage of fading interrup- 
tions are stricter for high quality communication purposes 
than for the readout of experimental telemetry. 

A frequency range between 600 and 800 MHz or more 
is the most advantageous range for UHF transionospheric 
propagation. Frequencies below 300 MHz will experience 
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. 2. Observation during quiet ionospheric conditions; explanation 
M MT ae venei vere te the error range of the 
different methods used to obtain the columnar electron content. 
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above 400 MHz will suffer less. The safest frequency 
selection seems to be the 800 MHz range’. 
P. R. ARENDT 
Institute for Exploratory Research, 
US Army Electronics Command, 
Fert Monmouth, 
New Jersey. 
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Mid-Caenozoic Calcareous Nanno- 
plankton from Western North America 


CALCAREOUS nannoplankton provide sound bases for 
interregional correlation of Caenozoie marine strata, and 
are potentially equally useful for inferring oceanographic 
conditions at various times in the past. Recent debate!-5 
concerning correlation of the mid-Caenozoie benthonic 
mierofaunal stages of western North America with plank- 
tonie foraminiferal biostratigraphie zones of low latitudes, 
and with the European stages has prompted this study of 
the ealeareous nannoplankton. The fossils were studied 
by optical and electron microscopie techniques. This 
communication records the stratigraphic distribution 
(Table 1) of the principal species and discusses their 


significance for interregional correlation. A complete 
report will be presented elsewhere. Localities mentioned 
were described by Kleinpell’ unless otherwise noted. 

Caleareous nannoplankton floras of the mid-Caenozoic 
rocks of western North America differ from those in low 
latitude regions in having fewer species and in the relative 
abundance of individual species. These differences, like 
those of the corresponding planktonic foraminiferal 
faunas’, resulted from oceanographic conditions which 
included a southward-flowing ancestral California Current 
that brought cool water south to off Baja California. A 
biogeographic province was thus maintained off Cali- 
fornia, and this was different from that in low latitudes. 
As a result, not all nannoplankton species found in low 
latitude regions occur in western North America, but of 
those that do, several provide bases for interregional 
correlation. 

Rocks at the type locality of the upper zone of the 
Zemorrian Stage in Los Sauces Creek, Ventura County, 
California, contain species which range throughout most 
of the Oligocene and lower Miocene. Some species, 
however, are known only from Oligocene rocks elsewhere: 
These species, including Cyclococcolithus | margaritae, 
Discoaster saundersi and D. adamanteus support correla- 
tion of the upper Zemorrian with the Globorotalia opima, 
opima and Globigerina ciperoensis ciperoensis Zones of 
Trinidad*. These zones are considered to be equivalent 
to the Chattian and lower Aquitanian Stages in Europe!*. 

Saucesian strata at the type locality (Los Sauces Creek) 
contain few nannoplankton. This stage, however, lies 
between rocks containing plankton that indicate firm 
correlations with tropical zones. The Saucesian is there- 
fore equivalent with the Globigerina ciperoensis ciperoensis, 
Turborotalia kugleri and lower Catapsydrax dissimilis 
planktonic foraminiferal zones and the equivalent Spheno- 
lithus ciperoensis and the lower T'riquetrorhabdulus 
carinatus nannofossil zones®. The foraminiferal zones 
correlate with the Aquitanian and Burdigalian Stages of 
Europe”. 

Rocks of the lower Relizian Stage at Los Sauces Creek, 
and at Graves Creek, San Luis Obispo County, and Reliz 
Canyon, Monterey County, California, yielded a character- 
istic nannoplankton flora. The presence of T'riquetrorhab- 
dulus carinatus, together with Helicosphaera ampliaperta, 
oceurs only within the Catapsydrax dissimilis foramini- 
feral zone in Trinidad*. Upper Relizian nannoplankton 
occur in the Catapsydrax stainforthi and Globigerinatella 
insueta Zones. These three planktonie foraminiferal 
zones have been correlated with the Burdigalian and part 
of the Helvetian Stages*?°. 

Luisian and Mohnian nannoplankton were studied in 
rocks from Newport Bay! and by others from the Experi- 


Table 1. STRATIGRAPHIC DISTRIBUTION OF CALCAREOUS NANNOPLANKTON IN ROCKS OF THE MID-CAENOZOIC MICROFAUNAL STAGES OF WESTERN NORTH AMERICA 


Zemorrian 


Apertaperta n. sp. 

Pontosphaera sp. 

Cyelococcolithus margaritae Roth and Hay 

Coccolithus floridanus Roth and Hay 

Discolithina cf. D. anisotrema (Kamptner) Bramlette and Wilcoxon 
Cyclococcolithus neogammation Bramlette and Wilcoxon 
Discolithina vigintiforata (Kamptner ex Deflandre) Loeblich and Tappan 
Discoaster adamanteus Bramlette and Wilcoxon 

Coccolithus eopelagicus Bramlette and Riedel 

Discoaster deflandrei Bramiette and Riedel 

TTriquetrorhabdulus carinatus Martini 

Sphenolithus belemnos Bramlette and Wilcoxon 

S. moriformis (Bronniman and Stradner) Bramlette and Wileoxon 
S. heteromorphus Deflandre 

Discoaster druggi Bramlette and Wilcoxon 

D. divaricatus Hay 

Helicosphaera ampliaperta Bramlette and Wileoxon 

Discoaster vari bilis Martini and Bramlette 

Helicosphaera carteri (Wallich) Kamptner 

Calcidiscus medusoides Kamptner 

Cyelocoecolithus leptaporus (Murray and Blackman) Kamptner 
Lithostromation perdurum Deflandre 

Discoaster exilis Martini and Bramlette 

D. challengeri Bramlette and Riedel 

D. kugleri Martini and Bramlette 

Catinaster calyculus Martini and Bramlette 

C. coalitus Martini and Bramlette 

Discoaster brouweri Tan Sin Hok 

D. hamatus Martini and Bramlette 

D. bollii Martini and Bramlette 


Saucesian Relizian Luisian Mohnian 
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mental Mohole off central Baja California. The floras 
in these rocks are more difficult to correlate than those of 
older stages apparently because of more pronounced 
temperature differences between North America and the 
lower latitudes. Several species (Discoaster kugleri, D. 
variabilis, D. hamatus and Catinaster coalitus) indicate 
correlation with the “Globorotalia fohsi sequence of 
zones, and the Globorotalia mayert and “Globorotalia 
culirata" zones. The “G. fohsi" sequence of zones is 
absent from the type sections of the European stages, 
and thus was arbitrarily assigned to the Helvetian* because 
this term was recommended for use! The other two 
zones are equivalent to the ''ortonian!*. 

The stratigraphic occurrence of calcareous nannoplank- 
ton in rocks of western North America permits correlation 
with tropical area plankton zones and the type sections 
of the European stages in spite of differing oceanographic 
conditions between the two regions during the mid- 
Caenozoic. These correlations indicate that the Cali- 
fornia Zemorrian Stage is equivalent to the European 
Chattian, the Saucesian to the Aquitanian, the Relizian 
to the Burdigalian and lower Helvetian, the Luisian to 
the Helvetian and the Mohnian to the upper Helvetian 
and lower Tortonian. 
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Lake Lappajarvi, Central Finland: a 
Possible Meteorite Impact Structure 


Svensson! has drawn attention to a most interesting 
cryptic strueture—one more in the growing list of such 
eryptoexplosion structures. I would, however, question 
how much weight should be attached to the recognition 
of shock lamellae in quartz grains as a criterion of meteor- 
ite impact involvement. I have previously endorsed 
Bucher’s scepticism regarding numerous so-called astro- 
blemes?*, and since that publication Snyder and Gerde- 
mann? have put forward what seems to me to be an over- 
whelming case for the endogenous origin of the numerous 
eryptoexplosion structures east of the Appalachians. 
Currie and Shafiqullah* have recovered potassic trachyte 
and alnéite from the Brent Crater, Ontario. Both these 
aecounts confirm my conclusions, and the Brent discovery 
supports the idea that some sort of highly explosive alkalic 
vuleanism produced these structures. It is apparent that 
shatter cones and coesite, both found in association with 
eryptic structures of this group, are not restricted to 
meteoritic cryptoexplosion structures. One may well 
question. whether shock lamellation in quartz has any 
more validity: surely it has been reported from the Brent 
and Holleford craters, which are clearly of endogenous 
origin? (A fortuitous association of alnóite with an astro- 
bleme is extremely unlikely, for alnóites are very rare 
igneous rocks associated, in most cases, with localized, 
highly explosive diatreme activity, involving carbonatites, 
and such endogenous eruptivity produced the Pretoria 
Salt Pan whieh appears just like many of the eryptoexplo- 
sion craters attributed to meteorite impact explosion.) 
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Geologists who, like myself, have worked extensively on 
carbonatites* must realize that the supposed restriction 
on the energy involvement involved in voleanic explosions 
(aecepted without question by many authorities because 
it is repeated so often in the literature) is without founda- 
tion. The sort of phase change reaction that must be 
involved in the production of the immense carbonatite 
explosion breccia fillings of some carbonatite vents, and 
of the associated cone sheets—a reaction producing a 
colossal explosion at a point focus at depth—does not 
seem to be limited in any way by the strength of the over- 
lying thickness of crustal rocks. Such an explosion, 
involving adiabatic expansion, could, physicists assure 
me, involve a virtually unlimited amount of energy, and 
so we are left with the possibility of two mechanisms, 
one internal and one of extraterrestrial origin, capable 
of producing these eryptoexplosion structures. No one 
would argue that there 1s much conflicting evidence: and 
this conflict applies to the Rieskessel, New Quebec Crater, 
Manacouagan Lake, Clearwater Lakes, Bosumtwi Crater, 
and even to Wolf Creek Crater. One thing, however, is 
clear from the literature: there are at present no valid 
criteria that afford strong support for either theory, 
except the actual association of meteoritie material; 
and even where that is present, as at Wolf Creek*^, one 
can reasonably harbour just an iota of doubt’. 

J. MoeCarr 
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Contrasting Origins of the Eastern and 
Western Islands of the Canarian 
Archipelago 


Mosr geologists working on the Canary Islands (Figs. 1 
and 2) believed that the individual islands were connected 
to one another and to the African continent during the 
Tertiary periodi". Biologists seem to have agreed unani- 
mously with this view/-?. Recent evidence, however, 
shows that the hypothesis of a continuous Canarian 
landmass during the Tertiary should be abandoned. 
Geological evidence from the eastern island of Fuerte- 
ventura indicates that this and the island of Lanzarote 
are underlain by continental crust. Gran Canaria, on 
the other hand, and possibly the.other western islands as 
well, seem to be oceanic in origin. 

Most of the island of Fuerteventura is made up of 
voleanie rocks, chiefly alkali basalts and related tuffs. 
These are deeply dissected late Tertiary shield volcanoes 
and Quaternary preserved cinder cones and lava flows. 
In the western part of the island, this basaltic sequence 
overlies a basement with erosional unconformity. This 
complex basement is made up of plutonic rocks (strati- 
form ultramafic rocks and a younger circular syenite 
complex™). It is cut by abundant, N.N.E. trending, 
steeply dipping dykes usually consisting of meta- 
morphosed basalts. These dykes, interpreted earlier as 
"spilitic" lava flows?, also cut a complex of sedimentary 
rocks which are contact-metamorphosed but are not offset 
along the dykes. The sequence of sedimentary rocks 
forms part of the basement to the west of the plutonic 
rocks, but the contact between the plutonic and the 
sedimentary complex is not exposed; several lines of 
evidence indicate the plutonic rocks to be younger than 
the sediments". 
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These sedimentary rocks, formerly con- 
sidered to be of possible Palaeozoic age’, 
have been known on Fuerteventura for a 
hundred years. Although subsequent 
workers have denied their existence®1, they — Fr 
were only recently rediseovered!??! and 
shown to be not only older than the vol- 
canic rocks of the island but also to be the 


oldest rocks so far known from the entire L no 


Canarian archipelago™ !*/!5, c2 
The section of pre-volcanie sedimentary Hierro 

rocks which extends for about 3 km along 

the west coast of Fuerteventura contains 
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about 1,000 m of sandstone, siltstone, shale, 
chert and limestone. The steeply dipping, 
largely overturned rocks are folded with 
W.N.W.-E.S.E. axial trends. Foraminifera in the 
limestones are of late Cretaceous age, but the section 
as a whole may contain unconformities and so comprise 
rocks of different ages". 

We conclude that, at least during late Cretaceous time, 
marine sediments were deposited at the site of the present 
island of Fuerteventura. Subsequent folding and uplift 
were apparently not linked to the emplacement of the 
presently exposed plutonic and voleanic rocks, because the 
tectonic trend of the sedimentary rocks is very different 
from that of the dykes. 

The pre-voleanie sandstones provide a ready source for 
the quartz sandstone xenoliths found in younger basaltic 
rocks in the northern part of Fuerteventura (unpublished 
work of H.-U. Schmincke) and the southern part of Lan- 
zarote". These sandstones could not have been derived 
from recently exposed rocks on any of the Canary Islands, 
because even the most siliceous Canarian rocks (on Gran 
Janaria, see later) carry little sand-sized modal quartz. 
The quartzitic sedimentary rocks were therefore most 
likely derived from continental sources. 

Land bridges between Lanzarote and the African 
continent were postulated on the basis of the occurrence 
of Mio-Pliocene ostrich eggs on Lanzarote’, Perhaps 
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Fig.1.  South-eastern part of Northern Atlantic. 


Fig. 2. The Canary Islands. 

the eastern islands were connected by land bridges or 
shallow straits with Africa, continuously or periodieally 
between the late Cretaceous (the time of the continentally 
derived sediments) and the Mio-Pliocene. 

Several lines of evidence suggest that volcanie eruptions 
occurred throughout the geological history of Lanzarote 
and Fuerteventura along tectonie lineaments, whieh may 
have been responsible for the separation of the eastern 
islands from the continent. There is a striking parallelism, 
long recognized?5:3, between (a) the coast of Africa, 
(b) the N.N.E.-S.S.W. elongated shapes of the eastern 
islands, (e) the N.N.E.-strike of basaltic and trachytic 
dykes of several volcanic ages ranging from Mid-Miocene 
to Recent on both Lanzarote and Fuerteventura, and 
(d) an almost perfect N.N.E.-S.8.W. alignment of late 
Tertiary, Pleistocene and Recent volcanoes. Perhaps 
tensional stresses that caused fractures parallel to the 
present African coast to open during episodes of dyking 
were active in the separation of the eastern islands from 
the African continent. 

Geological evidence?! and palacomagnetic data?' sug- 
gest a westward decrease in age of the islands, apparently 
supporting the ocean-floor-spreading hypothesis. Ero- 
sional submarine platforms around the islands of Fuerte- 
ventura, Lanzarote, Gran Canaria and Gomera** coupled 
with geological evidence and the few absolute ages (the 
oldest absolute ages on plutonic or voleanic rocks known 
so far are Miocene*?) suggest that the cores of these islands 
as a group are older than the western islands Tenerife, 
Hierro and La Palma. But the ages of neither the old 
basalts on Tenerife not those of the plutonie roeks and 
tilled submarine lava flows of La Palma are known, 


systematie variations in age within the whole archipelago. 
Previous ideas were that Gran Canaria is (4) part of a 
basaltie plateau that originally conneeted most of the 
Canary Islands, but subsequently foundered?*, (b) part 
of an uplifted block of continental crust made of granite*, 
and (c) a block of uplifted oceanic erust?*-?s, Recent work 
shows that these hypotheses are untenable for several 
reasons. The assumption that the thick sequence of 
Mid-Miocene basalts (the oldest rocks on Gran Canaria?^*-?7) 
erupted from centres west of the present island which 
have sunk *?* is unfounded?. Usually outward dips of 
the basalt flow from the interior of the island, and the 
radial arrangement of their feeder dykes strongly suggest 
that Gran Canaria was a separate individual voleanie 
centre at least after Mid-Miocene time?*. The submarine 
part of this volcano is conical and continues to a depth of 
about 2,500 m where it has a diameter of about 90 km 
(ref. 22). There is no evidence for faults thought to have 
separated the island from a large Canarian landmass’. 
Other faults, such as the N.W .-S.E.-trending Gran Canaria. 
master fault with a displacement of 700-800 m (refs. 4, 
6, 26-28) and faults thought to have been responsible for 
the formation of deep barranceos?*/?*, are non-existent**. 
The syenite-trachyte complex in the western interior 
of Gran Canaria, which was formerly thought to be an 
old basal complex of unknown age and a possible remnant 
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of continental crust, is actually a cone sheet swarm and 
syenite stock that invades peralkaline rhyolitic ignim- 
brites which are younger than the Mid-Miocene basalts?°. 
Plutonic rocks and similar oversaturated ignimbrites and 
lava flows occur as differentiates on other oceanic 
islands, and do not require the presence of continental 
erust. Furthermore, they are chemically of the Atlantic 
alkaline type and differ greatly from common calcal- 
kaline continental rocks. The "peralkaline potential" 
of a magma is particularly "vulnerable" to sialie con- 
tamination, so that in general peralkaline tendencies are 
more pronounced in oceanic lavas than in continental 
rocks??. 

The exposed part (up to 1,000 m high) of the island's 

basaltic basement is made up of basalt flows that were 
erupted sub-aerially?*, There is no evidence for large 
scale uplifting of submarine rocks”. Furthermore, the 
presence of ignimbrites!:29-5°.31 is no evidence of continental 
crust, because ignimbrites occur on other more outlying 
Atlantic islands as well (Tenerife*?51, Azores (unpublished 
work of H.-U. Schmincke) and Ascension?*). It is interest- 
ing that as far as the Canary Islands are concerned the 
abundance of oversaturated rocks on Gran Canaria does 
not support the recent suggestion that the Niggli quartz 
number (QZ) is greatest on the islands lying on or near the 
Mid-Atlantie ridge?*. 
. In summary, all geological evidence suggests that Gran 
Canaria had an independent volcanic origin involving 
neither continental crust nor connexion to the other 
Canarian islands. "There is not yet any geological evidence 
that any of the other western islands (Tenerife, Gomera, 
Hierro and La Palma) are either underlain by continental 
erust or were ever connected with each other by con- 
tinental or volcanic land bridges. 

The biologists’ claim that, because of the abundance of 
endemic species*9, there must, in the past, have been 
land bridges between the western islands can neither be 
supported nor denied by present geological data. Endemic 
forms do not require land bridges, however. To name 
one alternative possibility, a rich Mid-Pliocene ( ?) flora, 
including palm and laurel-type trees, recently found on 
Gran Canaria? could have. provided tree rafts for intra- 
insular transportation; distances between the islands are 
usually less than 100 km. 

Detailed geophysieal investigations are necessary for 
a decision as to whether continental crust and subsided 
land bridges exist beneath and between the western 
islands. A start in this direction has been made by the 
oceanographic vessel Meteor, and the preliminary results 
(as yet unpublished) indicate that the theories we have 
developed here are supported by the geophysical evidence. 

We thank Drs Tom Frisch and D. A. Swanson for their 
critical comments of the manuscript. This work was 
supported by the Deutsche Forschungsgemeinschaft. 


PETER ROTHE 
HANS-ULRICH SCHMINCKE 


Laboratorium für Sedimentforschung, 
Mineralogisches Institut, 
Heidelberg, Germany. 


Received March 5; revised May 9, 1968. 


1 Hausen, H., Soc. Sei. Fenn. Comm. Phys. Math., 18. 1 (1956). 

* Hausen, H., Soc. Sei. Fenn. Comm. Phys. Math., 22, 1 (1958). 

? Hausen, H., Soe. Sci. Fenn. Comm. Phys. Math., 93, 4 (1959). 

* Hausen, H., Soc. Sei. Fenn. Comm. Phys. Math., 27, 1 (1962). 

* Bravo, T., Geografia General de las Islas Canarias, 1 (Goya Ediciones, Santa 
Cruz de Tenerife, 1954). 

* Bravo, T., Geografia General de las Islas Canarias, (Goya Ediciones, Santa 
Cruz de Tenerife, 1964). 

? Lundblad, O., Zool. Bidr., 25, 201 (1947). 

* Jeannel, R. G., La génése de Faunes Terrestres (Bibliothèque de l'Institut 
Maritime et Colonial, 1942). 

* Evers, A. M. J., Entomol. BL, 60, 181 (1964). 

9? Y'üster Casas, J. M., and Aguilar Tomás, M. J., Estud. Geeleg..21, 181(1965). 

5 Rothe, P., Geol, Rdsch., 58 (1968). 


NATURE. VOL. 218. JUNE 22. 1968 


** Gagel, C., Handb. Heg. Geol., 7, 10 (1910). 

?5 Fritsch, K. V.. Petermanns Mitt. Erg. Bd., 5, 221 (1867). 

it Bourcart, J., and Jérémine, E., Bull. Volcanol., Sér. II, 4 (1938). 

i$ Rothe, P., Die Naturwiss., 54, 366 (1967). 

** Rothe, P., Umschau, 4, 116 (1968). 

Rothe, P., N. Jb. Mineral. Mh., 1967, 71 (1967). 

18 Rothe, P., Natur u. Museum, 94, 175 (1964). 

'* Hernandez-Pacheco, E., Mem. Real. Sec. Esp. Hist. Nat., 6, 107 (1900). 

?* Schmincke, H.-U., Bull. Voleanol., 81, 153 (1967). 

?! Watkins, N, D., Richardson, à., and Mason, R. G., Earth and Planet. Sei. 
Lett., 1, 471 (1968). 

=? Sehmincke, H.-U., Geol, Mitt, (1968). 

?* Abdel-Monem, A., Watkins, N. D., and Gast, P. W., Amer. Geophys. Trans., 
48, 226 (1967). 

** Krejei-Graf, K., Geol. Rdsch., 81. 73 (1961). 

?: Rothe, P., Natur u. Museum, 94, 1 (1964). 

?* Rothe, P., Soc. Set. Fenn. Comin, Phys.-Math., 81, 13 (1966). 

* Boureart, J., and Jérémine, E, Bull. Voleanol., Sér. 11, 2 (1937). 

3 Klug, H., Jb. Ver. Freund. Univ. Mainz, 1963, 39 (1963). 

= Bailey, D. K., and Schairer, J. F., J. Petrol., 7, 114 (1966). 

m es re H.-U., and Swanson, D. A., N. Jb. Geol. Palaont. Mh., 1966, 260 
(1966). 

* Fritsch, K. V., and Reiss, W., Geologisehe Beschreibung der Insel Tenerife 
(Wurster, 1868). 

3? Schmincke, H.-U., and Swanson, D. A., J. Geol., 75, 641 (1967). 

2 sata H.-U., and Swanson, D. A., N. Jb. Geol. Paläont. Mh., 1967, 700 
(1967). 

5: Ridley, W. I., Nature, 218, 5 (1967). 

55 Atkins, F. B., Baker, P. E., Bell, J. D., and Smith, D. G. W., Nature, 204, 
722 (1964). 

88 MeBirney, R., and Gass, I. G., Earth and Planet. Sci. Lett., 8, 265 (1907) 

2 Sehmincke, H.-U., Cuadernos de Botanica, 2,19 (1967); Die Naturwiss., 55, 
185 (1968). 


Diffracted SH and SV 


CLEARY et al. have reported a number of diffracted S 
waves observed at distances from 99° to 128°. The most 
striking feature of their observations, as shown in their 
Fig. 1, is the great amplitude contrast of the diffracted 
SV and SH waves. While Cleary et al. have explained 
their observations in terms of the faulting orientation, 
there is a possible alternative explanation based on the 
results of several recent investigations. 

In an ultrasonie model experiment? intended to study 
the diffraction patterns of P and SV waves produced by 
a cylindrical cavity, it was found that at a finite frequency 
the shadow boundary (defined to be the point at which 
diffracted amplitudes drop to half their original value) 
shifts away from the geometrical shadow boundary into 
the illuminated region. The amount of shift was found 
to be appreciably larger for SV waves than for P waves. 
In terms of observational seismology, this would suggest 
a possible early disappearance of SV waves in contrast 
to P waves at teleseismie distances. Parallel theoretical 
analyses** have substantiated these findings, and have 
further shown that in contrast, at a finite frequency, the 
shadow boundary for SH waves shifts instead into the 
shadow zone. Some of the theoretical results relevant to 
our discussion are shown in Fig. 1, in which theoretical 
amplitudes of SV and SH waves near the geometrical 
shadow boundary are presented. For the entire distance 
in Fig. 1, SH amplitudes are considerably larger than SV 
amplitudes at any given frequency. At a distance of 
about 100 km beyond the geometrical shadow boundary, 
SV waves almost vanish while SH-wave amplitudes 
remain quite large. We suggest that this is a possible 
theoretieal basis for the striking observations made by 
Cleary et al. 

We realize that there are differences between our 
theoretical model and that of a realistic Earth, particu- 
larly regarding the sphericity and fluidity of the Earth's 
core. But the differences in solutions to diffraction 
problems of spherical and cylindrical symmetries are 
probably small as is clearly demonstrated in cases of 
electromagnetics and acoustics®:* and indirectly in the 
case of elastic waves'. The presence of a fluid core instead 
of a cavity only tends to accentuate the theoretical 
results in Fig. 1 by further depressing the family of 
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SV-wave curves to lower values. This is so because 
a large portion of SV energy would then go into the 
core phases such as SKS and SKKS, whereas no SH 
energy can leak into the core. The disappearance of 
diffracted SV and the associated large SKS and SKKS 
are well demonstrated in Fig. 1 of Cleary et al., par- 
ticularly by records of the Mexican and South Panama 
earthquakes. For the Peru-Brazil earthquake, the wave 
arrived in Canberra at an azimuthed angle of S. 49° E., 

the two horizonal records they presented are not purely 
polarized, and so the phenomena we have discussed 
become less obvious. 

To document more firmly the type of observations made 
by Cleary et al., so as to confirm our theoretical conjecture, 
we are making extensive investigations on purely polarized 
SV and SH waves at teleseismie distances. We are also 
taking into aecount: (1) the source mechanism, particu- 
larly the relative excitations of SV and SH waves; (2) the 
precise angles (angle of emergence and azimuthal angle) 
at which a ray approaches a recording station, and (3) 
the relative effects of crustal layering on SV and SH. 

We thank the donors of the Petroleum Research Fund, 
administered by the American Chemical Society, for 
partial support of this research. The preparation of the 
manuscript was supported by a Research and Publication 
Fund from the University of Southern California. One of 
us (P. G. R.) is supported by a research assistantship. 
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Misi amplitudes of SV and SH for a plane wave incident on a cylindrical cavity of radius a — 3,473 km. 
has a P-wave velocity of 13-6 km/s and an S-wave velocity of 7-5 km/s. S 8 
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Lattice Parameters of Graphite in 
relation to Friction and Wear 


IT is well known that under vaeua of less than 1 torr the 
coefficient of friction of graphite on itself and other 
materials increases from its usual value of about 0-15 to 
a value of 0-5, or even higher, and that the wear rate of 
the graphite becomes very high. Furthermore, it has 
been shown! that small partial pressures of condensable 
vapours (for example, 3 torr of water vapour or x 

10 torr of 1-Br-pentane) can restore the coefficient of 
friction and the wear rate to their low values, and it. is 
therefore clear that the normal low friction behaviour of 
graphite is a result of the presence of condensable vapours, 

Two mechanisms by which vapours can act to lower the 
coefficient of friction have been suggested. The first 
mechanism, suggested by Savage’, is that the surfaces of 
graphite crystals are covered by monolayers of condens- 
able vapours which saturate the surface forces and present 
a surface which is analogous to a boundary lubricating 
oil film. The second mechanism, proposed by Rowe’, is 
that the vapours penetrate the crystal lattice, reduce the 
interlayer binding energy and allow easy shear of the 
lattice parallel to the basal plane. Evidence against 
this mechanism has been obtained by Rollins’, who 
showed by experiments on graphite whiskers that surface 
properties are much more affected by the ambient atmo- 
sphere than bulk properties, and by Arnell, Midgley and 
Teer**, who showed by experiments on highly oriented 
pyrolytie carbon that the low friction coefficient is inde- 
pendent of the orientation of the basal planes with respect 
to the rubbing direction. To obtain further evidence the 
lattice parameters of natural graphite have been measured 
both in ambient atmosphere and in an outgassed condition, 
in an attempt to detect any change in interlayer spacing, 
resulting from the removal of lubricating vapours, which 
would be expected if the adsorbed gas does reduce the 
interlayer binding energy. 

The lattice parameters of 3 natural 
graphite were measured in the followi ing conditions. 
(a) Outgassed in quartz capillaries at 1,000 4 10° C and 
5 x 10-* torr for periods of one week, and sealed off under 
vacuum and at temperature. (b) Outgassed as in (a), then 
re-opened to ambient atmosphere. 

In each case the graphite was mounted inside thin walled 
quartz capillaries of 0-3 mm bore and photographed in a 
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Table 1 
Specimen type ao co 
(a) (Mean from four specimens) 2-4621 + 0-0001 6:7128 + 0-0004 
(4) (Mean from five specimens) 2-4620 + 0-0002 6:7126 + 00004 


Philips 11-46 em diameter Debye-Scherrer camera, using 
filtered copper Ka radiation at 40 kV and 20 mA. The 
films were measured with a Wooster microdensitometer 
and parameters were obtained from measurements of the 
a, and a, peaks of the (116), (008), (210) and (211) diffrac- 
tion lines. Only lines which had sharp peaks were used 
in the calculations and films giving less than five sharp 
peaks from the possible eight were rejected. The para- 
meters were calculated on a ADF9 computer using a 
Whetstone Algol programme based on the Hess? modifica- 
tion of the Cohen* least squares method. The results of 
the measurements are shown in Table 1 

It ean be seen that, within the limits of experimental 
errors, there are no significant differences between the 
two sets of measurements. A simple statistical test, based 
on the admittedly small number of measurements taken, 
indicates that we can have 90 per cent confidence that c, 
(ambient atmosphere) does not exceed c, (outgassed) by 
| part in 20,000 and 95 per cent confidence that c, (am- 
bient atmosphere) does not exceed c, (outgassed) by 1 part 
in 10,000, 

These results suggest that there is no significant 
expansion of the crystal lattice as a whole resulting from 
intercalation of condensable vapours. The results do 
not preclude the possibility, suggested by Bryant, Gutshall 
and Taylor’, that the vapours on the surface would weaken 
the interlayer bonding of the first few atomic layers, but 
they do indicate that the changes of bulk mechanical 
properties with outgassing, as found by Rowe, cannot be 
a result of the removal * ap ae vapours. 

We thank Mr J. T. Smith and Miss E. Law for 
carrying out much ^ p experimental work. The 
investigation formed part of the English Eleetrie Com- 
pany programme of research. 
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Rate-controlling Step in Stress 
Corrosion Cracking 


Ir is usually accepted that crack initiation determines the 
time necessary for most stress corrosion failures. For 
example, Haynie and Boyd? have said that in aluminium 
alloys “The initiation stage may take months or years, 
while the propagation stage occurs in a matter of minutes 
or hours". Furthermore, Brown? has stated that in some 
cases "most of the time required for a stress corrosion test 
is wasted on an irrelevant process" [crack initiation] 
and that "any attempt to measure kineties of the stress 
corrosion eracking process by measuring the total time- 
to-rupture is thwarted by the overwhelming bias in terms 
of pit growth". We would like to report conclusive 
experimental evidence that this is not the case for inter- 
granular stress corrosion failure of the high strength 
aluminium alloy 7075- T651. So far as we know, this is 
the first experimental observation that crack propaga- 
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tion, rather than crack initiation, may be the rate limiting 
step in stress corrosion failure. Hunter? at about the 
same time as this work and Eckel* earlier were able to 
show by optical microscopy that crack initiation occurs at 
least as early as 8 to 10 min. Using scanning electron 
microscopy. however, we were able to show that this 
initiation occurs even earlier, virtually instantaneously. 

To investigate crack initiation with the scanning elec- 
tron microscope, à miniature tuning fork specimen, 
calibrated using a strain gauge on the surface, was designed 
to fit into the microscope stage. The specimen was 
loaded to 75 per cent of the 0-2 per cent offset yield stress, 
and a 2 mm square area was exposed to the corrodent 
(a solution consisting of 0-3 per cent NaCl, 3-0 per cent 
K,Cr,O,, and 3-0 per cent CrO, in distilled water, pH = 
0:9). It was then rinsed, dried and observed while stressed. 
For this orientation and stress level, the time for stress 
corrosion failure had previously been established at about 
24 h. Nevertheless, eracking was observed after only 
30 s, the shortest convenient immersion time. These 
cracks were stress corrosion cracks, for the same specimen 
stressed to the same level, but not exposed to the corrosive 
environment, showed no cracking when observed in the 
scanning electron microscope. The initial eracking was 
predominantly along boundaries normal to the applied 
stress. By releasing the stress and observing crack closure, 
it was confirmed that these were cracks (Fig. 1) rather 
than grain boundary etching. Another loaded specimen 
was then immersed in the corrodent, removed after 2 min, 
rinsed, dried and observed again. This procedure was 
followed for successively longer periods up to a time of 
16h. With increasing stress corrosion time some boundar- 
ies parallel to the applied stress were also cracked. 

In view of the fact that cracks were observed within a 
small fraction of the expected 24 h failure time, it is con- 
cluded that crack propagation is the rate controlling step in 


<— Stress > 
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Fig. 1. Scanning electron micrographs of a longitudinally stressed 

specimen after 7 min exposure to the chromate solution. The specimen 

is shown in both the stressed ʻa) and unstressed (b) states, Note closure 
of the erack in b. (* 2,340.) 
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the ultamate stress corrosion failure. Boundaries normal 
to the applied stress and in contact with the corrosive 
medium crack almost immediately; these cracks then 
spread slowly along boundaries oriented less favourably 
for cracking. With penetration of the corrosive environ- 
ment, subsequent rapid cracking of additional boundaries 
aligned normal to the stress axis continues until failure. 
This mechanism of arrested cracking along grain bound- 
aries parallel to the applied stress would explain the 
observed dependence of stress corrosion resistance on 
grain orientation. This particular high strength alumin- 
ium alloy (as well as several other aluminium alloys) is 
very sensitive to stress corrosion failure when subjected 
to a tensile stress transverse to the rolling direction. In 
this ease erack propagation may proceed along boundaries 
oriented almost exclusively normal to the tensile stress 
with little need for eracking along less favourably oriented 
grain boundaries as, indeed, was observed. On the other 
hand, if the alloy is stressed along the rolling direction, 
time to failure is markedly inereased because it is neces- 
sary to erack grain boundaries which are less favourably 
oriented for stress corrosion failure. The increased resist- 
ance in these conditions is related to the greater time 
necessary for failure at boundaries oriented other than 
normal to the applied stress. Further work along these 
lines is continuing. At this time we wish only to report 
the experimental observation and the power of scanning 
electron microscopy in finding this early failure. 

This communication is based on the MS thesis of 
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Chemical Mechanisms for Injection of 
Positive Carriers into Single Crystals 


NUMEROUS oxidants, the standard potentials of which 
are high enough to oxidize anthracene, form hole injecting 
contacts with it^?. Carrier injection occurs by a wholly 
electrochemical process, the transfer of an electron 
from solid to dissolved oxidant. Anthracene oxidizes in 
homogeneous solution at 1-09 V with respect to a saturated 
calomel electrode (SCE)*. 

I report here two further means for hole injection from 
solution into solid anthracene, the first by charge transfer 
complexes and the second by potential independent 
chemical reactions proceeding by hydrogen transfer from 
protonated anthracene to a hydrogen atom acceptor. 

Although the detailed mechanism of hole injection in the 
formation of a charge transfer complex between anthra- 
cene and a relatively weak electron acceptor is still obscure, 
Pope* and Mehl! have noted hole injeetion from aqueous 
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solutions of I, (E*(SCE) « 0-289 V) and commented! on 
the electrochemical anomaly of such behaviour. p-Chlor. 
anil (E^(SCE) — 0-45 V) (ref. 5) has also been found to 
form an ohmie contact to the valence band of anthracene 
in the solid state*. "These observations, considered with 
the numerous charge transfer complexes formed between 
iodine or p-chloranil and aromatic hydrocarbons’, 
suggest that solutions of other charge transfer acceptors 
such as ferric chloride’, titanium tetrachloride’, antimony 
triehloride!^ and o-chloranil might also provide hole 
injeeting contaets. In fact, solutions of these compounds 
all form hole injecting contacts with anthracene as shown 
in Table 1. The currents given are the limiting currents 
which are a measure of the rate of hole injection. For 
reasons that are not yet fully understood. not all charge 
transfer acceptors are capable of hole injection; for 
example, solutions of trinitrobenzene or p-chloranil in 
methylene chloride are inactive. 





Table 1. LIMITING CURRENTS FOR HOLE INJECTION INTO ANTHRACENE 
Ey:, oxidant Injection Applied itim. 
Oxidant (V, SCE) solvent voltage t fAjcem*) 
FeCl,-6H.O 0-025* CH;NO, 400 2x10 
SbCl, —0-05* CHCl; 800 7x10* 
TiCl, —0:33* CH 600 Pex 1G 
O,C* — 0-086 CH,Cl, 600 2x107 
(Ag/AgC) (ref. 17) 
9-Chloranil 0.621 CH,C, 500 1x1iG* 
(ref. 13) 


* Ey; values for these oxidants were obtained at a rotating platinum 
electrode or by stirred solution voltammetry at a platinum electrode in the 
Injection solvent using tetra-n-propylammonium perchlorate as background 
electrolyte. 

+ All anthracene crystals were approximately 70, thick. 
i Value given is for E*. 


As for the second mechanism of injecting holes into 
anthracene by means of chemical reactions (as opposed to 
a thermodynamieally feasible redox process), it is impor- 
tant to consider the behaviour of anthracene in the 
presence of strong acids. Hole injection into anthracene in 
the presence of strong proton donors, has been noted? and, 
Gerischer suggests", may result directly from the protona- 
tion. Gerischer later proposed two mechanisms for hole in- 
jection in strong acids!*: (1) direct injection by protons; 
and (2) injection resulting from a chemical reaction be- 
tween protonated anthracene and an oxidant in solution (1). 


AH-* + R — A* + RH 1) 


The large hole current (10-* A/em?) observed when 
anthracene is immersed in anhydrous hydrogen fluoride 
is cited as evidence for hole injection by protons. I 
have verified this observation, but have also observed 
that the hole current is greatly increased when the solu- 
tion is stirred, an effect which excludes protons themselves 
from acting as hole injectors, Other species, present m 
considerably lower concentration than protons, must be 
responsible. Oxygen is clearly implicated because its 
addition to the cell resulted in an approximately hundred- 
fold increase in the hole current. Indeed, the diffusion 
limited current due to a four electron reduction of oxygen 
at a concentration of 10-5 M could account for the 
current observed prior to oxygen addition. Protonated 
anthracene, for example, is converted to anthracene 
cation radicals by oxygen in liquid hydrogen fluoride. 
This reaction undoubtedly proceeds by the abstraction of 
a hydrogen atom from protonated anthracene by oxygen 
to form a hydroperoxy radical and a hole, leading ultim- 
ately to two holes and hydrogen peroxide (2). 

AH* 
AH* + O,-+ At + HOO: ~~ H,O, + 2À*— (2) 

Further evidence for such a chemical hole injection 
mechanism is derived from the fact that anthraquinone 
in 95 per cent sulphuric acid solution injects holes into 
anthracene at a diffusion controlled rate. In a redox 
sense, this is inconsistent. with the observation that eyelic 
voltammetry of anthraquinone solutions in 95 per cent 


1158 


sulphuric acid at platinum electrodes exhibits only a single 
small reduction peak at 0-58 V(SCE), far too small to be 
attributed to the amount of anthraquinone or protonated 
anthraquinone present. In these conditions anthraquinone 
is not, therefore, a strongly oxidizing species capable 
of aecepting electrons from anthracene in a direct electron 
transfer reaction at a high rate. 

Hole injection by anthraquinone in strongly protonic 
media is most likely to occur by a potential independent 
transfer of a hydrogen atom from protonated anthracene 
with a simultaneous formation of anthracene cation 
radicals on the crystal surface and hydroquinone (3). 
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The ability of quinones to accept hydrogen atoms from a 
variety of donor molecules is well recognized; proton- 
ated aromatic hydrocarbons are efficient hydrogen atom 
donors to quinones, protonated anthracene giving anthra- 
cene cation radical in the transfer, 

The function of protons in promoting hole injection 
into anthracene is to provide a protonated molecular 
surface capable of donating hydrogen atoms to suitable 
acceptors. In this mechanism the rate of hole injection 
varies as the rate of hydrogen atom transfer, which in 
turn is proportional to the acidity function of the solvent 
medium!?, 

I thank Mr H. Aulieh for help with the experimental 
work and Dr W. Mehl of the Cyanamid European Research 
Institute for suggesting this problem. 
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Chemical Effects of lon Implantation 
in Molecular Solids 


IMPLANTATION of energetic ions in ionic crystals'~* has 
been shown to simulate the chemical effects of nuclear 
recoil processes and to shed new light on the mechanism 
of thermal annealing of radioactive atoms generated in 
ionic erystals by nuclear transformations. It has been 
shown*-" that thermal annealing of recoil atoms reflects 
trapping of charge carriers (holes or electrons) at the 
recoil atoms or a liberation of charge carriers from the 
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recoil atoms, but not necessarily a reformation of the 
original molecules. 

Implantation of energetic ?'Cr* ions in potassium 
chromate*? or ?*P* in sodium chloride? has shown that 
the chemical valence distribution of the implanted ions 
depends on the energy of the energetic ions. An increase 
of the energy of the implanted ions leads to an oxidation 
of the radioactive atoms!-* because of an increase in the 
number of charge carriers able to initiate the oxidative 
thermal annealing reactions in ionie solids. 

The formation of labelled molecular inorganie solids has 
been investigated by implantation of ®7Co* ions in trans- 
and cis-cobalt [Coen,Cl,|NO,. and of 9*Cu* ions in æ and 
8-copper phthalocyanine. using the Aarhus isotope separa- 
tor (unpublished work of K. O. Nielsen and V. Toft). 
Energetic beams ranging from 20 to 60 keV have been 
used. Irradiations were carried out at room temperature. 
The total number of implanted ions varied from 10! to 
104 em. The analytical technique involved dissolution 
of the targets and separation of the radioactive products 
by previously described methods?^?, 

The results in Table 1 show that implanted energetie 
ions ean also simulate the chemical effects of nuclear trans- 
formations in molecular inorganie solid compounds”. 
'The marked influence on the stereochemical configuration 
for the radiation-stable trans-[Coen,Cl,]NO, and on the 
erystal structure for the Cu.phthalocyanines shows that 
the labelling of molecules by ion implantation takes place 
by a mechanism equivalent to the mechanism for thermal 
annealing of recoil products generated by nuclear trans- 
formation in these solids. 








Table 1. RESULTS OF IMPLANTING ENERGETIC IONS IN MOLECULAR INORGANIC 
SOLIDS 
Labelled Labelled 
Ion Energy Target trans — cis 
(percent) — (per cent! 
Cot 20 keV trans-[Coen Ch JNO, PStib5 
97Co* 60 keV trans-[Coen.Cl, JNO, £0415 
Cos 20 keV cis-[Coen;Cl;] NO, 1b7rr0 
vot 60 keV cis-{Coen.CL JNO, 12-141-0 
Labelled 
Cu-phthalo- 
lon Energy ‘Target cyanine 
(per cent) 
“Cut 30 keV a-Cu-phthalocyanine 1805 
“pur 80 keV a-Cu-phthalocyanine LO+05 
BOYS 30 keV 8-Cu-phthalocyanine 85ER 
"Cu* 60 keV B-Cu-phthalocyanine 46405 


Whereas the labelling of the target molecule is markedly 
dependent on the energy of the implanted ions, the forma- 
tion and labelling of the other isomer—-in the case of the 
[Coen;Cl;]NO; compounds—are independent of the energy 
within experunental error. The observed energy de- 
pendence cannot represent a real energy effect for direct 
labelling but rather shows that an increased energy deposit 
per unit volume will initiate annealing reaetions able to 
change the chemical! distribution of the implanted ions by 
an electronie mechanism. Our results show, in agreement 
with implantation data for potassium chromate’? and 
sodium chloride*, that the thermal annealing process in 
molecular solids takes place in two steps. The first step 
involves the trapping of an electron at the implanted ion 
leading to a reduction of the valence state of this ion. 
This process occurs in the solid phase. The second step 
may involve an isotopic exchange reaction between the 
reduced implanted ion and the neighbour molecules, lead- 
ing to a radioactive labelled target molecule. A similar 
mechanism for isotopic exchange in the solid phase has 
recently been proposed by Nath et al.'°. Because the ana- 
lytical technique in our investigations as well as in the 
recent isotopic exchange investigation!*-'? involves the 
dissolution of the erystals, the experimental data obtained 
do not give evidenee that the exchange process takes place 
in the solid phase. 

The observation that isothermal annealing curves for 
*'Co* ions implanted in trans-[Coen,Cl,]NO, show maxima 
and minima of the content of the labelled target molecule 
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at temperatures far below the thermal decomposition 
temperature is inconsistent with the assumption that the 
exchange process takes place in the solid phase. It seems 
more likely that these maxima and minima on the thermal 
ing curves represent trapping or release of charge 

carriers from the implanted atoms. Further use of ion 
implantation and solid state physical measurements 
promises to facilitate the identification of the mechanism 
of these processes. 
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BIOLOGICAL SCIENCES 


Albumin Syracuse: a Variant 
demonstrated at Acid pH 


ELECTROPHORETIC variants of human albumin seem to be 
quite rare. Screening for albumin heterogeneity has been 
carried out conventionally at alkaline pH, usually 8-6. 
Several studies of different animal species suggest that 
additional albumin variants could be identified by 
electrophoresis at acid pH'-3. To test this hypothesis it 
was decided to screen sera by electrophoresis in acid 
buffers. 

One thousand sera were chosen at random from speci- 
mens submitted to the clinical pathology service of 
Upstate Medical Center. Cellulose acetate electrophoresis 
(Beckman microzone system) was performed at 230 V 


-> + 


llulose acetate electrophoresis, tris-citrate, pH 5-4, 
albumin Syracuse 
‘6. Land 3, Albumin Syracuse; 2 and 4, normal albumin. 





l and 3, Normal 
. B, Starch gel electrophoresis, Ashton's buffer, 
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Fig. 2. ‘The family study. 


for 45 min in 0-054 M /ris-citrate buffer, pH. 5-4. All sera 
were diluted 1:4 with distilled water for maximum 
resolution. Sera which appeared abnormal on cellulose 
acetate were checked by horizontal starch gel electro- 
phoresis in tris-citrate buffer, pH 5-4 (0-0324 M electrode 
buffer, 0-0162 M gel buffer), at 10 V/cm for 6 h (cooling 
provided by ice trays on the gel). 

By these techniques, only one of the thousand sera 
showed an inherited electrophoretic variant (Fig. 1) 
which appeared as bisalbuminaemia on electrophoresis 
at acid pH. 

The propositus was a 51 yr old man (IT, 3) in hospital 
after accidental injury. He was otherwise well and other 
members of the family were in good health. Results of 
family study are shown in Fig. 2. 

The albumin variant seems to be inherited as a co- 
dominant autosomal allele. Among those affected is an 
identical twin of the propositus (II, 2) (similar in appear- 
ance and identical in the C, D, E, c, e, Fya, Fyy, Lea, Les 
K, k, M, N, 8, Jia, Kp^, P, haptoglobin and transferrin 
systems). Bisalbuminaemia was apparently inherited 
from the mother (I, 1) who is of German-speaking Swiss 
descent. 

Fig. 1 shows the electrophoretic pattern for affected 
and non-affected members of the kindred. Two albumin 
bands could be demonstrated by both cellulose acetate 
and starch gel electrophoresis at pH 5:4 to 7-4. At à more 
alkaline pH, affected sera were undistinguishable from 
normal, using starch gel electrophoresis with Poulik's 
buffers*. At pH 8:6, however, both cellulose acetate and 
starch gel electrophoresis with  Ashton's 
lithium hydroxide buffer* showed affected 
albumins to have a slightly faster leading 
edge. 

Densitometric scanning of cellulose acetate 
runs in acid buffers revealed that the abnor- 
mal (fast) band accounted for approximately 
half of the total albumin. When stained with 
'Vasoflavine', a fluoreseing dye believed to 
bind exelusively to albumin*, both bands 
showed approximately the same degree of 
fluorescence. 

Electrophoretic heterogeneity of albumin 
in humans seems to be rare when screened for 
at acid pH as well as with conventional 
alkaline buffers. An interesting explanation 
for the rarity of human albumin variants has 
been suggested by Goodman’. He postulates 
4 that, in primates, mutations producing im- 
munologically distinct albumins might cross 
the placenta and evoke maternal antibodies 
which would destroy the foetus. 
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Because albumin variants are rare, they are usually 
reported individually and have been identified by a 
variety of techniques. Recently, Weitkamp et al.* com- 
pared bisalbuminaemic sera from nineteen unrelated 
families, and showed that five types of variants could be 
demonstrated on the basis of electrophoretic mobility. 
Our variant, albumin Syracuse. might be identical with 
one of their rapidly migrating albumins. 
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Evolutionary Change of Linkage 
Intensity 


THERE is increasing evidence that linkage intensity between 
genes is under genetic eontrol'-*. Fisher? indicated that 
linkage intensity is modifiable by natural selection. Fol- 
lowing Fisher’s suggestion, Kimura developed a model of 
a genetic system which leads to closer linkage by natural 
selection in diploid organisms, taking into account a 
mechanism such as inversion for reducing crossing over. 

I? have studied this problem more comprehensively, 
developing mathematical models for two different genetic 
mechanisms of linkage modification, that is (a) chromo- 
somal rearrangements lsuch as translocation and inver- 
sion, and (b) selection of modifier genes affecting recom- 
bination frequencies. In the former, it has been shown 
that in both haploid and diploid organisms a new chromo- 
somal variant assumes a selective advantage only when 
the frequency of recombination between interacting or 
epistatie genes involved in the chromosomal rearrange- 
ment is reduced, except in some special cases’, and the 
selective advantage depends on the degree of epistasis 
between these genes. Thus strongly interacting genes 
tend to be located closely to each other or they are 
clustered, and once clustered they tend to remain so for 
a long time. This may account for the evolution and long- 
term maintenance of operons, gene clusters or complex 
loci in many organisms from viruses to man. 

The modification of linkage intensity through selection 
of à modifier gene again depends on the degree of epistasis 
between the genes of whieh the recombination frequency 
is to be modified. The modification always occurs in the 
direction of decreased recombination if the modifier 
gene is inherited independently of the epistatic genes 
concerned. Further studies (my unpublished work) have 
shown that, if the modifier locus is linked to the epistatic 
loci, the modifieation of linkage intensity is usually more 
rapid than with an unlinked modifier. 

From these studies the average recombination frequency 
per unit length of chromosome or DNA molecule would 
be expected to be smaller in higher than in lower organ- 
isms, because, on the one hand, there are many ways in 
which genes interact at the various levels of gene function, 
from the transeription of the genetic code to protein 
synthesis and function’, and, on the other hand. various 
genes which modify recombination are known. and 
chromosomal rearrangements occur quite often in nature. 
Comparing six different organisms, Pontecorvo? showed 
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Table 1. PROPERTIES OF GENETIC LINKAGE IN VARIOUS ORGANISMS 





Total Total Nucleotide Type Reference 
Organism map nucleotide pairs per of to total 
units pairs map unit linkage map units 

Viruses 

Phage 74 350€ 2x10* 6x10?  Cireular 10 

Phage T5 110 1x 108 9x10* Linear 1i 

Phage P22 90 6x10: 67x10? Circwar 12 

Phage å 28 1x 105 36x10 Linear 13 
Bacteria 

Escherichia* 1,780 4 x 10* 2-2 x10 Circular 13, 14 

Streptomyces t 260 4x 10° 15x10  Cireular 5 
Fungi 

Saccharomyces —. 3,600 56x10 Linear 16 

Neurospora& 1,000 4x10! Linear 7 

Aspergillus! 660 62x10: Linear 9 
Higher organisms 

Fruit-fly 280 28x10 Linear 9 

Mouse 1,954 26 x 10* i 9 

Maize 1,350 52x 10% 9 

* E. coli, +S. coelicolor. 1S. cerevisiae, A, nidulans. 





* The value obtained from an "open circle . Stahl etal.!* 
estimated the total map units of 7’4 to be about 2,500, taking into account 
negative interference, but this valne was not used here because in other 
organisms no ac count was taken of negative interference. 


that the average number of nucleotide pairs in DNA per 
unit map length is larger in higher than in lower organ- 
isms, but he did not recognize the relationship between 
this property and natural selection. 

Estimates of total map length are now available for 
inore organisms, and so I have counted the Nou 
number of nucleotide pairs per unit map length (Table 1). 
Some caution is needed in the interpretation of Table 1. 
First, some organisms have a linear DNA moleeule, while 
others have circular DNA. With cireular DNA only an 
even number of exchanges of DNA molecules results in 
recombination, while with linear DNA any number of 
exchanges produces recombination. It should be noted 
that the linearity of genetic linkage does not necessarily 
correspond with the linearity of the DNA molecule. The 
topology of the DNA of higher organisms is not known. 
Second, in viruses and Æ. coli only a fraction of the DNA 
molecule participates in pairing and recombination at a 
single mating!?'?, whereas the whole region of a chromo- 
some in higher organisms pairs at meiosis. Of course, 
chromosome pairing does not imply DNA pairing. and 
probably even in higher organisms DNA pairing is limited 
to a small segment", With these reservations then, 
Table 1 indicates that the average frequency of recom- 
bination per unit length of a DNA molecule is lower in 
higher than in lower organisms, as I have postulated. 

Fisher® recognized the advantage of a genetic system 
which recombines independently occurring beneficial 
mutations into the same gamete. The average number of 
generations for which two genes are linked together is 


(l—r)t = lr 


i q48 


where r is the recombination value between the two loci, 
and so independent beneficial mutations can be recom- 
bined into the same gamete relatively rapidly during 
evolution, unless r is extremely small. Selection for 
increased recombination therefore appears to be very 
weak. It should be noted also that in higher organisms 
the reduction in intra-chromosomal recombination is com- 
pensated by a large amount of inter-chromosomal recom- 
bination. 

In some organisms such as Drosophila the hetero- 
gametic sex shows markedly lower intra-chromosomal 
recombination compared with the homogametie sex. 
Haldane?' suggested that this mechanism has evolved 
as a result of reduction of recombination between sex- 
determining genes located on the sex chromosome. My un- 
published work concerned with this suggestion has 
shown that the modification of linkage intensity between 
sex-determining genes is rather complex but quite possible, 
and rapid in some cases. It has also been found that 
differences between the sexes in genotype fitness with 
respect to interacting loci can produce a sex difference in 
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intra-chromosomal recombination. This may account for 
the sex difference in recombination that is independent 
of the constitution of the sex chromosome. 

At the molecular level, evolution can be regarded as a 
process in which the DNA content in germ cells increases 
and the base sequence in a DNA molecule changes so as 
to increase the total genetic information. The increase of 
the DNA content almost exclusively depends on gene 
duplication whether this is due to unequal crossing over 
or to chromosome doubling. A duplicated gene may 
spread through the population if it has a selective advan- 
tage, beeause of increased formation of an enzyme or 
epistatic interaction between the original and daughter 
genes?, The latter process may be found in a case where 
the enzyme produced by the original gene is a polymer 
consisting of several polypeptide chains. In this case close 
linkage between the original and daughter genes favours 
the increase in frequency of the duplicated gene. This 
mechanism might have been involved in the evolution of 
the B and. 8 chains of human haemoglobin. 
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Jeneties of Bacteria 


Inhibition of Immunological Expulsion 
of Helminths by Reserpine 


Tue expulsion of parasites from the alimentary tract of 
the host is often called the self-cure reaction’. It has 
recently been shown that the onset of the phase of expul- 
sion of Nippostrongylus brasiliensis infection in the rat is 
sudden and the phenomenon lasts for several days*^?. 
The expulsion shows first order kinetics, there being a 
rectilinear relationship between the logarithm of the 
number of worms surviving and the time after infection?:*. 
The time of onset and the rate coefficient of this process 
seem to be sensitive indices of the immune status of the 
host, both beeoming smaller with inereasing degrees of 
immunity. 

A good deal of evidence has been presented to indicate 
that the onset of the expulsion might be associated with 
a hypersensitivity reaction in the gut wall and that this, 
in turn, might be concerned in the effector mechanism for 
the release of anti-worm antibody into the lumen?. 
Studies of the mast cell population of the worm sites in 
the intestine have shown that the self-cure is preceded by a 
dramatie rise in mast cell numbers and that these cells 
release biogenic amines at this time?*-*. The expulsion 
can bé prevented by giving cortisone immediately before 


the start of the reaction, or arrested by administering 
this steroid after its commencement (ref. 7 and unpub- 
lished observations of G. Luffau and G. M. Urquhart). 
When this is done there is also an inhibition of the mast 
cell response?. Cortisone has several possible modes of 
action in this phenomenon, so we decided to investigate 
several experimental systems which might show directly 
if the release of biogenic amines by the mast cells is an 
integral part of the trigger mechanism of the expulsion 
phase. 

In the experiment reported here, reserpine was used 
because it has been shown that the most likely mode of 
action of this drug in such circumstances is to prevent the 
storage of biogenie amines in the mast-cell granules* 

Twenty hooded 'Lister' rats, each weighing approxim- 
ately 200 g, were divided into two groups of ten, and all 
were injected subeutaneously in the abdomen with 3,000 
infeetive larvae of N. brasiliensis. Eleven days later, 
dosing of one group with reserpine (‘Serpasil’, 2-5 mg/ml., 
Ciba Laboratories Ltd, Horsham, Surrey) began. The 
dose on day 11 was 5 mg/kg. This was reduced to 2 mg/kg 
on day 12, because of the severe effect of the higher dose ; 
it was further reduced to 1 mg/kg on days 13, 14 and 15. 
The control group received no treatment. Faecal egg 
counts were made by the McMaster technique—on one 
bulked sample from each group-—on days 11, 12, 13, 14 
and 15. On day 16 both groups were killed by cervical 
dislocation, and worm counts were made on each rat. 

The egg counts in faeces are shown in Table 1. Tt was 
difficult to obtain an adequate sample from the reserpine 
group on days 11, 12 and 13 because most of the members 
had diarrhoea. Persistence of a high egg count in the 
reserpinized rats on days 14 and 15 is shown in Table 1. 
The individual worm counts are shown in Table 2, to- 
gether with the geometrie means of the control and treated 
groups and the standard error of the log, of the means. 
The means are significantly different (P < 0-001). 




















Table 1. EGG COUNTS OF WORMS INB ULKED FAECES SAMPLES FROM RATS IN 


CONTROL AND RESERPINE-TREATED GROUPS 


Day of Control Reserpine-treated 
experiment (esasig) (eges) 
11 13,550 2,650 
12 5,950 100 
13 950 Na sample 
14 1,000 13,900 
15 200 10.200 


Table 2. WORM COUNTS OF CONTROL AND RESERPINE-TREATED RATS ON DAY 
16 AFTER INFECTION WITH 3,000 N. brasilensis VARVAE 


Group No. of Logo No. Geometric Logi, geometric 
worms of worms mean mean + S.E. 


Control 161 


2-2068 


89-7 18432 ¢ O 1518 


989 
1,017 
653 
349 
761 
1,337 
439 
1,485 
1,222 
814 


Reserpine 


29178 + 0-0847 





$5718 
3-0871 
2-9016 
PcODOT 


The marked increase in the number of mast cells in the 
intestinal lamina propria takes place 2-3 days before the 
onset of worm expulsion? which on average oceurs at about 
day 12 (ref. 3). The mast cells at this time are newly 
differentiated and contain small numbers of granules 
(unpublished results of H. R. P. Miller and Jarrett), but 
they actively migrate to become globule leucocytes* and 
in the course of this process lose their biogenic amines’, 
In the present experiment the drop in egg output in the 
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control group on day 12 indieates that self-cure must 
have started slightly earlier and that the result of the 
administration of reserpine could have been to inhibit, to 
arrest or to delay the expulsive reaction. The final 
worm counts, by comparison with the detailed figures for 
the kinetics of expulsion given by Jarrett et al.*, suggest 
that worm loss had already started before reserpine was 
given and that arrest or delay took place. This seems 
most likely to have been caused by prevention of full 
participation of mast cells in the reaction, and lends strong 
support to the hypothesis that the discharge of biogenic 
amines by mast cells, and the local permeability changes 
mediated by them, are concerned in the mechanism 
whereby antibodies are translocated from the lamina 
propria of mucous membranes to their site of action 
in the lumen. 

N. C. Craig SHARP 
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Induction of Breast Cancer in Altered 
Thyroid States 


Tue development of mammary tumours in rats by orally 
feeding the chemical carcinogen 7,12-dimethylbenz(a)- 
anthracene (DMBA) has been shown to be influenced by 
the hormonal state of the animal!. We previously observed 
that breast dysplasia could be induced in iodine deficient 
and propylthiouracil (PTU)-treated rats given oestrogen 
or testosterone’. Furthermore, the incidence of breast 
cancer is higher among women with hypothyroidism and 
in those residing in regions where goitre is endemic?. The 
present study considers the rate of development of 
DMBA-induced breast cancer in rats made iodine deficient 
or hypothyroid. 

Sprague-Dawley (Charles River) female rats obtained 
at 40 days old were randomly divided into six groups as 
noted in Table 1. Ten mg of DMBA, dissolved in 0-5 ml. 
of sesame oil, was given once by gastric tube at 50 days 
of age to all the animals. None of the animals showed 
any ill effects from the DMBA. Hypothyroidism was 
produced by giving 4 mg of PTU/100 ml. of drinking water 
ad libitum. Remington diet (less than 0-5 p.p.m. iodine) 
was given with double de-ionized drinking water. Two 
groups of animals (II and IIT) were started on Remington 
diet or PTU 4 days before the gavage feeding of the 
DMBA, while groups IV-VI were started on their PTU, 
iodine-deficient diet or combination 3 days after DMBA 
was given. 

All animals were killed 60 days after being given 
DMBA. The nodules palpated were carefully diagrammed, 
and removed at autopsy for histological study to de- 
termine the type and extent of the lesions. Each of the 
palpable breast nodules was confirmed to be an epithelial 
neoplasm. Jodine deficient animals or animals treated 
with propylthiouracil maintained a growth rate com- 
parable with that of the intact controls, while the animals 
receiving both Remington diet and propylthiouracil had 
a growth rate below that of the controls. 
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Rats maintained on the iodine defieient diet, PTU 
alone, or iodine deficiency diet plus PTU beginning 3 days 
after the instillation of DMBA develop palpable masses 
at a mean of 36-5, 37-3 and 37-1 days, respectively, com- 
pared with the control values of 42.5 days, always 
determined from the day of DMBA gavage (Table 1). 
When, however, the iodine deficient diet or PTU treat- 
ment was started 4 days before the feeding of DMBA, 
the mean time before tumour onset was 26-6 and 29-6 days, 
respectively, as compared with the control value of 42-5 
days. While there are many factors yet to be considered, 
these results indicate that previous iodine deficiency or 
hypothyroidism significantly accelerate the experimental 
induction of breast neoplasms with DMBA in rats (P 
value less than 0-001). 


Table 1. INCIDENCE OF MAMMARY GLAND TUMOUR IN RATS GIVEN DMBA 
WITH IODINE DEFICIENCY AND/OR PTU 
Average No. 
Appearance of first of tumours 
No. Rats palpable tumours per rat in 
of with (days after DMBA) groups 60 
rats tumours Med- Mean days after 
Range ian ES. E. DMBA 
I Intact controls 10 10 31-40 49 42-5416 Ta 
H Iodine deficient 6 6 24-33 27 26 E TR 
IH PTU 6 € 24-85 31 29- 5 7-2 
IV [odine deficient — 9 g 31-46 38 36 6 T9 
V PTU 10 16 31-47 35 374 u 8-1 
VI Combination 9 9 33-46 38 3T d 54 





H and ITI, Started on therapy 4 days before DMBA 
IV-VI, Started on therapy 3 days after DMBA. 


It is, however, interesting to note that the average 
numbers of tumours/animal in the groups 60 days after 
treatment. with DMBA are all approximately the same 
except for the combined iodine deficient diet-PTU group. 

Jull and Huggins’ showed that after treatment with 
DMBA fewer rats developed mammary tumours in 
thyroidectomized animals than in intact controls. They 
felt that the decrease in the incidence of breast cancer in 
their thyroidectomized rats could be attributed to the 
influence of the consequent smaller calorie intake which 
has been shown to have marked effects on the genesis of 
spontaneous and induced tumours. Helfenstein, Young 
and Currie? published results which indicated that hypo- 
thyroidism chemically induced by PTU is capable of 
producing the same effect. 

Our studies indicate that both iodine deficiency and 
hypothyroidism do have an influence on the rate of onset 
of palpable tumours in DMBA-induced breast carcinoma 
of rats only when it is given before treatment with 
DMBA. It would seem, then, that after the initial onset of 
palpable tumours, the average number of tumours seen in 
all groups rapidly equalizes, additional tumours appearing 
at a relatively regular rate except in those animals (VI) 
given both iodine deficiency and propylthiouracil. This 
latter group shows a decrease in growth probably account- 
ing for the reduction in the number of tumours. 

These results emphasize the importance of factors 
relating to the thyroid in modifying the responsiveness of 
the breast to carcinogenic influence. 

This work was supported by grants from the US Na- 
tional Cancer Institute and the American Cancer Society. 
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Purification of C'3 Inactivator from 
Human Serum 


C'3 INACTIVATOR said to inactivate the C’3 of 
EAC'1423 both in immune haemolysis and in immune 
adherence. It was purified from the human serum of a 
single donor, and was measured by a method described 
earlier':*. 

A sample (8 ml.) of O1 M trisodium ethylenediamine 
tetraacetate (EDTA) was added to 32 ml. of fresh human 
serum and dialysed overnight against 0-005 M phosphate 
buffer solution containing 0-001 M EDTA, pH 7-5, ionic 
strength 0-008. After centrifugation, the supernatant 
fluid was applied to a column of diethylaminoethyl 
(DEAE) cellulose, 2-5 x 90 em, equilibrated with the same 
buffer solution. After washing, the column was eluted 
by a linear gradient of the salt concentration up to 0-15 M 
NaCl at the same pH. C’3 inactivator was eluted between 
ionic strengths 0-010 and 0-015 in the early portion of 
the first protein peak. The fractions containing €'3 
inaetivator were pooled and adjusted to pH 5:5 and ionic 
strength 0-04, and then applied to a column of CM cellu- 
lose, 2-0 x 30 em, equilibrated with 0-02 M acetate buffer 
containing 0-001 M EDTA, pH 5-5, and ionic strength 
0-04. The column was washed with the buffer until the 
O.D. 280 decreased to below 0-03, and thereafter fractions 
eluted by a linear gradient from 0-04 M to 0-20 M NaCl 
were collected. About 95 per cent of C3 inactivator was 
recovered in fractions which were eluted at ionic strength 
0-11 to 0-15 in the late portion of the main protein peak. 
The fractions containing C'3 inactivator from CM cellulose 
column were pooled and dialysed against 0-005 M phos- 
phate buffer solution containing 0:001 M EDTA, pH 7:5, 
ionic strength 0-008. About 200 ml. of the fractions 
obtained was applied to a column of DEAE cellulose, 
2-0x 20 em. After the column was washed with the 
buffer, fractions were obtained by linear gradient 
elution from 0-008 M NaCl. C’3 inactivator appeared in 
the fractions of ionic strength 0-012-0-014. The frac- 
tions containing C’3 inactivator were pooled (about 
100 ml.) and concentrated to 5 ml. by ultrafiltration. 
Concentrated fraction (2 ml.) was applied to a column of 
‘Sephadex G-200', 25x42 cm, equilibrated in tris-HC! 
buffer, pH 7:5, ionic strength 0-15. The activity of C’3 
inactivator was recovered in a single and discrete elution 
peak corresponding to the main protein peak. The O.D. 
280 of the pooled fractions containing 100,000 units of 
C’3 inactivator was only 0-700. 
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To study some physicochemical properties of isolated 
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C3Inactivator 





Fig. l. Ouchterlony plate showing the reaction of complete identity 

between antigenicity of C'3 inactivator and of transferrin. Protein 

concentration, 0-5 mg/ml. AT, Anti transferrin; AWS, anti whole 
norma) human serum 


concentration of 5 mg/ml. in phosphate buffer, pH 7-5, 
ionie strength 0-01, was centrifuged in a Spinco model E 
at 59,780 r.p.m. This gave a single peak, Syo0=5:15 
The C'3 inactivator (0:5 examined by 
immunoeleetrophoresis in pH 8-6 phosphate buffer, ionic 
strength 0-01, after Scheidegger's method Using horse 
antiserum against whole human sera, a single precipitin 
line in &, globulin region was observed. The position and 
the shape of the precipitin are of the inactivator appeared 
to be similar to of transferrin, the antigenic 
property of C'3 inactivator was compared with that of 
transferrin by gel diffusion against the anti whole human 
serum and rabbit anti human transferrin pur 
chased from Behringwerke Co. The centre was 
filled with 0-12 ml. (0-5 mg/ml.) of purified C’3 inactivator 
A single precipitin band was formed with both anti whole 


7 
jJ 


mg/ml.) was 


those so 


a serum 


well 


serum and anti transferrin, and the bands fused com 
pletely (Fig. 1). 
These observations suggested a close relationship 


between the antigenicity of the C’3 inactivator and that 
of transferrin. 

We have attempted to separate € 3 
the material with transferrin antigenicity 
precipitin with specific rabbit antibody? 


inactivator trom 
(measured by 


in whole fresh 


human serum by: (1) elution from DEAE cellulose 
chromatography; (2) gel filtration through ‘Sephadex 
6-200'; (3) zone electrophoresis in Geon, at pH 8-6 
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Fig. 3. Ouchterlony plate showing purity of transferrin and C3 inactiva- 

tor, and complete identity between antigenicity of both preparations. 

Fhe centre well was filled with hyperimmunized rabbit anti whole 

human serum Protein concentration, 1 mg/ml. ‘Tr, Crystallized 

transferrin; ©'3 Ina, C3 inactivator; WS, whole human serum: saline 
0-15 M NaCl solution, 








Fig. 4. Ouchterlony plate showing the reactivity of complete identity 

between antigenicity of C’3 inactivator and of transferrin, Left: C'3 Ina, 

C3 inactivator (1 mg/ml.); AT, anti transferrin; Tr, crystallized 

transferrin (1 mg/ml). Right: C'S Ina, €'3 inactivator (1 mg/ml.); 

AC'3 In, rabbit anti €'3 inactivator; Tr, crystallized transferrin 
(1 mg/ml.). 








(Fig. 2). No separation was achieved by methods (1) 
to (3). Rivanol precipitation destroyed the activity of 
C'3 inactivator and its relationship with transferrin 
could not be compared by this method. 

Figs. 3 and 4 show that C'3 inactivator and transferrin 
are antigenically identical, Purified C'3 inactivator showed 
complete fusion of one precipitin line with crystallized 
transferrin (Behringwerke Co.) against anti whole human 
serum (Fig. 3), against rabbit anti transferrin and against 
rabbit anti C’3 inactivator serum (Fig. 4). 
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Embryotoxic Effect of 
L-Asparaginase 


L-ASPARAGINASE catalyses the hydrolysis of r-asparagine 
to L-aspartic acid and ammonia. Interest in this enzyme 
has been stimulated by the discovery that it inhibits the 
growth of several experimental tumours! L-Aspara- 
ginase is being used clinically to treat. various leukaemias, 
lymphomas and melanomas‘, and it was recently shown 
to inhibit the early mitosis of regenerating livers in rats, 
This communication concerns the effects of L-asparaginase 
on another rapidly growing tissue, the rabbit embryo. 

New Zealand White does were mated with 
the same breed and maintained with Purina rabbit chow 
and water given freely. L-Asparaginase prepared from 
E. coli was used (obtained from Cancer Chemotherapy 
National Service Center of the National Cancer Institute, 
and produced by E. R. Squibb, NJ). Three batches of 
enzyme, TAD4R, TADS5R and TADIO, were used. A 
pyrogenicity test in rabbits indicated an average rise in 
body temperature of 1:2° € for TAD4R, 0-6° C for TADSR 
and no increase for TADIO when injected at doses of 
200 rv/kg. 

L-Asparaginase in a dose of 50 or LOO m 
of protein/kg) was administered intravenously to 
pregnant does on days 8 and 9 of gestation. Just 
use 4 ml. of sterile saline was added to each vial con- 
taining 2,000 10 of L-asparaginase. 
similar to those used to treat experimental tumours and 
those being used clinically on v/kg basis. Two groups of 
animals were selected as controls ; the first 
treatment during pregnaney, and the second group was 
treated intravenously with E. coli L-glutaminase (Worth- 
ington Biochemical Corp.) in a dose of 0-5 v/kg body 
weight (0-5 mg of protein/kg). 

This L-glutaminase order to 
ascertain the effect of E. coli protein on the embryo in 
concentrations equivalent to the L-asparaginase protein 
used, and not to assess the enzyme effect of L-glutaminase 
itself. On the twenty-eighth day of pregnancy each doe 
was killed by intravenous injection of an 
sodium pentobarbital. The uterus was exposed, carefully 
opened, and the number of implantations, resorptions and 
The viable foetuses were weighed 


bucks of 


[kg (03-07 mg 
the 
before 


The se doses are 


received no 


dose of was chosen in 


overdose of 





foetuses were recorded. 
and examined for external and internal gross abnormal- 
ities. Skeleton structure was investigated by X-ray. 
Results presented in Table 1 show that L-asparaginase 
in both doses used exerted embryotoxic effects 
effects were seen after administration of all three batches 
of L-asparaginase In the dose of 50 v/kg about 40 per 
cent. of the implantations were resorbed and two foetuses 
100 v/kg the 
57 per cent of 


These 


showed gross abnormalities. In a dose of 
embryotoxic effect was more pronounced; 
the implantations ceased to develop in the uterus. In 
addition, 17 per cent of the viable foetuses showed con- 
genital defects. Among the abnormalities seen in the 
malformed foetuses were hook-like positions of the right 
forepaw with arthrogryposis, hydrocephalus, spina bifida, 
missing tail, fused kidney and bilobular right lung. Also, 
there was a decrease in the mean foetal weight at 28 days 
of both L-asparaginase treated groups as compared with 





controls, 

In contrast, both the untreated and r-glutaminase 
injeeted controls produced litters showing no sign of 
embryotoxie effect. Thus the percentage of resorption 
was 6-7 per cent and 4-2 per cent in the untreated controls 








Table 1, EMBRYOTOXIC ACTIVITY OF L-ASPARAGINASE IN THR NEW ZEALAND 
WHITE RABBIT 
No, Total No No, of No. M No. of Mean body 
l'reatment of implan- resorp- normal malformed weight 
does tations tions foetuses foetuses NSE 
None 5 30 2 (67%) R ! 30-8 60:77 
Glutaminast j 24 ] (4:39$) 1 ( s+ 1-10 
L-Asparaginase 
50 v/kg i )2 (31:575) 15 20:0 = 1:57 
L-Asparaginase 
100 Uke ri o6 (57:1 ) 20 :bp5- 15039 
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and the does injected with r-glutaminase, respectively. 
Furthermore, no malformed foetuses were seen. 

Among the implications of these findings are: (1) preg- 
nant women with tumours sensitive to L-asparaginase 
should be treated with caution; (2) the rabbit embryo 
may be a useful model to test for possible growth in- 
hibitory effects of enzymes that metabolize other non- 
essential amino-acids; (3) non-essential amino-acids, as 
conventionally classified with respect to their growth effect 
on the young rat, may well be essential amino-acids for 
the rapidly growing embryo; and (4) L-asparaginase may 
be useful in the treatment of such undifferentiated 
tumours as choriocarcinoma and embryonal testicular 
tumours. 

Whether the embryotoxic effect of L-asparaginase 1s 
related to its enzyme activity in maternal tissues, in the 
embryo or due to another mechanism remains to be 
assessed. Studies of the effect of L-asparaginase on the 
embryo of other species, and the effect of L-asparagine on 
the embryotoxie effect of L-asparaginase, are in progress. 

This work was supported in part by a grant from the 
National Institute of General Medical Sciences, US Public 
Health Service. 
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Synergistic Effect of Combinations 
of Cephalothin and Kanamycin on 
Strains of E. coli 


TREATMENT of urinary infections caused by Gram nega- 
tive bacteria is often very difficult. It is frequently 
necessary to administer antibioties in large doses, which 
presents a hazard to patients with impaired renal function. 
In many cases relapses occur as a result of bacterial 
resistance!, This study was undertaken to establish in 
vitro a synergistic combination of antibiotics against 
several strains of E. coli isolated from urinary infections. 
Nine strains of E. coli (10, 11, 13, 14, 22, 23, 26, 83 
and 95) were tested for sensitivity by a serial dilution 
method. The tests were carried out in small tubes, total 
fluid volume 0-2 ml., and in large tubes, total fluid volume 
10 ml. Trypticase soy broth (Baltimore Biological 
Laboratory) was used as a culture medium. Bacteria 
were counted as described earlier?. An inoeulum of 107 
bacteria/ml. was finally adopted for all experiments. 
Minimum inhibitory concentrations (MIC) and minimum 
bactericidal concentrations (MBC) with each antibiotic 
on its own and in combination with others were de- 
termined simultaneously. The presence or absence of 
growth was recorded after incubation for 18-20 h at 
37° C, and observed for several days until no further 
change oceurred. After incubation for 4 h the number 
of bacteria in each closely spaced serial dilution was 
determined by plating and filtering through a ‘Millipore’ 
filter. After 20-24 h, plating and filtration were performed 
from all dilutions which showed absence of growth. 
Synergism was evaluated as previously described?. 
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All nine strains were tested for sensitivity (MIC) to 
cephalothin and kanamycin with varying numbers of 
bacteria (10'-107/mL.). It was apparent from the results 
that sensitivity to cephalothin is very much influenced 
by the size of the inoculum. This was not the case with 
kanamycin. Results with strain 22 (average of three 
experiments) are shown in Table 1. An inoculum of 
10* organisms/ml. was adopted in all experiments. 


Table 1. MINIMUM INHIBITORY CONCENTRATIONS, IN ugíml., FOR INOCULA 
SIZES OF 10'-10'/ml. WITH STRAIN 22 
Inoculum Cephalothin Kanamyoin 
10° 4 3 
10* 4 3 
108 6 & 
105 10 E 
105 18 26 
108 50 30 
10? 400 50 


All the strains were found to be moderately sensitive 
to kanamycin (MIC: 447-75 ug/ml.); all but two were 
moderately sensitive to cephalothin (MIC: 40-75 ug/ml.). 
'Two strains (10, 22) were found to be highly resistant to 
cephalothin (MIC: 311 and 364-3 ug/ml.). Combinations 
in the ratios of 1: 1 and 1: 2 were found to be effective 
within the limits of the attainable blood concentrations. 
The results (averages from 15 to 20 experiments) are 
summarized in Table 2. 









Table 2. MINIMUM INHIBITORY CONCENTRATIONS, IN agiti., AFTER TRA- 
TION FOR 18-20 h, OF CEPHALOTHIN, KANAMYCIN AND COMBINATIONS OF 





THE TWO 
Cephalo- Kana- Ceph./kan. Ceph/kan. | ; 
Strain thin mycin ratio 1:1 Synergism ratio 1:2 Synergism 

i0 311 52 E 197 150 
11 40 57 m 234 
13 50 50 1-67 2-38 
14 75 40 2-61 2-63 
22 364-3 53 214 1-85 
2: 58 75 2-18 285 
26 64-3 49-4 9/8 3:10 29 
83 47-2 44:3 11:83/11-:83 193 241 
95 40 53 141/141 162 1:90 





Table 2 shows that for strains resistant to cephalothin 
a combination of cephalothin and kanamycin in a ratio 
of 1 : 1 gave better results. This ratio is also advantageous 
in that it enables the use of smaller concentrations of the 
more toxic antibiotic, kanamycin. For all other strains 
a combination of the two in a ratio of 1:2 seems to be 
more satisfactory, and it is also within the average feasible 
blood levels for these antibioties. 

In order to determine the minimal bactericidal con- 
centrations, subeultures were made in trypticase soy agar 
from each serial tube containing the antibiotic singly or 
in combination with others. Ten to twelve different con- 
centrations of antibiotie were used, singly or in combina- 
tion, in each series. Subcultures were performed after 
incubation for 4 h and 20-24 h. After ineubating for 
only 4 h the minimum bactericidal concentration could 
be established. At concentrations of cephalothin of 
100 pg/ml. for the moderate sensitive strains, and 1,500 
ug/ml. for the highly resistant strains, no growth was 
obtained by direct plating of 1 ml., unless cultures were 
filtered and washed with saline through a ‘Millipore’ 
filter. Antibiotie transferred with the bacteria apparently 
inhibits growth, especially when the number of bacteria 
is already small. 

After incubation for 20-24 h subcultures were made 
from all serial dilutions where no growth could be observed, 
and the minimum bactericidal concentration was finally 
determined. At the same time growth in the serial tubes 
was observed for several days until there was no further 
change. The results for these tubes corresponded well 
with the results obtained on the ‘Millipore’ filters. Growth 
was considered to have occurred whenever 4-10 bacteria/ 
ml. were found. 

The tubes containing cephalothin had to be observed 
for 4-6 days, while tubes containing kanamycin were 
observed for 1-3 days. Very small numbers of bacteria 
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remained dormant for several days in the incubator in 
high concentrations of cephalothin and finally grew out. 
With kanamycin the fall in bacterial numbers is steeper 
and kanamycin scems to be a far more effective bacteri- 
eidal agent. Nevertheless, in combinations of cephalothin 
and kanamycin it is the pattern for kanamycin that is 
followed. The dynamics of growth after incubation for 
4 h of strain 11 in the presence of varying concentrations 
of cephalothin, kanamycin and combinations of the two 
are shown in Table 3. 


Table 3. MEAN BACTERIAL COUNT/ml. (STRAIN 11) AFTER INCUBATION FOR 
4 h WITH VARIOUS CONCENTRATIONS, IN pg/ml., OF CEPHALOTHIN, KANAMYCIN 
AND COMBINATIONS OF THE TWO 






Cephalo- R Kana- Cephalothin/ 

thin Count mycin Count kanamycin Count 
20 2x10 20 3x 108 40/8 5 x 108 
30 1x10 35 2x10* 55/1 1x10! 
40 3x10! 45 3x10! 6-0/12 3x 108 
45 1x 104 50 8x 108 7:044 7x10? 
50 5 x 108 55 3x 10° 8-0/16 3 x 108 
60 1x 108 60 6x 10° 85/17 1x10* 
70 7x10* 70 8x 10! 9-0/18 9x10! 
80 3-5 x 10° 10/20 7x10 

100 6x10! 


Growth of strain 10, after incubation for 4 h in the 
presence of different concentrations of cephalothin and 
combinations of cephalothin and kanamycin, is shown in 
Table 4. 

Minimum bactericidal concentrations for cephalothin, 
kanamycin and combinations of the two are summarized 
in Table 5. 


Table 4. MEAN BACTERIAL COUNT/mI. (STRAIN 10) AFTER INCUBATION FOR 
4 h WITH VARIOUS CONCENTRATIONS, IN xg/ml., OF CEPHALOTHIN, AND 
COMBINATIONS OF CEPHALOTHIN AND KANAMYCIN 


. Cephalothin/ 
Cephalothin Count kanamycin Count 
100 5x 10% 9/9 5x10 
200 2x10" 12/12 4x 10° 
300 5 x 10° 15/15 6 x 10° 
400 1x10* 18/18 1x10* 
500 1x10! 21/21 3x10* 
600 6 x 10* 24/24 1x10* 
700 4x10* 27/27 5x 10* 
800 1x 108 30/30 3 x 10? 
900 6 x 10? 
1,000 2x10? 
1,500 5x10! 


Table 5. MINIMUM BACTERICIDAL CONCENTRATIONS, IN g/ml, OF CEPHALO- 


THIN, KANAMYCIN AND COMBINATIONS OF THE TWO 








Cephalo- Kana- Ceph./kan. Synergism Ceph./kan, Synergism 
Strain — thin myein ratio 1:1 ratio 1:2 

10 1,707 66 27.6/27.6 2-8 20/40 1-62 
1 158 60 175/75 3-03 8-8/17-6 3-63 
13 100 60 175/175 214 9/18 2-56 
14 300 50 1252-5 3:43 7/14 3-3 

22 1,600 75 24:4/24-4 2-94 19/38 1:03 
23 150 100 175/75 3:43 9/18 317 
26 300 83:3 10/16 5.22 8-4/16-8 341 
83 300 55 15/15 3-09 8/16 3-15 
95 300 77 17575 3-5 10/20 3-4 


By comparing Table 2 and Table 5 it can be seen that 
the minimum inhibitory concentration and minimum 
bactericidal concentration of kanamycin are not far apart. 
For cephalothin, however, the difference is much larger. 
For combinations of cephalothin and kanamycin the 
quantitative change resembles the pattern for kanamycin. 

A synergistic effect was found for all nine strains and 
synergism seems to be higher when evaluated from the 
minimum bactericidal values. It is important to stress 
that even the highly resistant strains to cephalothin 
responded well to the combination. 

Our studies clearly indicate that even a highly resistant 
organism can be killed by the same antibiotic in a high 
concentration. The doses to be used in topical applica- 
tions, in surgical wounds and intraperitoneally have to 
be based on the minimum bactericidal dose tested in 
vitro with the highest possible number of bacteria. If, 
however, a synergistic combination could be established, 
the use of it would be more beneficial. 

We thank Professor R. E. O. Williams of the Wright- 
Fleming Institute of Microbiology, St Mary's Hospital 
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Amino-acid Composition of Soluble 
and Membranous Lipoproteins 


DuniNG a study of the amino-acid composition of 140 
proteins, we noted that the compositions of soluble and 
membranous lipoproteins differ. The observed differences 
are statistically significant and are related to the different. 
environments to which the protein moieties are exposed. 
These data have not been collated elsewhere, and they are 
presented here in the hope that theoretical and experi- 
mental studies of lipoprotein structure will be facilitated. 
Preliminary reports have already been made!-*. 

When the amino-acid compositions of proteins are 
examined in terms of sets of chemically related amino- 
acids (Table 1) the differences between groups of proteins 
permit some chemical taxonomy. The most recent 
amino-acid analyses for eight soluble and twelve mem- 
branous lipoproteins were obtained from the references 
listed in Table 2. All the analyses were performed by 
modern instrumental methods; either experimentally 
determined or empirical corrections for destruction of 
sensitive arnino-acids during acid hydrolysis were applied 
in nearly all cases. 

The composition data were converted into moles per 
cent of each amino-acid and were tabulated with the aid 
of a Control Data Corporation 6600 computer. In the 
few cases where values for tryptophan and 1/2-cystine 
were missing, the mean values for the entire series of 
140 proteins were supplied. Because these acids are 
usually present in small amounts this substitution has 
only a small effect on the mole percentage values. The 
presence or absence of data for NH, (that is, amide forms 
of glutamic and aspartie acids) has no effect on the calcula- 
tions. 

The molar percentages for the amino-acids in each set 
were summed for each protein, and means and statistical 
parameters were calculated. The relative degree of polar 
or non-polar character of a protein depends on the propor- 
tions of both the hydrophilie (H) and apolar (A) sets of 
amino-acids, so the ratio of H/A is used to emphasize 
differences in overall degree of polarity. Comparisons 
between the soluble and membranous lipoprotein series 
were performed with Student's t test. 

The results are presented in Table 2 and the comparisons 
are shown graphically in Fig. 1. The soluble lipoproteins 
contain significantly more eharged and total hydrophilic 
amino-acids than the membranous lipoproteins. The 
soluble lipoproteins contain significantly less apolar and 
small amino-acids than the membranous lipoproteins. 
The ratio of hydrophilic to apolar amino-acids (H/A) is 
markedly higher in the soluble lipoproteins. All of the 
differences are statistically significant (P « 0-05). 


Table 1. SETS OF AMINO-ACIDS 

Hydrophilic Apclar Total charged* Small 

Asp Val Asp Gly 

Glu lle Glu Ala 

Ser Leu Arg 

Thr Phe Lys 

Arg Met 

Lys 

His 


* The total amounts of Asp and Glu are included. withont deduction for 
amide formation. 
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Table 2. AMINO-ACID COMPOSITION OF SOLUBLE AND MEMBRANE LIPOPROTEINS 
Amino-acid sets 
Hy lie Apolar otal Small 
Protein Species Organ mole mole H/A mole Reference 
per cent per cent ratio mole percent per cent 
(A) Soluble li ins 
High density-(HDL-3) Human Plasma 53-2 24-8 21 39-8 11-8 4 
Low-density-8t 6 Human = Plasma 50-0 311 1-6 33-0 10-9 5 
density-8t 44 Human Plasma 52-5 27-9 1-9 35-2 11-8 6 
Human 50:3 24:3 21 35:6 13:6 6 
Vitellenin Chicken Yolk 484 30-0 16 346 12:2 7 
a-Vitellin Chicken Yolk 45-9 28:7 r6 31-6 13:4 7 
Fat giobule soluble Cow Milk 48-1 26/3 rs 25.8 13-3 < 
uble Dog Lymph 500 25.2 20 34:6 15:2 8 
Mean 49-8 27:3 rs 33-8 12-8 
S.D. 24 2-5 02 40 14 
S.E.M. 08 00 01 14 05 
(B) Membrane lipoproteins 
Chylomicron-insoluble Dog Lymph 46-9 202 1-8 25:6 159 8 
Fat insoluble Cow Mik 42:4 33:1 r3 27:2 13:1] t 
A eal Rat Intestinal mucosa 44-5 31-5 1-4 29:5 15:1 9 
Structural Cow Mitochondrion 30:5 27.3 13 25-8 18:0 10 
Proteolipid Cow Los 32-9 32.5 ro 171 22.8 11 
Heme-Proteolipid Cow 'osomes 34:5 35:6 ro 22:7 21-5 12 
Membrane Rat Smooth endoplasmic reticulum 47-0 27.9 1-7 35-6 17-0 13 
Membrane lipoprotein Human RBC 47-4 29-8 16 32:6 17:0 14 
Membrane structural Sheep RBC 45:7 293 16 317 13-6 t 
Membrane-insoluble Cow Mitochondrion 43-7 28:7 r5 30-3 17-8 15 
Structural Spinach Chloroplast 51-2 27:7 18 30-0 133 16 
FI-Fraction Beet Chloroplast 39-8 20-1 T4 28-0 18-1 17 
Mean 42-7 29-9 r4 28-8 16-9 
S.D. 57 2R 0:3 [2 30 
S.E.M. 16 [n 01 7 Ooo 
* Personal communication from J. R. Brunner. t Personal communication from B. and V. Shore, 
Table 3, (A) COMPARISON OF SOLUBLE LIPOPROTEINS WITH CERTAIN OTHER SOLUBLE PROTEINS (ALBUMINS, GLOBULINS, GLYCOPROTEINS, ENZYMES); (H) COM- 
PARISON OF MEMBRANOUS LIPOPROTEINS WITH SOLUBLE OLIGOMERIC PROTEINS (ENZYMES AND TRANSPORT PROTEINS) 
Hydrophilic Apolar mole Total charged Small mole 
No. of proteins mole per cent per cent H/A ratio mole per cent per cent 
4) Mean values + S.E.M 
Soluble lipoproteins 8 409-8 +08 27-3409 18t01 33-8414 12-840-5 
Soluble proteins 27 49:1 70:6 23-9+0-7 23201 33-3 + 0-8 14:3 £ 0:6 
P t test P value N.S. « 0:025 N.S. N.S, N.S. 
( 
Membranous lipoproteins 12 42-7416 29:9+0-8 14201 28B£l17 16-9409 
Soluble oligomeric proteins 31 451 +06 27-5405 17+@1 310206 166407 
t test. P value N.S (01 « 0:05 N.S. N.S. 
The soluble lipoprotems are similar in their content of Table 4 
hydrophilic, charged and small amino-acids to many Lipid Hydrophilic Apolur 
soluble enzymes, albumins, globulins and glycoproteins content amino-acids ds 
: e : wt, per cent moles per cent 
that have one or two polypeptide sub-units (Table 3). The 
average H/A ratio is slightly lower for soluble lipoproteins Human plasma HDL 50 | 53-2 248 
| p "| $ 
than for these other soluble proteins, as a result of the Bovine PEMA tein Ts = - 


prominence of apolar amino-acids in the former. The 
soluble lipoproteins seem well adapted to their aqueous 
environment by their ample content of hydrophilie amino- 
acids. Their affinity for lipids is only hinted at by their 
proportion of apolar amino-acids, and may be derived 


MOLES (%) 





values for 140 proteins of all pay 





ntage composition of soluble and membranous lipo- 
in terms of Pura sets. Above the bars a Mes symbol indicates that the 

two of lipeproteins is A mere 

P £005; a double symbol P001, The horizontal dashed lines 


the t test at the level of 
show the mean 





from specific regional adaptations of polypeptide structure. 
Indeed, such adaptations are required to explain the con- 
trasting lipid contents of plasma high density lipoprotein 
and plasma albumin (Table 4). 

The membranous lipoproteins exhibit. 
the lowest content of hydrophilie and 
charged amino-acids and the highest 
content of apolar amino-acids of any 
group of proteins examined. Their 
H/A ratio is consequently by far the 
lowest of any protein group. They are 
compared in Table 3 with the class of 
lipid-free proteins which they most 
closely resemble. The latter class has 
been called “soluble oligomeric protems"* 
and contains enzymes and transport 
proteins that consist of aggregates of 
two-forty sub-units, averaging seven 
sub-units. The membranous lipopro- 
teins are significantly more apolar, but 
otherwise similar to the soluble oligom- 
eric class. 

The membranous lipoproteins seem 
especially adapted for their non-aqueous 
environment. The polypeptide sub- 
units are well equipped for non-polar 
interactions with each other (compare 
soluble oligomeric proteins) and with 
lipids in micelles or extended layers. 


a propensity for self-aggregation is 
well known to those who have tried to 
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study the protein moieties of lipoproteins after removal 
of the lipids (ref. 14 and personal communication). 

Although the Danielli-Davson membrane model!’ of a 
lipid bilayer surfaced on both sides by protein sheets is 
still consistent with most of the interpretations of X-ray 
diffraction and electron microscopy, recent physicochemi- 
eal and biochemical data are forcing some revised views 
as discussed by O'Brien!*, Chapman?’ and Lenard and 
Singer*. The revisions consist principally of the follow- 
ing: (1) decreasing significance of electrostatic interac- 
tions between phospholipid and protein, (2) increasing 
significance of non-polar interactions between lipid and 
protein, and (3) the concept that much of the protem 
may be in the interior of the membrane in close associa- 
tion with lipid. 

The extremely apolar amino-acid composition of mem- 
branous lipoproteins is compatible with all of the foregoing 
modifications of the model of membrane structure. 

This work was performed under the auspices of the US 
Atomic Energy Commission. 
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Temporal Factors in Avoidance 
Learning in Normal and 
Forebrainless Goldfish 
(Carassius auratus) 


EanRLIER work in a number of laboratories!-* has 
established that there are large and long-lasting deficits 
in avoidanee behaviour in fish after removal of the 
telencephalon. There has been some difficulty in inter- 
preting these results, as lesions affect both acquisition 
and retrieval. It has been found that the deficits are not 
caused by motor disturbances of the fish. the use of too 
long a conditioned stimulus/unconditioned stimulus inter- 
val, the sensory modality of the stimulus used or the 
mere removal of olfactory input. The deficit must lie 
either in the destruction of the store of information or in 
interference with the ability to aequire and make use of 
the information. The latter possibilities seemed to be 
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more probable, because there was evidence for some 
retention of previous associations following removal of 
the forebrain?^*, 

A possible explanation was that the area was acting as 
a short term memory and attention system. In fore- 
brainless fish a few trials on each day woukl be insufficient 
to allow enough persistence of the short-term memory to 
form longer-term associations, but if the frequency of 
trials was raised, such associations might form more 


easilv. 
Goldfish, 3-4 in. in length, were trained in a simple 
shuttlebox?. The interval between the stimulus and 


shoek was 15 s, the conditioned stimulus light, and the 
aversive unconditioned stimulus a 0:5 s 4 V ae shock. 
Forebrain lesions were made on fish under MS222 anaes- 
thesia, and post-mortem examination showed that more 
than 80 per cent of the forebrain had been removed in 
each case. Lesioned fish were allowed to recover for 5 
days before training commenced. 

Normal and lesioned fish were divided inzo three groups. 
The first groups were given ten trials each day, the second 
twenty, and the third thirty. The interval between 
trials was 1-2 min. All animals were given 180 trials. 
Results for the normal fish are shown in Fig. 1. 

Fig. 2 shows the corresponding results for forebrainless 
fish. The group receiving ten trials showed poorest 
learning, the group receiving thirty trials greatest learn- 
ing. 'lhe differences between groups of lesioned fish for 
total performance had the following significances: 10/30: 
n=15, T=22, P«0-01; 10/20: n=15, T=22, P «0:010; 
20/30: n=12, T=28-5, P«0-01. The results were then 
compared with those for normal fish: 10: n «15, T' «21, 
P«001; 20: n=12, T=21, P<0-01: 30: n=12, 
T = 25-5, PZzx0-06. 

Thus there is evidence that increase in the rate of 
training facilitates learning in forebrainless fish, but 
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Fig. 1, Results for three groups of normal fish trained on an avoidance 
problemn. Number of trials/da: @--@, 10 (6); M--- W, 20 (6); 
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A... À.301(6) (The figures in parentheses indicate the number of 
animals in each group.) 
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tends to reduce it in normal animals. Indeed, over the 
last fifty trials there were no differences in performance 
between the groups of normal and lesioned fish receiving 
thirty trials (n=12, T=38-5, P>0-05). On the other 
hand, the difference for the groups receiving ten trials 
was as great as for the whole curve (n=15, T=21, 
P<001). 

The supposition is that in forebrainless animals there 
is much more rapid decay of memory than in normal ones. 
Thus if animals are given ten trials each day the short 
term memory decays too rapidly to allow much transfer 
to long-term retention. If the number of trials is increased 
the duration of the short term memory is prolonged, and 
the effect will be seen in the next day's training. Simi- 
larly, even within 1 day the lack of memory decay in a 
long session will allow greater learning. 

The results repeated here may explain a discrepancy 
between two groups of workers with forebrainless fish: 
those who, like Bernstein? and Ingle*. have found no 
effect, and those, like myself, who have. 

The second experiment was designed to test the atten- 
tion capability of normal and forebrain-ablated fish. Two 
groups of animals, normal and lesioned, were trained 
with a delayed response schedule, modified from the 
previous situation. Fish were placed in the start box of 
the apparatus with the overhead light on and the door 
closed. Two types of trial were used. The first started 
with a 5 s period of sound from a 440 Hz buzzer, embedded 
in the wall of the tank. Five seconds after the cessation of 
this, the door of the start box was raised, and 5 s after 
this the animal was shocked if it had made no avoidance. 
The second type of trial was one in which the buzzer 
was not sounded; the door was raised, and the animal 
shoeked if it did avoid in the 5 s period. Animals were 
given five of each trials per day, in a Gellerman alternation. 

The results for the two groups of animals are shown in 
Figs. 3 and 4. Fig. 3 shows the mean results for the two 
groups, in terms of the percentage of correct responses/day. 
The normal animals were superior to the forebrainless in 
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Fig. 3. Results for two groups of animals trained on a delayed response 


schedule. @, Normal fish (6): ©, forebrainless fish (6), 
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Fig. 4. Results for the animals shown in the previous graph, expressed 
to show avoidanves made. €. Normal fish (6); ©, forebrainless fish (6). 
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their ability to learn the problem (n — 12, T —21. P « 6-01). 
It was observed that the normal fish frequently showed 
an inerease of activity when the buzzer came on, and 
that this was maintained long euough to be a eue for 
avoidance. Such a change of aetivity was not seen in 
lesioned fish. 

A failure of arousal is one of the most obvious charac- 
teristics of the forebrainless fish, and it was important 
to be able to distinguish between arousal and ability once 
aroused. The opening of the door seemed to provide the 
necessary arousal, for, as can be seen in Fig. 4, the fore- 
brainless fish were initially superior and finally equal to the 
normal animals in their avoidance capability (taken for 
the whole training period, n-12, T=47, P005) 
Thus, although forebrainless fish were aroused by the 
opening of the door, they seemed to have forgotten the 
presence or absence of the sound cue, It would seem 
therefore that the results reported here also support the 
idea of the forebrain as an area partly responsible for 
maintaining attention, and that without its activation 
new data cannot be held for long enough to be made use 
of. Arousal is seen following forebrain stimulation (un- 
published results of Savage) and an arousal EEG follows 
the presentation of new stimuli’. Attention may well be 
correlated with such activity, and Jack of it may explain 
the deficits seen in trained fish after removal of the 
forebrain. 
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Biological Activity of Synthetic 
1-39 Human Corticotropin 


Basusz et al. have reported the synthesis of human 
eorticotropin with residues 1-39 (ref. 1). Assayed by the 
adrenal ascorbic acid method, the biological activity of 
corticotropin prepared from human pituitary was found 
to be 26 ru/mg by Lee et al.?. Using an in vitro method, 
Li? found a similar natural produet possessing àn activity 
of 52 rv/mg. Later, Ney et al.* assayed a highly purified 
natural human corticotropin and found an activity of 
133 1v/mg. 

In our work on synthetic human 1-39 corticot 
both the adrenal ascorbic acid depletion and the 
assays were used. The third international working 
standard was used for comparison.  Sayers's original 
methods was used, as modified by Hamburger*. The 
pituitary body of Wistar male rats was bloeked by 
3 mg/100 g of prednisolone administered subcutaneously 
3 h before ACTH. Synthetie human corticotropin and 
the standard were administered subcutaneously in doses 
of 33, 100 and 300 mv to sixteen aninials in each group. 
Three h after the administration of ACTH the animals 
were killed and their adrenal ascorbic acid was determined 
by the method of Maickel’. In this test our preparation 
had an activity of 109-2 u/mg with a 95 per cent fiducial 
limit of 73.3-152-9. 

In the in vitro assays the test and standard compounds 
were added to adrenal slices of rats in doses of 33, 100 
and 300 mu. After incubation for 1 h in Krebs-Ringer- 
bicarbonate buffer solution the steroids produced were 
extracted by dichlormethane and run in a Bush B, and 
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Bush A system respectively. The spots which developed 
after reaction with blue tetrazolium were eluted and 
measured spectrophotometrically at a wavelength of 
510 um. The synthetic 1-39 peptide showed an activity 
of 107-4 v/mg, 136-4-86-5 in this assay. Both results are 
expressed on the basis of the actual peptide content of 
the preparation under assay. 

According to our results the activity of the synthetic 
1-39 human corticotropin agrees satisfactorily with the 
data of Ney et al.* obtained with a highly purified natural 
corticotropin. A report on the detailed pharmacology of 
the synthetic 1-39 ACTH peptide will be published later. 

L. SzroRNY 
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Sz. SZEBERÉNY! 

Gy. FEKETE 
Chemical Works of Gedeon Richter, Ltd. 
Pharmacological Laboratory, Budapest, Hungary. 
Received July 25, 1967; revised March 12, 1968. 


* Bajusz, S., Medzihradszky, K., Paulay, Z., and Lång. Zs., Acta Chim. Hung., 
52, 335 (1967). 

* Lee, T. H., Lerner, A. B., and Buettner-Janusch, V. J., Amer. Chem. Soe.. 
81, 6084 (1959). 

* Li, C. H., Pee. Prog. Hormone Res.,18, 1 (1962). 

* Ney, R. L., Ogota, E., Shimizu, N., Nicholson, W. E., and Liddle, G, W., 
Excerpta Medica. International Congress, Series No. 83, 1184. 

Mao oa A., Sayers, G., and Woodbury, L. A., Endocrinology, 42, 379 


* Hamburger, C., Acta Endocrinol., 85. 594 (1960). 
* Maickel, Anal. Biochem., 1, 498 (1960). 


Crab Muscle Receptor which 
responds without Impulses 


MovEMENT and position of each joint of a crab’s leg 
beyond the coxa are signalled by large groups of peri- 
pherally located sensory neurones comprising chordotonal 
organs"?, In contrast, the basal joint of each leg has 
a single compound muscle receptor innervated at its 
proximal end by two large and one small sensory nerve 
fibres each of which lacks a peripheral cell body and 
nucleus**, One of the two large fibres, the T fibre, 
terminates in the tendonous proximal end of the receptor 
muscle, while the other, the S fibre, sends a large branch 
to each of the two connective tissue strands on either side 
of the receptor muscle (Fig. 1). From these branched 
terminations the fibres retain a nearly constant diameter 
of 50-60u, for the 2-5-4 mm (in the posterior legs of 
crabs with carapaces 30-40 mm wide) to the thoracic 
ganglion, where their cell bodies are presumed to lie. 
One or more much finer motor fibres run with the sensory 
fibres to innervate the receptor muscle. This small muscle 
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lies in parallel with the promotor muscle, which moves 
the whole leg forwards at the basal (thoracic-coxal) joint. 
It inserts distally on the promotor tendon. 

Sensory responses of the nerve fibres supplying the 
muscle receptor have been studied in the shore crab, 
Carcinus maenas, and in the South African river crabs, 
Potamon sydneyi and P. depressus. After autotomizing 
the chelipeds and legs, and removing the abdomen, 
carapace, mouthparts and viscera under running sea- 
water or crab saline, the ventral thorax with exposed 
thoracic ganglion was pinned into a dish and immersed 
in the appropriate crab saline. In later experiments on 
Carcinus, the anterior branch of the sternal artery was 
ligatured and the thoracic ganglion was continuously 
perfused with oxygenated saline through a cannula tied 
into the sternal artery. No differences in the sensory 
responses were noted as a result of this procedure, but the 
reflex responsiveness of the preparation was greatly im- 
proved and prolonged. The nerve running to the receptor 
of the fourth or fifth leg on one side was separated from 
the leg nerve, and often the receptor muscle was also 
exposed. In experiments illustrated here, the coxa was 
moved or the receptor muscle stretched, by a probe 
attached to a moving coil vibrator which was controlled 
by an eleetronie function generator. Movements of the 
probe were monitored by an RCA type 5734 mechano- 
electric transducer. Extracellular ac recordings from 
the receptor nerve were made with polyethylene suction 
electrodes, and intracellular recordings with 3 M-KCI filled 
glass microelectrodes (Fig. 1). 

The receptor nerve fibres respond to passive remotion 
(backward movement) of the coxa, or to stretching the 
receptor muscle directly, with a slow depolarizing potential 
(Figs. 2 and 3). This consists of an initial dynamic 
component directly dependent on the rate and extent of 
stretch, followed by a smaller maintained depolarization 
dependent on the extent of the stretch. When the stretch 
is released there is commonly a small transient hyper- 
polarization (Fig. 28, C: arrow). For a given stimulus 
the response amplitude decreases gradually with distance 
from the receptor. The rate of spread of the depolariza- 
tion appears to inerease with the size of the erab, at 
least in those cases measured (for example, 1-2 m/s in a 
small crab to 10 m/s in a large crab). 

Intracellular responses recorded from either of the two 
large fibres are broadly similar, though the T fibre may 
have a somewhat higher threshold to passive receptor 
stretch. (Whether motor nctivation of the receptor muscle 
affects these responses differentially, as seems likely, is at 
present under investigation.) The resting potential com- 
monly lies between —40 and — 50 mV, depending partly 
on the position of the coxa or length of the receptor muscle. 
Maintained depolarizations of up to 25 mV in the S fibre 
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Diagram of the base of the muscle receptor, and its two main sensory neurones (the S and 7' fibres), of the left posterior (fifth) leg of 
a crab of about 35 mm carapace width, showing extra- and intracellular electrodes in their commonest positions for recording. 
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(15 mV in the T fibre) and showing little adaptation have 
been recorded in response to steady stretch (Fig. 2C and 
D). With fast stretches early dynamic components of the 
potentials have reached 35-45 mV (Fig. 2A: for example, 
35 mV in a T fibre with a resting potential of —45 mV). 
As in most experiments, these values were recorded about 
half-way between the receptor and the thoracic ganglion. 
Similar potentials have, however, been recorded at other 
points along the sensory fibres. 

These sensory fibres appear as simple, narrow cylinders 
for most of their extra-ganglionie length. With an intra- 
cellular microelectrode located midway between receptor 
and ganglion one should therefore record events at the 
boundary of the thoracic ganglion as readily as events at 
the receptive dendrites in the muscle. Zero membrane 
potential was never reached and no signs of brief spike- 
like potentials were seen with intracellular recording, and 
so it is likely that propagated all-or-none impulses are 
not part of the normal response of these peripheral sensory 
fibres. Rather, finely graded potentials, the amplitude of 
which depends directly on the rate and extent of stretch 
imposed on the receptor muscle (and presumably also on its 
intrinsie, centrally modifiable, tension), are conducted 
direetly, with little decrement, from the receptor to the 
thoracic ganglion. This conclusion is consistent with 
nearly all extra- and intracellular records obtained from 
many sizes of Carcinus and Potamon, having receptor 
nerves up to 10 mm long (unpublished results of S. H. R.) 
and also from several preparations of the muscle receptor 
of the posterior walking leg of the rock lobster, Panulirus 
homarus. In a few records of responses to fast stretches 
or rapidly oscillating coxal movements, however, par- 
ticularly in Potamon, there is some suggestion of graded, 
local (that is, non-propagating) active responses of the 
sensory fibre membrane, superimposed on the simple 
receptor potentials. 

The graded receptor potentials deseribed here closely 
resemble those of a variety of other sense organs, includ- 
ing muscle receptors in both invertebrates and verte- 
brates. The low electrical excitability, graded responses 
and absence of impulses are properties similar to those of 
photoreceptor cell axons of simple eyes in barnacles? and 
Limulus? and of crustacean slow musele fibres’. The 
biophysical basis for the low electrical excitability and 
the apparently large length constant of these sensory 
neurones is being investigated. Biologically, the absence 
of impulses is of particular interest because of the large 
number of neurones in both invertebrates and vertebrates, 
especially in the central nervous system, which lack very 
long processes and may therefore function similarly. (In 
the crab’s leg, other smaller sensory fibres which end in 
elastic strands in the coxa, and also lack peripheral cell 
bodies*, are an obvious possibility.) Perhaps this mode of 
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Fig. 2. Responses of the sensory fibres to stretching the receptor 

muscle, Lower trace, stimulus (stretch upwards); next trace, intra- 

cellular record; upper trace (C and D), extracellular record from whole 

sensory nerve, Intracellular records (A and B) are from T fibres in 

different preparations, (C and D) from an S fibre in a third preparation. 

Jalibration of D applies also to C. The stretch amplitude in 4, C and 
D is much greater than in B. 
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Fig.3. Responses of the same S fibre as in Fig. 2 (C and D) to inereag- 
ing amplitudes (A, 1-4) and decreasing velocities CB, 1-4) of stretch of 
the receptor muscle. Lower trace, stimulus (stretch upwards); middle 
trace, intracellular response; upper trace, extracellular ac record 
from a suction electrode placed as in Fig. 1. The very small spikes in 
the upper traces could represent impulses in the fine motor fibre(s) to 
the receptor muscle, or they might reflect impulses in neighbouring 
nerves; they appear to bear no temporal relation to the receptor stimulus 
or the intracellular response. 


operation allows for greater accuracy in information 
transfer over short distances, by avoiding translation of 
graded responses into an impulse code. Evidence that 
such non-impulsive sensory activity is adequate to evoke 
resistance reflexes in appropriate motor nerves is presented 
in the following communication. 
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Resistance Reflexes from a Crab Muscle 
Receptor without Impulses 


Is the preceding communication we describe sensory 
responses of the coxal muscle receptor of erabs!. Unlike 
other muscle receptors, no all or none impulses were 
observed in the sensory nerve fibres, even with stimuli 
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strong enough to elicit large receptor potentials. This 
absence of impulses may be normal, or in some way a 
consequence of the experimental procedure employed. 
One way to test this is to look for reflexes evoked by 
stimulation of the muscle receptor, and to find what form 
of activity in the afferent receptor nerve is responsible 
for such reflexes. An obvious reflex to look for is a 
"resistance reflex", analogous to those of the more distal 
joints of crustacean legs? and to the stretch reflexes of 
erayfish abdominal muscle receptors? and vertebrate 
muscle spindles‘. In the present case such a reflex could 
be expected in motor axons to the coxal promotor muscle 
of the leg, for this muscle is stretched by the same joint 
movement that stretches the receptor muscle. 

The shore crab, Carcinus maenas, was used throughout. 
The methods and the perfused preparation, which was 
used in all experiments reported here, are described in 
the preceding report. In addition, however, the bundle 
of motor axons to the promotor muscle was separated 
from the main leg nerve, for recording with an extra- 
cellular polyethylene suction electrode. 

The expected resistance reflex in the promotor nerve 
was found. Remotion of the coxa, or stretching the re- 
ceptor muscle directly, causes a clear reflex discharge in 
from one to five efferent axons of the promotor nerve, 
with a latency of about 10 to 20 ms. In general, the reflex 
discharge frequency is enhanced by increasing stimulus 
amplitude and prolonged by increasing stimulus duration. 
The smallest efferent impulses, presumably from the 
smallest axon, have the lowest reflex threshold and are 
more often seen to be spontaneously active. The inter- 
mediate sized spikes, however, give the most vigorous 
response to receptor stimulation. Concurrent recordings 
from the sensory neurones of the muscle receptor have 
never shown overshooting impulses, even when a powerful 
reflex discharge is evoked in the corresponding promotor 
motor nerve. The only form of afferent activity recorded 
in the receptor nerve during such reflexes is the slow 
depolarizing receptor potential reported previously. 

With intracellular recording from either of the two 
large, similarly responding, 5 and T receptor fibres, the 
reflex discharge is seen to follow the amplitude of the 
receptor potential quite closely (Fig. 14). An initial 
high frequeney discharge corresponds to the dynamie 
component of the receptor potential resulting from rapid 
stretch of the muscle receptor. This is followed by a 
continued discharge of lower frequency, which is commonly 
sustained throughout the static component of the receptor 
potential resulting from a maintained stretch. Although 
the receptor potential remains fairly constant during a pro- 
longed stimulus the reflex discharge usually declines slowly. 
This probably indicates central adaptation of the reflex. 

A similar promotor reflex can be elicited by extracellular 
stimulation of the whole receptor nerve, or by depolariza- 
tion of either the S or the 7' fibre by intracellular stimula- 
tion (Fig. 13). The response latency varies inversely and 
the discharge frequency directly with stimulus current. 
The latency ranges from about 4 ms to as much as 60 ms. 
With longer pulses the response is often maintained 
for several seconds, or even minutes, with a strong 
enough stimulus. The discharge frequency declines slowly 
throughout a sustained stimulus, again suggesting some 
central adaptation in the reflex pathway. Sometimes a 
stronger stimulus produces a discharge which outlasts 
the stimulus by many seconds (Fig. 1B, 4). As before, no 
indication of any impulses in the sensory nerve has been 
recorded in response to electrical stimulation. 

Pinching or cutting the receptor nerve evokes a very 
strong and prolonged reflex discharge which often lasts 
several minutes. Even when this discharge was particularly 
pronounced, no impulses were observed in the receptor 
nerve. Extracellular ae recordings from this nerve 
central to the pinch or cut showed only erratic slow 
potentials. Cutting the receptor nerve abolished the 
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reflex response to either coxal movement or stretch of 
the receptor muscle. It did not, however, affect the 
reflex response to other sensory stimuli, or to direct 
mechanical or electrical stimulation of the central eut end 
of the receptor nerve. These results endorse those from 
intracellular stimulation, and show that the resistance 
reflex reported here is, at least partly, a result of activity 
in the S and T fibres of the muscle receptor and not, for 
example, of direct mechanical stimulation of the motor 
nerve. (This possibility was important to test, because 
the promotor nerve runs close to the receptor muscle af 
one point, and higher amplitudes of coxal movement or 
receptor muscle stretch were sometimes seen to cause 
slight movement or vibration of this motor nerve.) 

We conclude that all or none impulses do not normally 
occur in the sensory nerve fibres of the coxal muscle 
receptor in response to adequate stimuli. The promotor 
resistance reflex is evoked by slow, graded potentials 
which conduct decrementally to the thoracic ganglion 
in the two large S and T sensory fibres. Other sensory 
fibres in the receptor nerve may also be capable of 
eliciting or facilitating the reflex. Probably, as in other 
muscle receptors, efferent activity in the motor nerve to 
the receptor muscle will modulate the reflex, perhaps 
partly by stimulating active electrogenic responses in the 
sensory fibres. These and other aspects of the anatomy and 
physiology of the present reflex are under study. In any 
event, it is clear that the thoracic-coxal muscle receptors 
of erabs are capable of providing the CNS with detailed 
proprioceptive information about the position and 
movements of this leg joint, although in an unusual 
manner. This information would seem to be adequate to 
exert a regulatory control over the actions of the basal 
joint and hence of the leg as a whole, control analogous 
to that of the peripheral joints but with the additional 
complexity of the efferent “biasing” mechanism. 
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Fig. 1. Reflex responses of the promotor motor nerve (upper traces), 
and responses of the sensory nerve (middle traces), to (A) stretching the 
recentor muscle and (B) depolarizing current pulses applied intra- 
cellularly to the F fibre (lower traces). The middle traces were recorded 
intracellularly from the T' fibre in A, and in B with an extracellular 
suction electrode placed on the whole receptor nerve central to the intra- 
cellular eurrent-passing electrode. The two series (4 and E) are from 
different preparations. 
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Degradation of Holocellulose by an 
Enzyme Preparation from a 
Wood-destroying Fungus 


Tue wood-destroying fungi form a specialized group of 
cellulolytie organisms which are able to utilize the cellulose 
and other polysaccharides present in a highly lignified cell 
wall. Some of these fungi degrade only the polysaccharide 
components of the wood cell leaving the lignin modified, 
but more or less intact (brown rots); others break down the 
polysaecharides and the lignin (white rots). Despite the 
obvious ability of these fungi to utilize cellulose, enzyme 
preparations from wood-destroying organisms have usually 
had rather weak hydrolytic activity on native cellulose’. 
The cellulolytie activity in culture filtrates of Coniophora 
cerebella, a brown rot organism, was found to be markedly 
dependent on the culture conditions, which may account 
for some of the unsuccessful attempts to prepare such 
enzymes from wood-destroying fungi in the past. 

Rapid degradation was observed when spruce holocellu- 
lose (5 mg) was incubated at pH 4-0 and 35^ C with an 
enzyme concentrate (1 ml.) prepared by precipitation 
from culture filtrates at 80 per cent saturation with 
ammonium sulphate, most of the sample being solubilized 
overnight. The holocellulose was prepared by chlorite 
delignification of 60-80 mesh sawdust at pH 4-7 (ref. 2) 
and was thoroughly washed with cold distilled water. 
The holocellulose was never dried and was stored in water 
with toluene and chloroform added as preservatives. 

Small pieces of holocellulose were placed in a drop of 
enzyme solution held within a 3 mm diameter ring cut 
from flexible PVC tubing and cemented to a glass cover- 
slip with epoxy resin cement. The coverslip was inverted 
over a 12 mm diameter glass ring (van Tiegham ring) 
cemented to a microscope slide and the coverslip was 
sealed with cement to form an enclosed system. 

A single piece of holocellulose was selected and photo- 
micrographs were taken at intervals. Fig. 1 shows the 
progress of the degradation during 21 h at room tempera- 
ture (187-22? C). Contrast in the specimen rapidly 
decreased and was not improved by phase contrast illumina- 
tion; simultaneously the birefringence in polarized light 
disappeared. Birefringence is related to the crystallinity 
of the cellulose in the cell wall and to the alignment of the 
crystallites with respect to one another and thus to the 
alignment of the cellulose microfibrils?, The rapid dis- 
appearance of birefringence therefore could derive from 
either the degradation of crystalline cellulose or the 
breakdown of the ordered microfibrillar structure or from 
both these factors. Paper chromatographic analysis 
of a larger scale enzymolysis showed that the principal 
products were glucose and hexose oligosaccharides; only 
traces of xylose and mannose were detected after 24 h 
digestion with the enzyme indicating that cellulose, rather 
than hemicellulose, was being degraded. With one piece 
of holocellulose, only a single layer of cells thick, the 
whole process was completed in about 4 h. 

a-Cellulose prepared from the holocellulose was much 
more slowly attacked; several days were required to 





Fig. 1. 
solution ( x c. 230). A notomiorographi of the 


Degradation of a piece of holocellulose immersed in T 
iece of holocellulose held 


within the viewing chamber were taken at the time intervals shown, 


bring about appreciable dissolution. Cotton was even 
more slowly degraded but bacterial cellulose, which is 
microfibrillar but not organized into a cell wall structure, 
was completely solubilized within 24 h. The lignin of the 
secondary wall in wood cells is located in the spaces 
between the cellulose microfibrils‘ and removal of this 
lignin would expose much of the surface of the micro- 
fibrils. The hemicellulose intimately associated with 
the surfaces of the microfibrils would be fully swollen in 
the never dried holocellulose and was obviously not a 
barrier to the action of the enzyme. "This open strueture 
may not survive the various treatments necessary in the 
preparation of «-cellulose and was never present in the 
cotton fibres which contained very little lignin or hemi- 
cellulose. The environment of the cellulose microfibrils 
in holocellulose therefore may be more akin to that of 
bacterial cellulose than to «-cellulose or cotton. The use 
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of cotton or other forms of "native" cellulose in the 
characterization of cellulolytic enzymes from  wood- 
destroying fungi may not be a valid test of the ability to 
degrade the cellulose in wood. 

N. J. Kine 
Forest Products Research Laboratory, 
Princes Risborough, 
Aylesbury, Buckinghamshire. 
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Suppressed Multiplication of 
Listeria monocytogenes within 
Macrophages derived from 
Thymectomized Mice 


Tur thymus has been reported to be important in the 
development of the immunological capacities of several 
animal species, so that neonatal thymectomy impairs 
many kinds of immune responses. On the other hand, 
there have been few reports of the effects of thymectomy 
on the function of the macrophage, which is known to 
be involved in immune responses. No differences have 
been detected between the reticuloendothelial phagocytic 
activity of neonatally thymectomized and control animals 
in response to colloidal gold! and carbon®. On the other 
hand, Corsi and Giusti? reported that although a single 
injeetion of colloidal carbon made no difference to either 
group of rats, after a second injeetion carbon was removed 
more quickly in the thymectomized rats. While investi- 
gating the infection of thymectomized mice with Listeria 
monocytogenes, we observed a phenomenon which may 
indicate that macrophage function is modified by neonatal 
thymectomy. 

Mice of the CF1 strain were used. Thymectomy was 
performed from 6 to 18 h after birth. Sham-thymectom- 
ized mice were used as eontrols throughout. Mice that 
developed "wasting" disease and those with remnants of 
thymus in the thymectomized group were discarded. Five 
to six weeks after thymectomy the mice were injected 
intraperitoneally with 0-1 mg of glycogen dissolved in 1 
ml. of saline to induce the accumulation of macrophages 
in the peritoneal cavity. Three or four days after injec- 
tion, exudate cells were collected from the peritoneal 
cavity and cultivated in Petri dishes containing four 
pieces of cover-slips in a moist atmosphere containing 
5 per cent CO, Hanks BSS containing 05 per cent 
lactalbumin hydrolysate and 25 per cent bovine serum was 
used as the medium. After 18 h, when the culture con- 
sisted of a complete monolayer of macrophages, the med- 
jum was discarded and cells of L. monocytogenes suspended 
in Hanks BSS were added. After incubation for 1 h the 
cultures were washed by a jet stream of Hanks solution 
to remove uningested bacteria, and were then added to 
Hanks solution containing 0:5 per cent lactalbumin 
hydrolysate and 25 per cent bovine serum. At intervala 
during incubation, cover-slips were fixed with methanol, 
stained with Giemsa solution, and the bacteria were 
counted in 50 to 100 macrophages. 

We found no significant difference in phagocytie activity 
towards the baeteria between macrophages derived from 
neonatally thymeetomized and those from control mice 
(Table 1). After incubation for 8-9 h mean numbers of 
bacteria per macrophage were consistently greater in the 
control group (Table 2). The difference in the growth 
rates in both groups was statistically significant (P < 0-001) 
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Table 1. PHAGOCYTIC ACTIVITY OF MACROPHAGES DERIVED FROM NEONATALLY 
THYMECTOMIZED AND CONTROL MICE TO L. monocytogenes 


95* of macrophages which ingested 


Experiment No. Listeria after 1 h contact 


Control mice Thymectomized mice 
1 49:3 48-7 
2 50-7 43-0 
8 44-0 50-7 


* Caleulated from 300 cells, 


Table 2. MULTIPLICATION OF L. monocytogenes IN CULTURED MACROPHAGES 
DERIVED FROM NEONATALLY THYMECTOMIZED AND CONTROL MICE 


Experi- Incubation Mean numbers of Listeria per one 


ment period macrophage obtained from 
No. (h) Control mice Thymectomized mice 
1 0 2-4+0-2* 
8 12-5 + 0-6 
2 0 2440-1 
9 14-2407 
3 0 13201 
9 109408 
4 0 2-201 
8 103105 





* Standard error. 


in all experiments listed. This indicates that the multipli- 
cation of Listeria is suppressed within macrophages derived 
from the neonatally thymectomized mice. In other 
words, the multiplieation of the bacteria is enhanced in the 
macrophages derived from the sham-thymectomized con- 
trol mice. The intracellular growth of Listeria was exam- 
ined using macrophages obtained from mice thymectom- 
ized as adults (6 weeks old). The results showed no 
difference between thymectomized and control mice in 
phagocytic activity to the bacteria or in multiplication of 
the bacteria. 
These results seem to suggest that neonatal thymus 
influences the macrophage in enhancing the intracellular 
growth of micro-organisms such as L. monocytogenes. 
We have also found (unpublished results) prolonged 
survival of neonatally thymectomized mice after infection 
by Rickettsia sennetsu which is an obligately intracellular 
parasite within macrophages. Possibly the thymus 
will affect the growth of R. sennetsu within the macro- 
phages in the same way that it affects L. monocytogenes. 
Kens TAKEYA 
Ryorcet Moni 
NOBUTOSHI IMAIZUMI 

Department of Bacteriology, 

School of Medicine, 

Kyushu University, Fukuoka, Japan. 
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Mechanism of Alkylation of 
Nucleic Acids by Nitrosodimethylamine 


SiNcE it was discovered! that nitrosodimethylamine gives 
rise to alkylated nucleic acids in the liver when injected 
into rats, and that an alkylated base, 7-methylguanine, 
ean be isolated from these nucleic acids, there has been 
much evidence of a correlation between carcinogenicity 
of N-nitrosamines and their transformation in vivo into 
an alkylating agent*c. There was evidence that the 
initial step in the conversion of the nitrosamine to an 
alkylating agent was an enzymatic oxidative dealkylation 
to a hypothetical monoalkylnitrosamine which was then 
converted to a diazoalkane or, by some other route, to a 
carbonium ion. No evidence of the production of a diazo- 
alkane in this way has been presented, although this 
possibility has been widely postulated:-*. 

In our studies of the alkylation of nucleic acids by cyclic 
N-nitrosamines it was found that the very small quantities 
of alkylated bases isolated from the hydrolysates of 
nucleic acids of animals treated with the nitrosamines 
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could be identified by mass spectrometry. It seemed likely 
that mass spectrometry could be similarly applied to 
show that a diazoalkane was produced en route to the 
alkylated base. 

Dimethylamine-d, (CD,,NH was obtained as the 
hydrochloride and converted to the nitrosamine as 
described by Dutton and Heath?. The isotopic purity of 
the product was determined by extraction of the nitros- 
amine from the aqueous solution with chloroform, re- 
moval of the chloroform by distillation, and examination 
of the residual nitrosamine by mass spectrometry and 
NMR spectrometry. Both assays indicated more than 
97 per cent deuterium (less than 3 per cent hydrogen 'H). 

One ml. of a solution containing 8-9 mg of nitroso- 
dimethylamine-d,/ml., together with 0-4 mg of the tri- 
tiated compound’, added as marker (amounting to 9 uCi/ 


CD, D 
N O, | ^ 
N—NO ————> [(CD,—N—NO] 
/ enzyme N 
CD; 


ml) was injected intraperitoneally into each of four 
rats (approximately 200 g). After 5 h the animals were 
killed, the liver removed (33-5 g) and DNA and RNA 
were isolated by a modification of a method of Kirby!*, 
The yields of DNA and RNA were, respectively, 56 mg 
and 174 mg, and the specific activities several hundred 
disintegrations/min/mg, sufficient to indicate the presence 
of 7-methylguanine. 

The DNA (50 mg) and RNA (62 mg) were hydrolysed 
in HCl and the product chromatographed on a column 
of ‘Dowex-50’ with an elution gradient of 1x N-4xN 
HCI, as previously deseribed?. Between 120 and 140 frac- 
tions of 10 ml. were collected. A peak of radioactivity 
was eluted between guanine and adenine and, presum- 
ably, contained the 7-methylguanine. The pooled eluates 
in this area were evaporated to dryness and chromato- 
graphed on Whatman No. 1 paper in the isopropanol/ 
ammonia solvent of Markham and Smith! with a marker 
spot of 7-methylguanine alongside. The area correspond- 
ing to the 7-methylguanine (zone C) was barely detectable 
as an absorbing area when viewed in ultraviolet light. 
This spot was cut out, eluted with dilute ammonia and 
the solution evaporated to dryness in a small centrifuge 
tube. The residue was taken up in a few drops of dilute 
ammonia and this solution again evaporated to dryness. 
To this residue was added a single drop of dilute ammonia 
and this solution applied tc the solid sample probe of an 
AEI MS-9 mass spectrometer, as previously described‘. 


150 160 170 150 160 170 


Fig. 1. Mass spectra of 7-methylguanine in zone C of paper chromato- 
grams of hydrolysates of liver RNA (left) and DNA (right) from rats 
treated with (CD,),.N.NO. 
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The low resolution mass spectra of the solutions so 
prepared from the DNA and RNA hydrolysates are shown 
in Fig. 1, and correspond with the mass spectrum of un- 
labelled 7-methylguanine similarly prepared from paper 
chromatograms. The spectra (which are not quantitative) 
reveal a parent peak at m/e 168, corresponding to CD,- 
guanine. The smaller peaks at m/e 167 and mje 165 
probably correspond, respectively, to m/e 168 minus a 
proton and to CH;-guanine. 

Two alternative schemes for the methylation of guanylic 
acid of DNA and RNA of rat liver by nitrosodimethyl- 
amine are shown here. The results presented here support 
the mechanism which does not involve formation of 
diazomethane as an intermediate. It is possible that a 
carbonium ion is formed directly from the demethylated 
moiety of nitrosodimethylamine. 


CD,;N, - - — CD,H* - - — CD,H-guanine m/e 167 


CD,* ——> CD;-guanine m/e 168 
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Arm Length and Arm Damage in 
Asterias rubens 


Despite the relative abundance of Asterias rubens in 
English waters, detailed knowledge of its size range and 
regenerative powers is scant. Measurements of size and 
growth rate have been made!-? but without reference to 
limb damage.  King** noted that 11 per cent of the 
individuals of A. vulgaris observed off the coast of 
Massachusetts showed regeneration of one or more arma. 
Hancock! noted that in laboratory conditions, both the 
stone crab, Hyas araneus and the common sunstar, 
Solaster papposus, preyed on A, rubens causing limb 
damage. This communication presents arm size distribu- 
tion eurves of Asterias rubens and the relation of arm 
damage to arm position and arm size. 

Specimens were collected on three consecutive days 
from exposed locations at Millport, Isle of Cumbrae, 
Scotland. Animals were taken from the intertidal zone 
of rock pools and isolated back-waters. Some were also 
obtained by dredging in Kames Bay at an approximate 
depth of 30 m. Observations were made on freshly 
collected specimens as follows, The longest arm was 
measured to the nearest 0-5 em from its tip to its origin 
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Fig. 1, The size distribution curves for Aslerias rubens specimens 


collected from the intertidal zone (— 6) and from dredging in Kames 


Bay (M — W). 





(dredge specimens were measured to the nearest cm). 
Arm position relative to the madreporite is denoted by the 
conventional method, that is, the arm opposite the 
madreporite being denoted A and the remainder lettered 
in an anticlockwise direction (facing the aboral side) 
B, C, D and E. Damage was recorded if one or more of 
the arms was partially damaged, partly or completely 
missing or in the process of regeneration. 

The size distribution curves are shown in Fig. 1, and 
the results for arm damage in relation to arm position in 
Table 1. 


Table 1 
Arm damaged 
A B [6 D E 
No. of individuals damaged 85 67 53 52 58 


The size distribution eurve for intertidal specimens of 
A. rubens demonstrates an almost perfect normal distribu- 
tion, with a mean of 3-11 em and range 0-5 em to 7-5 em. 
The curve for dredged specimens does not approximate 
to à normal distribution and this is probably because of 
the relatively small number of specimens collected (mean 
5-59 em, range 3-0 em to 9-0 em). It is interesting to note 
the partial separation of the two distributions indicating 
sampling from two different populations. Orton and 
Frazer? measured 1,805 specimens of approximately 1 yr 
old, the modal size being 4:2 cm (measured from tip to 
tip of alternate arms). This would be equivalent to a mean 
of about 2-0 em in this study. Barnes and Powell! mea- 
sured growth rate and found that over 6 months, speeimens 
reached a size of 28 mm (centre of disk to tip of arm). It 
therefore seems that most of the specimens collected 
from the intertidal zone were between 1 and 2 yr old. 
The dredged specimens were certainly older, having 
presumably migrated from the shore-line into deeper water. 
Alternatively, environmental eonditions may have per- 
mitted a faster growth rate. Boolootian’ states that the 
starfish may attain the age of 6 or 7 years and a diameter 
of 70 em.  Vevers? studied trawled specimens and found 
the size range at 25-30 fathoms to be from 3-0 em to 24-0 
em, mean 11-0 cm (anus to arm tip). The figures from my 
study are consistent with the view that the larger dredged. 
specimens were in the later stages of their life. Thorson 
(quoted by Boolootian’) suggested that these specimens 
were no longer reproductive but merely growing in size. 
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Damage to intertidal specimens occurred in 22 per cent 
of the individuals. This is considerably more than that 
quoted by King for Asterias vulgarist®. He found that 
11 per cent of the specimens were undergoing regeneration 
of one or more arms. The difference in the two figures is 
probably explained by the faet that King recorded regener- 
ating specimens only, but I have recorded all damaged 
arms whether they were undergoing regeneration or not. 
It seems likely, however, that because of the hardy nature 
of the species, most of the specimens were undergoing, or 
about to begin, regeneration. 

The relative abundance of damage to partieular indi- 
viduals may be of some significance. Table 1 shows that 
there were fewer individuals suffering from damage to 
arms C and D (those adjacent to the madreporite). 
Although the figures are not signifieantly different, it 
could be argued that individuals suffering injury in arms 
closest to the madreporite have less chance of survival 
because of the disruption of the axial elements of the 
water vascular system, and because of this fewer specimens 
are found with damage to arms C and D. This argument 
assumes that all arms are equally susceptible to damage, 
which may not necessarily be true, 

Damage among dredged specimens was less frequent 
(5-9 per cent), but the difference may be a result of the 
small sample. Although the frequency of arm damage was 
not apparently related to size, the partial separation of 
the two size ranges may account for the differing degrees 
of damage. Damage may also arise from climatic and 
tidal conditions, from the type of predation deseribed by 
Hancock® or from autotomy, but the latter is unlikely 
in Asterias. 

Variation in these factors may have led to the differing 
degrees of damage, but in addition the inercase in size 
may provide the structure of the animal with greater 
tensile strength. 

I thank Professor G. Chapman, of Queen Elizabeth 
College, University of London, for helpful criticism, and 
Mr M. K. Shaw for help in collecting and measuring 
specimens. 
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Microtubule Crystals: 
A New Biophysical Phenomenon 
induced by Vinca Alkaloids 


THE mitotic apparatus of living oocytes of Pectinaria 
gouldi undergoes marked alterations when the oocytes 
are perfused with solutions containing alkaloids from the 
periwinkle (Vinea): the size and birefringence of the 
mitotic spindle decrease gradually as seen in polarized 
light, and these changes occur concomitant with the 
attrition and disappearance of the spindle microtubules 
as shown by electron microscopy!. We have now shown 
that these same alkaloids (10-4-10-5 M vinblastine or 
vineristine sulphate) bring about a reorganization of 
microtubules after incubation for a short time with various 
mammalian cells (human polymorpho and mononuclear 
leucocytes or strain L fibroblasts) in maintenance media. 

After exposure to the alkaloids for a minimum of 30 min, 
followed by fixation as deseribed previously? or by con- 
ventional techniques for subsequent electron microscopy’, 
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Part of strain Z fibroblast after exposure for 4 h to 5 x 10* M 
vincristine sulphate. Several small, obliquely sectioned crystals exhibit 





Fig. 1. 


the usually encountered, highly regular 

of these crystalline structures (arrow) reveals the tubular nature; 

each of the microtubules shares its l with that of six surrounding 

units. Stacks of smooth endoplasmic reticulum, probably belonging to 

a Golgi complex, are visible to the right of the cross-sectioned micro- 

tubules, and rough endoplasmic reticulum in the left lower corner of 
the illustration. (x 66,000.) 


pattern, Cross-section of one 


these cells were found to have formed rectangular intra- 
cytoplasmic bodies up to 8u in length when examined 
under the light or phase microscope. The fine structure 
of these cytoplasmic inclusions was that of highly regular 
arrays of parallel electron-opaque lines with a periodicity 
of predominantly 280 A. Sections perpendicular to the 
long axis of these structures revealed a honeycomb pattern 
with each of its sub-units consisting of an electron-opaque 
circular wall about 80 A wide, which it shared with the 
surrounding six sub-units. These tubular structures (280 À 
in diameter) were highly regular, and thus fulfilled the 
requirements for the definition of a crystal (Fig. 1). 

The treated cells often contained several of these 
crystalline bodies, and occasionally bundles of separate 
microtubules also, with a diameter of 280 A. “Normal” 
microtubules with a diameter of 240 A, usually seen in 
human leucocytes and in strain L fibroblasts, were no 
longer present. 

We suggest that these periwinkle alkaloids produced a 
change in the electrical charges of the microtubule protein, 
or a re-arrangement in the molecule with changes in its 
secondary or tertiary structure, which gave rise to tubules 
with a diameter which was slightly greater than normal. 
This molecular alteration might also allow the microtubule 
to share its wall with its neighbours. The latter finding is 
not surprising in view of the partly common wall of the 
outer microtubular doublets of normal cilia in species 
ranging from protozoa to mammals*. Certain tubules in 
sperm tails exhibit the same properties. Furthermore, 
nine sets of mierotubular triplets with each set of tubules 
having partly common walls are normally present in 
centrioles. 

The fact that microtubules can form crystals may allow 
the application of techniques, particularly diffraction 
methods used in the study of crystalline structures, to 
elueidate further molecular properties of this versatile 
proteinaceous cell organelle. 

We thank Mrs S. Branson and Miss S. Lesnieski for 
technical assistance. This work was supported by grants 
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Retention of Inhaled Ethyl lodide 
labelled with lodine-132 


RETENTION of methyl iodide labelled with iodine-132 
inhaled by human subjects varies between 53 and 92 per 
cent':?, Retention is very dependent on the breathing rate 
of the subject—low rates being associated with high 
retention and vice versa. Using the same apparatus and 
iodine-132 labelling techniques, we have now carried out 
a similar but more limited investigation of the retention 
of inhaled ethyl iodide by the same volunteers. For a 
group of seven individuals breathing normally, this varied 
from 44 to 62 per cent (compared with values ranging 
from 53 to 81 per cent for methyl iodide for the same 
individuals). The retention for a particular subject again 
correlated strongly with his breathing rate, varying 
from 78 per cent at two breaths/min to 29 per cent at 
45 breaths/min. 

A study of the urinary excretion of iodide after in- 
halation of labelled ethyl iodide was also carried out on 
the same subject during a period of 4-5 h. As shown in 
Fig. 1, excretion of the labelled inorganic iodide occurred 
at a somewhat slower rate than after he had inhaled 
methyl iodide. It is interesting to note that these measure- 
ments confirm the results of Blumgart et al.* although 
they were administering quantities of ethyl iodide about 
10* times larger than those used in this work. 

These excretion results indicate that within the body 
ethyl iodide undergoes decomposition to inorganic iodide 
at a somewhat slower rate than that of methyl iodide. 
Concurrently with this work the reactions of both these 
iodides with human blood which has been stored for some 
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Fig. 1, Urinary excretion of iodine-132 following inhalation of 
(a) labelled methyl iodide; " Mee ethyl iodide; (c) ethyl lodide 
(Blumgart). 
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Table 1. MEASUREMENTS OF RETENTION AND RESPIRATORY RATE ON SEVEN 
SUBJECTS 
Respiratory rate 
Subject (respirations/min) Percentage retention 
Methyliodide Ethyl iodide Methyliodide — Ethyliodide 

C 42 42 81 56 
D $3 57 80 62 
G 9-3 8-9 77 51 
N 12-4 12-2 65 59 
Q 143 14-0 54 54 
0 15-9 16-0 63 44 
R 195 19-4 53 51 

Table 2, EFFECT OF RESPIRATORY RATE ON RETENTION (SUBJECT D) 


Respiratory rate (respirations/min) Percentage retention 


Methy! iodide Ethyl iodide Methyl iodide Ethyl iodide 
2-0 2:0 86 78 
63 57 80 62 
15-0 15-0 63 51 
30-0 30-0 4l 34 
45-0 45-0 38 29 


weeks at 2? C have been investigated in vitro. The results 
obtained show that in these conditions the reaction 
between methyl iodide and blood is neither a simple 
uncatalysed hydrolysis nor an exchange reaction involving 
halide ions in the blood but possibly involves methylation 
of a constituent of the erythrocytes. The ethyl iodide, 
however, reacted about a hundred times more slowly in 
vitro than the methyl iodide. 

In each inhalation experiment the mass of ethyl iodide 
inhaled was about 40 ug, while the radiation dose to the 
thyroid was of the order of 1 mrem. 
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Time Course of Action of 
Calcitonin on Resorbing 
Mouse Bones in vitro 


Tux existence of a new hormone, calcitonin, that lowers 
serum calcium was first postulated by Copp et al, and 
the hormone was subsequently isolated from the thyroid 
of mammalian species??, Both in vivo and in vitro studies 
indicate that calcitonin acts by inhibiting bone i esorption; 
recent reviews suunmarize the evidence* >. 

Our previous in vitro experiments®’? showed that calci- 
tonin prevents the formation of multinucleate osteo- 
clasts and their ability to mobilize bone mineral. To 
investigate further the mode of action of calcitonin we have 
developed a system for bone culture in which the hormone 
rapidly inhibits bone resorption; the time interval is 
similar to that required for the action of calcitonin in vivo. 

Calvariae labelled with “Ca from six day old mice are 
used, The mice are injected with 12-5 uCi of ealeium-45 
(Radiochemical Centre, Amersham) 2 days after birth, the 
ealvariae (frontal and parietal bones) are removed, 
divided in half along the line of the median suture, and 
the pairs of half-calvariae are maintsined im vitro at 
37° C in separate dishes*. Rabbit serum (5 per cent) 
inactivated by heat is added to the synthetic medium® 
to stabilize vitamin A? or parathyroid hormone’, the 
agents used to induce bone resorption; the addition of 
protein to the synthetic medium also stabilizes calcitonin*. 

In the first series of experiments, five pairs of half 
ealvariae labelled with caleium-45 were treated with 
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vitamin A (22 rv of retinol/ml.) to induce extensive bone 
resorptiont. After 2 days, the media were changed and 
ealeitonin was added to the medium of one of each pair 
of half-ealvariae. Three or four samples (25 ul) of the 
media from each pair of explants were taken during the 
next 24 h, and the radioactivity was assayed with a liquid 
scintillation counter. The ratios of the percentage of 
caleium-45 released in calcitonin treated to calcitonin 
untreated were then plotted against time (Fig. 1). In 
four of the five experiments, porcine calcitonin (500 milli- 
units (mv)/ml., activity 70 MRC units/mg) was used, 
and in the fifth chicken ultimobranchial calcitonin™ 
(20 mu/ml., activity 1 MRC unit/mg). Fig. 1 shows that 
the release of calcium from resorbing bones was inhibited 
within 25 min of the addition of calcitonin. The ratio 
of 45Ca released, in calcitonin treated/calcitonin untreated, 
gradually fell to about 50 per cent after 7 h. The ratio 
did not decline further because a considerable release 
of caleium-45 continued even though active resorption 
was inhibited by calcitonin. This release of calcium-45 
is attributed to the exchange process between the bone 
mineral and the medium", Fig. 1 includes results of 
two analogous experiments in which parathyroid hormone 
(2 u/ml.; activity 2,000 u/mg) was used to induce a 
similar degree of bone resorption to that caused by vitamin 
A’; resorption was subsequently inhibited by the addition 
of porcine caleitonin (500 mu/ml.). 

The concentrations of porcine and chicken caleitonin 
(expressed in terms of MRC research standard A by 
assay in the rat!?) were chosen so that maximum inhibition 
of resorption was obtained, judged by staining similarly 
treated explants for calcium by von Kossa’s method. 
The difference in dose response between porcine and 
chicken calcitonin may reflect differences between the 
activities of calcitonin from the two sources on mouse 
bone. This point is being investigated by parallel bio- 
assay of various calcitonin preparations in both the rat 
and mouse (unpublished results of Parsons and Reynolds). 

In a seeond series of experiments, pairs of half-cal- 
variae labelled with ealeium-45 were explanted either into 
control medium, or into medium to which porcine calei- 
tonin (500 mu/ml.) was added. Fig. 2 shows the results 
from five paired explants, in which four or five samples 
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Fig.1. Graph of the percentage release of caleium-45, in calcitonin (CT) 
treated/CT untreated explants, with time. The data shown as circles are 
from five paired experiments in which bone resorption was induced for 
2 days with vitamin A before calcitonin was test in four experiments 
(4), one bone of each pair of half-calvariae was treated with porcine 
calcitonin (500 mv/ml.), and in the fifth (O) chicken ultimobrauchial 
calcitonin was used (20 mu/ml.) The data shown as crosses (x) are 
from two analogous experiments in which bone resorption was induced 
for 2 days with parathyroid hormone (2 U/ml). before porcine culcitonin 
(560 mv/ml.) was tested, 
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Fig. 2. Graph of the percentage release of calcium-45, in CT treated/CT 

untreated explants, with time. One bone of each pair of half-calvariae 

(five pairs) was treated with porcine calcitonin (500 mu/ml.) at the time 
of explantation. 


(25 ul.) of the media were taken during the two days after 
explantation. The percentage ratio of the release of 
ealeium-45 in calcitonin treated to calcitonin untreated 
bones fell rapidly during the first few hours and then 
rose. We attribute the initial rapid fall to the suppres- 
sion by calcitonin of the endogenous resorption that 
was in progress when the bones were explanted. The 
subsequent rise in the ratio of caleium-45 release in 
calcitonin treated to calcitonin untreated explants 
may have been caused either by inactivation of calci- 
tonin, or by a gradual decline in the rate of endogenous 
resorption. This question is being investigated. 

The sharp fall in the release of caleium-45 from explants 
treated with calcitonin during the first few hours in vitro 
can be used as the basis of an assay for calcitonin-like 
activity. The merits of this assay are that a direct measure 
of inhibition of bone resorption is obtained with com- 
paratively small amounts of material; and provided the 
in vitro period is only 5 or 6 h no aseptic precautions are 
necessary. This reduces the time involved in setting up 
the pairs of bones. 

We thank Dame Honor Fell and Professor I. MacIntyre 
for their interest and encouragement. We also thank 
Armour Pharmaceutical Company for the porcine calci- 
tonin, and Professor Copp and his colleagues for the 
parathyroid hormone and chicken calcitonin. 
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APPLIED SCIENCES 


Density of Thin Films of 
Vacuum Evaporated Metals 


Ir is well known that the density of a material depends 
on its method of preparation and subsequent treatment. 
Values of the densities of bulk materials treated in various 
ways are given in reference tables’. Increasing use is, 
however, being made of materials in the form of thin 
evaporated films, and in some experiments, such as those 
involving measurements of transmission or energy loss 
with atomic particles, the superficial density of the film 
is a more significant parameter than its linear thickness. 
It is not always possible to measure the superficial density 
sufficiently accurately by direct weighing. A knowledge 
of the density of the evaporated material is needed for 
the superficial density of the film to be calculated from its 
linear thickness, measured, for example, by multiple beam 
interferometry?-*. Observations® on silver films in which 
the mass of silver was estimated by a chemical colori- 
metric method accurate to 3 per cent gave agreement 
between the density of the film and the bulk density. For 
aluminium, however, the oscillating quartz erystal thick- 
ness monitor described by Lawson* gave an observed 
thickness sensitivity some 4 per cent greater than the 
theoretical sensitivity. The thickness sensitivity, measured 
as the shift in frequency/unit linear film thickness, is 
directly proportional to the density of the evaporated 
material. The early measurements by Kahlbaum* seem 
to have been made with massive samples recast from 
vacuum distilled material. We report here the results of 
direct determinations of the density of some metallic 
films. The linear thicknesses were determined by multiple 
beam interferometry and the superficial densities were 
measured gravimetrically. : 

Films were evaporated simultaneously onto pairs of 
glass slides placed adjacent to one another and sym- 
metrical with respect to the evaporating metal. A sub- 
strate of sodium chloride had previously been evaporated 
onto one slide so that the metal evaporated onto this 
slide could be floated off on water and a known (approxi- 
mately 3 cm?) area of it weighed to determine its super- 
ficial density. Narrow gaps were made in the film on the 
other slide either by casting shadows of fine wires or by 
careful scratching. This slide was given a supereoat of 
silver which was just opaque and was then used to 
determine the linear thickness of the film. The range of 
film thicknesses used for each metal was chosen so that 
in general the density of each film could be measured to 
better than 1 per cent. A few thin films for which 
greater errors than this had to be accepted were in- 
cluded to demonstrate any variation of density with film 
thickness. 

Spectrographically standardized metals obtained from 
Johnson Matthey were used. They were evaporated from 
electrically heated wire filaments or metal boats. Pre- 
liminary checks were made, both optically and gravi- 
metrically, with each metal to confirm that the two slides 
received uniform coatings of the same thickness. Measure- 
ments were made to establish that the thickness of the 
silver supercoat on the "optical" slide was adequate. 
Radioactivation analysis was possible with the aluminium 
films and eonfirmed that they were not contaminated 
either by the sodium chloride substrate or by the support 
from which the metal was evaporated. 

The results of measurements on aluminium, copper, 
silver and gold films are given in Table I. 

The mean linear thickness quoted for each film is the 
mean of a number of observations, usuallv at each of 
several positions on the film. The standard deviation 
quoted for each mean was obtained from the spread of 
the individual observations, which depended on the optical 
quality of the glass slide onto which the film was evapor- 
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Table 1 
: Tabulated 
. Mean linear Density Mean density bulk 
Material thickness (g em?) (g em?) density 
(10-* em) (g em?) 
Aluminium 83181002 2.765 + 0-028 
10:90 +0-015 — 2-780 0-022 2-77 € 0-014 27 
12-06 + 0-01 2:765 + 0-022 
Copper 1:33 +0-02 8731017 
2-16 £0-01 9-09 + 0-09 
2-09 + 0-015 8-87 + 0-09 8-04 40-07 8:93 
4-01 + 0-02 9-15 + 0-08 
1r04 0-04 8:84: 0-04 
Silver 0-97 € 0-01 108 +027 
14810-0165 109 £018 
1-89 + 0-02 10-9 40-15 
2-80 + 0-01 10-88 + 0-08 10-82 + 0-05 10:5 
3-89 + 0-01 10-83 + 0-06 
4-67 x 0-02 10-88 + 0-06 
Gold 117 +0-02 18-8404 
1:96 + 0-025 19-3014 
2:12 x: 0-01 1904+012 
2-20 + 0-02 19-7 40-2 19:3 x01 19:3 
2-54 t£ 0-01 19:30:12 
6:71 2 0-018 19:4 + 0-06 


ated. The density of each film was calculated from its 
mean thickness and the superficial density. The super- 
ficial density was determined for each film to +25 ug 
em, In most cases the accuracy of measurement of the 
density was limited by the weighing accuracy. The 
weighted mean densities of films of each metal are given 
in column 4 and compared with tabulated values? of the 
density of the bulk material. 

Over the ranges of film thicknesses used, these materials 
show no significant variation of density with thickness. 
No variation of density was observed when gold films 
were heated in air at about 250° C for some hours. The 
mean densities obtained for copper and gold are in agree- 
ment with the tabulated densities for the bulk material. 
The densities of aluminium and silver films are about 2-5 
per cent and 3 per cent, respectively, greater than the 
tabulated values. 

S. LovELL 
E. ROLLINSON 
Physies Department, 
The Medieal College of 
St Bartholomew's Hospital, 
London. 
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GENERAL 


Application of the Second Law 
of Thermodynamics and Le Chatelier's 
Principle to the Developing Ecosystem 


“LIVING organisms (biota) and their non-living (abiotic) 
environment are inseparably interrelated and interact 
on each other. Any area of nature that includes living 
organisms and non-living substances interacting to pro- 
duce an exchange of materials between the living (biotic) 
and the non-living (abiotic) parts is an ecosystem" 
(modified after Odum!). The driving force which causes 
this exchange is the energy incident on the given area. 
That part of the energy which is fixed by the photo- 
synthetic biomass is either used by the respiring biomass 
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or is stored in chemical form as standing crop, extracellular 
produce, humus or peat. 

The localized storage of energy within the system 
brings about the process of succession, which may be 
defined as a linked change of the biotic and abiotic 
components of the ecosystem. Succession passes through 
several stages to a complex, highly ordered, state, in 
which the stored (ordered) energy of the system remains 
at a quasi constant level. In this state in unit time an 
amount of energy equal to that fixed by the process of 
photosynthesis is used in the maintenance of the eco- 
system, an equal amount of energy being lost from the 
system by heat transfer. 

Kelvin summarized the second law of thermodynamics 
in his concept of the degradation of energy, “owing to the 
irreversible processes of nature the availability of energy 
to do work decreases’”?. 

Consider the ecosystem and the incident energy falling 
on it. The incident energy is both the driving force of the 
ecosystem and of succession. A pioneer ecosystem has a 
small biomass and fixes, stores and respires (degrades) 
only a small proportion of the incident energy. While 
there is energy reaching the ecosystem which is not fixed 
by the process of photosynthesis, there is the possibility 
of an increase in the efficiency of the system to fix this 
energy. All the time there is energy fixed but not utilized 
in the process of respiration, this energy is stored by the 
ecosystem and succession occurs. Succession passes 
through a series of states in which an increasing amount of 
the incident energy is degraded until a state is reached in 
which, in unit time, an amount of energy equal to that 
fixed is used (degraded) in the maintenance of the eco- 
system. This state can be termed "climax". The ceiling 
level of energy degradation will be determined by the 
environmental factors limiting the system, and the state 
of evolution of the biota, in respect to these factors. 

It would therefore seem that the second law infers that 
succession should oceur; the system should tend towards 
a state of maximum degradation of the energy associated 
with it, The more generalized statement of the second law 
by Clausius, “entropie strebt einem maximum zu’? 
(entropy is a measure of the non-availability of energy to 
do useful work), lends weight to this idea. 

Classical thermodynamics can, however, only be applied 
to equilibrium states. Considering the seral ecosystem 
and the incident energy, equilibrium states only exist 
before development has started and again once it has 
reached climax. During the intervening period of develop- 
ment the ecosystem undergoes an irreversible change. 
De Groots uses generalized classical thermodynamics 
to eonsider irreversible processes. In his formulation of 
Le Chatelier's principle, he states that if an irreversible 
system is perturbed, that is, if one of its characteristic 
parameters is changed, then the system undergoes such 
a transformation as to oppose the change*. In the seral 
ecosystem the parameter in question is the degradation 
of incident light energy which is tending to increase. The 
ecosystem responds by storing energy in ordered chemical 
form; this stored energy brings about succession. 

It may therefore be concluded that the second law 
infers that succession should occur and that the localized 
build-up of energy in the biomass is caused by the opposing 
force suggested by Le Chatelier. 


Davin J. BELLAMY 
PETER H. CLARKE 
Departments of Botany and 
Engineering Science, 
University of Durham. 
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BOOK REVIEWS 


PRE-AURIGNACIAN MAN ONWARDS 


The Haua Fteah (Cyrenaica) and the Stone Age of the 

South-East Mediterranean 
By C. B. M. McBurney. 
(London: Cambridge University Press, 1967.) 
$37.50. 


Hava FrEAH is a gigantic limestone cave on the coast of 
Cyrenaica. Having discovered the site in 1948, Dr 
Charles MeBurney directed exeavations there in 1951, 
1952 and, on a larger scale, in 1955. By the end a pit 
had been sunk to a depth of just over forty-two feet 
through the almost horizontal deposits of the cave floor. 
It measured thirty-five by thirty feet at the top, but the 
last seventeen feet were exposed only in & narrow shaft 
of eight by five feet. A long series of carbon-14 dates, 
supported by climatic evidence, suggests that the lowest 
stratum reached by the sounding was formed some eighty 
thousand years ago during the last interglacial period. 
Throughout almost the whole of that time men frequented 
the cave—as families of herdsmen still do today. 

Since the end of his excavations, Dr McBurney has 
devoted ten years of research to an analysis of findings 
that included more than a million artefacts and animal 
bones. In this tremendous task he had the collaboration 
of specialists in dealing with such things as mammalian 
remains, shells and soil types, as well as the labour of 
several generations of his own Cambridge students. 

Here in bare outline is the story of this ambitious volume 
— perhaps the most statistical and analytical, the most 
heavily graphed and tabulated, of any excavation report 
ever published. 

There is no doubt that the results obtained at Haua 
Fteah are of far-reaching importance. The cave lies on 
the coastal route between two of the most thoroughly 
explored areas of Palaeolithic culture: the Levant and 
the Maghreb. In this situation its long span of continuous 
and fairly accurately dated occupation serves to link the 
two regions, to provide some idea of the relative ages of 
comparable cultures, and thus to judge the direction of 
migrations and the spread of cultural influences. As these 
questions involve the most important unanswered ques- 
tions in early human history—where, when, and among 
what type of men the Upper Palaeolithic cultures associ- 
ated with Homo sapiens first began to take shape—the 
profound interest of Haua Fteah is guaranteed. 

The earliest culture reached by the sounding. which 
Dr MeBurney ealls the Libyan pre-Aurignacian, includes 
large numbers of burins, as well as backed blades, awls, 
end-serapers and other forms already close to the “blade 
and burin" cultures of Upper Palaeolithic times. Yet, 
dated as they are to the last interglacial, they were made 
some forty thousand years before the beginning of the 
Upper Palaeolithic Age when Homo sapiens everywhere 
displaced men of Neanderthal or Neanderthaloid stock. 

It is therefore not surprising to find that at Haua 
Fteah the pre-Aurignacian was succeeded by two variants 
of the Levalloiso-Mousterian culture characteristic of 
Neanderthal Man, the earlier apparently derived from 
Asia, the later most probably from no further than the 
Nile valley. In this later occupation the presence of 
Neanderthalers is vouched for not only by their character- 
istic tool types but also by fossil remains—portions of 
two of their lower jaws. 


Pp. xv + 387 + 38 plates. 
240s. 
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These Neanderthal inhabitants of Haua Fteah seem to 
have been displaced by Upper Palaeolithic peoples com- 
ing from south-west Asia as early as 40,000 Bc. The 
Dabba culture which they introduced lasted with only 
minor evolutionary changes for more than twenty thousand 
years. Subsequent immigrations down to Neolithic times 
followed a pattern already familiar in North Africa. In 
the superficial layers signs of contact with Pharaonic 
Egypt, the burnt remains of a Greek building, and surface 
litter of recent centuries serve to impress on the mind 
the vast duration of time represented by the depths 
below. 

It is to these depths that the attention returns. Cul- 
tures of the type of the Libyan pre-Aurignacian of the 
lowest horizon had not previously come to light in Afriea, 
but were known from a few sites in the Levant. (The 
reviewer remembers the excitement when the first 
burins were brought out from low levels in the Tabun 
cave of Mount Carmel) Dr McBurney is inclined to 
think that the pre-Aurignacians reached both regions 
from inland south-west Asia. He admits that this 
would seem a barren homeland but it certainly includes 
habitable areas none of them much explored. He would 
also derive his Upper Palaeolithie Dabban and its like 
from this same region. It seems, then, that we are to 
assume that this was the centre of mentally, and therefore 
socially and culturally, progressive evolutionary stocks 
that in the conditions provided by the interglacial they 
expanded westward, contraeted towards their home- 
land with the onset of the last glaciation, and then, as 
fully developed modern men, bearers of fully developed 
Upper Palaeolithic culture, made a second much greater 
expansion between 40,000 and 35,000 Bo. This was to end 
in the disappearance of the Neanderthalers and the final 
ascendaney of Homo sapiens. 

It could hardly be hoped that the eight-foot by five-foot 
probe of the deep sounding would find human fossils. It 
is tantalizing indeed to imagine that somewhere under 
the enormous floor of Haua Fteah there may be bodily 
remains of the creators of the pre-Aurignacian culture. 
Would they be pre-sapiens types? Dr McBurney thinks 
that they well might be. 

The Haua Fteah excavation was, undoubtedly, of first- 
class importance. Its results have been studied and 
published with an unselective thoroughness rather 
alarming to contemplate. The present volume contains, 
in addition to the usual archaeological plans, sections, 
drawings and poor photographs, about 250 tables and 
graphs and three immense classified inventories covering 
tens of thousands of implements. It costs £12 even after 
subsidy, and it cost ten years of Dr MeBurney's research 
life. It seems right to consider whether such an outpour- 
ing of precious resources can be altogether justified, 

There is first of all the simple question of the seale 
of the digging in relation to the seale of this subsequent 
expenditure. Even the main pit gave a small sample of 
Haua Fteah deposits; the few cubie feet of the deep 
sounding were an almost derisorily slight test of the earlier 
occupation. It appears that the extent of the digging was 
limited by the funds available. If so, then it is fair to say 
that there should be better overall planning of the finances 
of exeavation, study and publication. 

The greater issue, however, is whether the weighty 
statistical apparatus of this report is justified by its useful- 
ness. Very many of the hundreds of tables and graphs 
concern small fluctuations in the varieties or forms of 
tools. Although it is true that Palaeolithie cultures were 
amazingly conservative, it remains a fact that artefaets 
are not like the materials of the natural sciences but 
represent particular events in historical time. They can 
be affected by extremely local conditions, by materials 
available, by the chances of the sample and even (dare one 
say it ?) perhaps occasionally by the individual preference 
of tribal leaders. Dr MeBurney is, of course, well aware 
of these facts and uses his statistics with caution. Do 
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they in the end make the comparison of one culture with 
another more exactly reliable? Will an excavator in 
one area be able to look at the graphs from another area 
and say this is or is not the same culture as mine? Per- 
haps he might be helped to make up his mind, but it is 
very doubtful whether any wise archaeologist would be 
prepared to pass judgment without examining the tools 
themselves, 

In his foreword, Professor Grahame Clark salutes Dr 
McBurney as a pioneer of method whose terrible labours 
will reduce those of his successors. He adds, “‘.. . it seems 
reasonable to hope that onee new analytical procedures 
have been worked out the inexorable drift towards post- 
humous publication may be halted". Perhaps this may 
prove to be true, and one can agree that it is worth 
trying. Yet the very idea of a state of affairs in which 
archaeologists may expect to die before they can publish 
shows that elaboration can become over-elaboration and 
bring its own penalties. That an excavator can answer 
for his report among his peers must be more significant 
than a thousand graphs. 

The thing to insist on is that all this apparatus is of 
absolutely no value in itself. One might as well make a 
statistical analysis of the nearest dustbin. It can only 
justify its cost in time and money if it contributes to the 
reconstruction of history. Dr McBurney has not been 
narrow-—he has done a remarkable job in linking his great 
sequence of cultures with those of other areas. But he 
has not gone on from there to distil his findings into 
history written in a humanistic way. The final summary 
(which starts, incidentally, with a factual mistake) is 
written in an even more dehumanized and technical manner 
than the introduction. The great issues of our history 
are implicit but never drawn into the intellectual light. 
It is this, even more than the extravagant use of statistics, 
that makes one feel that here is an ambitious play to 
make archaeology appear in the guise of a natural science. 
It cannot be one because both its data and its purposes 
are different. Many people are afraid that we are de- 
humanizing the present; it will be sad indeed if arehaeo- 
logy is set on a course that must dehumanize our under- 
standing of the past. JacquETTA Hawkes 


WOMB TO TOMB 


The Body 
By Anthony Smith. Pp. 552. 


(London: George Allen 
and Unwin, Ltd, 1968.) 50s. 


Doers a good physiology book have to be dull ? Evidently 
not, nor coy either. Mr Smith, a zoologist and a scientific 
journalist, has turned out what one would have thought 
impossible: a comprehensive and detailed study of the 
human body that should interest both tbe scientist and 
the ordinary reader. He diseusses the body and its 
workings in the eontext of evolution and of changing 
social customs and habits. Neither the intricacies of the 
latest researehes into chromosomes or the large protein 
molecules nor the aneedotes of history are left out. The 
reader who knows geneties backwards and forwards still 
might be interested to learn the pattern of haemophilia 
in Queen Victoria's family. 

The best, and the bulk, of this book is devoted to 
human reproduction. There are also discussions of old 
age, death, suieide, sleep, weight and respiration. Apart 
from a chapter on the effects of radiation on the body, 
there is little viewing with alarm, no tedious moralizing 
about the evils of organ transplants and such which mar 
almost every other attempt to discuss the body's appara- 
tus even in this year of enlightenment. The horrors of 
the past, especially childbed fever and infant mortality, 
are conveyed well by the author's dispassionate and lucid 
prose. 
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For the collector of odd bits of information, this book 
is a goldmine. Einstein did not speak until he was four, 
primitive pessaries were made of pomegranate skin, 
elephant's dung and whitewash (to name but a few) and 
six out of 1,000 British marriages are between first 
cousins. Although no advice is given in this book, it 
might be considered the adult's Dr Spock; even the index 
makes absorbing reading. Those rare medical experts who 
know all about the body, from aene to webbed toes, ` 
should recommend it to their wives and force it on their 
children. BRENDA MADDOX 


OPENING OF PANDORA’S BOX 


Diseases in Antiquity 

A Survey of the Diseases, Injuries and Surgery of Early 
Populations. (Compiled and edited by Don Brothwell 
and A. T. Sandison.) Pp. xix+766. Springfield, I.: 
Charles Thomas, Publisher, 1967.) $39.75. 


Tuais is an expensive, comprehensive and important book ; 
important, because it represents tho first attempt to survey 
in English the whole field of disease in antiquity through- 
out the world. The study is not restricted to man; it 
includes, albeit sketehily, references to disease in many 
extinct vertebrates. The work consists of separate essays 
(largely independent of one another) by well known 
authorities. A few are reprints of classical papers which 
are comparatively inaccessible. It is convenient to have 
these available in one volume. 

The papers are grouped into, first, an introductory 
section, where the most outstanding contributions are 
those of Calvin Wells, who discusses in salutary fashion 
the way in which post-mortem factors may produce 
changes closely resembling the action of ante-mortem 
pathogens, and of Don Brothwel, who handles in a 
masterly way the bio-cultural background of disease. 
Section 2 contains contributions to parasitology. Here 
there is perhaps a tendency to discuss rather what might 
have been the case than to present the evidence concerning 
what was the case in antiquity. Section 3 consists of a 
number of geographic studies of which those by Kinnier 
Wilson on the organic diseases of Ancient Mesopotamia 
and by Sussman on diseases in the Bible and Talmud are 
outstanding. The paper by J. Needham and Lu Gwei- 
Djen on disease in Ancient China is interesting, but it is 
overweighted with philological material comprehensible 
only to the expert sinologist. The following section, on 
individual somatic diseases, is the largest, and contains 
much of great importance. Human tuberculosis, it is 
claimed, is a mutant form appearing in the Neolithic 
period and reaching the Americas only in post-Columban 
times. The divergence of views about the origin of 
epidemic syphilis persists, although an increasing measure 
of agreement is evident. The paper by Calvin Wells 
attempting to make a quantitative estimate of the incidence 
of disease in ancient times by the study of the occurrence 
of Harris’s lines is a refreshing breakaway from the pure 
cataloguing of identifiable diseases. The essay by Meller- 
Christensen on the evidence of leprosy in earlier peoples 
is one of the best in the book. He demonstrates conclu- 
sively that the disease was unknown in Africa, Europe 
or the Middle East before the early part of the Christian 
era. 

The fifth section dealing with the regional distribution 
of somatie disease inevitably leans heavily on Egyptian 
material, but Sandison and Wells have tapped an unusual 
source of information about endocrine disorders by turning 
to the Sagas. Information about the pathology of the 
jaws and teeth is exceptionally abundant, and Brabant 
and Alexandersen do full justice to it. 

It is difficult to see the justification for the inclusion of a 
section on accidental trauma and surgical intervention in a 
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work on disease, and indeed much of it deals not with the 
past but with procedure im use among primitive peoples 
today. Trepanation is discussed at length by Lisowski 
and by Margetts, but little or nothing is added to Guiard's 
work. In at least two areas where trepanation was 
practised both in the past and recently (the Sudan and 
Indonesia), Shaman-like priests are initiated in a ceremony 
described as “the opening cf the head". It is curious that 
' nobody has attempted to see if there is any connexion. 

The final section deals with mental abnormality in 
antiquity. Literary sources are drawn on heavily; the 
cuneiform inscriptions as interpreted by Kinnier Wilson 
revealing a particularly rich complex of ideas regarding 
mental illness in the ancient Middle East. 

The book is exceptionally well edited, there being little 
overlap between the work of so many writers. It contains 
invaluable bibliographies and it demonstrates how much 
has been accomplished, and how much remains to be 
achieved, particularly in the quantitative field. For many 
years to come it will be an indispensable tool in the 
hand of everyone working in the field of palaeopathology. 

H. HucHes 


EVOLUTION OF THE MEDICINE 
MAN 


The Healers 

The Doctor, Then and Now. By Kurt Pollak, in col- 
laboration with E. Ashworth Underwood. Pp. x+ 246+ 
32 plates. (London: Thomas Nelson and Sons, Ltd, 1968.) 
50s. 


CowcoMriTANT with a growing interest in historical medi- 
cine and individual doctors of the past, numerous aspects 
of the art of healing have been studied of late by medical 
historians and several books have been published on the 
subject. This book has original features which call for 
special mention. 

Dr Kurt Pollak, an Austrian, a lecturer in the Academy 
of Military Medicine in Bonn, published Die Jtinger des 
Hippokrates : Der Weg des Arztes durch sechs Jahrtausende 
(The Descendants of Hippocrates: The Progress of the 
Doctor through Six Thousand Years) in 1963. It is not a 
history of medicine, but an account of the evolution of 
the medical practitioner from primitive times to the 
present day in the main eivilizations of the world. In 
the translation many passages relating to German prac- 
titioners and their training have been either eliminated 
or replaced by corresponding information relating to 
British practice. The first half of the book is virtually 
by Dr Pollak; the second half is substantially written 
by Dr Underwood. 

It was necessary to shorten the book and further 
deletions were made by the publishers in Dr Pollak’s 
version; the additions concerning British practice were 
retained. The deleted portions consist largely of quota- 
tions and further German details which are of interest 
only to specialists, and can be consulted in the original 
German. version. 

This book has mvolved much original research and 
scholarship by the joint authors. It surveys the progress 
of doctors almost “from China to Peru". 

The “doctor” who trepaned the cave-men is followed 
by the medicine man; then there is a careful study of 
Assyrian and Egyptian dectors based on the Code of 
Hammurabi and the Rosetta stone, with a valuable account 
of Egyptian papyri with medical references. Next come 
doctors in India, China and Japan; those in Greece and 
Rome, well known and of paramount importance, inas- 
much as they include Hippocrates and Galen, follow. 
Erom. 8t Luke the narrative passes to the Middle Ages, 
to Paracelsus, Vesalius, the founding of the College of 
Physicians, the United Company of Barber-Surgeons, 
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Thomas Vicary, Clowes and Wiseman. Then there follow 
the apothecaries and their royal charter, hall and Wor- 
shipful Society, William Harvey, Sydenham, French 
medicine and doctors, Mesmer and magnetism, Johann 
Peter Frank and a Police Force for Health, medical reform, 
scientific medical practitioners, specialists, general prac- 
titioners and certain research workers. Sections of the 
book are devoted to the struggle of women to enter the 
medical profession, to political and literary doctors, and 
to the British National Health Service. 

The outlook is wide but, with the exception of Frank, 
relates to clinicians, specialists and research workers. 
The reference to Sir John Simon on page 184 concerns 
medical education. The influence of exponents of preven- 
tive medicine does not come within Dr Pollak’s purview. 
Dr Underwood, however, does emphasize the importance 
of health and hygiene in his concluding pages. 

ARTHUR MacNaury 


AMERICAN MEDICAL LICENCES 


Medical Licensing in America 

By Richard Harrison Shryock. Pp. xi+ 124. 
Md.: The Johns Hopkins Press; London: 
University Press, 1967.) 52s. 6d. 


(Baltimore, 
Oxford 


ONE of the most vital aspects of a profession is the method 
of control that society and the profession itself have 
imposed on its practitioners. It is of central importance 
to the educational system which produces the potential 
licensee, it reflects the development of the subject under 
consideration, and it is influenced by a multitude of 
social and cultural factors. 

This is especially true of the medical profession and 
in no other is licensing of such crucial importance to all 
concerned. It is therefore surprising that little has been 
written on the evolution of medical licensing, and Dr 
Shryock’s book on the United States is the first to con- 
sider a small part of it in a scholarly fashion. It is, in fact, 
a remarkably complicated story to tell, ranging in time 
as it does from the earliest primitive settlers to the present 
day, in a country of great topographical diversity. Dr 
Shryock traces the development of standards for the 
practice of medicine and, being a social historian, he is 
able to relate this with skill and perception to background 
social influences. Moreover, he outlines briefly the 
arrangements in the other countries by which America. 
was influenced, and, to give his analysis even greater depth 
and significance, he adds a comparative study of the 
legal profession. 

The result is an excellent account of how medical 
societies, medical schools and finally state boards have 
each taken a hand in licensing American doctors. The 
outcome of this almost experimental process is of the 
greatest value to those in other countries who may be 
unsatisfied with present arrangements and who wish to 
evaluate other methods. Admittedly. conditions have been 
and still are unique in America, but there have been 
enough general principles for the events to be pertinent 
elsewhere. The greatest fascination, however, is to 
observe how the medical profession gradually developed 
its restraints, set against the cultural evolution of a young 
and vigorous people. They inevitably eopied from Britain 
and from the Continent, but at the same time domestic 
regulations peculiar to their own circumstances were 
established. 

Dr Shryock’s book is documented with scholarly 
precision and should be read by all who are concerned 
with medical education today. As he points out in con- 
clusion, "licensing procedures are still far from perfect" 
(page 115); it follows that to plan for the further evolution 
that is necessary, it is essential to know what has been tried 
already. Epwin CLARKE 
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EXOTIC FLORA 


The Golden Age of Plant Hunters 
By Kenneth Lemmon. Pp. x + 229+ 20 plates. (London: 
Phoenix House, 1968.) 84s. 


Tms is a middle-age book. The time comes after studying 
and growing plants that we can pause to consider why 
we have made their acquaintance. The British Isles are 
famous for their exotic flora in parks and gardens. This 
book tells how many of the exotics were introduced 
through the devotion of a few, mostly underpaid and 
ill-educated gardener-explorers between 1768 and 1836. 
Now we order plants by air-mail. They shipped them by 
long and boisterous sailings and on arrival there were 
many disappointments as rotting seeds and dead stumps 
were found. The zeal of the wealthy horticulturists 
succeeded, however, with something like a one per cént 
return. The expense in obtaining Amherstia nobilis was 
fatuously uneconomical, yet the duke won. Horticulture 
is not a cause but a measure of civilization. Why, it is 
hard to say, but this book proves it and that there is no 
end in sight to the passion. We can follow the urge which 
drove the pioneers and the author to record their adven- 
tures, bearing in mind the example of Amherstia, though 
it comes near the close of the book. 

Seven eharacters are chosen about whom the story is 
woven. The great Joseph Banks (Australasia) comes first. 
"Then there follow Franeis Masson (South Africa), Bligh 
and the breadfruit with the Great Cabin and the mutiny, 
which is rather out of keeping, for the breadfruit is scarcely 
known in Britain, William Kerr (China), George Don 
(tropieal Ameriea, West Africa), David Douglas (North 
America), and John Gibson (India). Few persons, now- 
adays, associate anything with most of these names, if 
they have been heard of at all, but, having read, they 
will be glad of the remembrance. Whether the young 
will fall for the many fell circumstances which never quite 
befell is doubtful, though experience can forgive an 
enthusiastic pen. Finally, success came through the 
invention of Dr Nathaniel Bagshaw Ward—it is inter- 
esting to speculate on how many modern botanists could 
think this out. 

The result is a solid book for libraries with a wide 
appeal, not only to horticulturists. There is an uneasy 
feeling, nevertheless, that some other countries did better. 
The book is written with insularity and the scientific 
would have preferred closer dovetailing with progress on 
the Continent whence, of course, as many great and small, 
rich and poor, equally intrepid plant-collectors went forth. 
The botany, on the whole, is good, though here and there 
it falters. The print is impeccable; the illustrations are 
attractive, especially the reproduction of woodeuts; and 
the style is friendly, if florid. There must have been 
much in eommon between Banks and the Maori chief 
(opposite page 39), and it is an achievement to have 
combined them with Douglas and Gibson in so worthy a 
volume. E. J. H. Corner 


CALIFORNIAN COCCIDS 


Mealybugs of California, with Taxonomy, Biology, and 
Control of North American Species 

(Homoptera: Coccoidea: Pseudococcidae.) By Howard 

L. McKenzie. Pp. viili+ 526. (Berkeley and Los Angeles: 

University of California Press; London: Cambridge 

University Press, 1967.) $25; 238s. 


Tue first 47 pages contain nine short chapters, introduc- 
tion, economic importance, control measures, ecology, 
biology, cytology, field and laboratory studies, morpho- 
logy and classification, and a key to the genera of North 
American Pseudococcidae. The next 445 pages are a 
taxonomic account of the 35 Californian genera and 193 


NATURE. VOL. 218, JUNE 22, 1968 


Californian species of mealybugs. The remaining 33 
pages contain a Californian distribution table, biblio- 
graphy, host plant index and general index. A key to all 
the North American species of mealybugs is given for 
each genus represented in California. Each Californian 
species is illustrated by a full page diagram and details 
are given of synonymy, other descriptions and accounts 
of the species, the type locality and host plant, other 
North American distribution data, additional host plants, ' 
external features, habitat and microscopical recognition 
characters. Detailed Californian collection data including 
a distribution map are given for each species. The first 
four coloured plates contain 36 photographs of living 
mealybugs and the remaining 21 coloured plates are 
reproductions of paintings of mealybugs on their host 
plants with the habitat illustrated in the background. 
'The book is printed in clear type on good paper and the 
production can fairly be described as lavish. 

Only one misprint was noticed, the specimens of 
Heterococeus pulverarius recorded from ‘Keiv’ on page 
193 were in fact collected at Kew. The discrepancies of 
one between the number of species of Anisococcus, 
Discococcus and Pseudococcus said to occur and actually 
listed and described are probably inevitable in a work 
which takes many years to write. The latest concepts 
appear to have been successfully incorporated into the 
earlier parts of the text with the possible exception of the 
name Dysmicoccus cuspidatae (not & Californian species) 
which appears on page 157 and which is regarded as a 
synonym of D. wistariae in Europe. Collectors are advised 
to preserve attendant ants in alcohol but some ant 
specialists prefer specimens killed and preserved dry. 
Even when the names of coccids are sectional headings 
they are set in italies and do not stand out as clearly 
as the paragraph headings for host plants, ete., which 
are set in bolder type. It is easier to use a revision when 
the insect name heading the section is set in the boldest 
type. 

'The high standard of coccid illustration in recent years 
is well maintained in the present monograph and is the 
major aid to eoccid identification. Keys to genera are 
used relatively more by novices than by specialists, so it 
is a pity to see the couplet "2(1) Trilocular pores absent: 
Trilocular pores present at least somewhere on the body” 
so early in the key to genera without further amplifica- 
tion. Coceid specialists often recognize trilocular pores 
under the medium power of a compound microscope 
but a novice has to cheek each pore with the high power 
or even oil immersion. Hundreds of pores must be exam- 
ined in order to confirm that no trilocular pores are present 
on Heterococcus. This is depressing for a beginner. The 
separation of Tridiscus multiorbis from Radiococcus by 
the considerable number of evident body setae will 
encourage the novice to use the diagrams rather than the 
written key. Some leapfrogging could have been avoided 
if couplet 27 had been replaced by 29, 28 by 27 and 29 
by 28. 

These criticisms are trivial and mostly detected because 
of the clear way in which the data are presented. Informa- 
tion previously scattered through coccid literature and in 
practice available to only a few specialists is now gathered 
into one volume available to all. The Californian ecologist 
and applied entomologist can now put a name to a mealy- 
bug specimen and have a lead into the literature concerning 
the species. The book is much more than this. It will 
be used not only in North Ameriea but also in other parts 
of the world beeause the widely distributed mealybugs 
of economie importance are well illustrated. A standard 
is set for future revisions of coecids from other regions. 
The chapters on ecology, biology and cytclogy are fascin- 
iting, summarizing what is known and indicating how 
much more is not. The book is expensive but there are 
few people interested in coccids who will not obtain a copy. 
Any organization dealing with mealybugs that does not 
acquirea copy is likely to have made an expensive economy, 
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for the first 44 pages should be compulsory reading for 
anyone hoping to control mealybugs. Professor McKen- 
zie's monograph will become the most consulted book on 
mealy bugs. V. E. EaAsTOP 


PARTICLES AND FIELDS 


Proceedings of the 1967 International Conference on 
Particles and Fields 

The University of Rochester, Rochester, New York, 

August 28-September 1, 1967. Edited by C. R. Hagen, 

G. Guralnik and V. S. Mathur. Pp. 707. (New York and 

London: Interscience Publishers, a Division of John 

Wiley and Sons, 1967.) 94s. 


Tue 1967 conference to which these proceedings belong 
was not one of the regular international conferences on 
high energy physics, which in fact took place in Heidel- 
berg later that year. As stated in the foreword ". . . the 
purpose of the Rochester Conference was to provide a 
forum for an intensive examination of several key prob- 
lems of particle physics . . .". To this end, the summary 
talks of the first session, which were devoted to the latest 
experimental developments in the field, formed the neces- 
sary prelude to the detailed theoretical talks which suc- 
ceeded in the remaining six sessions. Much of the material 
of the book (exeept perhaps the session concerned with 
infinite representations of particles) was repeated and 
enlarged on at Heidelberg the following month and it has 
since also appeared in print (North-Holland, 1968). For 
those of us who have to choose between these two con- 
ference proceedings, one must obviously recommend the 
later Heidelberg publieation, which contains a newer and 
more comprehensive coverage of the experimental results. 
Nevertheless, those who would like to savour the flavour 
of a physies conference will thoroughly enjoy the dis- 
eussions which followed the seheduled talks at Rochester; 
exceptionally spicy were Kallen’s comments about the 
work of Feynman and Schwinger. R. DELBOURGO 








INFRARED 


Essentials of Modern Physics Applied to the Study of 
the Infrared 

By Armand Hadni. (International Series of Monographs 

in Infrared Science and Technology, Vol. 2.) Pp. xvi+728. 

(Oxford, London and New York: Pergamon Press, 1967.) 

1958.; $24. 


WITHIN a period of about twenty-five years infrared studies 
have been totally transformed. The pioneer’s home-made 
point-by-point spectrometer, using a sensitive galvano- 
meter, has grown into the familiar rugged and automatic 
recording instrument in everyday use. In the past few 
years new developments have put the far infrared into 
the hands of chemists. In physics, current infrared studies 
include investigations of semi-conductors and phonon 
processes in erystals. The recent development of the 
infrared laser and the wide applications it is already 
receiving are indications that the field of infrared studies 
is likely to continue to be an active one. It is in this 
context that Professor Armand Hadni’s comprehensive 
text on the infrared is both appropriate and welcome. 
Although the book includes in its coverage basic theory 
of radiation with special reference to infrared, it is likely 
to be particularly valuable to those concerned with 
experimental techniques and instrumentation in the infra- 
red. 

The opening chapter, on instrumental optics in the 
infrared, deals in some detail with prism and grating 
dispersion, and also multiplex spectrometry; particular 
attention is given to the problem of eliminating stray 
light. The second chapter on sources of infrared gives a 
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general account of emission of radiation. Thermal 
emission receives a good deal of attention, but atomic 
and moleeular speetral emission, lasers and generation of 
radiation by electrical circuits are all discussed. The next 
chapter, which is on infrared detectors, provides an account 
of the physics underlying the various types of thermal 
detectors, photoconductive cells and other quantum 
detectors. After a chapter on propagation of electro- 
magnetic waves, polarization, dielectric constant and 
dispersion, there follows a chapter on the physica of 
vibrations in crystals which has special reference to inter- 
action with infrared radiation. Finally, there is a chapter 
on developments in far infrared spectroscopy, a field to 
which Professor Hadni has contributed much himself. 
Both instrumentation and the different types of transition 
which give rise to spectra in this region are discussed. 
Each chapter is followed by a bibliography, complete 
up to October 1966, and comprising in all more than a 
thousand references. D. J. Mines 





PYRROLES AND PYRIDINES 


Hetero-Aromatic Nitrogen Compounds 

Pyrroles and Pyridines. By K. Schofield. Pp. viii 434. 
(London: Butterworth and Co. (Publishers), Ltd, 1967.) 
120s. 


Tue contents and the price of this book indicate that it 
is primarily intended for graduate students and research 
workers whose major interest is in heterocyclic chemistry. 
It is, however, an ideal reference book for undergraduate 
students and its absence from any library would leave a 
serious gap in the literature of pyrroles and pyridines. The 
first three chapters constitute an introductory section 
which describes the historical background as well as the 
modern ideas of the structure and reactivity of aromatic 
compounds in general and of pyrrole and pyridine in 
particular. One may criticize this section as being too 
elementary in places and somewhat superfluous particu- 
larly in view of the intended standard of the reader. 
The introductory section, however, leads smoothly into 
the second section, which, in a further three chapters, 
describes the physical and chemical propertics of the 
pyrrole and pyridine nuclei and their derivatives. 

The chemistry of pyridine and its derivatives is particu- 
larly well described in just under 300 pages and this 
section compares very favourably with considerably more 
voluminous and more costly texts which are available. 
The chemistry of pyrrole is dismissed in a mere 68 pages. 
One feels that Dr Schofield has been more selective in his 
choice of presentable data, particularly in the tables, for 
pyrroles than he has for pyridines, and one may question 
the usefulness of tables which are not comprehensive. 
In spite of its brevity, however, the chapter on the chemis- 
try of pyrrole is considerably better than any text which 
is available at present. 

Both sections of the book are well supported by 
references to the original literature and cross-references 
within the book are also provided. I, however, found 
some difficulty in locating specific facts within the text, 
partly because of the somewhat inadequate nature of the 
subject index, but mainly because of the general manner 
in which the book has been written. Often it is necessary 
to refer to several different parts of the book to obtain a 
complete understanding of a particular piece of informa- 
tion. Also, one or two of the ‘cross-references appear to 
have gone astray. The index to substitution reactions of 
pyridines was found to be particularly useful and à similar 
table for the reactions of pyrrols would have been of use in 
the rapid location of information. 

Errors and omissions in the text are rare and, in general, 
quite trivial. In spite of Dr Schofield’s contention, how- 
ever, of "arguments about the naming of tautomeric 
systems . . . to be sterile", I am of the opinion that 
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it is preferable to use only one name for each of the 
alternative tautomers or to indicate that certain names 
are synonymous. Dr Schofield uses three different names 
(on pages 86, 104 and 111) for the oxo-tautomer of 
hydroxypyrrole. . . 

A criticism which one can level at any book which aims 
&t being a reference book as well as an informative text is 
that it soon becomes out of date. The fault often lies in 
the delays in publishing. Dr Schofield has attempted to 
reetify the fault and an addendum of work reported up 
to the end of 1965 is included at the end of each section 
of the original text. With the present day rapid expan- 
sion in heterocyclic chemistry, however, one must realize 
that the book is, in many respects, already out of date in 
1968. If one accepts the inevitability of this situation, 
then it is extremely difficult to find any other book which 
compares with the high standard set by Dr Schofield. 

R. ALAN JONES 


INTERNATIONAL FRICTION 


Oil: The Biggest Business l 
By Christopher Tugendhat. Pp. xvi+318. (London : 
Eyre and Spottiswoode (Publishers), Ltd, 1968.) 45s. 


Oxe of the charms (some would say hazards) of the 
development of industry in the twentieth century, with 
its dependence on the economies of scale, has been to make 
armed insurrection easier. By concentrating the centres 
of government, production and communications in a few 
places, society has allowed itself to become less flexible 
and more vulnerable to assault. The radio station, 
perhaps, is the first to fall, but the oil refinery is not 
likely to be far behind. Lord Curzon observed that the 
allies floated to victory in the First World War on a 
wave of oil—modern societies are swept along by a 
veritable flood of the stuff. It was no coincidence that 
the French Government managed in the recent crisis to 
arrange for petrol to be made available for the Whit 
holiday—nor is it surprising that this immediately made 
some people feel that everything was back to normal. 
This, of course, was not the first time that political sur- 
vival has depended on the continued supply of oil, but it 
was a nice example of just how important a part it has 
come to play. . 

Christopher Tugendhat understands this well, and his 
interesting and well-informed book provides further 
examples. He begins his survey, quite properly, with an 
obseure railroad conductor called Edwin Drake, who 
turned up in Titusville, Pennsylvania, in 1859 and began 
to drill. Previously, people had been prepared to wait for 
oil to seep to the surface, but Drake recognized that this 
was & poor way of doing things. Within a few weeks 
Drake found oil, and the derision of the local people 
turned to envy. Within twenty years, the industry was 
large and flourishing, and entirely in the hands of one 
man, John D. Rockefeller. In its early years, the industry 
seems to have had a gift of throwing up extraordinary 
eharacters—as well as Rockefeller, there was Calouste 
Gulbenkian, who made millions of pounds a year out of 
an oilfield he never went to see, and Henri Deterding. 
who built up the Royal Dutch Shell group. 

In recent years, perhaps inevitably, the oil industry 
has become a more conventional place to work, peopled 
with organization men who know the rules—odd though 
they sometimes are—and stick to them. Christopher 
Tugendhat’s book reflects this change, and the second 
half is far less entertaining than the first. But the book 
does explain a number of things which the oil companies 
would doubtless have preferred to keep to themselves, 
while preserving a careful neutrality in matters of con- 
troversy. Should the producing countries dictate their 
terms to the companies, and finally gain control of their 
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own reserves ? Mr Tugendhat favours a policy of gradual- 
ism, and quotes the fate of Dr Mohammed Mossadegh, 
who tried in 1952 to take over the oil reserves of Tran, 
his own country, from Anglo-Iranian (BP) who owned 
the concession. It is true, as Mr Tugendhat observes, 
that this dispute established where the balance of power 
lies between the producing countries and the international 
companies—it was a clear victory for the latter. And it. 
is also true that the present arrangements, based on an 
inflated "posted price” on which the companies pay 
taxes, is more favourable to the producing countries than 
many other systems would be. But the same pressures 
which made it politically unwelcome for Britain and 
France to have their computer industries dominated by 
IBM will ultimately make life a good deal harder for 
Shell and BP, and no amount of good works or eon- 
tributions to worthy causes will entirely remove suspicion 
of their motives. And this, one feels. is entirely as it 
should be. Nice, Hawkes 


PHILOSOPHY OF SCIENCE 


Conceptual Foundations of Scientific Thought 
An Introduction to the Philosophy of Science. 
Marx W. Wartofsky. Pp. xii+ 560. 
Macmillan Company; London: 
1968.) 84s. 


THIS is a welcome addition to the increasing number of 
textbooks on the philosophy of science which are coming 
out in response to the need of the many university 
institutions, both in this country and abroad, that are 
providing centres of study for a subject that is becoming 
progressively more specialized, with a danger of being 
eut off from the mainspring of scientific activity. The 
core of the book (part 2: 'The Methods of Science) includes 
the usual formal account of the central problems of the 
philosophy of science, including such topies as observa- 
tion, formal systems, models, measurement, hypothesis, 
induetion and probability, and the formalities of theory 
construction. This part is written clearly and economie- 
ally. and at a level accessible to the beginner in the field. 
While including many of the traditional topies going back 
to the nineteenth century (for example, a diseussion of 
Mill’s canons, chance and probability), it also discusses 
and summarizes results of more recent controversies such 
as the logical status of scientific laws, the epistemological 
and ontological status of theoretical models and similar 
matters. 

The student is, however, introduced to this part very 
gently, through an account of the emergence of scientific 
thought. This stresses the importance of the conceptual 
element in pre- and post-scientifie modes of perception, 
although the discussion of these matters falls somewhat 
between the two stools of incipient psychological theory 
and rather obvious and commonsensical remarks, and 
therefore makes rather heavy, not to say dull, reading. 
This is followed by a useful device of contrasting scientific 
with pre-seientifie ways of knowing, and a chapter on the 
rise of science in Greece, including brief sections on the 
Greek atomists, Plato and Aristotle. The brevity of the 
treatment can, of eourse, no more than whet a reader's 
appetite: Plato and Aristotle each get five pages. Here 
the aecount of genesis breaks off, giving the misleading 
impression that at this point both science and its philoso- 
phy somehow had gone into hibernation, emerging fully 
fledged at the rise of the seventeenth century. The con- 
cluding section of this part (“The Continuity of Greek 
Science and Contemporary Science") does nothing to lessen 
this impression, although there are a couple of appendices 
which mention developments in medieval mechanies as 
well as Alexandrian science. Still, one must be grateful 
that a formal textbook on the philosophy of science should 
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at least remind the reader that this subject is embedded 
in a philosophical tradition. 

We are also reminded of this philosophical background 
by chapters that follow these dealing with the methods 
of science. These include a chapter on causality, the 
different ways of formulating the notion of causal law, 
and the main philosophical approaches thereto; Leibni- 
zian, Humean and Kantian. These pages are admirable 
jn their concentration, though the price paid for this is 
high. To ascribe to Leibniz the view that “the ‘necessity’ 
of mathematics is thus the necessity of world relations 
as well” is surely inconsistent with Leibniz's clear distinc- 
tion between these two types of necessity (logical and 
physical). Similarly, the Kantian account of causality 
involves the usual muddle between the principle of causal- 
ity as a transcendental presupposition of objective experi- 
ence of contingent matter of fact in general, and as a 
logical form which expresses the scientist’s demand that 
the uniformities of nature be co-ordinated by means of 
theories. Still, one must not carp where so much is 
mentioned in such a narrow compass. 

There are similar brief discussions of the concepts of 
space, time and matter in recent physies, and there follow 
the usual sections on biological categories of understand- 
ing, together with thirty pages on the "human sciences”, 
with a coda on science and values. 

'The book is thus very much in the American "textbook 
style"; whether it will fire a budding genius to think 
for himself is another matter. But it is nice to have so 
many topics once again between hard covers; and one 
must be truly grateful for the full bibliographies (very 
up to date) whieh form a special feature of the book. 

G. BUCHDAHL 


STATISTICAL PAPERS 


Bibliography of Statistical Literature Pre-1940 

With Supplements to the Volumes for 1940-49 and 
1950--58. By Maurice G. Kendall. Pp. 356. (Edinburgh 
and London: Oliver and Boyd, Ltd, 1968.) 168s. 


ALTHOUGH this volume deals with the earliest historical 
period, it is the last to appear. There are now three 
volumes, the other two covering the periods 1940-49 and 
1950-58. From 1958 onwards all statistical papers are 
indexed in the International Journal of Abstracts of 
Statistical Theory and Method, so the coverage of the 
literature is completed up to date. 

The three volumes taken together contain more than 
25,000 references, and it gives some idea of the labour 
involved to notice that the first volume appeared in 1962. 
Only the author, title (sometimes with a translation) and 
the exact reference are given: clearly to have done more 
would have been desirable, but would have delayed 
publication intolerably. The authors have been very 
thorough in their searching, and have adopted a policy 
of including, rather than excluding, in case of doubt. 
Although this has led to the inclusion of papers which 
are only marginally statistical, it means that very little 
of value can have escaped their net. 

Although the books and papers listed in the pre-1940 
volume will no doubt be of less interest from the research 
point of view than those in other volumes, this part of 
the work is by far the most interesting to read. Perhaps 
this is because, in those more leisurely days, there was 
no great pressure to publish unless there was something 
to say. All the great names of mathematical history from 
Kepler onwards are there (with the exception of Newton). 
It is interesting to see, too, how the preoccupations of 
statisticians have changed over the years, although a book 
dated 1699 on the balance of payments problem suggests 
that some things never change. 

All statisticians owe a great debt to the authors. 

D. KERRIDGE 


FILM REVIEWS 


COMBATING BILHARZIA 


The Threat in the Water 

Directed by Richard Bigham. Produced by Michael 
Clarke. Shell Film Unit. Running time 30 min. 

Two years ago, Shell announced the discovery of a com- 
pound called ‘Frescon’ which is now playing an inereas- 
ingly important part in the control of the disease bilharzia. 
Since then, the Shell Film Unit—with the co-operation 
of the World Health Organization—has made a film, 
The Threat in the Water, which describes in simple terms 
the battle that is now being waged against this scourge 
affecting some 200 million people throughout the world. 
lronieally, despite the suffering and enormous loss of 
manpower resulting from infection with this parasitic 
trematode, the average British citizen has probably never 
even heard of the disease. Shell is therefore to be 
congratulated if only for brmging such an important 
topie into the public eve. 

The film was sponsored by Shell International Chemical 
Company. Although it is to a certain extent slow and 
repetitive—whieh is probably not such a bad thing if 
non-specialists are to benefit from it—the photographysis 
good and the cinemicroscopy, filmed at Ciba Research 
Laboratories in Basle, deserves special mention. Shots 
are included of scenes in a number of countries including 
Tran, Venezuela, Brazil, Sudan and Kenya, and on the 
whole a good balance is maintained between the “human” 
aspect and accurate scientific presentation. 

As shown, Shell's strategy for controlling the disease 
is simple: kil the snails that carry the parasite that 
causes the disease. This is achieved by feeding 'Freseon' 
at the headwaters of a stream, river or canal and allowing 
the flow to carry it along. Only by combining molluscicides 
with drug therapy and sanitation, however, will the 
disease be completely eradicated. 

The Threat in the Water will be available on loan in size 
16 mm to any interested organization. Perhaps the most 
valuable contribution a film of this sort can make is in 
the elassroom; one thing for sure is that no textbook 
could ever describe in such vivid terms the way that 
infective cercariae bore their way through the human skin. 

ANNE CLAYTON 

















University News 


An air pollution survey grant of $68,250 has been awarded 
by the US Department of Health, Education and Welfare 
to the Associated Students of the California Institute of 
Technology. The grant, which will extend to September 
30, is for cataloguing sources, effects and reactions of air 
pollutants, measuring the costs of air pollution damage, 
and determining the costs of controlling air pollution. — 


The University of Chicago has received a gift of 


$12 million from the Pritzker family of Chicago. The 
money has been given in support of the university’s 





School of Medicine, which is now to be renamed the 
Pritzker Sehool of Medicine. "This donation brings the 
total contributed to the Campaign for Chieago, the 
university’s three-year effort to raise $160 million, to 
approximately $140 million. The campaign was an- 
nounced in October 1965. 


Mr Dennis Cox has been appointed university librarian 
and keeper of the Brotherton Collection at the University 
of Leeds. 
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The title of professor has been conferred on the following : 
Dr A. E. Kellie, steroid biochemistry, in respect of his 
post at the Middlesex Hospital Medical School, 
London; Dr B. McA. Sayers, electrical engineering 
applied to medicine, in respeet of his post at Imperial 
College; Dr J. F. Soothill, immunology, in respect of his 
post at the Institute of Child Health. 


Announcements 


Tue first annual meeting of the Biological Council of 
Canada was held in Ottawa on March 29 and the follow- 
ing officers were elected: President, Dr W. H. Cook. 
executive direetor of the National Research Council of 
Canada; Vice-president, Dr J. A. F. Stevenson, Univer- 
sity of Western Ontario; Secretary-Treasurer, Dr D. T. 
Canvin, Queen's University. 


The International Meteorological Organization Prize; 
which is awarded annually by the World Meteorological 
Organization for outstanding work in meteorology and 
in international collaboration, has been awarded to Sir 
Graham Sutton, formerly director general of the British 
Meteorological Office. The prize consists of a gold medal, 
$1,200 and a diploma giving the citation of the award. 


A new organization entitled Organization of Tropical 
American Nematologists has been established and its 
first formal meeting will be held in Sarasota, Florida, 
during December 3-6. Membership of OTAN is open to 
workers active in nematology who either work or have 
research projects in the American tropics or subtropics. 
Further information ean be obtained from Dr A. Ayala, 
Department of Entomology, Agricultural Experiment 
Station, Rio Piedras, Puerto Rico 00928. 


Meetings 


July 1-5, 8th International Congress on Glass, 
London (Organizing Committee, e/o Society of Glass 
Technology, Thornton, 20 Hallam Gate Road, Sheffield 
10). 


July 4-5, Technological Forecasting, Harrogate (Con- 
ference Secretary, University of Bradford Management 
Centre, Emm Lane, Bradford 9). 


Juiy 7-13, 8th International Congress of Gastro- 
enterology, Prague (Dr Zdenek Mafatka, Secretary- 
General of the Congress, Nemoenice Bulovka. Prague 8). 


July 8-9, Optics in Medicine and Biology, University 
of Kent at Canterbury (The Meetings Officer, The Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London SW1). 


July 8-18, 5th International Symposium on the 
Chemistry of Natural Products, London (Secretary, 
5th International Symposium on the Chemistry of Natural 
Products, c/o The Chemical Society, Burlington House, 
Piccadilly, London W1). 


July 14-20, International Institute of Welding Annual 
Assembly, Warsaw (Polish Organizing Committee, Ul 
Krueza 36, Warsaw 53). 


July 19, Circulatory and Respiratory Physiology, 
Imperial College (Mass Transport Symposium, Physio- 
logical Flow Studies Unit, Imperial College, Prince 
Consort Road, London SW7). 


August 6-16, 9th International Congress of Soil 
Science, Adelaide (Australian Organizing Committee, c/o 
CSIRO Waite Agricultural Research Institute, Adelaide). 


September 9-12, Hormones in Development, Univer- 
sity of Nottingham (Dr Max Hamburgh, the City College 
of the City University, Convent Avenue, New York, 
NY 10031). 
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ADDENDUM. The authors of the article "Crystallographic 
Determination of Symmetry of Aspartate Transcarbamyl- 
ase" on page 1119 of this issue of Nature wish to add the 
following footnote: ‘The data presented in this paper are 
also compatible with a molecular point group of C,— 6". 


CORRESPONDENCE 


Chemical and Biological Warfare 


Str,—A controversy has raged for some time in the 
United States over the propriety of scientifie research 
dealing with chemical and biological warfare. We note 
that this issue has been diseussed in Britain as well 
(Nature, 217, 799; 1968). 

A recent symposium (April 4, 5, 9 and 10) in colebra- 
tion of the twenty-fifth anniversary of Fort Detrick, the 
US Army's biological warfare research centre, in the words 
of Seience (160, 285; 1968) "has provoked sharp opposition 
in the biological community and suffered a boycott that 
is believed to be unparalleled in the recent stormy history 
of relationships between the military and the scientific 
community". Briefly, a group of scientists, on hearing of 
the announced symposium, jointly sponsored by Detrick 
and the American Institute of Biological Sciences (AIBS), 
contacted colleagues who had been scheduled to speak at 
the symposium and urged them not to participate. The 
reasons for this request dealt with the immorality of bio- 
logical weapons, the faet that the symposium, honouring 
Fort Detrick, lent chemical and biological warfare research 
an air of respectability and that the two topies of the 
symposium, while of general scientific interest, were of 
specific importance to the military. (The topics discussed 
were “Entry and Control of Foreign Nucleic Acid" and 
"Leaf Abscission". Results of studies dealing with the 
former can be used to create more efficient biological 
weapons, while research in abscission is directly related 
to plant defoliation.) As a result of this request, by per- 
sonal reflexion or by the entreaties of other colleagues, 
sixteen scientists ultimately refused to give papers at the 
symposium. On April 9, a demonstration was held out- 
side the gates of Fort Detrick opposing the symposium. 
The protesters included many of the scientists who had 
originally initiated the anti-Detrick action as well as some 
residents of Frederick, Maryland, where the fort is 
situated. 

Another aspect of the controversy was highlighted by 
a recent action of the governing council of the American 
Society for Microbiology (Science, 160, 861; 1968). This 
body voted to dissolve an ASM advisory committee at 
Fort Detrick. Professor S. E. Luria, president of the 
ASM, in a speech to the society’s recent annual meeting, 
said, “The ethical problems implicit in the association of 
a professional society with the defense establishment have 
always been present in the minds of the officers of the 
Society and have often been debated in its councils". 

These actions reflect the antipathy felt by many 
American biological scientists toward biological warfare 
research. 








Sincerely yours, 


Davin DUBNAU 
Eunice KAHAN 
LEONARD MINDICH 
RICHARD Novick 
Issar SMITH 


The Public Health Research Institute 
of the City of New York, Inc., 

455 First Avenue, 

New York, NY 10016. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Thursday, june 27 


SOCIETY FOR ANALYTICAL CHEMISTRY, RADIOCHEMICAL METHODS GROUP 
(in the Department of Physics, Imperial College, Prince Consort Road, 
London, SW7) from 10 a.m. to 5 p.m.— Exhibition of Radiochemical Instru- 
ments. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

TEMPORARY LECTURER Or ASSISTANT LECTURER IN PURE MATHEMATICS 
-Fhe Registrar, The University, Hull, Yorkshire (June 24). 

ASSISTANT LECTURER (with an interest in topology) in the DEPARTMENT 
OF PURE MaATHEMATICS—- The Registrar, University College of North Wales, 
Bangor, North Wales (June 26). 

ASSISTANT LECTURER (honours graduate) IN STATISTICS— The Academic 
Registrar (EMS), Brunel University, Uxbridge, Middlesex (June 28). 

A Nt LECTURER or LECTURER (preferably interested in the early 
val period) in the ARCHAEOLOGY OF RUSSIA AND EASTERN EUROPE 
—The Secretary-Registrar, Schoo! of Slavonic and East European Studies, 
University of London, Senate House, London, WC1 (June 28). 

LECTURER IN THEORETICAL PHYSICS—-The Registrar, Quee 
(University of London), Mile End Road, London, E1 (June <£ 

LECTURER (preferably with an interest in one of the following fields: dielec- 
tries, magnetism, microwave spectroscopy or low-temperature physics) in 
APPLIED PHYSICS to teach and carry out research in solid state physics— 
c Registrar and Secretary, University of Durham, Old Shire Hall, Durham 
(June 28). 

TEMPORARY LECTURER or ASSI: 
within the DEPARTMENT OF MATHEMATICS 
Senate House, Bristol, 2 (June 28). 

LECTURER IN PSYCHOLOGY at the University of Cape Town—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW1; and The Registrar, University of 
Cape Town, Private Bag, Rondesbosch, Cape Town, South Africa (June 20). 

fespARCH FELLOW in the DEPARTMENT OF CHEMISTRY for fundamental 
studies in inorganic systems which might lead to the development of cement- 
ing materials with novel properties The Secretary, The University, Aber- 
deen, Scotland (June 29), 

GRADUATE ASSISTANTS (2) within the Cripps Computing Centre— The 
Registrar, The University, Nottingham (June 30). 

ASSISTANT LECTURER (preferably with an interest in statistical techniques 
and/or the geography of vegetation) in GEOGRAPHY The Secretary, Birk- 
beck College (University of London), Malet Street, London, WC1 (July 1). 

HORTICULTURIST, ASSISTANT EXPERIMENTAL OFFICER GRADE (with at 
least a degree or diploma in horticulture, and preferably some practical 
glasshouse experience) to grow plants in glasshouses and controlled environ- 
ments, and to assist in work on plant-microbe interactions--The Secretary, 
Eotieinsted Experimental Station, Harpenden, Herts, quoting Ref. 1052/116 

uly 1). 

SENIOR LECTURER/LECTURER (with considerable research experience) in the 
DEPARTMENT OF ANATOMY AND HisTOLOGY-—The Secretary, The London 
Goamital Medical College (University of London), Turner Street, London, El 

uly 1). 

STUDENT RESEARCH ASSISTANT to work in the DEPARTMENT OF BOTANY 
under Dr J. Turner on the vegetational history of North East Greece— The 
"rep wd and Secretary, University of Durham, Old Shire Hall, Durham 
(July 1). i 

CHAIR OF ZOOLOGY at Queen Mary College--The Academic Registrar (N), 
University of London, Senate House, London, WC1 (July 4). 

LECTURER or JUNIOR LECTURER in PHILOSOPHY—Secretary to the College, 
Trinity College, Dublin, 2, Republic of Ireland (July 4). 

ASSISTANT LECTURER or LECTURER in PURE OR APPLIED ZOOLOGY-—The 
Registrar (Room 39, ORB), The University, Reading (July 5). 

ASSISTANT LECTURER (preferably with experience in electron microscopy 
and histology) in MiCROBIOLOGY—-The Secretary, The Queen's University, 
Belfast, Northern Ireland (July 5). 

ASSISTANT (with an honours degree in botany, agricultural botany or 
genetics, and preferably some research experience) in RESEARCH IN AGRI- 
CULTURAL BOTANY, for research in the general field of plant genetics and 
breeding and some teaching— The Secretary, School of Agriculture, Uni- 
versity of Cambridge, Downing Street, Cambridge (July 5). 

ADVISER (suitably qualified candidate) for MATBEMATICS— The Chief 
Education Officer, Civic Centre, Southampton (July 6). 

LECTURERS (2) (one clinical and one non-medical) in VIROLOGY—The 
eae Registrar, The Medical School, The University, Birmingham, 15 
(July 8). 

SUPERINTENDENT (graduate in physies or other suitably qualified candi- 
date) OF LABORATORIES— The Hegistrar, University of Essex, Wivenhoe 
Park, Colchester, Essex (July 9). 

TUTOR IN GEOGRAPHY— Professor A. Davies, Department of Geography, 
University of Exeter, Queen's Drive, Exeter, Devonshire (July 9), 

SHELL CHAIR OF MATHEMATICS EDUCATION at Chelsea College of Science 
and Teehnology— The Academic Registrar (A), University of London, 
Senate House, London, WC1 (July 10). 

CHAIR OF CHEMICAL PATHOLOGY at Charing Cross Hospital Medical School 
—The Academic Registrar (A), University of London, Senate House, London, 
Wl (July 11). 

Ernest Cook CHAIR OF COUNTRYSIDE PLANNING at University College and 
Wye College—The Academie Registrar (A), University of London, Senate 
House, London, WC1 (July 12). 

ASSISTANT LECTURER in the DEPARTMENT OF CONTROL ENGINEERING— 
The Registrar, The University, Sheffield (July 13). 

LECTURERS or SENIOR LECTURERS IN ENGINEERING at the University of 
Auckland, New Zealand— The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (New Zealand 
and London, July 15). 

SENIOR LECTURER in PHILOSOPHY at Monash University, Melbourne, 
Austraülia-—The Academic Registrar, Monash University, Clayton, Victoria, 
Australia; or The Secretary-General, Association of Commonwealth Uni- 
a (Branch Office), Marlborough House, Pall Mall, London, SW1 

uly 18). 

CHAIR OF INORGANIC CHEMISTRY —The Secretary, The Queen's University, 
Belfast, Northern Ireland (July 22), 











Mary College 








STANT LECTURER in the COMPUTER UNIT 
~The Registrar, University 
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LECTURER in the SCIENCE OF ENGINEERING MATERIALS in the DEPARTMENT 
OF MATERIALS— The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E1 (July 29). 

LECTURER (with an honours degree in physies, teaching and research 
experience, and preferably a higher degree or with proven research experience 
which is equivalent) IN PHYSICS at the University College of Townsville, 
University of Queensland, Australia— The Association of Commonwealth 
LUCI (Branch Office), Marlborough House, Pall Mall, London, SW? 
(July 31). 

UNIVERSITY OF MELBOURNE RESEARCH FELLOWSHIP tenable for one, two or 
three years (scholar who has recently obtained a degree of Doctor of 
Philosophy or equivalent qualification)--The Secretary-General, A 
of Commonwealth Universities (Branch Office), Marlborough House 
Mall, London, SW7 (Australia, August 31). 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER (male) for 
experimental work concerned with the energy metabolism of farm jive- 
stock; and a SCIENTIFIC ASSISTANT/SENIOR SCIENTIFIC ASSISTANT for 
analytical work resulting from above experiments-—The Secretary. Rowett 
Research Institute, Bucksburn, Aberdeen, Scotland. 

À STANT LECTURERS (2) IN GEOGRAPHY —The Registrar, The University 
of Manchester, Manchester, 13, quoting Ref, 105 

BIOCHEMIST, SENIOR or BASIC GRADE (with BSc or ARIC qualifieations) 
to work with the principal biochemist in a busy, well-equipped department 
—The Hospital Secretary, Royal Northern Hospital, London, N7. 

LECTURERS (2) in the DEPARTMENT OF ELECTRICAL AND ELECTRONIC 
ENGINEERING— The Registrar, Queen Mary College (University of London), 
Mile End Road, London, El. 

PHYSICIST to collaborate with biologists on basic biomedical research; an 
ELECTRONIC ENGINEER to develop equipment for measurement, control and 
data processing of biological signals; and a MECHANICAL ENGINEER to work 
on the design of mechanical components and systems— The Director, 
National Institute for Medical Research, Mill Hill, London, NW7, 

PLANT PHYSIOLOGIST to join a small research group aiming at improve- 
ments in crop production by means of environmental control, being tackled 
at basic level in such problem areas as photosynthesis, the phytochrome 
system, the physiological role of blue light, temperature regimes, ete.-—D. C. 
Page, Head of Personnel Services, Electricity Council Research Centre, 
Capenhurst, near Chester, quoting Ref. N/137. 

RADIOCHEMISTS; RADIOCHEMICAL TECHNICIANS or  TECHNOLOGIETPE: 
ELECTRONIC TECHNICIANS or TECHNOLOGIE and GLASS BLOWERS at the 
University of Manitoba, Canada—Department CPO 1440, Canadian Govern- 
ment Immigration Service, 38 Grosvenor Street, London, WL. 

RESEARCH ASSISTANT in the DEPARTMENT OF APPLIED MATHEMATICS-- 
The Registrar. niversity College of Wales, Aberystwyth. 

RESEARCH ASSISTANTS (suitably qualified graduates) in the DEPARTMENT 
OF BIOLOGY AND GEOLOGY (present research is in the fields of (a) animal 
parasitology, (b) phycology, (e) plant physiology, and (d) geochemistry )— 
Head of the Department of Biology and Geology, Northern Polytechnic, 
London, N7. 

RESEARCH FELLOWS (2) (with postgraduate experience to PhD or equiva- 
lent standard in biochemistry, ehemistry or physiology, and preferably 
further post-doctoral research experience) in the DEPARTMENT OF PHYRI- 
OLOGY AND BIOCHEMISTRY—-Professor K. A. Munday, Department of Physi- 
ology and Biochemistry, The University, Southampton. 

SENIOR BIOCHEMIST in the DEPARTMENT OF CLINICAL PaTHOLOGY for 
duties which will include the organization and development of an ENDOCRINE 
UNIT within the Department— Dr J. Liddell, Guy's Hospital, London, SE1. 

SENIOR LECTURER (preferably with experience or interest in animal 
physiology) in ZooLoGy-—Clerk to the Governing Body, Northern Poly- 
technie, Holloway, London, N7. 





















































REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Journal of Biological Education, Vol. 1, No. 1 (March 1967). Published 


Quarterly, Pp, 1-95. Subscription rate: 60s. per annum. (London and 
New Tone Academic Press, 1967. Published for the Institute of 
j3iology. {65 


[65 

University of Oxford. Annual Report of the Curators of the Bodleian 
Library for 1966-7. (Supplement No. 4 to the University Gazette, Vol. 98, 
March 1968.) Pp. 64. (Oxford: The University, 1968.) 78. 6d. [85 
Bulletin of the British Museum (Natural History). Historical Series. 
Vol. 3, No. 6: Charles Darwin on the Routes of Male Humble Bees. By R. B. 
nan. Pp. 177-189. (London: British Museum (Natural History), 
is 8. 
The British Coal Utilisation Research Association. Annual Report 1987. 
Pp. iv+127. (Leatherhead, Surrey: British Coal Utilisation Research 
Association, 1968.) {75 
The Heating and Ventilating Research Association. 12th Annual Report 
1967. Pp. 43. (Bracknell: The Heating and Ventilating Research Associa- 
tion, 1968.) {76 
The Radiochemical Centre. Review 7: Storage and Stability of Corme 
pounds Labelled with Radioisotopes. By R. J. Bayly and E. A. Evans. 





Pp. 80. (Amersham: The Radiochemical Centre, 1968.) (75 
Overseas Development Institute. Annual Report 1967-1968. Pp. 36. 
(London: The Overseas Development Institute, 1968.) ith 


Ministry of Technology: National Engineering Laboratory. Heat Biblio- 
graphy 1907. Pp. viii+ 384. (Edinburgh and London: H.M. Stationery 
Office, 1968.) 52s. 6d. net. [75 

Ministry of Overseas Development. PANS Manual No. 2: Pest Control 
in Groundnuts. Pp.iv--138. (London: Ministry of Overseas Development, 
1967. Obtainable from Tropical Pesticides Research Headquarters and 
Information Unit, Grays Inn Road, London, WC1.) 9s. [85 

Medical Aspects of Fitness to Drive Vehicl a Guide for Medical Prac- 
titioners, Edited by Leslie G. Norman. Pp. 52. (London: Medical Com- 
mission on Accident Prevention, 1968.) 5s, [85 

Department of Education and Science; Scottish Education Department, 
Advisory Panel on Student Maintenance Grante—a Report. Pp. iH-+IR. 
(London: H.M. Stationery Office, 1968.) 2s. 6d. net. IE 

Ministry of Transport: Road Research Laboratory. RRL Report LR 
145: A Comparison of X-Way and other Pedestrian Crossings. By G. D, 
Jacobs, S. J. Older and D. G. Wilson. Pp. 4642 plates. (Crowthorne: Road 
Research Laboratory, 1968.) Gratis. {95 

Making Fuller Use of Survey Data. By Michael Phillipson. Pp. 79. 
(London: Political and Economic Planning, 1968.) 8s, [105 
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The Moon: Its Geology and Geography. 


By Dr P. J. Adams. (Natural 
Environment Research Council: 


Institute of Geological Sciences.) Pp. 36. 


(London: H.M. Stationery Office, 1968.) 2s. 6d. [105 

Bulletin of the British Museum (Natural History), Entomology. Supple- 
ment II: A Review of R, S. Bagnall’s Thysanoptera Collections. By L. A. 
Mound. Pp. 181. (London: British Museum (Natural History), 1968.) 
80s. [105 

British Flame Research Committee. 1967 Annual Report. Pp. ii--18. 
tLondon: British Flame Research Committee, 1968.) [105 


Anti-Locust Bulletin No. 43: Laboratory Experiments on Oviposition 
Responses of the Desert Locust, Schistocerca gregaria (Vorsk.). By Maud J. 
Norris. Pp.47. (London: Ministry of Overseas Development, Anti-Locust 
Research Centre, 1908.) 8s. 6d. [135 

Plant Foods for Human Nutrition, Vol. 1, No. 1 (May 1968). Editor-in- 
Chief; Frank Wokes. Published quarterly. Annual subscription rates 
(ineluding postage): for libraries, government laboratories, research estab- 
lishments, manufacturing houses and other multíple-reader institutions, 
168s.; $20 (overseas); 140s. (UK and Eire). For members of the Vegetarian 
Nutritional Research Centre and Science Council of the International Vege- 
tarian Union, 705, $7. (Oxford, London and New York: Pergamon Press, 
1968.) [135 

BBC Engineering Monograph No. 73: Sonic Booms and other Aircraft 


Noise in Studios, Part 1: Noise from Sonic Booms. By A. N. Burd and 
M, E. B. Moffat. Part 2: Noise from Subsonie Aircraft. By A. N. Burd. 


Pp. 19. (London: British Broadcasting Corporation, 1968.) 5s. 

The Gas Council. Investment in Natural Gas: The Prospects and Plans 
of the Gas Industry. Pp.16. (London: The Gas Council, 1968.) [145 

Annual Report of the Council of the Institution of Mining and Metallurgy. 
Pp.14. (London: The Institution of Mining and Metallurgy, 1968) — [145 

Bulletin of the British Museum (Natural History) Geology. Vol. 15, 
No. 6: Some Strophomenacean Brachiopods from the British Lower Silurian. 
By L, R. M. Cocks. Pp. 283-324--14 plates. (London: British Museum 
(Natural History), 1008.) 50s. [155 

Schools Council. Working Paper No. 18: Technology and the Schools, 
(The Pilot Study Report of the Schools Council Project Technology). Pp. 
vii+35. (London: H.M. Stationery Office, 1968.) 5s. net. {165 

Ministry of Transport: Road Research Laboratory. RRL Report LT 161: 
An Assessment of the Dunlop Maxaret Anti-Locking Braking System Fitted 
to an Articulated Vehicle. By H. A. Wilkins, Pp. 14, RRL Report LR 173: 
Skidding in Personal-Injury Accidents in Great Britain in 1965 and 1966, 
By Barbara E. Sabey and Valerie J. Storie. Pp. 19. (Crowthorne, Berk- 
shire: Road Research Laboratory, 1968.) Gratis. (165 

About OHE: a Description of the Organization and Work of the Office of 
Health Economics. Pp. 12. (London: Office of Health Economics, 
1968.) i [165 

Ambassade de France, Service de Presse et d'Information. The Institut. 
de France and the Five Academies. Pp. 26, (London: Ambassade de 
France, Service de Presse et d'Information, 1968.) [165 


[145 


Other Countries 


Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 124, No. 3640: New Records of Birds from the Hawaiian Leeward 
Islands. By Roger B. Clapp and Paul W, Woodward. Pp. 39. Vol. 114, No. 
3641: Stomatopod Crustacea from Madagascar. By Raymond B. Manning. 
Pp. 61. Vol. 124, No. 3642: A New Subspecies of Parrotfish Nicholsina ustus 
collettei from the Eastern Atlantic Ocean. By Leonard P. Schultz. Pp. 3. 
Vol. 124, No. 3643: Systematics and Distribution of the Monotypic Indo- 
Pacific Blenniid Fish Genus Astrosalarias. By Victor G. Springer and William 
F. Smith-Vaniz. Pp. 12--1 plate, Vol 124, No. 3644: Studies in the Tiphi- 
idae, X. Hylomesa a New Genus of Myzinine Wasp Parasitic on Larvae of 
Longicorn Beetles (Hymenoptera). By Karl V. Krombein. Pp. 22. Vol. 124, 
No. 3648: Additional Data on Brood Parasitism. By Herbert Friedmann. 
Pp. & (Washington, D.C.: United States National Museum, Smithsonian 
Institution, 1968.) [65 

Journal of Mass Spectrometry and Ion-Physics, Vol. 1, No. 1, April 1963, 
Published bimonthly. Pp. 1-104. Subscription prices: US $25: Df. 90; 
209s. 6d. per volume plus postage (US $0-85; Dfl.3; 75) (Amsterdam: 
Elsevier Publishing Company, 1968). [65 

Federal Council for Science and Technology. ICAS Report No. 12, (Jan- 
uary, 1968): National Atmospheric Sciences Program—TFiscal Year 1969. 
(Interdepartment Committee for Atmospheric Sciences.) Pp. 62. (Washing- 
ton, D.C.: Executive Secretary, Interdepartment Committee for Atmos- 
pheric Sciences, 1968.) [65 

Transactions of the American Philosophical Societv, New Series, Vol. 58, 
Part 2: The Painted Medallions in the Sainte-C hapelle in Paris. By Robert 
T. Branner. Pp. 1-42. (Philadelphia: The American Philosophical Society, 
1968.) $1.75. N [65 

Carnegie Institution. Annual Report of the Director of the Department 
of Terrestrial Magnetism, 1966-1967. (Reprinted from Carnegie Institution 
Yearbook 66 for the year July 1, 1986- -June 30, 1967.) Pp. 131 +6 plates. 
Washington, D.C. Č arnegie Institution of W ashington, 1968.) {65 

American Philosophical Society. Year Book, 1967. Pp. 790. (Philadelphia: 
American Philosophical Society, 1968.) {65 
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LABELLED 
AMINO-ACIDS 


WIDE RANGE 


Over 130 amino-acids labelled with 
carbon-14 and other radioisotopes 
are available. 


HIGH SPECIFIC ACTIVITY 


Many are supplied at extremely high 
specific activity. Some carbon-14 
compounds have an isotopic abundance 
of almost 90% of the theoretical maximum. 


HIGH PURITY 


Carefully controlled preparation and 
packaging, combined with frequent batch 
analysis, ensure purity above 97% for 
carbon-14 labelled amino-acids and 
above 95% for amino-acids labelled with 
other radioisotopes. 


Some important 
compounds now available 


CARBON-14 
L-Glutamic acid-C14(U) at 276 mc/mM. 
L-Leucine-C14(U) at 305 mc/mM. 
L-Lysine-C14(U) monohydrochloride 

at 324 mc/mM. 
L-3-Phenylalanine-C14(U) at 504 mc/mM. 
L-Valine-C14(U) at 270 mc/mM 


TRITIUM 

L-Leucine-4,5-T at 29 c/mM 
L-3-Phenyl(alanine-2,3-T) at 10 c/mM 
L-Tyrosine (side chain-2,3-T) at 3.9 c/mM 


Ask for free batch analysis 

sheets providing details of purity, notes 
on preparation and recommendations 
for storage. 
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APPOINTMENTS VACANT 





UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 
LECTURER IN PHYSICS 


The College invites applications for the above- 
mentioned position. 


Qualifications : Applicants should have an 
Honours degree in physics with both teaching 
and research experience, Preference will be 


given to candidates with higher degrees or with 
proven research experience which is equivalent. 
Although the field of radio physics, upper atmo- 
sphere physics, and nuclear physics are most 
appropriate to the Department at present, new 
fields would be considered if it was found that 
facilities could be provided. 

Duties: The successful applicant will be re- 
sponsible to the Head of the Department of 
Physics in the University College. He will be 
required to lecture, conduct tutorial and labora- 
tory classes, and generally to assist in the teach- 
ing, examining, research and other work of the 
Department. 

Salary: The salary range for Lecturer is 
$45,400 by $4250 (4) by $A300 (3) to $A7,300, 
plus a northern allowance of $A60 per annum. 
The starting salary will be fixed within this 
range in accordance with the qualifications and 
experience of the successful applicant. 

Date of taking up duty : The successful appli- 
cant will be expected to take up duty as soon as 
possible afzer appointment, 

NOTE: Inquiries of a scientific nature should 
be made directly to the Head of the Department 
of Physics, Professor J, E. Ward, in the Uni- 
versity. 

The Coliege provides superannuation similar 
to the F.S.S,U. scheme, housing assistance, study 
leave and travel grants, Reasonable travel and 
removal expenses are payable. 

Additional information and application forms 
may be obtained from the Association of Com- 
monwealth Universities (Branch Office), Marl- 
borough House, Pali Mall, London, S.W.1. 

Applications close on July 31, 1968. — (2479) 


BOARD OF MANAGEMENT 
FOR GREENOCK AND 
DISTRICT HOSPITALS 


CENTRAL LABORATORY, GATESIDE 
HOSPITAL, GREENOCK 


PRINCIPAL GRADE 
BIOCHEMIST 


Applications are invited for the newly 
established post of PRINCIPAL GRADE 
BIOCHEMIST at the Central Laboratory, 
Gates Hospital, Greenock. This labora- 
tory serves the Western Sector of Ren- 
frewshire. On completion of the Greenock 
District Hospital the Department will move 
to new laboratories in that hospital. The 
successful candidate will work under the 
direction of the Consultant. Biochemist for 
the County, 

Whitley Council conditions of service and 
salary apply. 

Further information may be obtained 
from the Consultant Biochemíst, Gateside 
Hospital, Greenock, Renfrewshire. 

Applications, giving details of traiming, 
experience and the names of two referees, to 
the Group Secretary, Board of Management 
for Greenock and District Hospitals, 47 
Eldon Street, Greenock. Renfrewshire. 

(2308) 














UNIVERSITY OF SURREY 


DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 


EXPERIMENTAL OFFICER/ 
ASSISTANT EXPERIMENTAL 
OFFICER 


An Experimental Officer or Assistant Ex- 
perimental Officer is required in the Depart- 
ment of Electrical and Control Engineering 
to join a team responsible for the opera- 
tion of two lon Accelerators to be used 
for lon Implantation s:udies. Applicants 
should be experienced in vacuum engineer- 
ing and/or high voltage techniques and 


should have a proven ability to control 
experience would 


junior staff. Industrial 
bz an asset. 

The Department is located in London at 
the present time, but will occupy new 
buildings in Guildford during August of 
this year. The successful applicant will be 
required to organise the day-to-day opera- 
tions of the two machines (400 KeV and 
2 MeV) and to assist in the planning and 
execution of modifications to the experi- 
mental rigs. 

Al posts are superannuated and there 
are generous leave arrangements, 

Day release courses will be considered. 

Salary scales: Experimental Officers, 
£1,250 to £1,650 per annum; Assistant Ex- 
perimental Officers, £800 to £1,200 per 
annum, 

All scales plus £60 London Allowance 
for those who initially work at Battersea, 
and financial assistance will be given to- 
wards travelling expenses from the Guild- 
ford area. 

Application forms can be obtained from 
the Staff Officer, University of Surrey, 
Battersea Park Road, London, S,W.11. 

(2429) 





UNIVERSITY OF MANCHESTER 


There is a vacancy for a RESEARCH TECH- 
NICIAN in the Department of Physiology. Ap- 
plicants should have a G.C.E. Advanced level 
Pass in one of the following subjects: Biology. 
Chemistry or Physics, or equívalent qualification, 
or should have had previous research experience. 

Salary according to the University's scale for 
Technicians, i.e., £722 to £1,007 per annum. 

Applications should be sent to Professor J. N. 
Mills, Department of Physiology, The University, 
Manchester. 13. (2433) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


COMMONWEALTH INSTITUTE OF 
ENTOMOLOGY 
LONDON, S.W.7 
VACANCY FOR ASSISTANT EDITOR 


Duties include producing and editing the 
Institute’s publications. Candidates should have 
experience of research and publication in agricul- 
tural or veterinary entomology; good critical 
faculty and ability to write lucid and concise 
English essential; reading knowledge of other 
European languages and experience in field ex- 
perimentation desirable. Salary in the scale 
£1,051 to £3,232 per annum gross. Starting 
salary according to age, qualifications and experi- 
ence. Two extra increments after two years satis- 
factory service for applicants aged 32 or under 
on appointment. Provision for superannuation. 

Application forms and full particulars from the 
Secretary, Commonwealth Agricultural Buteaux, 
Farnham House, Farnham Royal Slough. Bucks, 
England. Closing date for applications June 30, 
1968. OX2137) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF APPLIED PHYSICS 


Applications are invited for the post of LEC- 
TURER IN APPLIED PHYSICS, to teach and 
ry out research in Solid State Physics. An 

s in one of the following fields is desirable: 
Magnetism, Microwave Spectroscopy, 
or Low-i erature Physics. Salary will be on 
the Lecturers scale £1,470 + £2,630 with 
F.S.S.U. and the appointment will commence 
from October 1. 1928. 

Applications (nine copies) tegether 
names of three referees, should be sent by June 
23, 1988, to the Registrar and Secretary, Old 
Shire Hall, Durham, from whom further par- 
ticulars may bz obtained. Q432) 











with the 






UNIVERSITY OF AUCKLAND 
NEW ZEALAND 
SCHOOL OF MEDICINE 
CHAIR IN PATHOLOGY 


Applications are invited for the above-mentioned 
position in the new School of Medicine. 

In conjunction with his colleagues in other 
Departments, the Professor will be responsible for 
the development of a newly instituted course in 
Human Biology, designed primarily for medical 
students and leading to the Degree of Bachelor 
of Science after three years initial study within 
the Medical School. In particular the Professor 
will have charge of the teachiag of the principles 
of Pathology in the third year of this course, 
Such teaching will be offered for the first time 
in 1870, He will also be responsible for develop- 
ing and teaching Pathology in a clinical setting in 
the subsequent years of the course. 

Initially the Professor will sct as Chairman of 
the group of staff responsible for certain subjects 
usually included in the term "' Pathology," namely 
Morbid Anatomy, Immunology, Chemical Path- 
ology. Virology, Experimental Pathology. Subse- 
quently, separate Departments may be formed to 
be responsible for these subjects. 

Medical salaries are at present under review 
and prospective applicants should make enquiries 
about ihe current position from the Registrar. 
It is probable that the Professor's salary will be 
not less than $NZ9,200 per annum. In the case 
of new members of staff coming from overseas 
the practice is to pay salaries from an approved 
departure date. 

An allowance is made towards travelling ex- 
penses. Upon the completion of five years’ satis- 
factory service, return fares or an approved basis 
to country of origin may be granted to the person 
appointed and his dependen: family, provided 
that such fares are not being met from some other 
source. 

Further particulars of the appointment, details 
of F.S.S.U. arrangements and information as to 
the method of application may be obtained from 
the Association of Commonwealth Universities 
(Branch Office}, Marlborough House, Pall Mall, 
London, S.W.1. 

Applications close, in New Zealand and Lon- 
don, on August 5, 1968. (2457) 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 
COMPTON, NEWBURY. BERKSHIRE 


Applications are invited for posts in the De- 
partment of Microbiology for graduates with 
veterinary degrees or honours. degrees in Micro- 
biology. The successful applicants will study the 
role of infectious agents in the pathogenesis of 
enteric and respiratory diseases of pigs and calves 
in established programmes on these diseases. 
There will be opportunities for recent graduates 
to specialize in bacteriology, virology or immun- 
ology, and there are facilities to study for higher 
degrees, Salary according to age and experience 
on the Scientific Officer scale £962 per annum to 
£1,574 or Senior Scientific Officer, scale £1,744 to 
£2,155 with F.S.S.U. provision. 

Applications to be sent with the names of 
three referees to the Secretary of the Institute 
not later than June 30, 1968. (2466) 








CHILDREN'S MEDICAL 
RESEARCH FOUNDATION 
SYDNEY, AUSTRALIA 


RESEARCH SCIENTIST 


A biochemist, experimental pathologist or 
virologist is required for full-time research 
as a member of a team of workers from 
various disciplines studying the congenital 
rubella syndrome and the pathogenesis of 
cataract formation. Applicants should be 


established investigators capable of develop- 


ing a team within their discipline, whose 
fundamental work can be oriented towards 
elucidation of rubella cataractogenesis, pre- 
ferably with particular reference to the 
mode of action and interaction of rubella 
virus and cataractogenic emicals. Ap- 
pointment wil be for three years initially. 
Commencing salary will Be in the range 
$47 to $A9,177. Superannuation. at 
F.S.S.U. rates is available. 

Inquiries and applications should be sent 
te Dr. J. D. Harley, Director, Children's 
Medical Research Foundation, Royal 
Alexandra Hospital for Children, P.O. Box 
34, Camperdown, N.S.W. 2050, Australia. 

(2510) 














UNIVERSITY OF BELFAST 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 
POSTDOCTORAL FELLOWSHIPS IN 
PHYSICAL CHEMISTRY AND PHOTON 
PHYSICS 


APPLICATIONS ARE INVITED FOR TWO 
POSTDOCTORAL RESEARCH FELLOWSHIPS 
from October 1, or other date, in the Photon and 
Radiation physics group (under the general direc- 
tion of Professor D. J. Bradley) in the Depart- 
ment of Pure and Applied Physics Queen's Uni- 
versity of Belfast. For one post a physical chem- 
ist is required to undertake research into the 
photo-chemistry of dye lasers and their applica- 
tions to problems in photo-reactions. For the 
other post, experience of lasers, spectroscopy. 
opto-electronies or plasma physics would be wel- 
comed. 

The photon and radiation physics group con- 
sisting of a large group of scientists and engineers 
working in the fields of lasers, opto-electronics, 
and space research. is substantially supported by 
S.R.C. and other research contracts. 

Salary scale £1,470 by £90 to £2,010 with pen- 
sion rights under F.S.S.U. Initial placing on the 
scale would depend on qualifications and experi- 
ence. 

Applications, which should include full details 
of research experience and the names of two 
referees, should be sent as soon as possible to 
Professor D. J. Bradley, Department of Pure and 
Applied Physics, The Queen's University of Bel- 
fast, from whom further particulars can be ob- 
tained. (2501) 


UNIVERSITY OF WESTERN 
AUSTRALIA 

LECTURESHIP/SENIOR LECTURESHIP IN 

PHARMACOLOGY 


Applications for appointment to a position of 
Lecturer or Senior Lecturer in the Department of 
Pharmacology are invited from persons holding a 
higher degree in Science or Medicine or from 
graduates in Medicine with a postgraduate quali- 
fication in Science. Experience in teaching as 
well as research is desirable but not essential. 
The salary ranges are $A5,400 to $A7,300 per 
annum for Lecturer and $A7,500 to $A8,750 per 
annum for Senior Lecturer, with superannuation 
similar to F.S.S.U. in both cases. 

The Department gives undergraduate and post- 
graduate instruction. in the Facuities of Science, 
Medicine and Dental Science. Facilities for re- 
search are available. 

Intending applicants are requested to obtain 
details of the procedure to be fotlowed in apply- 
ing for the post and a copy of the conditions of 
appointment before submitting their applications. 
This information is available from the Assocíation 
of Commonwealth Universities (Branch Office). 
Marlborough House, Pall Mall, London, S.W.1. 

Applications close in Australia and London on 
July 31, 1968. (2455) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER OR SENIOR LECTURER IN 
CHEMISTRY 


Applications are invited for this appointment 

Salary : $N23,000 by $200 to $4,400/$4,.400 by 
$200 to $5,400 per annum. The status of Senior 
Lecturer may be awarded as a mark of personal 
distinction either on initial appointment or by 
subsequent promotion. The salary of a Senior 
Lecturer will be not less than $4,600 per annum. 
(Note: SNZIOO equals SUSIIZ, £46 13s. 4d. 
sterling. $4100.) 

Further particulars are available from the Asso- 
ciation of Commonwealth Universities (Branch 
Office), Marlborough House, Pali Mall, London, 
§.W.1, or from the Registrar of the University 
in New Zealand. 

Applications close in New Zealand and London 
on July 31, 1968. 2484) 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 
COMPTON, NEWBURY, EERKSHIRE 
Applications are invited from graduates in 
Mathematics or Statistics interested in probability 
theory, statistics, numerical analysis and com- 
puter science for a post of Biometrician to 
develop a new field of work at the Institute. 
Initial salary according to age and experience on 
the Scientific Officer scale, £926 to £1,574, or 
Senior Scientific Officer £1,744 to £2,155, with 
F.S.S.U. provision. 
Applications, together with the names of three 
referees, to the Secretary of the Institute by July 
12, 1968. (2465) 


UNIVERSITY OF LONDON 


CHAIR OF CHEMICAL PATHOLOGY AT 
CHARING CROSS HOSPITAL MEDICAL 


The Senate invite applications for the Chair of as may be arranged. The 
Pathology tenable at Charing Cross on the appointment of Pro 
Medical School (salary in the range a Personal Chair in the | 
£3,645 to £4,445 a year). 
Applications (10 copies) must be received not contributory pem 
later than July 11, 1968, by the Academic Regis- 
University of London, Senate House, 1968. Further particulars may be obtained from 
The Secretary, The Queen's University of Belfast, 
(2340 


from whom further particulars may be 
(2452) Belfast BT? INN, Northern Ireland, 


COMMONWEALTH OF AUSTRALIA 
DEPARTMENT OF SUPPLY 


Applications are invited for a position as Senior Principal 
Research Scientist at Defence Standards Laboratories, Mel- 
bourne. D.S.L. is a major national research establishment 
whose function is to provide a scientific service to all 
branches of the defence services, in particular with respect to 
materials research. 


The scientist appointed will have responsibility for the 
scientific leadership and co-ordination of the Explosives and 
Ammunition Research Composite programme. The Com- 
posite comprises the following Groups and Sections: 


Basic Objective Research Group 
Applied Research Group 

Explosives Development Section 

Test and Analysis Section 

Internal and Terminal Ballistics Section 


He will be faced with a challenging and wide ranging task in 
providing the working leadership of the Ammunition Research 
programme and in co-ordinating the efforts of staff from a 
variety of scientific backgrounds working in different Groups. 
Research ability of an exceptionally high order is essential. 
Applicants should have a Ph.D. or other acceptable qualifica- 
tions preferably at post-graduate level, and a long-term suc- 
cessful record in research and research management in 
chemistry, physical chemistry or physics. Alternatively, an 
appropriately qualified and experienced engineer would be 
considered. Research experience in the explosives field and 
also some experience in the Armed Services would be an 
advantage, 


SALARY: In the range $A9,918 to $A10,230. per annum 
($A2.15=£1 sterling). 


TRAVEL; The Commonwealth will arrange air or sea 
passages to Australia for the successful applicant and his 
family (wife and children). 


APPLICATIONS: For further information and application 
forms, apply to: Senior Representative (N3115), Department 
of Supply, Australia House, Strand, London W.C.2. Appli- 
cation forms should be returned as soon as possible. 


INTERVIEWS: Dr. F. A. Fox, Chief Superintendent of the 
Laboratories will be visiting Britain in mid-July and will 
interview short-listed candidates. 

(2515 





UNIVERSITY OF BELFAST 
CHAIR OF GEOGRAPHY 
The Senate of The Queen's University of Bel- 


SCHOO! fast invites applications for the Chair of Geo- 


graphy from October 1, 1968 












in the University. The 





Applications should be received by 


or such later date 
ir is being vacated 
ssor E, E. Evans to 
stitute of Irish Studies 
ary wil be £4,200 plus 
on righis under the F.S.S.U. 

july 15, 
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Medical Representatives 


B.Sc. or good A-level Biology 
with O-level Chemistry 
the key to a stimulating career 


You will, of course, need more than an academic qualification to make full 
use of this opportunity; the men we are looking for must also have certain 
personal qualities—initiative, integrity, perseverance, an ability to plan and 
organise their activities. 


Given these attributes you could begin a stimulating career by becoming a 
Medical Representative for Sandoz Products Ltd.—the U.K. subsidiary of an 
internationally established Swiss company marketing products of its own 
original research. Your work would involve discussing with doctors and 
pharmacists the company's medical products. You would have nothing to 
sell except cogent reasons why the medical profession should use and 
prescribe the drugs with which you are concerned. 


With your academic background, our comprehensive Training Course, 
scheduled for September 1968, will present an interesting challenge. More 
important to you, it offers the prospect of utilising your existing knowledge 
to new advantage. 


Vacancies for Medical Representatives exist in various parts of the country. 
If you are aged 21-35 and fulfil the above requirements, please write 
in confidence to the Management 


| 
| 
Territories based on: | 
Birmingham; Monmouth/ Hereford; Cardiff; 
Staffordshire. 
Liverpool. 
Dorset/E. Somerset; Northants/ Bucks. 


N. London; W. London, E. London; 
Central London. 


Yorks. /W. Riding; Doncaster/ Chesterfield. 
N. Durham:/ Cumberland 


Each post carries a four-figure starting 
salary, and all reasonable expenses are 
paid. A pension fund, accident insurance | 
and car scheme (a new car every year) are 
in operaticn. You will have three weeks' 

paid holiday every year after the first year. 


S. Sandoz Products Limited 
Sandoz House, 23 Great Castle Street 


SANDOZ 
London W1 








(2499) 





Technical Officer 


The Medical Research Council has a vacancy for a technical officer in 
the Clinical and Population Cytogenetics Research Unit. The post is a 
newly created one and requires an individual with considerable initiative. 
The unit is concerned in the study of human chromosomes, and has a 
section actively engaged in pioneering automated chromosome analysis. 
The successful applicant would be expected to become thoroughly familiar 
with human cytogenetics and to play a major part in the development of 
techniques of culture preparation and staining for accurate photometric 
determination of DNA content. Experience in histochemistry would be an 
advantage. 


_ Applicants, who must be at least 28 years and have a minimum qualifica- 
tion of an H.N.C. or the equivalent, should apply to: The Administrative 
Officer, Medical Research Council, Clinical and Population Cytogenetics 
Research Unit, Western General Hospital, Crewe Road, Edinburgh 4. 


(2363) 


THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for the post in 
the following Department : 


INORGANIC AND 
STRUCTURAL CHEMISTRY 
ASSISTANT LECTURER 

The Department is well equipped for 
research in most branches of inorganic 
chemistry, especially in reaction- 
kinetics, spectroscopy, high-pressure 
chemistry and X-ray crystallography. 
Consideration may be given to an 
appointment on the Lecturer scale, 
Reference No, 68/23/1. Closing date 
June 24, 1968. 

Salary scale £1,105 to £1,340. 
Applications (three copies}, stating age, 
qualifications and experience, and 
naming three referees, should be sub- 
mined to the Registrar and Secretary, 





BRIGHTON COLLEGE OF TECHNOLOGY 


(A Proposed Polytechnic) 


RESEA RCH ASSISTANTS — exist in a wide range of 


projects in the following Departments of the College : 
COMPUTING and CYBERNETICS (particularly in fields of multi-access 
Systems, theory of automata and information retrieval); MANAGEMENT and 
BUSINESS STUDIES; APPLIED PHYSICS; APPLIED CHEMISTRY: 
PHARMACY; MECHANICAL and PRODUCTION ENGINEERING: 
ELECTRICAL and ELECTRONIC ENGINEERING; CIVIL 
ENGINEERING and BUILDING. 

Remuneration £870 x £30—£930 per annum. 

S.R.C. Advanced Course STUDENTSHIPS available in one-year M.Sc. Course in 

Applied Solid State Physics. 

Further particulars and application forms obtainable from the Registrar, Brighton 

College of Technology, Moulsecoomb, Brighton BN2 4GJ. Completed forms to be 

returned as soon as possible. (24713 





The University, Leeds, 2 (from whom 
further particulars may be obtained). 
Please quote reference number, (2442) 


ACADEMIC PRESS 


Editor required for manuscript pro- 
curement to work from London. Much 
is left to individual initiative and applicant 
must therefore be experienced in scientific 
publishing and be prepared to travel 
Science graduate preferred but not essen- 
tial Age immaterial: holiday arrange- 
ments honoured. The Press operates a 
non-contributory pension scheme. Good 
salary with excellent prospects. 

Apply under personal cover to the Man- 
aging Director, Academic Press Inc. (Lon- 
dor) Limited, Berkeley Square. London, 
Wi. All applications treated in strictest 
confidence. (2467) 





UNIVERSITY OF ZAMBIA 


AAC/RST PROFESSORSHIPS OF 
ENGINEERING 


The Anglo-American Corporation and the Roan 
Selection Trust have generously endewed two Pro- 
fessorships in the School of Engineering, at the 
University of Zambia. One Professership is with- 
in the general fields of 

MINING ENGINEERING, METALLURGY 

OR GEOLOGY 
and the other within the general fields of 
CIVIL, ELECTRICAL, MECHANICAL OR 
STRUCTURAL ENGINEERING 

The University of Zambia would welcome ap- 
plications and enquiries concerning these senior 
posts from registered persons with outstanding 
qualifications and wide experience. Salary and 
allowances will be in accordance with such 
qualifications and experience. Applications, in- 
cluding a full statement of academic and indus- 
trial experience, should be adrdessed to The 
Registrar, The University of Zambia, P.O. Box 
2379, Lusaka, Zambia, from whom further infor- 
mation can be obtained. 

Persons appointed to these Professorships will 
have an opportunity of sharing in che major task 
of developing the School of Engineering at the 
University of Zambia on a scale and with aca- 
demic and professional standards commensurate 
with the critical importance of Engineering in the 
economy of Zambia. The University's first class 
of Engineering students has reached the Third 
Year in a five-year Engineering degree pro- 
gramme. (2504) 





INDIES 
JAMAICA 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for (a) Lectureship or 
(b) Assistant Lectureship in the Department of 
Biochemistry. Preference given to applicants 
having special interests or qualifications within 
one or more of the broad areas ef Enzymology, 
Biochemical Pharmacology, Plant Eiochemistry, or 
Biophysical Chemistry/Physical Biochemistry ; 
alternative fields of specialization not excluded. 
Medical qualifications may also be an advantage. 
Salary scales (a) (medically qualified) £1,810 to 
£2,770 per annum (non-medical) £1,550 to £2,630 
per annum ; (b) (medically qualified) £1,450 to 
£1,690 per annum (non-medical) £1,250 to £1,410 
per annum. Child allowance. F.S.S.U. Family 
passages ; triennial study leave. 

Detailed applications (six copies), naming three 
referees, should be sent by July 24, 1968, by 
persons living in the Americas and Caribbean area 
to Registrars, University of the West Indies, 
Kingston 7, Jamaica, and by all others to Inter- 
University Council, 33 Bedford Place, London, 
W.C.1. Further particulars obtainable similarly. 
(2505) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
LECTURERS IN CHEMISTRY 


Applications are invited for the following posts 
in the Department, which recently moved into a 
new building, has close contacts with chemical 
industry, and has an active research school. 


LECTURER IN ORGANIC CHEMISTRY in 
the group led by Professor R. N. Haszeldine, 
F.R.C.S, Candidates must have a keen interest 
in teaching, and active independent research in- 
terests in heterocyclic organic chemistry or in 
physical-organic/ mechanistic-organic chemistry 
would be particularly welcome. (Reference OC/2.) 

LECTURER IN THEORETICAL CHEMISTRY 
in the group led by Professor D. W. J. Cruick- 
shank. Some preference wil be given to appli- 
cants with an interest in large-scale calculations 
of molecular wave functions. The duties will in- 
clude teaching in both theoretical and physical 
chemistry. New courses in chemical physics are 
being planned. (Reference TC/!.) 

Salary range £1.470 to £2,630 with F.S.S.U. 
superannuation. 

Application forms and conditions of appoint- 
ment may be obtained from the Registrar, The 
University of Manchester Institute of Science and 
Technology, P.O. Box 88, Sackville Street, Man- 
chester 1, to whom completed applications should 
be forwarded as soon as possible after the appear- 
ance of this advertisement. (2507) 





assignment in plant biology for young zoology 
graduate on Government experimental farm. 
Laboratory: work in close co-operation with 
F.A.Q. team. Experience not essential. Modest 
salary. and allowances. Two-year contract.— 
Apply Volunteer. Department, CIHR, 38 King 
Street, London, W.C.2, ref. Zoo/M. | (2272) 


INORGANIC 
CHEMIST 





THE JOB: 


XXXI 


To assist in the use of ion exchange resins in the 


development of generator systems for the medical use 
of ghort lived radionuclides. Also the development of 
methods for the conversion of these nuclides into 
labelled pharmaceuticals for clinical evaluation. The 
post will be tenable at Harwell. 


QUALIFICATIONS AND EXPERIENCE: Normally a degree or 
H.N.C. in an appropriate subject. However, minimum 
qualifications are G.C.E. in five subjects including 
English Language at 'O' level and two scientific or 
mathematical subjects at 'A' level. 


SALARY: 


£800 at age 21—£1,335 





APPLY TO: The Personnel Officer (Ref. S135/34) 


THE RADIOCHEMICAL CENTRE 


Amersham 


a long 


Bucks 


(2445) 


CANADA 


RESEARCH OPPORTUNITY 
SENIOR ELECTROCHEMIST 


Senior position for PhD in electrochemistry with 5-10 years research 
experience preferably in applied areas. Will be responsible for initiating 


range program of industrial potential in the electro-chemical 


field. This opening is within the Physical Chemistry Department and 
the individual must expect to be involved with other research problems 


in a supervisory capacity. 


Our new laboratory is located in the Sheridan Park Research Com- 
munity, just west of Toronto, and this position will be attractive to 
those wishing to work in an atmosphere of research and development. 


Send résumés by airmail to: 


UNIVERSITY OF BRISTOL 


THE LIBRARY 


SENIOR LIBRARY ASSISTANT 


Personnel Officer, 
Ontario Research Foundation, 
Sheridan Park, 


Ontario, Canada. , 
(2814) 


LECTURESHIP 
in the 


Applications are invited for 





UNIVERSITY OF MELBOURNE 


DEPARTMENT OF GEOGRAPHY 
the above-men- 


à tioned post. 
Applications are invited for the post of QUALIFICATIONS : Preference will be given 
Senior Library Assistant in charge of the to a person specializing in economic geography 
Botany/Zoology library. Candidates should or in land use and land type analysis, bur 


be Chartered Librarians or graduates. 


vant experience will be an additional ad- 


vantage. 


beyond the maximum. 


Further particulars may be obtained from 
University of 
to whom applications, 
giving the names of two referees to whom 
reference may be made, should be sent by 
QA87) 


the University Librarian, 
Bristol, Bristol 8, 


July 5. 





Salary £1,000 to £1,440 (scale sub- 
ject to review) with prospects of proceeding 


Rele- 


SALARY : 
Initia! salary will be determined 
qualifications and experience. 


Mali, London, S.W.1. 


September 1. 1968. 


specialists in any other field are invited to apply. 
$A5,400 to $A7,300 per annum. 
according io 


Further information, including details of super- 
annuation, travel and removal expenses, housing 
assistance and conditions of appointment, is avali- 
able from the Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall 


Applications close in Australia and London on 
(2456) 


ARXIV 


BIOCHEMICAL 
PHARMACOLOGY 


May & Baker Ltd require a Senior Research Scientist to lead a team 
working in biochemical pharmacology. 


The successful candidate will have a number of years research experi- 
ence in the biochemical effects of pharmacologically active substances. 


He will be responsible 


for the continuation of existing projects con- 


cerned with biochemical studies on drugs affecting the function of the 
central nervous system as well as initiating ideas on biochemical 


approaches to new drugs. 


s 1 He would also be responsible for the 
biochemical aspects of toxicology. 


The ability to understand and to 


contribute to both biochemical and pharmacological problems is 


important, 


The salary 
experience, 


will be dependent on the candidate's qualifications and 


Research facilities in the M & B Research Institute are excellent and 
the biochemical pharmacology laboratories are well equipped. 


Enquiries should be addressed in the first instance to the Director of 
Research and Development, May & Baker Ltd, Dagenham, Essex, 


quoting reference No. 67/68/N. 





Department CPO | 


* 


VICTORIA UNIVERSITY OF 
WELLINGTON 
NEW ZEALAND 
LECTURESHIP IN CHEMISTRY 


Applications are invited for the above-men- 
tioned post from candidates with special interest 
in Organic Chemistry. The salary will be 
$NZ3,000 per annum rising to $4,400, with a bar, 
then on recommendation to $4,800 per annum, 
the initial salary being determined in accordance 
with qualifications and experience. Approved 
fares to Wellington will be allowed for the ap- 
pointee and bis dependent family, together with 
actual removal expenses within specified limits. 
Superannuation is available on an F.S.S.U. basis. 

Further particulars and information as to the 
méthod of application should be obtained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.I. Applications close on July 19, 
1968. (2450) 
TECHNICIANS/SENIOR TECHNICIANS RE- 
quired by Institute of Ophthalmology (University 
of London}, Judd Street, W.C.1, in Virology 
Laboratory to work on cytology, egg culture, 
tissue culture techniques, purification and immuno- 
logical procedures. Salary for qualified applicants 
for Technicians in the range £829 to £1,056 and 
for Senior Technicians £1,113 to £1,727 per 
annum, together with London Allowance.—Appli- 
cations in writing, with names and addresses of 
iwo referees, to the Secretary at above oig 

(245 








CANADA 


UNIVERSITY OF MANITOBA requires 


RADIOCHEMISTS 
RADIOCHEMICAL TECHNICIANS or TECHNOLOGISTS 
ELECTRONIC TECHNICIANS or TECHNOLOGISTS 
GLASS BLOWERS 


Salaries in the range $4,000 to $7,000 CANADIAN (Approximately £1,526 to £2,671). 
Interviews will be held in London and Brighton sometime in the first two weeks of July, 
Write giving full Pine and qualifications to: 

0, 


Canadian Government Immigration Service, 
38 Grosvenor Street, London, W.1. 


(2403) 












(2396) 





COMMONWEALTH 
AGRICULTURAL BUREAUX 


COMMONWEALTH BUREAU OF 
HELMINTHOLOGY 
ST. ALBANS, HERTS 
VACANCY FOR ASSISTANT EDITOR 
HELMINTHOLOGICAL ABSTRACTS 


A degree in the biological or agricultural 
Sciences, postgraduate experience in helmintho- 
logy, the ability to write clear and concise English 
and to edit scientific Manuscripts are essential. 
Knowledge of other European languages an ad- 
vantage. Salary: Scientific Information Officer 
grade (salary scale £926 to £2,431). Starting 
salary according to age, qualifications and experi- 
ence. Provision for Superannuation (F.S.S.U.). 

Further details and application forms can be 
obtained from The Secretary, Commonyealth 
Agricultural Bureaux, Farnham House, Farnham 
Royal, Nr. Slough, Bucks, England, to whom 
completed applications should be submitted in 
duplicate by August 16, 1968. (X2248 





CHIEF TECHNICIAN WITH WIDE EX. 
perience in fault finding and servicing electronic 
equipment (including high-gain amplifiers, oscillo- 
scopes and digital equipment) required by Bio- 
physics Department. Development of new equip- 
ment also involved. H.N.C. or equivalent 
qualification desirable. Salary in range £1,419 
to £1,833.—Application forms from Establish- 
ment Officer (Bph/ D, University College London, 
Gower Street, W.C.1. (2473) 
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UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF PATHOLOGY 

Applications are invited for the post of 
READER/SENIOR LECTURER in the Depart- 
men: of Pathology which is being established in 
the Medical School. Dr. H. K. Weinbren is 
due to take up full-time duties as Professor of 
Pathology in July 1968. Salary will be within 
the Reader/Senior Lecturer clinical scale £1,110 
to £4.005 or to £4.380 as appropriate, with mem- 
bership of F.S.S.U., starting point according to 
age and experience. 

The person appointed will be expected to have 
an active interest in experimental pathology and 
experience in one of the sub-divisions of service 
pathology required for a new Department of 
Pathology. He will assist in the establishment 
of facilities for teaching and in the preparation 
of a curriculum, (The first students are expected 
to enter the Medical School in 1970.) He should 
be prepared to develop research projects and to 
undertake service duties as required. 

The Sheffield Regional Hospital Board will be 
prepared to grant an honorary contract to the 
Successful candidate in respect of any clinical 
commitment on their behalf and he will be 
expected to take up his duties on October 1. 
1968, or as soon after as possible. 

Further particulars and a form of application 
may be obtained from the Registrar, University 
of Nottingham, to whom completed application 
forms should be returned by July 20, 1968, 

(2488) 
REGIONAL TRANSFUSION AND 
IMMUNO-HAEMATOLOGY 
CENTRE 
LONG ROAD, CAMBRIDGE 

SCIENTIFIC OFFICERS required for expand- 
ing service ín new laboratories, The post will 
provide a good opportunity for training in blood 
group serology with opportunity later for re- 
search. Applicants must have a science degree 
or equivalent preferably in biological subjects. 
Commencing salary £963 for ürst or second class 
Honours graduates (others £855), rising to £1,210. 
Starting point dependant on qualifications and 
experience, Whitley Council conditions of Ser- 
vice, 

Applications, with names of two referees, to 
Medical Director, (2472) 


NJALA UNIVERSITY COLLEGE 
UNIVERSITY OF SIERRA LEONE 
Applications are invited for Lectureship in 
AGRICULTURAL TRADES AND CRAFTS in 
Faculty of Agriculture, Salary scale: Leones 
2.400 to Leones 4,740 per annum (1 Leone= 
10s. sterling) plus supplementation (normally tax 
free) of £275 to £350 per annum (sterling) for 
those designated under British Expatriates Sup- 
plementation Scheme. Superannuation scheme 
or gratuity: various allowances; family pass- 

ages; biennial overseas leave. 

Detailed applications (6 copies), naming 3 
referees, by July 28, 1968, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, from 
whom particulars are obtainable, (2474) 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 
DEPARTMENT OF CHEMISTRY 
Applications are invited for LECTURESHIP in 
suy (Organic, Physical or Inorganic). 
Duties to commence as soon as possible. Salary 
£EA1,350 by £EA60 to £EA1,830 (bar) £EAT,830 
by £EA8O to £EA2.230 per annum (one EA 
shilling- Is. 2d. sterling), entry point according 
to qualifications and experience. Salary supple- 
mented in appropriate cases under British Ex- 
patriates Supplementation Scheme in range £345 
io £410 per annum (sterling. — F.S.S.U. Pari 
furnished accommodation at rent not exceeding 
£EA114 per annum. Economy class air passages 
for expatriate appointee and family (up to 5 
adult passages) on appointment, termination and 

leave (3 months after every 21 months), 

Detailed applications (6 copies) naming 3 
referees, by July 25, 1968, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, from 
whom further particulars may be ILE 

(2477 


BACTERIOLOGIST 

Microbiology Abstracts wish to appoint a 
young lady Bacieriologist as an asistam editor 
to Dr. E. S. Krudy, the editorial directo 

Applications are therefore invited from recently 
gualified graduates which should be forwarded 
in strict confidence to: Dr, E. S. Krudy, Infor- 
mation Retrieval Limited. Chansitor House, 38 
Chancery Lane. London W.C.2. (2395) 
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This Glass Sample Holder 





helps bring automation to a new range of Pye chromatographs 


The new range is called the Pye Series 
106 Automatic Analytical 
Chromatographs. It combines all the 
sensitivity and reliability of the well 
established Series 104 
chromatographs with a sophisticated 
automatic injection system.* 

The first of the new series is the Model 
6—an automatic instrument for the 
analysis of steroids and other solid 
samples. It consists of a single flame 


ionization isothermal chromatograph 
fitted with an Auto Solids Injection 
System. 

The sample holder—made of glass— 
has low absorption and can hold 

up to 40ul. 

Each sample holder is automatically 
injected and ejected. Up to 36 samples 
can be analysed with an injection 
cycle of between 10 and 90 minutes. 
The sample number is indicated on the 


chart and the baseline is zeroed 
automatically. The Auto Solids 
Injection System can be fitted to 
existing Pye Series 104 
chromatographs. 

If you would like to take a closer look 
at the new Pye sample holder, write to 
us tocay. We will send you one free 
with our brochure on the Series 106 
chromatographs. 

*See Column 2, 4. 





Column, our chromatography 
bulletin, will be mailed to you 
regularly at your request 


WG PYE 





W.G. Pye & Co. Ltd 
York Street Cambridge England 
Telephone: Cambridge 58866 


———M ——— M —— M — EEE 


LETTERS 


PHYSICAL SCIENCES 


Pulsars—Gravitational instabilities in white dwarfs— 
ISRAEL (Dublin Institute for Advanced Studies 


Interstellar dust—Role of impurities--NANDY, 
SEDDON, WOLSTENCROFT and IRELAND (Royal 
Observatory, Edinburgh) and WICKRAMASINGHE 
(Cambridge) . s , , ; : : 


Ionosphere—Collision frequency of electrons in the 
F-region—BEYNON and RANGASW, AMY (Univer 
sity College of Wales) 


Airglow — Influence of geomagnetic storms on 
hydroxyl emission--SHEFOV 7 (USSR academy of 
Sciences) 


Meteorites—Clues to the history of chondrites— 
MUELLER (Concepcion, Chile) 3 


Geochemistry—-Phosphatic rocks from the north- 
west Aírican continental Been Une RHAYES 
and TOOMS (London) 


Glaciology—Melting point of glacier ice—RADD and 
OERTLE (C bntinental. Oil C -oimpany, Ponca C ity, 
Oklahoma) 


Oceanography—-cCurrents in Corsair C SHOR ROSS 
(Woods Hole Oceanographic Institution) 


Chemistry— Reaction of oxygen atoms (?P) with 
acetaldehyde—CH RISTIE and COLLINS (Oxford) . 


Crystallography—Habit changes in mixed crystals 
of phenazine and N V Ubtpbsnemine: —GLAZER and 
PRAMATUS (London) . 


Crystallo&raphy—Nitrogen impurity content affects 
crystal habit in synthetic diamond— ANGEL (Ply- 
mouth College of Technology), SMITH (Warwick) and 
CHARETTE (University of Lovanium, Kinshasha, 
Congo) . g i . 1 g 


Free radicals—ESR detection of trapped radicals— 
LAGERCRANTZ and FORSHULT (Góteborg) 


Photochemistry—Trimethylsilyl azide photodecom- 
posed in solid argon at 17? K—OGILVIE a Memoria; 
University of Newfoundland) . 


BIOLOGICAL SCIENCES 


Differentiation—Oecestrogens alter expression of genes 
during development of embryo in oviduct — 
O'MALLEY, McGUIRE and MIDDLETON (US 
National Cancer Institute) . 


Immunology——-Immunological basis for the mixed 
leucocyte interaction in inbred mice—MAIN and 
JONES (US Naval Radiological Defense Laboratory) 


Lymphocytes— Activation and release of a cytotoxic 
factor--GRANGER and WILLIAMS (California) 


lmmuüunology-— Mice develop immunity to ascites 
tumour cells which have been treated with neuramini- 
dase—BAGSHAWE and CURRIE (Fulhan Hospital, 
London). E 
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Cell biology —Sialic acid residues seem to be involved 
in cell adhesion—KEMP (Wales) 


Development — Bacterial DNA is integrated into 
DNA of germinating paners ERAN X and HUART 
(CEN, Mol) 


Immunology—Anti-spleen serum affects survival of 
chicken skin allografts—TUCKER as oa ah Cancer 
Research Fund, London) $ i 


Immunological tolerance—Effect of serum anti- 
body from tolerant mice on immunity to bacterial 
antigen — FRIEDMAN (Albert Einstein Medical 
Center, Philadelphia} 


Calcification—Exchange of inorganic phosphate with 
bone mineral—SAMACHSON iu A Hospital, d Hines, 
Illinois) : 


Haematology—Distribution of alcohol in plasma and 
erythrocytes — WRIGHT (National Institute for 
Medical Research, London) . . , . 


Endocrinology—Release of corticosterone and the 
early handling phenomenon—ZARROW, PHILPOTT, 
DENENBERG and O'CONNOR asd Vaivemity, 
Lafayette, Indiana) 


Neurology— Bidirectional axon-flow in the neurone— 
KASA (ARC Institute of Animal Hisce. Cam- 
bridge) 


Parasitology—Lipids of the infective and parasitic 
stages of two sre of nematode ase (Cam- 
bridge, : " : 
Haematology—Dissolution of fibrinogen—MAX- 
WELL (Parke-Davis) x ; x i g 


Physiology— Temperature sensors in the spinal cord 
of the guinea- Be WEES and PRU 
(Marburg!) > 


Immunology—Glomerular injury induced by anti- 
bodies against the glomerular basement membrane— 
STEBLAY and RUDOFSKY (Chicago) 


Cell biology—-Synthesis of messenger RNA seems to 
be largely independent of control by amino-acids— 
BYFIELD and SCHERBAUM (California) 


Parasitology—Anion exchangers used to separate 
trypanosomes from blood of infected rats--LANHAM 
(Lister Institute, London) 3 : 


Haematology—Anaemic newts produced experiment- 
ally—GRASSO and SHEPHARD (Case Western 
Reserve) s 


Psychiatry—Hand preferences in monkeys—ETT- 
LINGER, BLAKEMORE and MILNER (London) 


1261 


1262 


1263 


1268 


1269 


1276 


The titles on this page are prepared by the staff of 
Nature on the basis of the titles submitted by authors 


which appear in full on the pages indicated. 








xi NATURE, JUNE 29, 1968 


TULL LLL LLG LLLE 


FOR The 
PERIODS 


- m Mstokinette 





zug LEE AEA EAA 


e 1] 
72 es stays on the job 
d days = Histokinette 

SML LUE ELE LLL Lr special features 


Diagnostic reports to hand hours earlier than they would be 
with manual ing and in far greater numbers—the 
release of a valuable pom Boat for other duties . . . these are 
the outstanding advantages of the Histokinette Automatic € Up to 24 hours delayed start 

T Processing wv Yn E s the sir rer ud € Double processing Y 

t into operation, it will without supervision go throu 

ede cycle of fixation, dehydration, impregnation in wax, € One or more motor members and baskets 
or alternatively can be set up for the washing or staining of @ Unbreakable tissue basket and containers 
tissues. It can handle large numbers of specimens at the 
same time and while staff is off duty—speed up almost any 








techni ensuring quicker and more thorou netra- The Hendrey Histokinette is in general use at home and overseas 
tion aen ue eh pe «+ to quote a few in U.K, . . and some of our exports 
A 24-hour clock is fitted as standard. Change over Aberdeen Dundee London Argentine Eire Italy 
to 1 hour, 72 hour, or 7 day cycles (the latter of great Bangor Edinburgh Manchester Australia Egypt Japan 
value in double embedding and bone decalcification Belfast Exeter Newcastle Austria Finland Mexico 
techniques) is simple and rapid. Birmingham Glasgow Oxford Belgium France New Zealand 
Bristol Gloucester Sheffield Brazil Ghana Nicaragua 
Cardiff Leeds Southampton | Canada Greece Norway 
Liverpool Swansea Ceylon Holland Pakistan 
Chile Hong Kong S. Africa 
n P China Hungary Singapore 
Colombia India Sweden 
Cuba Iran Switzerland 
Denmark Israel Thailand 


HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD - 390-394 BATH ROAD - SLOUGH : BUCKS. 
Telegrams: Hendrelay, Slough Telex: 84314 Chamcom Slough Hendrelay Telephone: Burnham 461 | (5 lines) 
MANUFACTURING ELECTRICAL ENGINEERS, CONTROL AND LABORATORY APPARATUS 
On Admiralty, Principal Ministries and Post Office Lists, A.R.B. and Min. of Tech. Approved Design and Inspection 
Sole Export Distributors: Measuring & Scientific Equipment Ltd., 25-28 Buckingham Gate, London, S.W.1 





















Precision Instruments 








Interference 
Filters 


TYPES: UV line, line and line double, band and band double filters 
IR band and continuous running filters. 





SIZES: 28 and 50 mm diameter, 2 in. square standard. 
Smaller sizes down to 13 mm to special order. 


SPECTRAL UV line filters 310—389 mu Trans. max. appr. 30% 
REGIONS: line filters 390-800 mu Trans. max. appr. 3096 
line double 390—800 mu Trans. max. appr. 1096 
band filters 390-1000 mu Trans. max. appr. 60% 
band double 390-1000 mu Trans. max. appr. 30% 
IR band 1000-2000 mu Trans. max. appr. 30% 


by 
Jenaer Glaswerk Schott & Gon. - W. Germany 


We now have capacity for | SOLE AGENTS IN U.K. :- MAUL nU CL ALL UU 


aluminising certain types 
of mirrors, at short notice. 61, MARKFIELD RO. LONDON N25; TEL. O1'BOB 2675 







Volume 218 
JUNE 29, 1968 


NATURE 


Machinery for Government 


Tue report of the Fulton Commission on the condition 
of the British Civil Service is a strange mixture of 
courage and. reticence. The commission has been 
quite radical in its proposals for the reorganization of 
the categories within which British civil servants are at 
present employed, and if its proposals are accepted — 
still very much an open question—the British Civil 
Service would almost certainly be more flexible as an 
instrument of government and more able to tackle in 
a professional manner the problems which modern 
government has created. What the commission has to 
say on this important subject is bound enormously to 
stimulate the evolution of a better administration 
which, fair play, the Civil Service itself now seems to 
welcome. But if the commission has been helpful with 
suggestions as to how the Civil Service should be 
organized, it has said comparatively little on the crucial 
issue of what the Civil Service should be organized 
to do. 

Although many readers of the report will be left 
with the impression that the Fulton Commission would 
like to see a considerable delegation of many of the 
tasks of modern government to more or less autonomous 
organizations outside the Civil Service proper, the 
report itself goes no further than to urge that there 
should be a further inquiry into the subject. Although 
the detailed discussion of questions like these was, 
strictly speaking, outside the commission's terms of 
reference, it would have taken very little ingenuity to 
drag the general principle within the framework of 
discussion. The trouble now is that long before such an 
inquiry could be started, the opportunity for radical 
changes will have slipped away. 

The case for reorganization within the Civil Service 
is powerful, and it is partieularly cheerful that the 
proposals which the commission has put forward could 
do much to redress the sense of grievance which has 
often oppressed the scientists working in the public 
service. The passages in which the Fulton Commission 
summarizes its complaints against the present svstem 
are, however, eloquent and persuasive. The com- 
mission roundly condemns the “cult of the generalist” 
which supposes that the best administrators are gifted 
laymen, and which keeps senior civil servants hopping 
from one job to another with serious consequences for 
efficiency. The compartments within which civil 
servants work out their careers are equally held to be 
an impediment to the conduct of public business—and 
an important cause of the frustration of talented people. 
Specialists, particularly scientists and engineers, lack 
authority and the training to make proper use of it. 
The commission considers that the managerial role of 
the Civil Service is undervalued, partly because civil 
servants are not trained as managers and partly 





because of the distractions implicit in the principle that 
the overriding duty of the Civil Service as a whole is to 
provide ministers with intelligent advice. The Civil 
Service as a whole is too isolated from and ignorant of 
the community which it is supposed to serve. The 
commission is openly scornful of the management of 
personnel within the Civil Service, and particularly of 
the way in which less senior people are bundled about 
from place to place with only the rules of seniority as a 
guide. There will be—or at least there should be—- 
some serious heart-searching within the Civil Service 
and particularly the Treasury (until now responsible 
for the management of the home departments). 
Readers of the Fulton Commission's report will no 
doubt be inclined to ask whether it would not make 
sense to scrap the whole machine and start again. 

The answer is one which close acquaintance with the 
British Civil Service quickly makes apparent. For all 
the defects of the organization, the tiny band of gifted 
amateurs who constitute the Administrative Class are 
really quite extraordinarily gifted people, and public- 
spirited as well. They are people who will work all 
night to meet some urgent need and yet be able to lend 
a sense of urbanity to the dullest committee meetings. 
The Fulton Commission hardly mentions that they are 
incorruptible (which only goes to show how this is 
taken for granted). In the best traditions of amateurs 
who are successful, they cultivate a flair for improvisa- 
tion, which means that they can set up a new depart- 
ment almost overnight at the behest of a Prime Minister 
shuffling his Cabinet about. In circumstances like 
these, nobody should be surprised that the report of the 
Fulton Commission has been written under the spell of 
an entirely proper sense of respect for the Civil Service 
as it now exists. This, no doubt, is why the com- 
mission has been led so easily to the view that whatever 
changes there may be in the organization, the Civil 
Service as a whole should remain at once powerful and 
able to recruit the most talented people. Under the 
present system, one powerful force in this direction is 
the way in which young people out of university who are 
recruited as Assistant Principals can be virtually 
certain of earning as much as university professors by 
the age of 40. For all the discomfort of the Fulton 
proposals, the Civil Service as a whole will not complain 
if it can continue to absorb the cream of the talent 
which Britain has on tap. From a wider point of view, 
however, it would have been a splendid thing if the 
commission had asked quite openly whether a substan- 
tial part of this talent should be steered deliberately 
towards other parts of the economy—industry, for 
example. 

None of this should be taken to implv that there is 
anything wrong with the nub of what the Fulton 
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Commission proposes for the structural reorganization 
of the Civil Service. To begin with, the commission 
wants to see a radically different career structure which, 
on paper at least, would make it possible for every 
entrant to the service to believe that he (or she) carries 
a Permanent Secretary’s bowler in his brief-case. A 
hierarchy wou'd be defined much as in the public 
service in the United States by a sequence of numbered 
grades with overlapping salary ranges from which 
bright people could be promoted quickly but within 
which the less successful could continue to advance. 
If Lord Fulton and his colleagues have their way, all 
entrants to the Civil Service would be recruited on the 
basis of their ability to do a specific job in one of the 
lower grades, which means that specialists (such as 
scientists) and generalists would enter on equal terms. 
Promotion would usually be determined by the ability 
of individuals to do the jobs required of them, and the 
commission hopes to see much more entry into the 
Civil Service comparatively high up the ladder. 
Even though the Treasury, in its evidence to the com- 
mission, went some way to anticipate these proposals, 
there is no question that the Fulton proposals are an 
important assault on the existing structure of the 
Civil Service. So too is the blessing which the com- 
missioners have given to the suggestion that ministers 
should ordinarily import into a ministry small groups 
of people able to act as personal advisers—experience 
in Britain so far has not been happy, and the estab- 
lishment can be counted on to give this proposal a 
cold shoulder. The same may happen to the Fulton 
proposal that each ministry should be provided with a 
group of younger civil servants responsible for long- 
range planning and with a leader having access as of 
right to the minister in charge. This is a welcome 
recognition of the need of long-range planning, and the 
commission is right to say that problems of day to day 
management often impede the processes of planning. 
But will there not often be a conflict of interest between 
the planners and the administrators? And might not a 
better solution be a hiving off of some of the adminis- 
trative tasks ? 

How would all this work out in practice, especially 
where scientists are concerned ? To begin with, there 
would be a quick end to the common sense of grievance 
among scientists in the publie service at the way in 
which, under the present system, power resides in the 
Administrative Class. On paper, at least, scientists 
eould under the new system hope to rise right to the top 
—and the Institution of Professional Civil Servants 
would probably do well to draw the attention of its 
members to those parts of the Fulton report which 
emphasize that good scientists are not necessarily good 
managers or administrators. The proposed system 
would also do away with one of the most obvious sources 
of frustration and delay in the present arrangements, 
for the Fulton proposals would make unnecessary 
systems of management in which financial responsi- 
bility for scientific projects, for example, is in the 
hands of administrators who are responsible not to the 
head of the project but to some other administrator 


NATURE, VOL. 218, JUNE 29, 1968 


who exercises only a supervisory role. The Ministry of 
Technology, to its eredit, has done a lot to show that 
devices like these can be dispensed with even in the 
present system. 

But has the Fulton Commission thought through 
the full implications of its proposals on this point? 
What, for example, would, under the new arrange- 
ments, be the position of the distinguished scientists 
who are the heads of publie laboratories, and the 
teams of people whom they direct ? As things are, 
the administrators at “headquarters” tend to exercise 
quite detailed control, not merely on budgets but even 
on questions such as whether manuscripts intended for 
Nature or other scientifie journals should be allowed to 
see the light of day. If the pattern suggested by the 
Fulton Commission is adopted, it is more than probable 
that the laboratories which employ most scientists in 
the Civil Service will become much more independent 
and self-contained, which will be good for morale and 
for efficiency. The practical results will be something 
akin to the hiving off of responsibility for research in 
certain fields to essentially autonomous organizations, 
and the question will then arise of whether the process 
should not go the whole way. And everybody would 
probably benefit if, for example, the Royal Aircraft 
Establishment became an independent organization for 
aerospace research, required to tackle problems speci- 
fied by the Government but also able to make policy on 
its own account and compelled publicly to argue its 
claims on the public purse. 

On mobility, the Fulton Commission is disappoint- 
ing, chiefly because of its over-tender consideration for 
the well-being of the Civil Service. The case for a more 
rapid and free exchange of people between the Civil 
Service and the world outside, particularly the uni- 
versities and industrial companies, is now overwhelm- 
ing. Most of those who gave evidence to the commission 
seem to have considered that a two-way exchange would 
be ideal. Career civil servants could thus learn more 
about new techniques and even their parishioners by 
spending a few years in an outside job than by staying 
in the public service. The commission takes this point, 
and indeed asks to see more exchanges of this kind. At 
the same time, however, it is also important that 
people from outside should be able to work at positions 
of responsibility within the Civil Service for periods of 
just a few years. The Fulton Commission is entirely 
sympathetic to an extension of late entry, and asks to 
see more of it, but unfortunately it is lukewarm about 
the potential usefulness of short spells in the Civil 
Service by people from outside. The difficulty is that 
the commission has tied its own hands by adopting the 
principle that the Civil Service should remain a career 
service in which a large proportion of those who enter 
will stay for most of their lives. It is easy to see the 
difficulties of any other arrangement, but surely it is 
also hard to see how a predominantly career Civil 
Service can ever be fully open to influences from out- 
side. There is at least a case for thinking that half the 
senior appointments in the Civil Service could be 
allocated to outsiders though, admittedly, this would 
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only be practical if the men concerned were able to 
look forward to leaving an identifiable mark on the 
system which, in turn, raises all kinds of questions 
about the convention of anonymity in the Civil Service. 
The potential gain is, however, well worth the trouble it 
would have taken the Fulton Commission to face this 
problem squarely. 

In a similar way, it is surprising that the commission 
has not done more to define the ways in which the Civil 
Service as a whole can provide the Government’s long- 
term planning with at least an appearance of coherence. 
Over-impressed as it has been with its terms of reference, 
the commission has not budged from the doctrine of 
ministerial responsibility for entire departments within 
the Civil Service. The trouble here of course is that 
long-range planning on a strictly departmental basis is 
likely only to aggravate present difficulties. There is a 
need for some kind of coordination of the forward 
programmes of the different ministries, and the chances 
are that this would be more effectively done by coordin- 
ation of the planners rather than by confrontations 
between the ministers responsible. On the face of 
things, at least, it would make sense if the Cabinet 
Office were grown into the coordinating authority but 
that would undermine the principle of ministerial 
responsibility. In other words, the Fulton Commission 
would have done well to ask not only the question of 
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how to give existing ministries a capacity to plan ahead 
but also the more subversive question of whether 
meaningful planning is compatible with the rigid 
departmental structure which exists at present. 

This is yet another example of the tantalizing way in 
which most of the interesting questions about the 
organization of the Civil Service seem to lie just beyond 
the terms of reference of the Fulton Commission. The 
issue of hiving off is perhaps the most intriguing and 
fruitful in this category. 'The trouble with the Fulton 
analysis is that in spite of all its preoccupation with 
efficient management within the Civil Service, it has 
not been possible to ask how the Civil Service as a 
whole might most economically be managed. The 
result is that suspicions will persist that many of the 
growing list of duties which the Civil Service takes upon 
itself could more productively be delegated to other 
organizations—publie corporations on the pattern of 
the nationalized industries, for example, or even the 
private companies. To raise this issue is not in any 
sense a doctrinal matter; the test should be efficiency. 
The Fulton Commission is right to emphasize how the 
management of the Civil Service is complicated by the 
rapidly changing environment in which it has to 
function. In the circumstances it could well be that 
hiving off would provide much more flexibility than 
any amount of internal organization. 


How to Lose Friends and Alienate People 


THE best that can be said of the British Government’s 
decision not to participate in the design and con- 
struetion of the 300 GeV proton accelerator on which 
CERN has set its heart (see page 1194) is that it may 
be interpreted in financial circles as proof of a quite 
remarkable determination to reduce public expenditure 
in an economy where it seems the inspectors from the 
International Monetary Fund are forever paying in- 
quisitive visits. Surely, the argument may go, it must 
be a sign of great financial virtue that a nation can 
invite the criticism and the inconvenience that will 
now assail it on account of £8 million a year in the 
decade or more beginning in 1972. 'The snag, unfor- 
tunately, is that even the custodians of the international 
monetary conscience are quite familiar with the proverb 
of spoiling the ship for a ha'p'orth of tar. 

The decision not to participate is shabby, not least 
of all because it was probably unnecessary. For one 
thing, there is every reason to expect that the CERN 
council last week would have been satisfied with some- 
thing between a no and a yes. After all, the British 
Government is not the only one in Europe with financial 
troubles to contend with, and it has not escaped notice 
that the 200/400 GeV proton accelerator at Weston, 
Illinois, has been blessed with fewer dollars for the 
coming fiseal year than its backers had been hoping 
for. A little patience could have designed a form of 
words to indicate the willingness of Britain to partici- 
pate when financial circumstances were easier, and it 
would in any ease have done very little harm to ask 
the accelerator men to polish still further the design 


on which they have been working. Although there is 
no evidence that the curt negative on the 300 GeV 
machine will be followed by similar declarations on 
other projects where people are looking for British 
collaboration with the mainland—which means that 
Embo's hopes need not be dashed—it is plain that the 
British Government has learned very little about the 
subtleties of European negotiations. 

As an economy, the decision not to participate in 
the new CERN venture is probably more an illusion 
than a reality. Six months ago the report of the Swann 
Committee cautiously agreed that the project should 
go ahead on certain quite specific conditions. It is 
hard to believe that the Government has taken these 
as seriously as it should have done. Quite properly, 
the Swann Committee asked for an assurance that the 
undertaking to contribute to the new accelerator would 
not distort the balance between nuclear physics and 
the rest of science, and at the time (just before devalua- 
tion) the committee thought that an average increase 
in the science budget of 9 per cent a year for the 
next decade would be enough to do the trick. This 
now looks like an extravagant demand (though it is 
hard to know what will happen to academic science if 
there is no growth of any kind in the years ahead), 
but it also seems to be the case that the Science 
Research Council had persuaded itself (and tried to 
persuade the Government) that it would be possible 
to participate fully in the CERN project while simul- 
taneously reducing the percentage of its budget being 
spent on nuclear physics. Obviously there is a lot of 
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slack in the present system, for by now it is clear that 
the cost of accelerator physics is not so much the cost 
of building the machines but the cost of operating 
them. Where Britain is concerned, it would always be 
possible to arrange that the machines at Harwell and 
Daresbury should be shut down in phase with the start 
of operations at CERN some time in the late seventies. 

In the circumstances, it will be no surprise if nuclear 
physicists take as their starting point for discussion of 
the project the opinion of the Swann report that 
“nuclear physics will wither away in the next 15 
years" if Britain does not participate in the project. 
At the same time it is only proper to remember that 
nuclear physies is still very much the dominant 
partner in the pattern of expenditure of the Science Re- 
search Council. In 1966-67, for example, nuclear 
physies took 43 per cent of what there was to spend, 
compared with 25 per cent for astronomy, space and 
radio astronomy. The nuclear physicists may be 
threatened, but they are not yet the poor cousins. 
What has happened is worrying because it implies 
short commons for most people. 

The decision also implies a strange relationship 
between the British Government and the supposedly 
independent bodies which are supposed to administer 
research spending. Nobody expects that the Science 
Research Council should be free to spend what is 
allocated to it entirely as it chooses, if only because 
eurrent expenditure can imply larger commitments in 
the future. It is rare and even without precedent for its 
wishes to be overruled by fiat as on this occasion. 
(And has the Council for Scientific Policy on this 
occasion been properly consulted ?) What has hap- 
pened can only in the long run raise doubts about the 
respect which is accorded to the advisory committees 
which decide how funds like this should be spent. 


No British at CERN 


Tu decision by the British Government not to take 
part in the project to build somewhere in Europe a 
300 GeV proton accelerator seems to have come as a 
great shock not only to the European Organization for 
Nuclear Research. (CERN) which is organizing the 
project, but also to nuclear physicists in Britain. At 
present, feelings about the decision are running high. 
One British nuclear physicist, who said the decision 
represented a lack of respect for pure science, said, “It 
is worse than a crime—it is a blunder”. 

Announcing the decision in Geneva at a council 
meeting of CERN, Professor Brian Flowers, who as 
chairman of the Science Research Council was the 
British representative at the meeting, mentioned the 
factors influencing the decision. The Government was 
particularly concerned at the effect which participation 
in the project might have on the balance of resources 
between high energy physics and other scientific 
activities and had also to review the implications of 
the devaluation of sterling. In the light of its other 
commitments, the Government decided that expendi- 
ture involved in this very large project would not be 
justified. 

The other members of CERN have taken the decision 
well, and it seems to have been generally accepted at 
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Geneva that the British decision is not a criticism of 
the scientific concept of the project. On the whole, the 
general feeling of the council meeting was that the 
accelerator should nevertheless be built. The scientific 
representatives were, it seems, virtually unanimous in 
the recommendation that Europe should go ahead 
without Britain; other representatives were more 
guarded in their initial reactions. CERN had already— 
rather wisely as it has turned out-—considered the 
implications on the project if a single large contribu- 
tion from one of the four countries, Britain, France, 
Germany and Italy, who together contribute 76 per 
cent of the present CERN budget, was not fortheoming. 
Of the estimated cost, roughly half is for the machine 
itself and the rest for supporting facilities—experi- 
mental halls and so on. The British decision means 
the expected demand on the accelerator will be re- 
duced, so that there is a possibility of achieving 
savings in the experimental facilities provided. If this 
is coupled with a modest reduction in the capabilities 
of the machine, something which no one wants to do 
but which may be necessary if the machine is to be 
built at all, European nuclear physicists are hoping the 
cost can still be kept within the price the countries 
remaining in the project are prepared to pay. Thought 
along these lines seems to present the best hope of 
saving the project. 

What actually happens in the weeks to come depends 
of course on what France, Germany and Italy decide. 
All of them, before the announcement at Geneva, seem 
to have been favourably disposed towards the project. 
France has already formally declared its intention to 
join in, subject to certain safeguards (now of course it 
has a right to reconsider its decision), and Germany is 
on the point of making a decision, which it was widely 
suspected would be favourable. Italy has so far not 
made any formal announcement of its position. 


Clerks Wanted 


THE administration of the clerk’s department of the 
House of Commons (the administrative assistants to the 
Select Committees of the House) desperately needs both 
internal and external revisions, but the outlook is not 
good for any immediate reforms. This view emerged 
from evidence given by Sir Barnett Cocks, Clerk of 
the House of Commons, before the Select Committee 
on Science and Technology, Sub-Committee on Coastal 
Pollution, on May 21, now published (HMSO, 2s. 3d.). 
Sir Barnett stated that this year the Treasury rejected 
a long overdue proposal—approved by the Services 
Committee of the House of Commons—to increase from 
thirty-six to forty-six the number of clerks and to add 
five higher executive officers at an annual cost of 
£40,000; the Treasury's compromise solution was half 
the number requested, thereby saving £10,000. 

The present situation is, according to Sir Barnett, 
very near the breaking point. Until this vear, only one 
new post had been established since 1961, yet the 
volume of work has more than doubled since that 
time—the number of questions increased from 12,200 
to over 24,000 last year, the number of Bills being 
considered rose to eighty-one from twenty-seven in 
1956-57, and the number of committees has grown 
from twenty-one in 1960-61 to seventy-six this session. 
This has meant that all the clerks must divide their 
time between at least two, and usually more, commit- 
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tees. For example, during the last session one clerk 
supervised the sub-committees dealing with Space 
Research and Development and the workings of the 
Industrial Training Act, as well as the Joint Committee 
on Censorship of the Theatre. It is impossible to expect 
one man to be an expert in three such diverse fields, 
but as long as the Treasury controls the purse-strings 
and can treat the House as ‘a subordinate Government 
department", to use Sir Barnett’s phrase, the situation 
seems unlikely to change. 

Recruitment is also a problem. There have for the 
past few years always been one or two vacancies for 
clerks and at present there are four. Clerks are only 
recruited by the Civil Service Commission’s administra- 
tive grade examination; candidates must designate 
the House of Commons as their first choice and are 
expected to serve the House for the whole of their 
professional working life—forty years before they are 
eligible for a pension. At present, the House of Com- 
mons is at a grave disadvantage for, on average, promo- 
tion prospects lag ten years behind those of the Civil 
Service proper. Sir Barnett said "this is the greatest 
single factor in discouraging recruitment". 

In the decision on May 20, Dr David Owen brought 
up à problem relating specifically to the Science and 
Technology Committee—the need for a clerk with a 
scientific background. Without casting aspersions on 
the hard work of the committee's present clerk, he felt 
that a trained scientist who was able to build up an 
expertise in the field would be of invaluable help to 
the committee. Sir Barnett rejected any possibility of 
recruiting a trained scientist from outside the Civil 
Service Commission on the grounds that it would be 
“destructive of morale" to other clerks who had risen 
through the ranks over the years. He added that “in 
theory I could reeruit anyone at all on my own 
initiative, but in practice I would always refuse to 
recruit from any other source [than the Civil Service]". 


Defending Defence 


Sm WinLLiaM Cook, Chief Adviser (Projects and 
Research) for the Ministry of Defence, defended 
himself and his ministry quite ably before the Select 
Committee on Science and Technology on June 20. 
Referring to joint projects with other countries, he 
admitted that there were many drawbacks; adminis- 
trative machinery was increased and the total cost was 
usually about 10 to 15 per cent higher. None the less, 
because each country’s share was much lower than if 
it was working independently, the Government 
believed the advantages outweighed the disadvantages. 

Sir William said that he could not comment on the 
many cancelled projects of the ministry—such as the 
TSR2— because these decisions had been made before 
he took up his post, but he did suggest that the 
ministry's machinery for assessing projects was steadily 
improving. As they become more sure of the viability 
of projects before starting them, the risk of cancellation 
is decreased. Many of the ministries, the Ministry of 
Technology especially, are trying to encourage a system 
in which managers take control of particular projects. 
This will take time, however, for, as Sir William said, 
“The Civil Service is not used to individuals making 
decisions”. There has been a great increase in the past 
few. years in courses for project managers, but the 
present. method of training managers, Sir William said, 
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is to start them on small projects and move them 
gradually to big ones, a slow and not entirely satisfae- 
tory arrangement. 

Sir William bemoaned the fact that it was still 
impossible for scientists to move freely between 
industry and government research establishments. He 
himself wanted to see a completely free market between 
the two with complete interchange of pension schemes, 
but saw little hope of this happening in the near 
future. 


Costly Airbus 


THE European airbus project, which only a month ago 
seemed well set, has now run into more trouble. For 
one thing, Mr John Stonehouse, Minister of State at the 
Ministry of Technology, has got around to admitting 
to the House of Commons that the cost of the project 
has increased sharply, from £190 million to £285 million. 
This should have come as no surprise, for the Federal 
German Government admitted as much some weeks 
ago. It turns out that the engines, which were to cost 
£60 million, will in fact run to £70 million and the 
airframe, originally priced at £130 million, will now cost 
£215 million. Connoisseurs of aircraft costing will 
no doubt regard this as no more than a foretaste of 
what is to come, because Mr Stonehouse said that the 
figures were subject to further negotiation. Aircraft 
costs rarely go down with negotiation. 

As usual on occasions like this, the increased costs 
can be attributed, in part at least, to changes in specifi- 
cation. The airlines asked for more powerful Rolls- 
Royce RB 207 engines and heavier internal equipment. 
But devaluation has also played a part, according to 
Mr Stonehouse. The increase in costs, together with a 
distinctly lukewarm attitude on the part of some air- 
lines—notably Lufthansa—must now put the project 
in jeopardy. The ministers concerned from France, UK 
and Germany will be meeting next month for further 
discussion, and the future of the project will depend on 
the airlines ordering at least 75 airbuses. With cool. 
ness from Germany, economie trouble in France, and 
the distinct danger of further financial travail for 
Britain, it cannot be said to be a very cheerful prospect. 
Meanwhile Boeing has begun work on an airbus design 
which bears some striking resemblances to the 
European airbus. 


Matrons Scorned 


THE resignation of two matrons within a short space 
of time suggests that discontent among hospital staff 
is on the increase. It was announced last week that 
Miss Marian Smith, matron of Stepping Hill Hospital, 
Stockport, had resigned because of lack of confidence 
in the administration of the hospital. This follows the 
resignation. of Miss A. Johnson, matron of Guy's 
Hospital, nearly three weeks ago. 

These two events seem to stem from the same cause 
—1matrons simply do not wield today the power they 
used to. Together with senior nurses they are assuming 
more and more responsibility, but their opinions are 
not being taken into account. It would not be a gross 
exaggeration to say that the concept of an all-power- 
ful, dietatorial matron is fast disappearing, and this 
is perhaps no bad thing, because no individual can 
suecessfully carry the burden of running a hospital. 
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But the answer does not lie in the appointment of 
honorary members of hospital committees who may 
be highly capable managers and administrators in their 
own right, but who have no real knowledge of the 
problems of nursing staff. What seems to be happening 
is that these "amateurs"—Lord Robens is said to be 
no exception here—are overriding the people with 
professional knowledge. 

The matron's lot is certainly not an easy one; 
although she is no longer responsible for catering and 
other domestie affairs, her responsibility for staffing the 
wards is greater. Recent achievements in medicine, 
such as dialysis units, transplantation units and the like, 
demand more nurses per person than ever before, at the 
expense of ward staff. And as nurses are working 
shorter hours, the demand for more nurses increases. 
This difficulty is increased by the fact that a matron 
has a much more complicated staffing pattern to 
control, because she has to rely on part-time nurses and 
married staff. In addition, she has somehow to try 
to maintain a balance between the disproportionate 
number of trainee nurses and tutors, which adds to the 
confusion. 

Recent reports have looked at the pattern of manage- 
ment primarily from the independent points of view 
of the nurse, the doctor and the administrator. But 
the hospital is an integrated whole, and until it has been 
studied as such by a suitably qualified team the present 
state of uncertainty seems likely to continue. Ad- 
mittedly the main recommendation of the Salmon 
report seems to be a move in the right direction: this 
was that a new post should be created—that of chief 
nursing officer or “super matron” who would parallel 
the senior hospital lay administrator and who would 
advise and make recommendations to the management 
on nursing matters. So far, twenty of these Salmon 
pilot schemes have been put into action up and down 
the country and, perhaps surprisingly, the post can 
be filled by either a man or a woman. The principal 
resistance to male nurses seems to come in fact, from 
the male administrators themselves. The way the 
scheme works is that the matron looks after day-to-day 
decisions, leaving the chief nursing officer to concentrate 
on overall policy and to plan future development. 
Whether this will improve relations and lead to more 
balanced administration remains to be seen. 


Modest Oxford 


AN implicit rejection of some of the targets set by the 
report of the Franks Commission has now been pub- 
lished at Oxford. It is in the form of a report published 
by a committee which included among its members the 
Vice-Chancellor, Mr Alan Bullock, and five others. 
The committee was set up by the Council and the 
General Board of the university, which have now 
published the report for discussion in the conference of 
colleges and in Congregation next term. 

The main argument in the report is that it will be 
impossible for a variety of reasons for the university 
to achieve the student numbers recommended by 
Franks. His commission suggested that the university 
might aim to increase from its present size of just over 
10,000 students to about 13,000 over the next fifteen 
to twenty years. The increase would have been made up 
of 8,750 undergraduates (5,000 to 5,500 in arts and 
social studies, and 3,250 to 3,750 in science and medi- 
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cine), 3,750 graduates and 500 students in vocational 
or professional courses. The new report points out 
that an increase of this order would involve an overall 
increase in the Oxford population of between 9,000 
and 10,000, when families, ancillary staff and extra 
provision for schools and transport and the like are 
taken into account. Only 2,450 of these, according to , 
the Oxford City Architect, could be regarded as covered 
by the city development plan. 

Considerations like these, and the feeling that 
university finance is likely to be rather harder to come 
by in the next five years, have led the committee to 
recommend a total figure of 10,775 students as an 
absolute maximum for 1971-72. In the five years after 
that, the committee says, the number should increase, 
but only to 11,500. The feeling conveved by the 
report is that Oxford could not absorb more new 
students than this without in some way changing the 
character of the place. Residential accommodation 
will obviously be a problem, as there is little space in 
central Oxford for more building, and the idea of 
producing a second campus on the fringe of Oxford is 
anathema.  Lodgings for students are also becoming 
harder to find, and the report concludes by saying that, 
despite the modest expansion foreseen, there may 
nevertheless be little room for expansion after 1977. 
But, as the committee wisely admits, such a conclusion 
might have been reached at many periods in the past— 
indeed as recently as the fifties. It would in the 
committee's opinion be unwise to fix numbers at 
11,500 for all time. Further expansion may be pessible. 

Within the small expansion, the committee sees a 
need for more women at Oxford. Unfortunately for 
the men, women will still be a tiny minority, however— 
an increase from less than 1,400 now to some 1,575 
by 1977 is proposed. This, lonely men are bound to feel, 
is a less than dramatic improvement in their fortunes. 


Memo on Libraries 


Tue Library Association has reaffirmed its view that 
the library departments of the British Museum should 
be administered separately from the antiquities depart- 
ments, and that there should be a National Library 
Service. In its memorandum of evidence to the 
National Libraries Committee, published in the latest 
issue of the Library Association Record (70, 154; June 
1968) the association suggests that a National Library 
Service, under the direction of à professionally experi- 
enced director-general, be made up from the library 
departments of the British Museum, the National 
Central Library, the National Lending Library for 
Science and Technology and the British National 
Bibliography and Copyright Offices. There should also 
be a new National Bibliographical and Information 
Service. 

The association recommends that the National 
Library Service should be in two principal divisions— 
the National Reference Library and the National 
Lending Library. The reference section would be sited 
in central London and would cover all subjects. 
Although no definite statement is made about the 
location of the reference library, the association implies 
that the British Museum site would be the best— "the 
site area of 7-5 acres envisaged by the British Museum 
trustees would not appear to be excessive". The book 
stock of the lending library would be formed from the 
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present National Central Library and the National 
Lending Library for Science and Technology, and its 
ultimate location might be either wholly at Boston Spa 
or split between Boston Spa and somewhere else. 

The National Libraries of Scotland and Wales and the 
university libraries at Oxford and Cambridge are 
outside the Dainton Committee’s terms of reference, 
but the association considers that they should be 
brought into relationship with the National Library 
Service so that cooperation in the organizing of a 
nation-wide lending service and in the building up of 
collections might be studied. 

A unified administration is essential for the efficiency 
of a large organization like the National Library 
Service. In this connexion the association recommends 
that the service should be the direct responsibility of 
the Government and should be administered as part of 
the Department of Education and Science. Within the 
present DES, responsibility for library matters appears 
to be shared between seven branches. The association 
suggests, therefore, that there should be a libraries 
branch of the department which would absorb the 
library and information responsibility of the other 
branches, and be responsible for bringing the National 
Library Service into being, and which would accept 
a new responsibility for coordinating the country’s 
library service and information in all its divisions 
(without detriment to the responsibilities of the various 
library authorities). A Library Services Council 
should be established, the association says, to advise the 
Secretary of State on the discharge of all the functions 
entrusted to this branch. 


Journal Abbreviations 


THE somewhat confused situation over the abbrevia- 
tion of scientific journals is breught out in the foreword 
to a new list of Abbreviated Titles of Biological Journals 
compiled on behalf of the Biological Council by Mr 
P. C. Williams (3rd edition, 1968; obtainable from the 
Institute of Biology, London, at 12s. 6d. post free 
(US $1.75). This is a list of about 1,420 biological 
journals with their abbreviations selected with permis- 
sion from the World Last of Scientific Periodicals 
1900-1960 (4th edition), with indications of the 
abbreviations recommended by the US Standards 
Institute where these differ. 

To obtain the list, the quoted references in forty-five 
British biological journals were analysed. The journals 
were those published by societies affiliated to the 
Biological Council or, where the societies did not pub- 
lish a journal, journals in that field of biology. The 
editors of these journals were asked in 1964 to analyse 
1,000 consecutive quoted references according to the 
journals cited. 

Originally it was intended to base this new edition 
entirely on the World List. When all was ready for 
press, however, the International Union of Bio- 
chemistry recommended that all journals in this field 
should adopt an American system of abbreviation and 
the Biochemical Journal proposed to act on this recom- 
mendation. The Biological Council decided then to 
include the American abbreviations in the list. From 
Mr Williams’s account it seems, however, that not all 
was plain. sailing. 

In 1963 the US Standards Association had issued a 
eode with a list of some 2,400 words with their abbrevia- 
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tions. This list, published annually in the November 
issue of Biological Abstracts, was used to prepare the 
first amended draft of the Biological Council's booklet. 
Then Biological Abstracts and Chemical Abstracts agreed 
to adopt the same standard for abbreviating the 
journals they abstracted (this, writes Mr Williams, was 
the move that prompted the biochemists to recom- 
mend the adopting of the American abbreviations). 
For this purpose, the US Standards Institute, as it was 
now named, had prepared a new list which not only 
inereased the number of words listed to about 5,200, 
but had altered many of the abbreviations in the earlier 
list. The alterations in many cases brought the system 
more into line with the World List system. A second 
draft of the Biological Council's list was prepared, based 
on the World List as before, but with alternative forms 
of abbreviations based on the new American list. 
Further complications arose because the 4th edition of 
the World List was the last in that format. Now annual 
supplements of new journal titles published since 1960, 
with their abbreviations, are being published based on 
the quarterly publication British Union Catalogue of 
Periodicals (BUCOP). The abbreviations in the supple- 
ments unfortunately differ in some respects from those 
in the 4th edition of the World List. Further muddle 
seems to have been caused by the British Standards 
Institution, which published its own standard for 
abbreviations in 1967 (BS 4148). This does not agree 
with the World List supplements and it recommends 
minor changes in the basic World List scheme. Mr 
Williams did not take into account the British Standard 
in compiling his list, for reasons he explains. 

The choice therefore seems to lie between the British 
World List of journal titles and their abbreviations 
and the American list of words and their abbreviations. 
The differences between the two are not too great. 
The principal difference is that the American system is 
styled for computers. The British abbreviations could 
lead to less confusion, but the American system has 
the advantage that it is run by a full-time organization, 
the National Clearing House for Periodical Title Word 
Abbreviations, which can supply abbreviations of up 
to 100 words not in their list within 24 hours. The 
organization also brings out a quarterly supplement of 
additional words and their abbreviations. 

The International Standards Organization (ISO) is 
continuing to produce an international standard. A 
universally agreed system would be nice, but as Mr 
Williams says, “Once the two largest abstracting 
services outside Russia have put all their material into 
computer stores in one form, the chances of their 
changing are almost non-existent”. 


Controlling Hovercraft 


Tug way hovercraft have been developed in Britain has 
not always commanded instant applause. The National 
Research Development Corporation has adopted a 
canny policy of issuing only a limited number of licences 
in an attempt to minimize duplication of effort. Until 
recently, it also ran the research side of the business, 
through a subsidiary company called Hovercraft 
Development Limited. The Hythe Technical Unit 
of this company was recently transferred to the care 
of the National Physical Laboratory, another move 
which was met with criticism. Whatever NPL’s 
virtues may be, they are not thought to include much 
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industrial or commercial experience. But at least the 
unit is not to move to the NPL headquarters at Ted- 
dington in the near future—this would almost certainly 
be a mistake. It is true, of course, that the NPL Ship 
Division is nearby at Feltham, but there is not much 
sense in that either—Feltham is miles from a major 
centre of either shipping or of shipbuilding. To move 
the hovercraft unit to Feltham so that it could merge 
more closely with the ship division would be merely 
to pile one illogicality on another. 

The hovercraft unit still operates from Hythe, on 
Southampton Water. The work it does is hardly pure 
research, but it is some way from direct commercial 
application. At present, studies are in progress on 
controllability and manoeuvrability and on improving 
fan propulsion systems. One of the principal research 
vessels, the HD 2 (see picture), contains innovations 
which make it, the unit says, the most controllable 
hovercraft in existence. This does not prevent it from 
travelling crabwise in a strong wind, but does enable 
it to do things like rotating rapidly on its own axis, or 
nosing up close to piers or to other vessels steaming 
along at full speed. The amount of spray produced 
is also a good deal less than earlier hovercraft, though 
it is not negligible. 

The principal control system on the HD 2 is pro- 
vided by two propellers, fore and aft, which can be 
swivelled through +35°. Naturally they are not quiet, 
but efforts have been made to reduce the noise level, 





The HD 2 hovercraft. 


and they are said to have been successful. The HD 2 
also has what are called "puff ports" in the main mater- 
ial of the cushion. As their name suggests, these consist 
simply of holes which ean be opened or closed to supply 
a sideways component to the vessel. "There are four 
ports in the skirt loop, positioned at the ends of the 
straight side sections. If two on the same side are 
opened, the effect is to cause, or more likely correct, a 
sideways drift. If diagonally opposed ports are opened, 
the effect is to prevent the craft from yawing, that is 
pointing in a direction different to that in which it is 
travelling. To judge by the performance of the craft, 
the ports are not yet fully effective. 

The final control system involves shifting the skirt, 
either sideways or fore and aft. The side sections of the 
skirt are connected by steel wires to a drive in the 
centre of the craft, and can be moved sideways by 
operating the right controls. The effect of this is to 
provide a few degrees of roll to the craft, originally 
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intended as a means of preventing it from rolling in 
a strong sidewind. In practice the lateral skirt shift 
is more useful than this; when it is operated at 
high forward speed, it induces an asymmetrical drag, 
tending to turn the craft. Well balanced turns can 
therefore be made using this control alone. 

The HD 2 also has a skirt with removable sections 
which can be replaced very quickly. There are 90 
sections in the skirt, and each can be replaced by one 
man in about two minutes, with the hovercraft at rest. 
No jacking equipment is needed. 


Town and Gown 


Mn Natuan M. Pusey, president of Harvard Univer- 
sity, has established a faculty committee to “examine 
Harvard’s relations with its urban environment” in 
another attempt to forestall summer rioting in Cam- 
bridge, Massachusetts. A number of Harvard faculties 
are already working in this direction. "There is, for 
example, the Education School's work in the pre- 
dominantly Negro schools in Roxbury, but the new 
committee's aim is to study and coordinate these 
various programmes and, with luck, to sketch out the 
broader role Harvard should play in solving local 
urban problems. 

The committee is chaired by James Q. Wilson, 
professor of government and an expert on American 
polities, and includes Professor Daniel P. Moynihan, 
direetor of the Joint Centre for Urban Studies and 
formerly a leading member of Robert Kennedy's 
brains trust. Its conclusions will be looked for with 
interest. 


Jobs for the Boys 


IN spite of Mr Anthony Wedgwood Benn's continuing 
distress over the brain drain, the fault seems to lie more 
with British industry than with British scientists. A 
recruitment programme run by Management Selection 
Ltd and sponsored by the Ministry of Technology has 
been overwhelmed with candidates working in United 
States industry and wishing to return to England. The 
problem is in finding British companies to employ them. 
P. D. Burnford, manager of the New York office of 
MSL since it was opened last September, does confess, 
however, that he is encouraged by the increasing 
interest on the part of British firms and is hopeful that 
several hundred applicants may be placed by the end 
of the first year. 

As usual in any market, supply and demand do not 
match neatly. But at least the MSL scheme smooths 
the way to British jobs for those highly qualified 
applicants who would attract offers no matter on 
whieh side of the Atlantie they lived. As the pro- 
gramme becomes better known in the United States, 
the number of unsolicited applicants is growing rapidly. 
When specific openings in Britain are available, MSL 
tries to recruit candidates as it would in any country 
and arranges for especially promising men to be flown 
back to England for interviews. The men most in 
demand at the moment are electronics engineers, 
systems analysts, and business school graduates, Mr 
Burnford stressed that British industry's approach 
to this latter group has altered radically over the past 
two years; now any good British business school 
graduate will have a number of attractive offers from 
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British firms, and at least a few of them match 
American offers. 

On a somewhat higher and more specialized level, a 
new Scientists Appointment Service has been estab- 
lished by five British scientific institutions. It will 
attempt to register British scientists who are going to 
the United States under postdoctoral fellowships but 
who are intending to return to England to work. 
This information will be made available to any inter- 
ested British firm and may ease some of the problems 
of transatlantic recruiting. At present, while British 
scientists in American universities are actively pursued 
by American firms, they only hear about British 
openings months after the posts have been filled. 
Since most of the scientists registered with SAS have 
good honours degrees and usually PhDs as well, they 
would have no problem finding jobs if they were in 
England; instead, the problems seem to lie in com- 
munication and education. 

Education is needed for both potential employees 
and employers; the Royal Institute of Chemistry, 
which started a more limited programme 18 months 
ago, has found that many researchers look on industrial 
work as somehow inferior and will consider offers only 

as a last resort. On the other hand, many firms are 
suspicious of scientists returning from America, 
believing they will want too much money. When the 
Chemical Industries Association, at the request of the 
Royal Institute of Chemistry, sent out details of the 
original registering scheme to approximately 600 
members, only about 50 companies were interested 
enough to reply. 

It was this poor response from industry, in fact, that 
led the Royal Institute of Chemistry to approach four 
others—the Institute of Physics ‘and the Physical 
Society, the Institute of Biology, the Institute of 
Mathematics and Its Applications, and the Institution 
of Metallurgists—in order to reach as many scientists 
and companies as possible. The Ministry of Technology 
also agreed to support the project with a £10,000 grant 
for the first year. After the inertia and lack of interest 
shown by the British companies approached by the 
Chemical Industries Association last year, the enlarged 
appointments service intends to spend most of its funds 
on advertising and promotional ideas to attract more 
firms. The service charges nothing until a firm has 
actually employed a scientist through its register; then 
the fee is £100. 


Progress of Nations 


Tae Organization for Economie Cooperation and 
Development (OECD) has issued the annual accounts 
of its member countries from 1957 to 1966 (National 
Accounts Statistics, OECD, £1-875/$5-5). The accounts 
would be even more interesting if accompanied by a 
chairman’s report, but the OECD has perhaps wisely 
eschewed comment; the invidious comparisons are 
explicit enough in the figures themselves. 

Japan has more than doubled her gross national 
product (GNP) since 1958, although her GNP per 
capita is still low compared with European countries 
(see table). Britain's GNP has risen by less than a third 
over the period, a rate of increase lower than any 
OECD country including Turkey. Although the per- 
centage increase of GNP in the United States is not 
spectacular, the increase in absolute terms dwarfs 
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GROSS NATIONAL PRODUCT (MARKET PRICES) OF 





OECD COUNTRIES IN 1966 
GNP at GNP GNP per 
GNP in 1958 per capita ab 
US prices capita 1958 prices 
$bilion (Index: US$ index: 
(current 1958 {current 1958 
prices) -100) prices} = 100} 
Canada 53:5 147 2,070 125 
United States 756-49 146 3,840 129 
Japan 96-42 220 970 208 
France 102-11 151 2,070 136 
Germany 119-62 152 2,010 138 
United Kingdom 105-05 131 1,910 i24 
Austria 10-06 142 1,380 136 
Italy 61-49 154 1,180 145 
Switzerland 14-90 151 2,480 131 
Belgium 18-22 143 1,810 135 
Netherlands 20-71 151 1,670 136 
Turkey 9-42 146 290 119 
Denmark 11-14 150 2,320 14] 
Norway 7-59 147 2,020 138 
Sweden 21.33 143 2,730 136 
OECD total 1,447.53 149 2,160 136 
OECD Europe 541-11 147 1,530 135 
EEC 322-91 151 1,760 138 


that of any other country. Between 1965 and 1966 the 
US GNP rose by $61 billion, an increment equal to the 
Italian GNP in 1966. 

Italy devotes a smaller part of her GNP to research 
and development than almost any European country 
(0-3 per cent in 1963 as against 2-3 per cent for the UK 
and 3:4 per cent for the USA) and her bill for patents 
and licences is correspondingly great; despite this, her 
GNP has risen faster than any OECD country but 
Japan. Rewards for virtue do not seem to obey the 
usual indicators of technological development, which. 
suggests that the indicators are too crude or too in- 
complete. 

The national accounts for each country are displayed 
both in absolute form and in index form with 1958 as a 
base. In Britain the components of GNP have risen 
at a rather uniform rate—consumer expenditure to 128 
(1958 = 100), government expenditure to 122, exports 
to 132 and imports to 139—despite the fact that capital 
investment has risen 61 per cent since 1958. Italy, with 
a capital investment increase of only 45 per cent, has 
raised consumer expenditure to 152, government 
expenditure to 140 and exports and imports to 
298 and 275, respectively, over the same period. 
Capital investment increases for other countries have 
been United States 146, Japan 284, France 175 and 
Germany 189. 

Standard of living as judged by the per capita GNP 
(though this ignores the effect of taxes and the social 
services) is more than twice as high in the US as in 
Europe as a whole (see table). Sweden, however, comes 
second in this league table, followed closely by Canada 
and Switzerland. 


Coordinating Cancer Research 


A NEW organization—the British Cancer Council—has 
been set up under the presidency of Professor Sir John 
Bruce of Edinburgh to act as an advisory body at 
national and international levels, to promote the inter- 
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change of information and ideas in cancer research 
and to maintain close contacts between all branches 
of cancer research. It is estimated that the annual 
working cost of the council will amount to about 
£20,000 and this will be raised by private subscription 
from various interested individuals and organizations 
in the United Kingdom through a specially appointed 
finance committee. 

According to Dr Graham Bennette, honorary secre- 
tary of the council, the setting up of the council was 
sponsored by the British Association for Cancer Re- 
search (BACR) which is one of the two organizations 
represented on the International Union Against Cancer 
(UICC), now covering seventy countries. Centred in 
Geneva, the UICC undertakes work which could not 
be met by individual countries. National subscriptions 
for membership of the UICC are computed on a pro 
rata basis in relation to the annual contributions to 
the World Health Organization made by the different 
countries. Until 1966, when this rate of subscription 
was introduced in the revised constitution of the UICC 
in order to meet greatly expanded programmes of 
work, the whole burden of finding an appropriate 
subscription for Britain fell on two major research and 
fund-raising organizations—the British Empire Cancer 
Campaign for Research, and the Imperial Cancer 
Research Fund. These two bodies, among others, 
participated in a British National Committee on 
Cancer which was disbanded in 1966. Neither organiza- 
tion was able to afford the new rates. 

Because this meant that Britain was no longer 
represented, the BACR applied for membership in 
order to re-establish official contact between the UK 
and the rest of the world. The BACR could only 
contribute about $300, however, which is the amount 
recommended for a “minor emergent nation”. Con- 
sidering that Britain plays a leading part in cancer 
research, this was obviously a ridiculously small sum, 
and the situation if allowed to continue would probably 
have led to a severe weakening of the international 
position of the United Kingdom in cancer work. This 
is the main reason why the British Cancer Council 
was formed—to restore Britain’s position and to co- 
ordinate cancer work both nationally and inter- 
nationally. 

The centre in Harley Street is not yet properly 
staffed, and committees are still being formed. Al- 
though funds are not yet sufficient, Dr Bennette hopes 
that the centre will have a library in due course. 
Commenting on the new council, Professor E. Boyland 
of the Chester Beatty Research Institute said that its 
formation was essential; some British organization 
was necessary to unite cancer research workers and 
other interested bodies so that they can have a voice 
in international affairs. 

Dr F. J. C. Roe of the same research institute is 
also in favour of the new council, but suggests that it 
may be some time before it serves a useful purpose. 
Its value should increase in the next five years, he adds, 
as information passes between workers in the 
laboratory and those concerned with cancer treatment 
in practiee; at present there is the danger that 
cancer workers can be a little remote. Although the 
humanizing aspect of the council in shifting the centre 
of interest in cancer work towards the clinical side is 
to some extent good, major advances in this field must 
come from research itself. 
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Perhaps the real benefit of the council will only 
become fully apparent when younger people with their 
modern concepts become involved with the organiza- 
tion. The only unfortunate aspect of the new venture 
is the fact that the British Empire Cancer Campaign 
for Research and the Imperial Cancer Research Fund 
have decided not to join. It is hoped that they will 
reconsider their decision, because at present it makes 
the council rather ineffective, and furthermore indi- 
cates a certain degree of shortsightedness on their 
part. 


Deeper Diving 

Tur Royal Navy’s deep diving abilities are to be 
inereased by the refit of HMS Reclaim, its deep diving 
research ship. Last week divers from Reclaim suc- 
ceeded in locating and recovering parts of the Aer 
Lingus Viscount which crashed into the sea off Eire 
in March. 

At present the Navy's operational deep diving 
activities are restricted by the limitation of its depot 
ship. Reclaim’s equipment can handle operational 
dives at sea down to 300 feet and in 1965 a series of 
working dives at 600 feet were carried out from 
Reclaim by naval divers in the Mediterranean, but it 
was not a comfortable experience. Reclaim’s diving 
bell, in which the men return from the bottom, is 
limited to 300 feet equivalent pressure, so that it has 
literally to be hung at the appropriate depth if inter- 
mediate decompression stops are called for. As total 
decompression from 600 feet takes about 3 days, 
this is hardly a practical proposition, particularly in 
rough weather. The present object is a firm operational 
capability for working dives at a minimum depth of 
600 feet. This brings almost the whole of Britain's 
continental shelf within the Navy's diving range 
(90 per cent of the continental shelf lies at 600 feet or 
less). The requirement laid down by the Royal Navy’s 
chief scientist calls for newly designed statie and 
submersible chambers for Reclaim. Greater pressure 
range in the submersible element of the system will 
enable the divers to be rapidly brought up from any 
working depth to complete decompression in the static 
chamber aboard in comparative comfort—the present 
living facilities are primitive. The Admiralty Experi- 
mental Diving Unit (AEDU) which supervises work 
on the Navy’s diving equipment is “aiming for some- 
thing approaching civilized dwelling arrangements” in 
the new chambers. 

Specifications for Reclaim’s new facilities have yet 
to be drawn up. The AEDU, however, has just moved 
into a new building costing £100,000 at HMS Vernon, 
Portsmouth (opened May 31), from the temporary 
accommodation it has occupied since 1946. The move 
is seen as a hopeful sign, reflecting the importance 
attached by both the Government and the Ministry of 
Defence to modern diving technology. The Navy has 
been waiting for several years for a decision to replace 
Reclaim so that it could go ahead with its operational 
deep diving programme. Its Deep Trials Unit ashore 
was re-equipped some years ago to carry out simulated 
dives to 1,000 feet. 

The methodology of deep diving has now become of 
urgent concern to various civil and scientific interests. 
Apart from the oil companies’ interests in the North 
Sea, the NERC recently announced a plan to survey 
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the whole continental shelf round Britain and is con- 
sidering a powered submersible for underwater geology. 
The Navy undoubtedly leads in actual experience, and 
its new programme should stimulate progress elsewhere. 
The emphasis on practical operations rather than 
depth records is encouraging. Diving ships and equip- 
ment are very expensive and it would be sensible if 
some sharing of national facilities and know-how 
could be achieved. An effective mechanism for colla- 
boration does not yet exist. For two years there has 
been a continuing dialogue between the Navy, indus- 
trial representatives, the Ministry of Technology and 
the Ministry of Defence, but nothing very much has 
come of it—and the Department of Education and 
Science, the government department responsible for 
NERC, has not been involved. 


Aerodynamics at NPL 


Turs week the National Physical Laboratory at Ted- 
dington has been holding its open days and it is 
particularly pleased with the work it does in the engin- 
eering sciences. The laboratory has an industrial aero- 
dynamies section concentrating on the effects of air or 
water flow on structures. It was the industrial aero- 
dynamics section, for instance, which tested the design 
of the suspension bridges over the Forth and the 
Severn, and the Post Office towers in London and 
Birmingham. For work of this kind, the section has 
six wind tunnels for testing various kinds of model 
which for many purposes have to represent not only the 
appearance of the actual structure but its elastic and 
dynamic behaviour as well. 

Recently, the section has worked on the design of 
what is to be the tallest chimney in Britain, an 850 feet 
stack for the power station at Drax in Yorkshire. Tall 
chimneys, it seems, tend to oscillate in the wind, but 
at right-angles to the wind direction. The oscillations 
are damped by fitting some kind of sleeve around the 
top of the chimney; the exact shape of the sleeve has 
to be determined by wind tunnel tests. The suspension 
bridge is another structure well known to be susceptible 
to wind induced oscillations, not only when the bridge 
is completed but also during construction, when its 
dynamic properties may differ appreciably from those 
of the finished structure. Present practice is to test the 
behaviour not only of the final bridge but also of the 
various stages in its construction, as was done for 
the Severn bridge by the aerodynamics section at the 
National Physical Laboratory. 

One of the demonstrations in the wind tunnels at 
the NPL is a model of the Wye extension to the 
Severn bridge. As the Wye extension is a compara- 
tively simple structure, it was not felt necessary to test 
the design in a wind tunnel before construction. The 
finished bridge in fact has now been found to oscillate 
to some extent in the wind. This has been seized upon 
by the aerodynamics section as an opportunity for 
evaluating their testing procedures. Only structures 
which show sufficiently small oscillations in wind tunnel 
tests are ever built, and consequently aerodynamicists 
are not certain how close are the more severe oscillations 
measured in model tests to the oscillations which 
would occur in real structures. The section is now 
testing the model of the Wye extensions, and says that 
the oscillations could in fact have been predicted 
accurately before construction. 
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Parliament in Britain 
by our Parliamentary Correspondent 


Irish Sea 

Tue Minister of Power, Mr Ray Gunter, announced 
that another area of the continental shelf beneath the 
Irish Sea had been designated under Section 1(7) of 
the Continental Shelf Act. This was so that he could 
be kept informed of the progress of investigations 
by holders of exploration licences. The Natural En. 
vironment Research Council was drilling a test bore- 
hole and undertaking a seismic survey, which would 
show whether the Irish Sea merited further exploration. 
(Written answer, June 14.) 


Metrication 

Mr RosEnT MzLusn, Minister of Publie Building and 
Works, was more explicit on the subject of metrication 
than other members of the Government have so far 
been. From January l next year, most new projects 
entering the design stage would be carried out in the 
metric system, and Mr Mellish said that he had 
appointed a senior professional officer as metrication 
officer. His ministry was issuing a series of booklets 
intended to help designers in the changeover, and he 
had set up a working party within the ministry to 
look into aspects of the change not directly the concern 
of the British Standards Institution. Mr Mellish said 
that he would ensure that a Metrication Board would be 
set up as quickly as possible, in consultation with the 
Minister of Technology. (Oral answer, June 17.) 


Multi-story Buildings 

Mr AwTHONY GREENWOOD, Minister of Housing and 
Local Government, reported that approval had been 
given for the construction in England and Wales of 
some twenty-nine dwellings built by the system of 
construction which had been used in the collapsed 
block of flats at Canning Town in London. He said 
that he hoped to have the report into the Canning 
Town collapse as soon as possible, but was unwilling 
to do anything which might prejudge the findings of 
the tribunal. (Oral answer, June 18.) 
Non-proliferation 

Mn FRED Murrey, Minister of State at the Foreign 
Office, made a statement about the non-proliferation 
treaty. The General Assembly of the United Nations, 
he said, had by an overwhelming majority approved 
a resolution commending the draft treaty. The Govern- 
ment believed the treaty to be the most important and 
substantial measure of disarmament and arms control 
that had yet been achieved, and that it was the first 
step in achieving the end of the nuclear arms race. 
The United States, the USSR and Britain had put 
forward security assurances, which envisaged im- 
mediate Security Council action in the event of a 
nuclear threat or nuclear aggression against a non- 
nuclear country. The countries not supporting the 
treaty were Albania, Cuba, Tanzania and Zambia. 
Twenty-one countries, including France, had abstained. 
(Statement, June 19.) 


German Measles 

Mr Epwarp SHORT said that the recent survey by the 
Medical Research Council into the effectiveness of 
measles vaccine had not inchided consideration of 
German measles, an unrelated illness. The council 
was therefore organizing a separate series of trials for 
German measles vaccines. (Oral answer, June 20.) 
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NEWS AND VIEWS 


Evergreen Enzyme 


from our Molecular Biology Correspondent 


Oscar WILDE is said to have remarked that one must 
have a heart of stone to read of the death of Little Nell 
without laughing. The reports in last week's Nature, 
which show that the third version of the subunit 
structure of aspartate transcarbamylase is wrong, 
provoke the same guilty sensation. It is hard to see 
why this most interesting enzyme should have proved 
so treacherous. Gerhart and Schachman originally 
demonstrated that the catalytic and regulatory sites 
were situated on different subunits, but the number of 
each kind of subunit has only now been established. 

lt is interesting that a crystallographic study has 
provided an elegant demonstration of the structure. 
Wiley and Lipscomb (Nature, 918, 1119: 1968) have 
examined two crystal forms of the enzyme, one octa- 
hedral, the other trigonal, and have determined the 
space groups, and also the water contents and densities 
of the crystals. The trigonal form, which is much the 
better ordered, results from crystallization in the 
presence of the inhibitor, CTP; from the volume of 
the unit cell, and the crystal density, it is found that 
the unit cell contains two molecules of protein, which, 
with the space group of this crystal, signifies the presence 
of a three-fold molecular symmetry axis. Consequently, 
the number of identical] subunits must be three or a 
multiple of three. Repeating the same process for the 
tetragonal erystals, the unit cell is found to contain 
four moleeules, which corresponds to a two-fold axis 
in the molecule. Thus the number of like subunits 
must also be a multiple of two, and the enzyme must 
possess six (or a multiple of six) each of the regulatory 
and catalytic species. This work represents again a 
nice example of how crystallography can yield in- 
formation of the greatest relevance about proteins, 
without the need of high-resolution structure deter- 
mination. 

It is reassuring that revised chemical data produce 
the same answer. Weber (ibid., 1116) in a careful study 
concludes that the molecular weights of the catalytic 
and regulatory chains are respectively 33,000 and 
17,000. 'Phis emerges in the first place from the em- 
pirical method, involving gel electrophoresis, in the 
presence of detergent, devised by Maizel and his co- 
workers. The number of amino-acids released from 
either chain by carboxypeptidase A is consistent with 
these values. Weber has gone further, and has deter- 
mined the complete amino-acid sequence of the 
regulatory chain. The formula weight for the 152 
amino-acids is 17,000. The molecular weight of the 
intact enzyme of 310,000 remains unchallenged, and 
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corresponds well to six chains of each kind. The 
incompatibility of the new results with the previously 
reported sedimentation equilibria in 8 M urea suggests 
incomplete dissociation in this medium (and it may be 
noted in this connexion that by no means all proteins 
are denatured under these conditions). 

Aspartate transcarbamylase is known to dissociate 
in the presence of the sulphydryl reagent, p-chloro- 
mercuribenzoate, and if the molecular weight deter- 
minations are to be believed, the products of the 
dissociation are two catalytic fragments of three 
chains (C4), and three regulatory of two chains (R,). 
The mystery which remains is the diserepancy between 
the number of subunits and the number of binding 
sites, as determined by apparently straightforward 
methods. These binding sites will presumably now be 
reinvestigated. Meanwhile the relevant chapters in the 
elementary textbooks await revision. 


WHO Comes of Age 


Tue World Health Organization is twenty years old 
this year. To mark this anniversary, in addition to the 
annual report of the director-general for 1967, another 
publication has been compiled, giving an account of 
the organization’s work during the second ten years 
of its existence. 

From 1958 to 1967 the organization’s activities 
expanded considerably, not only in the continuation of 
previous projects, such as eradication of malaria and 
smallpox and prevention of cholera and plague, but also 
in newer undertakings. Membership of WHO has 
increased by nearly 50 per cent in this period—from 85 
member states in 1957 to 126 in 1967—a reflexion of the 
emergence of many newly independent nations. As 
some of these new members have neither the minimum 
of essential health services nor people to run them, their 
problems have had a marked influence on the direction 
of the organization’s growth. 


REGULAR BUDGETS, 1958-1967 


Year Total budget 


US $ 


14,769,160 
1959 16,028,026 
1960 18,113,760 
1961 R 

1962 

1963 

1964 

1965 

1966 

1967 


Actual obligations 
US $ 
1958 13,236,820 
14,654,981 
15,623,517 
19,201,885 
24.164,650 
29,783,550 
33,869,165 
38,346,067 
43,439,677 
51,339,664 
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Parasitic diseases such as schistosomiasis, trypano- 
somiasis and leishmaniasis received considerable atten- 
tion during 1967. A course on methods and tech. 
niques for parasitic disease surveys held in Kampala, 
Uganda, provided practical training in the latest 
diagnostie, epidemiological and statistical techniques 
for fifteen participants from three WHO regions. 
In the field of vector biology and control, the past year 
saw the achievement of a high level of control of the 
mosquito Culex fatigans in an experimental area in 
Rangoon, the successful use of cytoplasmic incompati- 
bility in the control of C. fatigans in a village in Burma, 
and a demonstration of the effectiveness of the carba- 
mate compound OMS-33 in the control of anopheline 
mosquitoes. 

The first of a series of tumour classifications to be 
published by WHO called Histological Typing of Lung 
Tumours was distributed in 1967; a second volume 
based on classification of breast tumours is well under 
way. On January 1, 1968, revised nomenclature 
regulations came into force, replacing those of 1948 and 
of 1956. The new regulations—which are likely to 
raise some criticism—provide a minimum of mandatory 
requirements including the use of international classi- 
fication of diseases for coding morbidity and mortality 
data, a basic mortality tabulation and a broad speci- 
fication for the medical certificate of cause of death. 
Increasing use is being made within WHO of automatic 
data processing systems. 

Over the past decade the organization’s regular 
budget has increased by some $41 million, as shown 
in the table. 

Tn addition to the WHO regular budget, a voluntary 
fund for health promotion also exists which receives 
contributions from both public and private sources. By 
Dec. 31, 1967, this fund had received $30,876,461 out of 
a total of $32,928,119 pledged mostly by governments. 


Changes for African Agriculture 


Beser by financial difficulties, the Agricultural 
Research Council of Central Africa has finally ceased to 
exist. The member countries, Rhodesia, Zambia and 
Malawi, are now developing their own systems for 
carrying on the research which the council began. 
The council, which was set up in 1963, has been in 
difficulties since Rhodesia’s declaration of indepen- 
dence. When Zambia announced that it would with- 
draw from the research council in June 1967, the British 
Government declined to continue support—£100,000 a 
year—if the council was to operate only in Malawi and 
Rhodesia. Deprived of this support, the council was 
forced to wind up its affairs. 

Research continued until June 1967, and after three 
months for the teams to analyse and write up their 
results, staff and assets in each country came under the 
control of the national successor organizations. The 
Malawi Agrieultural Researeh Council has inherited 
the research team working on the improvement of 
groundnuts. "The cotton pest research team has also 
joined the Malawi organization, although the work at 
Gatooma in Rhodesia will continue while new staff are 
trained and the new laboratories in Malawi, being built 
with British funds, are completed. 

The Zambian Agricultural Research Council has the 
animal productivity research team and the forestry 
research and catchment area research projects. Rho- 
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desia has not set up an Agricultural Research Council, 
but the Ministries of Agriculture and Water Develop- 
ment have taken on the research teams working in the 
country. The tsetse fly research team is being con- 
tinued by the University College. The Rhodesia, 
Zambia and Malawi Journal of Agricultural Research 
has been taken over by the Rhodesian Ministry of 
Agriculture with the title Rhodesian Journal of Agri- 
cultural Research, and the same ministry now controls 
the library service of the former research council, and 
the council’s librarian has been appointed librarian to 
the ministry. 

During these upheavals only one of the scientists in 
charge of research teams has left, and the overall loss 
has only involved fourteen graduates. But, as the last 
annual report says, the loss of the opportunity for 
regional coordination in ecological projects will be a 
considerable setback to the development of natural 
resources in the three countries. 


Medical Computers 


Puste health administrators from twenty European 
countries attended the seminar on the uses of elec- 
tronic computers in public health at the Royal College 
of Surgeons from June 17-21. Organized by the regional 
office for Europe of the World Health Organization in 
cooperation with the British Government, the seminar 
was opened by Sir George Godber, chief medieal officer 
of the Ministry of Health. Mr Kenneth Robinson, 
Minister of Health, addressed the meeting at the 
closing ceremony. 

Sir George Godber suggested that medical care is 
becoming so complex that the system may grind to a 
halt unless computers are used to analyse the massive 
amounts of data which physicians must now face. 
But several speakers emphasized that computers should 
not be used when it is more efficient to use native wit 
and intelligence, and that the "inhumanity of the 
computer" should not take the “all-important 
humanity out of medicine". 

Dr E. D. Acheson (Oxford) referred to the three 
different types of medical record linkage: first, ad hoc 
linkage; second, the limited type of record linkage 
exemplified by cancer registration schemes and unit 
hospital record systems; and third, the more general 
type of record linkage where selected events are 
recorded for whole populations. Dr M. A. Heasman 
(Edinburgh) said that a fourth type of record linkage 
exists which might be called record linkage in depth. 
In this case a large amount of relatively unselected 
data is recorded for populations of varying size. 
Record linkage, it was suggested, could be used for 
monitoring long-term environmental hazards such as 
those possibly caused by particular industrial exposure 
or the long.term effect of drugs. In publie health 
administration, it could be used to identify particularly 
vulnerable sub-groups of the population, and it eould 
also be used in the analysis of personal use of health 
Services; this is where the general praetitioner should 
be brought in. 

Professor G. Wagner (Heidelberg) pointed out that 
more sophisticated means of computer input are now 
becoming available, but there is always likely to be a 
place for the teletype or a fast line printer. Possible 
uses were suggested of a system whereby computer 
tape and microfilms are kept virtually side by side so 
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that a record can be located rapidly by means of a 
computer and a complete microfilm of the original 
record provided almost simultaneously on a suitable 
Screen. Attention was also drawn to devices such as 
mini-cassettes which could hold vast amounts of 
information in documentation centres. 


Asparagine and Tumours 
from our Medical Biochemistry Correspondent 


ASPARAGINE is the amide of aspartic acid. It can be 
formed from ammonia, aspartie acid and adenosine 
triphosphate (ATP), but some enzymes use the amide 
of glutamic acid, glutamine, as a source of ammonia. 
The importance of asparagine to some tumour cells was 
discovered almost accidentally. The growth of some 
tumours was inhibited by guinea-pig serum but not by 
serum from other animals. In 1961 J. D. Broome 
(Nature, 191, 1114; 1968) showed that the inhibitory 
effect of guinea-pig serum on lymphomas was caused by 
the high concentration of the enzyme asparaginase in 
the serum. Asparaginase removes the amide group as 
ammonia, forming aspartic acid. It was assumed that 
tumours which were sensitive to asparaginase required 
a supply of asparagine, and treatment with aspara- 
ginase removed this supply. 

Horowitz and co-workers have now shown that it is 
possible to predict accurately which mouse leukaemias 
will respond to treatment with asparaginase by measur- 
ing the asparagine synthetase activity of the tumour 
cells (Science, 160, 533; 1968). The tissues were homo- 
genized, and the supernatant solutions were incubated 
in buffer with ATP, magnesium chloride, glutamine and 
aspartic acid-4-MC. After incubation the components 
of the supernatant solution were separated by electro- 
phoresis, and the enzyme activity calculated from the 
amount of 'C-asparagine formed. The enzyme 
activities were expressed as nanomoles of asparagine 
per mg protein per h. Most normal mouse tissues had 
relatively low activities, and the highest activities 
were in brain (5-2) and testes (13-6). Seven different 
mouse leukaemias which were known to be sensitive 
to asparaginase all had very low or unmeasurable 
asparagine synthetase activities (maximum activity 
0-9). Asparaginase-resistant lines from these sensitive 
tumours all had activities of more than 5-8 and two of 
them were much more active than any of the normal 
tissues with activities of 34 and 66. Among a group of 
tumours known to be resistant to asparaginase treat- 
ment three had activities within the range for normal 
mouse tissues, but all the rest had activities much 
higher than any found in normal tissues, with a maxi- 
mum of 156. 

It is difficult to prepare large quantities of aspara- 
ginase in a pure state, but asparaginase from Æ. coli has 
already been used with some success in the treatment 
of some human leukaemias (Oettgen et al., Cancer Res., 
27, 2619; 1968). The present work shows that this 
simple test of asparagine synthetase activity done in 
vitro on preparations of tumour cells should indicate 
which human tumours wil respond to asparaginase 
treatment. Only tumour cells which are incapable of 
synthesizing asparagine themselves will be inhibited in 
their growth by this expensive new agent. 

In addition, the very high asparagine synthetase 
activities found in tumours resistant to asparaginase 
suggest that tumour cells have a very high requirement 
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for asparagine. Asparagine is known to be used in 
protein synthesis, but further work on its metabolism 
in tumour cells may show that tumour cells use their 
asparagine for other purposes. Asparaginase treatment 
of eancer depends on a known enzyme deficiency in 
some tumour cells, but all tumour cells seem to need 
larger quantities of asparagine than normal cells. 
Further work on asparagine metabolism might reveal 
a qualitative difference in metabolism between all 
tumour cells and normal cells which can be exploited 
therapeutically. 


Report from Rothamsted 


THE year 1967 was favourable for the free living 
nematodes that eause Docking disease—stunting of 
sugar beet, named after the village in Norfolk where 
it was first found in 1948. This, however, provided a 
good opportunity for the nematology department at 
Rothamsted Experimental Station to continue work 
on the control of these pests. Large increases in yields 
were achieved with the well known nematicides, D-D- 
(diehloropropene-dichloropropane) and chloropicrin, 
applied either to whole fields or to predetermined rows, 
where the beet was to be sown later. There was also an 
increase in yield (from 29 to 62 ewt/acre in one experi- 
ment and from 48 to 80 cwt/acre in another), when a 
few ounces/acre of a systemic pesticide were drilled 
in the furrow with the seed. 

As the director, Sir Frederick Bawden, says in the 
customary thick and comprehensive annual report 
(price £1), such results indicate that direct chemical 
attack on these nematodes is a practical proposition. 
Direct chemical attack seems to be the only way to 
control losses, because these nematodes feed on the roots 
of almost any kind of plant, and rotation of crops is 
no safeguard against them. 

One of the hazards of pesticides with which Rotham- 
sted is concerned is the poisoning of bees. Of fifty-three 
samples received last year thirty-seven contained 
insecticide; at least twenty were probably killed 
during the spraying of beans. Bees are usually poisoned 
if the crops are sprayed while in flower; if spraying was 
always carried out before flowering, bees should be safe. 
The bee department at Rothamsted has also been 
investigating the part played by chemicals in control- 
ling behaviour. When a swarm is in flight, workers are 
attracted to the queen by the odour cf material pro- 
duced in her head. Two of the substances involved 
are 9-oxodecenoic and hydroxydecenoie acids, and 
it has now been shown that it is a mixture of the two 
odours which attracts workers in flight. In the hive, 
however, these odours do not attract the workers to 
the queen. 9-Oxodecenoic acid alone also induces 
several types of behaviour pattern in bees. In the hive 
it is important in inhibiting the rearing of queens and 
the development of workers’ ovaries. This acid alone 
also acts as an aphrodisiac when a drone finds a queen. 
A pheromone by which worker honeybees recognize the 
entrances to their hives has now been found, and 
attempts are being made to isolate and identify this. 


Cytoplasmic Organelles 
from a Correspondent 


On June 20, the Royal Society held an all-day 
meeting on the subject of cytoplasmic organelles. 
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Eight invited speakers and a large audience contributed 
to a lively discussion. 

J. A. Brachet (Brussels), opening the morning session 
with a general review of the cytoplasm, emphasized that 
there is no such thing as a typical cell with a typical 
cytoplasm; rather, each cell type has a characteristic- 
ally specialized cytoplasm. He also briefly reviewed 
the properties of cells in the absence of the nucleus. 

The function of cytoplasmic components in plant 
cells was described by D. H. Northcote (Cambridge). 
He showed that the Golgi bodies have different bio- 
chemical activities in different cell types and also that 
microtubules and endoplasmic reticulum act as guides 
in channelling the movement of materials within the 
cell. The problem of how intracellular events are co- 
ordinated was raised by Sir Rudolph Peters (Cam- 
bridge). Although he first posed this question 30 years 
ago, it still remains largely unanswered. Sir John 
Randall (London) presented the flagellum as an 
organelle that could be fruitfully used in studying 
morphopoiesis. One approach to this problem makes 
use of the finding that in the unicellular alga Chlamy- 
domonas there are a number of mutants that map on 
the standard linkage groups which affect flagellar 
morphology and function. Another approach to the 
study of flagellar structure comes from following the 
course of flagellar regeneration. Two of Sir John’s 
colleagues briefly presented biochemical and ultra. 
struetural data on the flagella of mutant cells. 

The afternoon session opened with a review of the 
structure and contents of mitochondria by M. Steinert 
(Brussels). He emphasized that in interpreting mito- 
chondrial ultrastructure, one must be very wary of 
artefacts caused during their preparation for electron 
microscopy. Evidence for the presence of DNA, RNA 
and a protein synthesizing apparatus in mitochondria 
was also reviewed. The subject of the possible origin 
of mitochondria from bacteria arose, but it was pointed 
out in the discussion that followed the paper that we 
are too ready to look for similarities rather than for the 
differences between these two bodies.  Peroxisomes 
were considered by C. de Duve (Louvain) to represent 
a primitive respiratory particle. He also described 
their interesting enzyme properties and their role in 
gluconeogenesis in plants and animals. 

J. T. Dingle and A. J. Barrett (Cambridge) described 
experiments they had performed on inducing lysosomes 
of rat kidney cells to take up fluorescent dyes such as 
acridine orange. The uptake is passive and the lyso- 
somes can concentrate and retain the dyes for many 
days. The way in which the dyes are bound is not 
known, nor is it understood what the significance of 
this finding is to the normal life of the cell. The after- 
noon was concluded by J. B. Gurdon (Oxford), who 
demonstrated how important the cytoplasm is in regu- 
lating the activity of the nucleus. Proof of this was 
provided from experiments with the frog, Xenopus, by 
transplanting nuclei from differentiated cells into egg 
cytoplasm. The cytoplasm imposes a decisive control 
over the nucleus regardless of the previous activity of 
the nucleus. 


Breeding Bacteria 


REPRESENTATIVES of eighteen countries met in Dubrov- 
nik, Yugoslavia, for a two day meeting on “Genetics 
and Breeding of Streptomyces” from May 30 to June 1. 
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The symposium was sponsored by the Yugoslav 
Academy of Sciences and Arts and the Croatian Society 
for Microbiology, and was supported by Pliva Pharma- 
ceutical and Chemical Works. The meeting came ten 
years after a first meeting on the same topic held in 
New York. As G. Sermonti remarked in his introdue- 
tory words, plant and animal breeding have exploited 
cross-breeding procedures with great success, while 
bacterial (Streptomyces) breeding has got virtually no 
advantage from them, although simple methods were 
already available at the time of the first meeting. 

The more important genetical procedures in Sírepto- 
myces coelicolor A3(2) were reviewed by D. A. Hopwood, 
who also discussed the structure of zygotes and hetero- 
clones in this species. Zygotes contain a complete 
chromosome from one parent and a random fragment 
from the other. By odd numbers of crossovers, zygotes 
give rise to terminally redundant structures replicating 
as such (heteroclones), while even numbers of cross- 
overs directly produce haploid recombinants. This 
last possibility was questioned by G. Sermonti, who 
assumed heteroclones to be a prerequisite to recom- 
binant formation. The possible independent origin of 
zygotes and heterokaryons was also discussed, as well 
as the mating type situation in S. coelicolor. Fine 
structure genetic analysis in 8. coelicolor has revealed 
the occurrence of a unit comprising five his genes and 
defined by two “hot spots" of crossover (A. Carere). 
An exhaustive review of the biology of actinophages 
was presented by M. Welsch, with special emphasis on 
lysogeny. Gene mapping in S. rimosus has been repor- 
ted by M. Alaéevié. Cross-breeding in this species 
(S. Z. Mindlin) has, however, not yet profited by this 
information: markers introduced with parents do not 
affect yield of prototrophie recombinants; linkage 
between a streptomycin resistance locus and loci 
controlling tetracycline production was suggested. 

Mutation-selection appears to be still the dominant 
procedure in Streptomyces breeding. A paper by 
R. J. Harold dealt with kinetic studies with 24 ultra- 
violet sensitive mutants, which map in two groups 
diametrically situated to one another in the chromo- 
some of S. coelicolor. Of practical relevance was the 
report by V. Delié that up to 10 per cent auxotrophs 
can be obtained in Streptomyces by nitrosoguanidine 
at pH 9. 

Practical aspects of mutation-selection procedures 
were fully discussed. The antibiotic production 
spectrum of a mutagen-treated Streptomyces popula- 
tion is strictly dependent on the previous history of the 
strain. Highly productive strains are subjected more 
to negative mutations than to positive ones, the latter 
being obtained only with relatively low mutagen doses 
(S. I. Alikhanian). High producers of tetracycline can 
be found (E. L. Dulaney) among revertants from non- 
producers, among auxotrophs and among back-mutants 
from auxotrophs. 

On the whole, the symposium recorded well the ten 
years of progress in Streptomyces genetics, with their 
practical implications and applications. The dialogue 
between industrial microbiologists and geneticists, 
urged by G. Sermonti in his introductory words, did 
not, however, develop as hoped, partly because 
of the shortage of time, but certainly also because 
of excessive reticence on the industrial side. The 
next meeting should be in the USSR within the next 
five years. 


1206 


NATURE, VOL. 218, JUNE 29. 1968 


The French Crisis enters its Second Phase 


from our Paris Correspondent 


Ons might think that the recapture of the Sorbonne by 
the police, whatever immediate reaction this is causing 
among students, tolls the knell of university revolt. The 
French political situation, which for a few days in May 
was verging on insurrection, has in fact been brought 
back to normal for the time being. Although all the 
disputes in industry are not yet settled, social tensions 
have relaxed. But in spite of the attempts at conciliation 
made by the new Education Minister, M. Ortoli, as well 
as the approaching holidays, the students have not 
demobilized. 

There is even, indeed, a growing schism (which an 
economic or political crisis could quickly close up) between 
intellectual circles for whom the battle is just beginning 
and will continue in other guises, and public opinion 
which almost everywhere is hoping for a return to normal. 
General de Gaulle has obviously kept this in mind in his 
strategy over the past few weeks. The students have 
probably blundered by holding demonstrations in the 
streets just after the opening of the election campaign. 
The government has exploited this mistake—a number 
of observers, for instance, think that the police deliberately 
allowed certain outbreaks of vandalism to take place 
before intervening so that they were in a position to 
interrupt acts of destruction immediately—just as it made 
use of the presence of a small number of worried students 
to cast doubts on the seriousness of their whole activity. 
This manoeuvre is made easier by the ignorance of the 
average Frenchman, who has difficulty in understanding 
that the modernizing of universities cannot be accom- 
plished in a few weeks, and is growing impatient with the 
protracted, confused debate on their reform. 

This debate, which often verges on anarchy, produced 
some results. The most obvious are to be found in 
medicine, where in many provincial university faculties— 
the discussions in Paris are still dragging on—the plan 
for a new organization based on the principle of centraliza- 
tion seems to be accepted. Most of the reforms are fairly 
moderate and have been elaborated in an apolitical 
atmosphere. Only the archaic nature of teaching in 
medical schools makes them appear revolutionary. This 
apparent advance in medicine over the other subjects 
suggests that normal studies will be resumed when term 
begins again in October, although there are still serious 
problems to be thrashed out—the reform of the regulations 
and method of operation of the Assistance Publique (the 
organization on which hospitals depend) and the reworking 
of the content of medical teaching, for example. 

The same is true for faculties of sciences, where the 
situation is much more vague. Liberal teachers who at 
first were hoping to gain support from the student move- 
ment in order to bring about their own reform programmes 
(in line especially with what had been put forward at the 
famous Caen conference in 1966) are afraid of the radical 
nature of the demands presented to ther and often put 
the damper on elaims which at first they had aecepted 
and even encouraged. The student leaders reply to 
accusations of demagogy and irresponsibility by stating 
that they have never made any secret of the fact that 
they were fighting not to help the system survive by 
correcting its weak points but to replace it by a new 
system. 

What are the chances of success, in the short term, 
of the more revolutionary programmes? Probably not 


very great. The Minister of Education has formulated 
some “reasonable” proposals which will be supported not 
only by teachers but by the many moderate students as 
well as publie opinion. What can we expect from their 
adoption? The participation of students in decision- 
making will provide à way of integrating at least some 
of the critics who are more dangerous outside the system 
than within. Modernizing teaching methods will limit 
the importance of lecture courses, increase the importance 
of small group work and take away from examinations 
the need for pure feats of memory. And lastly, an effort 
will be made to see that teaching is geared more closely 
to the needs of the economy and job opportunities. 

Even if, in the immediate future, these improvements 
(which, though important, ought to have been made long 
ago and certainly not at the risk of a political crisis as 
grave as that in May) lessen tension and, despite a few 
pockets of resistance, allow a return to normal university 
life in the autumn, things will not remain at that. The 
moderates of today could well become tomorrow’s 
revolutionaries. For although often demagogic and 
utopian, the hard thinking which is going on in the 
universities is producing criticisms which inevitably 
demand solutions other than superficial reforms. 

Committees of inquiry, for example, have studied the 
question of democratization of universities. (The chances 
of getting a place in higher education in France are of 
the order of 0:7 per cent for the son of farm worker, 
1-4 per cent for the son of an industrial worker, 29-6 per 
cent for the son of a “lower middle-class” father and 
58-5 per cent for the son of an "upper middle-class” father.) 
These committees have in the process been forced to 
review the whole concept of primary and secondary 
education. Renovating university faculties would not be 
sufficient to open doors to children from working-class 
backgrounds if primary and secondary education remained 
basically unchanged. The attention given by students 
and young lecturers to the curricula and teaching methods 
in primary and secondary schools is quite a new 
phenomenon and one that has all sorts of possibilities in 
the medium term, some of which could be explosive. 

The links between universities and industry have also 
been scrutinized and, here, the ambiguous relationships 
between various laboratories and firms for whom their 
“boss” plays the part of consultant have been vigorously 
and carefully denounced. A reform which is too prudent 
and which skirts this problem can only pacify people for 
a short time. Many young scientists who, up to now, 
were either ill-informed about all this or who did not see 
the importance of it are going to be, from now on, far 
more careful. We should also note that research workers 
in industry who in the past were never a homogeneous 
or very militant group, either as regards polities or trade 
unions, are beginning to organize themselves more and 
to establish links with their university counterparts. 
This movement, which originated in the electronics 
industry, is still moderate in its behaviour and its demands. 
(There again it is a question of sharing in decision-making 
particularly as regards research programmes either on a 
local or a national level.) The merging of its members 
with the scientists in the public sector is made simple, 
but it is inevitable. In all this, for both industry and 
the country, we can detect another dark cloud on the 
horizon. 
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The links between the universities and the armed 
forces are similarly the object of some scrutiny. Certain 
working parties are calling for an investigation into 
research contracts, including fundamental research con- 
tracts negotiated between university laboratories and the 
Committee for Research and Evaluation (the DRME) 
which is normally responsible for authorizing military 
expenditure. Apart from those lecturers considered too 
docile for the demands cf the armed services, they are 
asking searching questions on the work being done by 
various research teams, including among others those led 
by M. Rocard (Geophysics) at the Ecole Normale Supér- 
ieure, by M. Deleroix (Plasma Physies) at Orsay, by 
M. Malavard (Mechanies) also at Orsay, and by Messrs 
Julia, Normand and Fetizon (Chemistry). These files are 
now open and will not be closed for some time. 

The future of the “Summer Universities" seems to be 
in jeopardy. The government wants the vacations to be 
used profitably in order to break up the trouble-makers: 
most lecturers are apprehensive about the setting-up in 
lecture halls of ‘‘seminars in political education” and 
would also like to enjoy their rightful holidays. It would 
be surprising if more limited attempts than the early 
plans did not take place all the same. At the faculty of 
science in Paris the activities envisaged were three-fold: 
(a) experiments in new teaching methods for science; 
(6) courses offering students a grounding in subjects 
outside their main course, such as economics, philosophy 
of science, history; (c) courses for workers. Though 
more or less everyone agreed on the first of these, the 
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Iw recent years, sedimentologists have tended to con- 
centrate on major deltas, and a large amount of informa- 
tion has aceumulated on these areas. Much less is known 
of estuaries. In essence, a delta forms when a sediment- 
laden river enters the sea, and the proeesses which build 
it aro mainly fluviatile. In estuaries the river-borne 
sediment is less abundant, and the influences on sedi- 
mentation are chiefly marine. Work by the research 
group has shown that the principal agents of transport 
are tidal currents; river flow serves merely to reinforce 
the ebb-current and provide some of the suspended 
sediment. In addition to this, the inner reaches of an 
estuary can receive some suspended sediment from the 
sea and by the erosion of the banks. Erosion of banks 
has been shown very clearly in the Medway, where old 
eharts show that there has been a steady decrease of the 
area of saltings since 1834 (Fig. 2). This is accomplished 
by the recession of a marsh cliff to form a wave-cut plat- 
form of salt-marsh sediments which is the wide intertidal 
mud-flat surface. Surveying has shown that the salt- 
marsh edge is still retreating, and that the mud-flat 
surface is being degraded. This lowering is suggested 
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other two worried more conservative elements. But it is 
good to know that courses have already been run in 
universities for some weeks now on such topics as the 
history of the trade union movement. And these lectures 
were attended by enthusiastic listeners who were not all 
“enragés” belonging to small groups which the govern- 
ment has broken up by classifying them as “private 
militias". 

All this ferment varies in intensity according to local 
conditions—the provinces are often more radical than 
Paris—and academic discipline. The least coherent 
activity seems to stem from disciplines such as the social 
sciences which are going through an epistemological 
crisis. It is still badly coordinated, except- among 
research workers, but has taken hold, in violent or mild 
forms, over the whole intellectual life of the country. 
Everywhere—right up to the Academy of Sciences— 
people are contemplating structural reforms. The present 
administration may slow down the process for a time, 
but it will probably not stop it. And this would be true 
no doubt for any administration counting on traditional 
French political forces. 

On the walls of the Sorbonne an inscription had proudly 
proclaimed for some two months that “imagination has 
come to power”. This sentence is, for the present, the 
expression of a wish rather than reality. It could well 
become sooner or later, in France or elsewhere, the writing 
on the wall for many politicians if they do not treat it 
as an invitation to think hard and act along unaccustomed 
lines. 


Estuarine Areas 


The Estuarine Sedimentation Research 
Group of King’s College and Sir John 
Cass College has been studying the 
estuaries of the Thames, Medway and 
Taw-Torridge. Its members, who re- 
port some of their results here, have 
foundthatthesedimentary processesin 
the estuaries are varied and complex. 


from observations of the dead adult articulated walves 
of Mya arenaria and Scrobicularia plana which project 
from the surface in colonies. These two bivalves are 
burrowing forms, which suggests a loss of at least 10 in. 
of sediment from above the valves. These bivalves fre- 
quently carry a barnacle epifauna which is zoned accord- 
ing to age. The oldest barnacles oceur at the top of the 
valve and new spat at the sediment interface. Bank 
erosion is also active in the Thames and in the Taw- 
Torridge. In the Taw-Torridge, however, erosion is less 
significant and it is retarded by extensive algal over- 
growth. This algal growth does not develop in the Thames 
and the Medway. 

In the Medway, most of the material derived by the 
erosion of banks seems to leave the estuary (Fig. 2), 
although some accumulates in the reaches above Gilling- 
ham. In the Thames this accretion zone is much longer— 
it extends from Tower Bridge to beyond Tilbury, & 
distance of 30 miles. This is within the mixing zone of 
fresh and salt water and as a result the clay minerals are 
in a state of flocculation’. Except for short periods at 
high and low water, the water column is kept in move- 
ment by the tide, and velocities of over 100 €.p.s. are 
regularly found. Sediment is carried at all levels within 
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Fig. 1. 


the water column, but solid content inereases downwards 
—a slow increase to within 3 ft of the bed, and then 
a very rapid increase near the bed itself. The lowest 
levels contain up to 180,000 p.p.m. of sediment. Whilst 
the sediment is in motion, there appears to be no separa- 
tion of these basal layers from the clearer water above; 
but if it stops moving this fluid-mud acquires sufficient 
identity for its surface to "bounce" a sonar beam, although 
at this stage a grab will bring up only a water fluid. If it 
remains undisturbed the fluid assumes a gelatinous con- 
sistency, and eventually consolidates to a firm, tenacious 
mud. 

Analyses, by the Andreason pipette method, of the 
fundamental particle size of the sediment, both in suspen- 
sion and where recently deposited, show a consistently 
low percentage of actual clay mineral. The clay particles 





Fig. 2. Map showing suspended load transport directions (arrows) in 
the lower Medway estuary, Kent. 


General map of the Thames estuary, with limits of ostracod provinces superimposed, 


do not appear to form more than one-third of the total; 
the rest is made up of variable amounts of fine sand and 
silt. The transport of these coarser particles is presumably 
made easier by the high viscosity of the clay-suspension 
just over the bed. In the inner estuary of the Thames, 
therefore, the classical distinction between *'bed-load" 
and "suspension-load" cannot be maintained; the bulk 
of the sediment load is carried in the lower levels of the 
river?, A true bed-load of fine sand also exists, especially 
in the lower reaches, but is not important above Woolwich. 

Shell accumulates occur on either side of the main 
channel in the Medway, at the eastern end of the Swale, 
and on the Essex coast, on the Dengie Flats*, Foulness 
and adjacent to the mouths of the Colne and Blackwater. 
They form, as lag concentrates, after the fine material 
has been eroded and removed in suspension during bank 
erosion, and are ridges or dunes of low relief which 
migrate shorewards across the mudflats and saltings under 
wave attack. 

The more open parts of the estuaries contain a sedi- 
ment earpet, up to 100 ft thick in parts of the Thames, 
which consists chiefly of fine sand, but gravel, shell, silt 
and clay also occur. The overall pattern of transport in 
the Thames has been studied in several ways; by the 
distribution of ostracod carapaces, by the mineralogy of 
the sand, and by the study of sediment pattern and 
bed-forms. 

Seven major ostracod biofacies are recognized in the 
Thames estuary (Fig. 1); five of these are delineated by the 
increasing salinity seawards and by the range of fluctua- 
tion in salinity*. A further two (the Wallet and the Mar- 
gate Roads area) are determined by sediment type and 
low current velocities. These biofacies are based on the 
association of species living in situ and together with 
these is found a varying amount of admixture of trans- 
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ported carapaces from other biofacies. The degree and 
direction of mixing are the direct result of sediment 
movement. Although very little is known about the 
transport properties of ostracod valves, the following 
qualitative conclusions can be drawn from the displace- 
ment pattern of empty (dead) ostracod carapaces in the 
Thames estuary. 

(1) Net landward movement of sediments is indicated 
by the presence of marine ostracods derived from the 
seaward biofacies as far up river as 14 miles from London 
Bridge and possibly higher. The living fauna here is 
oligohaline. The main source areas seem to be IV and 
VII on Fig. 1. 

(2) At least occasional seaward transport is shown by 
the eastward spread of valves of oligohaline forms usually 
living in the Inner estuary. The principal direction of 
the movement is along the south bank, terminating in 
the area of the Warp. 

(3) The Gunfleet Sand effectively separates the Wallet 
from the rest of the estuary as is indicated by its unique 
fauna with no admixture of forms living south of it. The 
total lack of low-salinity forms in the Wallet suggests 
that no seaward sediment movement takes place from 
the Blackwater or Colne. The very high ratio of bio- 
coenosis to thanatocoenosis in the Wallet itself indicates 
minimal sediment movement. 

(4) A westerly direction of sediment movement into 
the River Crouch is assumed on the basis of displaced 
marine forms present near the point of river entry. 

(5) The Margate Roads area again contains a unique 
ostracod fauna, more marine in character than those in 
the rest of the estuary (apart from those of its eastern 
periphery). The ebb flow from the Margate Roads round 
the North Foreland does not transport any ostracod valves, 
whereas there is some evidence of sediment transport by 
the flood stream over the Kentish Flats in a westerly 
direction. 

(6) High current velocities—at or near the bottom— 
inhibiting the presence of ostracods, are especially evident 
in the Knock Deep, west of North Foreland and particu- 
larly from the Shipwash to the western end of the King’s 
Channel. 

The heavy mineralogy of the sands* shows that there 
were originally three principal mineral assemblages. One 
group is largely of local origin from the nearby Cretaceous 
and Tertiary, and is dominated by near-euhedral zircon, 
chipped grains of garnet, and rutile. A second group with 
predominant blue-green hornblende, well-rounded garnet 
and epidote derives from Scandinavian drift, while an 
assemblage of garnet, augite, saussurite, green and brown 
hornblende and staurolite appears to have entered the 
North Sea from the south. These assemblages are rarely 
found in their pure state, but their distribution still 
reveals a pattern in which the local group occurs along 
the estuary shores, the second group offshore of these, 
and the third group in the central part of the estuary only; 
the last group entering only after the breach of the Straits 
of Dover. Assemblages of the last group have not yet been 
found north of the latitude of Foulness. Recognition of a 
possible historical sequence in these assemblages should 
make studies of sand dispersal easier. 

In the central and outer estuary of the Thames, the 
pattern of curvilinear banks and channels is most striking. 
Seismic profiles with a *Hydrosonde 2A’ (Hunting Surveys, 
Ltd) show that the base of the unconsolidated sediment is 
extremely irregular (Fig. 3), and it may be possible to 
relate the bank pattern to its configuration. Old charts 
show that in the outer estuary the basic pattern is remark- 
ably stable although variable in detail. This suggests that 
there is some underlying cause for their positions. The 
Margate Sand is clearly related to a ridge of hard material 
in the Thanet Sand formation, while the Queen’s Channel 
seems to be aligned along a pre-existing feature. It is 
tempting to regard the position of the northerly banks as 
relics of a terminal moraine system, but so far none has 
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Fig. 3. Top, hydrosonde profile interpreted as showing the structure 

of the West Barrow Sand and a buried river channel. Bottom, re mind 

sonar record showing two different directions of sand waves in the No; 
Edinburgh Channel, 


been proved to have a solid core. In the central area (that 
is, Sea Reach to the Edinburgh Channels) the channel and 
banks system has been more variable, but even so some 
relation to underlying surface can be seen. 

Stability of form, however, does not imply the stability 
of the sediment; all evidence points to a continuous 
mobility both at the surface and, over a long time, in 
depth. Deep movement implying lateral migration of the 
banks appears in the Thames estuary to be confined to 
the central part. The banks are composed almost entirely 
of fine sand, with a very uniform distribution of grain size 
in the size range 0-09 to 0-18 mm both at the surface and 
at depth. Surface movement is shown by bed forms of 
sand waves; these sand waves are asymmetric in profile 
with their steep sides facing downcurrent. This asym- 
metry is the result of the inequalities of velocity and 
direction of flow of the ebb and flood tidal streams. Those 
which are left exposed at low tide nearly always show a 
downstream movement, because they are formed by the 
ebb-tide; they are not necessarily representative of the 
net sediment transport. Those which are not exposed are 
more informative, but less easy to observe. The combina- 
tion of precision echo sounding (to detect and record 
amplitude, profile and the asymmetry) and sideways 
sonar (to plot their true direction and wavelength) has 
proved the most rewarding. Fig. 4 shows the results of 
the study of these features on Long Sand Head. They 
reveal a circulatory trend similar to those described by 
Cloét* and Robinson’. Sand appears to be moving in 
from the north-east, the sandwave crests trending 
N.W.-S.E.; at the same time, sand is moving along the 
Black Deep side of the bank, from the W.S.W. At the 
“Head” there are some symmetrical sand waves and areas 
where no bed-forms were found at all. On the Knock 
Deep or southern side of the bank, sand waves were 
again found. They were apparently moving in towards 
the bank from the east, but the further south-west one 
went along the bank the sand waves were found to swing 
and eventually face north. On traversing the bank from 
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Fig. 4. Map showing directions of sand transport, as indicated by 
sand wave patterns, around Long Sand Head. Scale in land miles, 


the Knock Deep to the Black Deep the sand wave trend 
moved around from facing north to that of facing north- 
east, thus completing the cell. The maximum amplitude 
of the sand waves in this cell is 2:5 m and the wavelength 
is between 20 and 80 m. Such cireulation cells are 
suspected to be part of a larger circulatory pattern, so 
that each bank is a largely self-maintaining entity. In 
the central part of the estuary, hydrosonde studies show 
clearly an internal construction very like a migrating 
dune (Fig. 3). The channels between are floored by a 
very different sediment—a heterogeneous mixture of 
gravel, shell, clay and sand. This seems to represent the 
more intractable material of the sediment complex, and 
such movement as exists appears to be longitudinally 
along the ehannels. Occasionally it is overwhelmed by 
the sand from the banks, and is then incorporated as a 
gravel-clay lens in the bank structure. Locally there is 
some migration of sand across the channel from one 
bank to the next’. 

Particular interest is found in the Wallet Channel, 
between the Gunfleet Sands and the Essex coast, which 
appears to be an area of limited transport and deposition. 
There are several pieces of evidence to support this theory. 
Bottom samples taken with a large Venveen grab showed 
that the sediments are distinctly layered. The surface 
layer consists of a thin veneer of shells in fine sand; many 
of the shells contained live animals. Beneath the surface 
layer was another thin layer of fine sand containing dead 
whole shells and shell fragments; this was in turn under- 
lain by very dark fine sand, the junction between this and 
the above layer being very sharp. The upper two layers 
show typical oxidizing features while the lower layer 
shows typical reducing features. These facts indicate 
that only the top fraction of the bottom sediments is in 
fact reworked by tidal action. Also the presence of live 
animals supports the idea of relatively quiet conditions. 

Transit sonar records along the length of the Wallet 
Channel show that the bottom topography does not have 
the typical features associated with areas of active move- 
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ment of sediment. The bottom here is quite flat with no 
obvious sand wave systems present, except at the far 
north-eastern end of the Gunfleet. Most of the bottom 
appears to consist of flat areas of fine sand and muds 
with shell and occasional patches of gravel and exposed 
London Clay. 

A characteristic feature of all estuarine areas is the 
development of preferred paths used by the ebb and 
flood tides. In the Taw-Torridge (Fig. 5) bed-form facing 
directions show that the strongest flood current takes a 
meandering path while the path taken by the main ebb 
is straighter. On the north side of the Thames estuary, at 
the confluences of the Rivers Colne and Blackwater, the 
Eagles Patch, is an area of gravel around which the two 
tide directions flow. At the point of confluence of the two 
types of channel, the constant high veloeities result in 
the winnowing of fines, leaving only a coarse residuum. 
A concomitant development of the Edinburgh Channels 
has been the growth of a new bank*, which has allowed 
sediment to migrate across a major channel. 
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Fig. 5. Map of the ebb-flood avoidance patterns in the Taw-Torridge 
eatuary, North Devon. 


Although some of these conclusions are still tentative, 
there is the beginning of a real understanding of the 
processes of movement in estuaries. The economie sig- 
nificance of this need hardly be stressed; many major 
ports of the world are situated in estuaries, and the 
increasing size of ships makes the necessity for the predic- 
tion of channel changes ever more urgent. Every dredging 
project, every barrage, dam or sea-wall, affects or modifies 
the movement pattern; what the modification is may be 
of vital significance. On the academic side, the knowledge 
of the form and structure of the sediments will lead to the 
proper recognition of the estuarine deposits in fossil 
examples ahd to the greater understanding of rocks formed 
by these processes. 
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During the past few years an understanding of the 
physiological function of a large number of proteins has 
rapidly increased. Relatively little is known, however, 
about the function of a group of plasma proteins con- 
cerned in the transport of substances of small molecular 
weight. The best studied of these is transferrin—a protein 
concerned in the distribution of iron in the body from the 
intestinal sites of absorption and the sites of haemoglobin 
breakdown to the bone marrow, to other tissues requiring 
iron, as well as to the various sites of storage. In the 
pregnant animal, transferrin also carries iron to the 
placenta and thus to the foetus. Recent work on the 
structure and functioning of this protein suggests that it 
is not just a passive carrier, but that it plays an important 
part in the control of iron metabolism. 


Structure of Transferrin 

Transferrin is a globular protein with a molecular 
weight! of about 86,000 and has two separate iron binding 
sites, each capable of binding one atom of ferric iron?, 
There are also four sialic acid side chains attached to the 
protein, but the function of these is not yet known’. 
Because the molecule has two iron binding sites, it has 
been suggested that it consists of two polypeptide chains. 
Until recently it had not been possible to dissociate the 
molecule into sub-units, and only one free N-terminal 
amino-acid, valine, had been detected‘. Preliminary 
reports by Jeppson and Sjoquist* suggest, however, that 
the molecule can be dissociated by 8 M urea into two sub- 
units with approximately half the molecular weight of 
native transferrin. Further work by the same authors 
suggests that the sub-units are not identical, and that one 
has an N-terminal valine, while the other probably has 
serine as its N-terminal amino-acid residue*. Before any 
final conclusions on the structure can be reached, more 
data are required. Other work on the structure of trans- 
ferrin by analyses of total amino-acids and peptide map- 
ping has shown that the amino-acid sequence of the protein 
chain is largely non-repeating’, indicating that if it does 
consist of sub-units these must be dissimilar. 

Studies of the binding of iron by transferrin have shown 
that the metal is very tightly bound to the protein. At 
physiological pH the equilibrium constants for the two 
iron binding sites are of the order of 10% (ref. 8). There 
are more transferrin iron binding sites than atoms of 
iron in normal plasma so there will be no free iron present. 
This might be expected as even very small quantities of 
free iron are toxic’. The mechanism of iron binding by 
transferrin is not yet understood but is similar on both 
sites in that. three tyrosine and two histidine side chains 
are involved**. The structural studies already mentioned 


* Watson Smith Research Fellow of the Royal College of Physicians, 
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Recent work on the structure and function of transferrin indicates 
that it is not only an inert carrier of iron but that it has a complex 
function in the absorption and distribution of iron in the body. 


indicate, however, that either the two binding sites are 
on different sub-units or the detailed structure around 
each site is different. For a difference between the binding 
sites to be important in vivo there must be no redistribu- 
tion of iron from one binding site to another. This has 
been shown for different molecules of transferrin#+1%, 
More recently, indirect evidence shows that there is also 
no redistribution between sites within the same molecule**, 


Are AO AQ 
Tr" > TC TEC 
Bre Bo Bye Bo 
Fig. 1. Possible species of transferrin molecules arranged in decreagin, 


order of ability to deliver iron to red cell precursors. TY, transferrin, an 
A and B, the twoiron binding sites, where A is “erythroblast orientated”, 


A 
T ™ > 


The physiological significance of the structural and 
iron binding characteristics of transferrin has not yet been 
fully determined, but the presence of such a protein in a 
wide variety of animals suggests that it is of greater func- 
tional significance than solely the prevention of the occur- 
rence of free iron in the plasma. Iron binding proteins 
have been found in lampreys™ and fishes!^, but it is not 
known whether they have two iron binding sites. The 
proteins present in birds and mammals are similar to 
the protein found in man". Furthermore, the iron binding 
protein (conalbumin) found in eggs also has two iron 
binding sites and funetions in à manner similar to human 
transferrin!*:1, 


Uptake of Iron by Erythroblasts 


Quantitatively, by far the most important tissue re- 
quiring iron is the erythropoietic bone marrow. This 
needs approximately 30-40 mg/day of iron for haemo- 
globin synthesis—about six to ten times the amount 
attached to the plasma transferrin. Because of this, and 
because red cell precursors in the form of reticulocytes 
are readily available, the uptake of iron from transferrin 
by these cells has been studied in considerable detail. 
Jandi, Inman, Simmons and Allen!* showed that free 
ionie iron is taken up by mature and immature red cella 
indiscriminately, and only inefficiently incorporated into 
haemoglobin. Much of this iron can be washed from the 
cells and uptake is blocked by chelating agents such as 
ethylenediamine tetraacetic acid (EDTA). On the other 
hand, iron attached to transferrin is not taken up by 
mature red cells but only by red cell precursors, and is 
used rapidly and efficiently for haemoglobin synthesis. 
The delivery of iron to the cell by transferrin is not 
affected by the presence of chelating agents or free ionic 
iron. 

These findings indicate that iron passes directly from 
transferrin to the appropriate receptors on the cell, free 
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ionic iron not occurring at any stage in this process. 
Recent studies'!* have shown that the transferrin mole- 
cule becomes firmly attached to specifie receptors which 
are only present on the developing red cells and are lost 
when haemoglobin synthesis ceases. The iron is then 
given up to the red cell precursor, presumably being taken 
up by a specific carrier protein inside the cell'*. The ease 
with which the red cell precursor releases iron from trans- 
ferrin, compared with the difficulty of achieving this in 
vitro at physiological pH, suggests that the attachment of 
the molecule on the receptor site produces a change in 
conformation of the protein which facilitates this transfer 
of iron. This idea is similar to the allosteric effect occurring 
in certain proteins on binding of small molecules?» The 
uptake of iron is less than that expected from the turnover 
of transferrin on the cell surface!, however, and some of 
the protein is released with the iron still complexed", 
suggesting that only one iron atom is removed from 
molecules carrying two atoms. 
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Fig. 2. Control of iron absorption is dependent on the size of the intra- 
cellular iron pool, which in turn is controlled by the number of fully 


Fe 
saturated transferrin molecules (TRC ) in the plasma, reflecting 
Bre 


both the iron stores and marrow activity. 


Jandi and Katz! have shown that transferrin molecules 
complexed with iron have a much greater affinity for the 
receptors on reticulocytes than have iron free molecules. 
This is presumably caused by a change in conformation 
between the apoprotein and iron complexed species. This 
idea of variations in the conformation of the iron-trans- 
ferrin complex being functionally important because of 
the particular relationship between transferrin and the 
cell surface has recently been extended". It has been 
shown that iron is taken up by reticulocytes from mole- 
cules containing two atoms of iron at roughly ten times 
the rate that it is taken up from molecules carrying only 
one atom. This is probably the result of a difference in 
the shape or charge of the molecules. Furthermore, iron 
bound to one site is preferred to that bound by the other, 
but this effect is much less marked than that mentioned 
above. Presumably this depends on differences of structure 
around each site. “Although all these results have been 
obtained from in vitro experiments it seems reasonable 
to assume that they are also operative in vivo, suggesting 
that the plasma iron does not form a uniform pool (Fig. 1). 
Preliminary experiments suggest that the marrow removes 
iron differentially from transferrin in the same way as 
reticulocytes so that the level of erythropoietic activity 
affects the distribution of iron on the circulating trans- 
ferrin'?. Thus at similar percentage saturations of trans- 
ferrin the distribution of iron on the protein will differ in 
states of high and low erythropoietic activity. When the 
marrow is active there will be relatively fewer transferrin 
molecules carrying two iron atoms, and fewer “‘erythro- 
blast orientated sites" will be occupied than when the 

marrow is depressed. 
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Uptake of Iron by Other Tissues 


Little is known about the delivery of iron to other tissues, 
but it can be speculated that one of the controlling factors 
is transferrin. The very tight binding of iron at physio- 
logical pH suggests that there are receptors for the protein 
in other organs involved in iron metabolism as well as in 
the marrow. The transport function of transferrin would 
then depend on its attachment at these receptors wherever 
iron is exchanged. This would form an efficient system for 
distributing iron from the sites where it is available to 
those where it is required and avoid the release of any 
toxic free iron. Furthermore, it is suggested that the 
amount of iron delivered to each type of cell is controlled 
by the number of transferrin binding sites present. Cells, 
like the red cell precursors, which need iron, have more 
transferrin binding sites than others, like mature red cells, 
which do not require iron. This idea that the delivery of 
a small molecule in the right quantities to various tissues 
is controlled by the number of binding sites for its carrier 
protein may apply to other protein bound substances, 
such as vitamins or hormones. 

The second most important tissue requiring iron is the 
placenta. Little is known about the actual mechanism 
by which iron passes across the placenta, but some 
changes are well described. During pregnancy, although 
the serum iron level remains constant or falls, the total 
transferrin approximately doubles, leading to a lowering 
of the percentage iron saturation of the plasma*, This 
may have several consequences. First, it may lead to 
increased mobilization of iron from the stores as well as 
to increased intestinal absorption?*, as discussed later. 
Second, the sites on the placenta which bind transferrin 
may work more efficiently at low levels of iron saturation 
than those on the red cell precursors. This would explain 
the diversion of iron to the foetus at the expense of the 
mother when there is iron deficiency**. On the foetal side 
of the placenta the serum iron is relatively high while the 
transferrin level is low, leading to high percentage satura- 
tion?i, This implies that there is a specific mechanism 
releasing iron into the foetal plasma from the placenta to 
maintain the high saturation. This situation clearly 
favours the deposition of iron in the foetal iron stores**; 
it also indicates that the transport of iron across the 
placenta occurs by some form of active process. Signi- 
ficant amounts of transferrin do not cross the placenta** 
and so iron must first be detached from the mother’s 
transferrin and then pass to the foetus by some uni- 
directional pumping system. 

The other two areas where the function of transferrin 
might be important are iron absorption and iron storage. 
In some ways the situations in these tissues might be 
related. In one, increased iron turnover resulting from 
increased erythropoietic activity leads to increased iron 
absorption?*, while in the other it leads to increased iron 
mobilization*, Also, the state of the body's iron stores 
influences absorption: when they are full absorption is 
depressed and when depleted absorption is increased**. 


Control of Iron Absorption 


'The link between absorption and erythropoiesis is well 
documented, but the nature of this link is one of the 
enigmas of iron metabolism. In animals, experimental 
stimulation of erythropoiesis leads to a marked increase 
in iron absorption even in the presence of a high plasma 
iron and increased iron stores?. A similar situation is 
found in human diseases in which there is an increased 
plasma iron turnover as a result of activity of the erythro- 
poietie tissues as in chronie haemolytic anaemias such as 
thalassaemia, sickle cell anaemia or other sideroblastic 
anaemias?*3», These patients show increased iron absorp- 
tion leading to iron overload, although the serum iron is 
high and transferrin largely saturated. These observations 
have led to a search for some humoral factor relating 
erythropoiesis to iron absorption, but none has been 
found?! As already discussed, however, the level of 
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Fig. 3. Some qon p mechanism relating the body's iron needs farptropoitin, 


mobilization of iron from the stores or in 


The ion oy AK site on transferrin preferentially cleared by red cell precursors, 


a “here called A, is particularly avid for iron from 


erythropoietic activity is reflected by the distribution of 
iron on circulating transferrin and it is suggested that this 
distribution plays a controlling part in absorption. These 
ideas fit well and extend the concept of ‘‘messe iron” 
put forward by Weintraub, Conrad and Crosby**. These 
authors suggested that the plasma iron turnover de- 
termines the amount of iron, as ferritin, incorporated 
into newly forming intestinal mucosal cells, and that this 
iron subsequently controls the amount of dietary iron 
that the cell can accept when it is involved in absorption. 
The variation in availability of transferrin bound iron to 
reticulocytes suggests that this so-called “messenger iron" 
will be the same fraction of the plasma iron as that most 
preferentially removed by the bone marrow, that is, iron 
from transferrin molecules with two atoms of the metal 
(Fig. 2). The amount of this species present in the plasma 
is not only dependent on the marrow activity, but also 
depends on the percentage saturation of the plasma, which 
in turn is related to the body’s iron stores, 

This mechanism reduces the absorption of iron into the 
mucosal cell, but cannot be the only active mechanism, 
for the mucosal cells accept more dietary iron than is 
transferred to the plasma and the excess iron is lost when 
the cells are desquamated from the villi*. Furthermore, 
ingested haemoglobin iron enters the mucosal cell as haem** 
and therefore the absorption must be by & different mech- 
anism from ionic iron. Nevertheless, the retention in the 
body of ingested haemoglobin iron is controlled by erythro- 
poietic activity in the same way as inorganic iron?*, 
Haem is probably degraded within the mucosal cell before 
its iron is delivered to the plasma. These findings suggest 
that there is a mechanism which controls the amounts of 
iron transferred from the mucosal cells to the plasma and 
relates this to the body’s needs (erythropoiesis, etc.) 
whether it initially enters the cell as inorganic or haem 
iron. This could be brought about if the iron binding site 
on transferrin preferentially cleared by red cell precursors 
is icularly avid for iron from the intestinal mucosal cell 
(Fig. 3). The existence of such sites linking erythropoiesis 
with absorption is indicated by the finding, in rats, that 
more absorbed iron is initially taken up by the marrow 
than intravenously injected iron (unpublished observa- 
tion). The intravenously injected iron would be distri- 
buted on transferrin at random while more of that which 
had been absorbed would be attached at the site from 
which it was more available in the marrow. 

This hypothesis suggests that the second binding site 
on transferrin, although it is known to deliver iron to 
reticulocytes", is also concerned with storage of iron. 
Very few data are available as to the precise function of 
this site. 

These two factors, the number of transferrin molecules 
carrying two atoms of iron and a difference between the 
two binding sites, make it possible to envisage how ab- 


e intestinal mucosa and stores. 


sorption is related to the body's needs. The number of 
molecules carrying two atoms will reflect both the level of 
erythropoiesis and the state of the body's stores and, in 
turn, will determine the amount of iron incorporated into 
newly formed mucosal cells (Fig. 2). Superimposed on this 
mechanism is the effect of the binding sites which will be 
available to pick up iron according to the activity of ery- 
thropoietie tissues. These sites will mobilize storage iron 
including that in the mucosal cells and so increase absorp- 
tion (Fig. 3). A further mechanism for increasing absorp- 
tion would be by increasing the transferrin concentration 
as occurs in pregnancy and iron deficiency. This would 
reduce the number of fully saturated molecules which, 
when present, depress absorption and also increase the 
number of sites which remove iron from the cells. In this 
connexion it is of interest that the plasma passes through 
the gut before reaching the liver and in this way absorption 
of iron, when this is available, will conserve the reserves 
of iron in the liver. This mechanism would be useful to 
the organism in providing iron for increased erythropoiesis 
caused by haemorrhage or for the foetus but, on the other 
hand, would lead to the excess accumulation of iron in 
the body in haemolytic anaemia. 

The function of transferrin as the iron transport protein 
depends on its attachment to receptors on the surface of 
cells. These receptors are specific for the protein rather 
than its iron and in this way it is the protein which 
determines the fate of the iron. Attachment at the cell 
surface allows differences between various species of 
transferrin, transferrin carrying two atoms of iron, trans- 
ferrin ing one atom of iron on either the first or 
second binding site, to become functionally important so 
that it is possible to envisage how the iron requirements of 
various tissues can be met and how these influence iron 
absorption and mobilization. 

We thank Mr V. K. Asta for the illustrations. 
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Tue designation, hereditary Heinz body haemolytic 
anaemia, has been applied to a syndrome of congenital 
and familial haemolytic anaemias associated, after 
splenectomy, with inclusions (Heinz bodies) in circulating 
red cells and with the excretion of darkly pigmented urine 
containing large amounts of dipyrrols (for early literature, 
see ref. 1). These anaemias are now known to be associated 
with unstable haemoglobins, of which Köln 8-98 valine— 
methionine? is the best known. Such mutant unstable 
haemoglobins can be recognized by their tendency to 
flocculate when haemolysutes are heated to 50° C for brief 
periods. 

Chemicals, such as phenylhydrazine, which when incu- 
bated with red cells bring about Heinz body formation, 
also cause solutions of purified Hb-A to precipitate into 
coecoid-like bodies indistinguishable from Heinz bodies 
after undergoing a definite sequence of oxidative 
changes**, Initially, ferrohaem is oxidized to its ferric 
form resulting in methaemoglobin. If the stress con- 
tinues, the two easily titratable cysteines of globin, at 
the ninety-third position of the two B-polvpeptide chains, 
are oxidized. During their oxidation, glutathione (GSH) 
combines in mixed disulphide linkage (S—S) with these 
two globin SH groups in what has been presumed to be a 
protective process*. After the titratable SH groups are 
blockaded, the conformation of the haemoglobin molecule 
becomes altered, which exposes its remaining four, 
normally unreactive, SH groups; their oxidation is 
associated with the precipitation of the haemoglobin. 
The critical role of the 8-93 SH groups in maintaining the 
structure of haemoglobin has recently been confirmed®. 
We have now related these observations to the precipita- 
tion of Hb-Kóln and other unstable haemoglobins. 

Four patients from two families with Hb-Kóln were 


These two phenomena are involved in the instability of haemo- 
globins associated with hereditary Heinz body anaemia. 


studied; two had been splenectomized'. In addition, 
blood from another patient with a congenital Heinz body 
haemolytic anaemia caused by Hb-Hammersmith, 8-42 
phenylalanine—serine*, was available. The similarity 
in the behaviour of these two haemoglobins allows con- 
clusions regarding the pathogenesis of the Heinz body 
formation, dipyrroluria, and haemolytie anaemia. 

There is diminished globin sulphydryl activity in Hb- 
Köln. Perutz's estimate of the structure of the 8 chain 
of haemoglobin? is shown in Fig. 1. Hb-Koln is altered 
in the ninety-eighth position of this chain by substitution 
of the larger amino-acid methionine for valine?*, with a 





* SUBSTITUTION IN Hb-KOLN 3e 


Fig. 1. The approximate structure of the f chain of haemoglobin (after 

Perutz’). The close proximity of the mutant amino-acid methionine in 

Hb-Küln (position 98) to the titratable SH group in cysteine (CSH 

position 93) and to the histidine (HIS position 92) is emphasized in the 
three views shown. 
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Table 1. SH GROUPS OF HAEMOGLOBINS BY DTNB TITRATION* 
Native Hb Denatured Hbt 
Molar ratio SH/Hb 
Hb-Kéln 05 48 
Hb-A 1 63 
Theoretical 2 6 


* Samples (3 mi.) of 0-03 per cent haemoglobin solutions in phosphate 
buffer (pH 8-0; = 0-01) were mixed with 0-02 ml. of 5,5’ dithiobis (2-nitro- 
benzoic acid) (DTNB) dissolved at 39-6 mg/100 ml. in phosphate buffer 

H 7-0; i 0-01) and read after 5 min at 412 my. 

+ For titration. of total SH groups, haemoglobin was denatured by 8 M 
urea or by addition of 1/15 volume of 30 per cent sodium dodecylsulphate 
to the 0-03 per cent haemoglobin solutions. 


consequent distorting effect on the hydrophobic bonds 
which are thought to play an important part in main- 
taining the haem-globin stability?, and also on the re- 
activity of the 8-93 cysteines, which represents the sole 
titratable SH groups of native haemoglobin®. As will 
be demonstrated, the mutation in Hb-Kóln critically 
affects the reactivity of these groups and haem-globin 
interaction. 

Haemolysates from heterozygotes contain approxim- 
ately 20 per cent Hb-Kóln and 80 per cent Hb-A. These 
were separated and purified as the carbonmonoxy deriva- 
tives by column chromatography on amberlite resin IRC 50, 
or by paper electrophoresis in atmospheres of CO (ref. 2). 
No titratable SH activity was observed with Hb-Kóln 
using the paramercuribenzoate (PMB) method! (Fig. 2). 
A different method of titration?! demonstrates a similar 
reduction in SH groups (Table 1). The unfolding of the 
haemoglobin molecule produced by 8 M urea or sodium 
dodecylsulphate causes access to previously non-available 
SH groups, one on each « and B chain. Thus a total of 
six SH. groups are measurable in Hb-A; only four could 
be measured in Hb-Kóln (Table 1). Diminished SH 
reaetivity was also observed in fresh haemolysates from 
patients with Hb-A and Hb-Kóln or Hammersmith. 
Thus the observations were not due to SH oxidation during 
the isolation and purification. 
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Fig. 2. Titration of the haemoglobin SH groups. The presence of two 

titratable SH groups in Hb-A is indicated by the inflexion point when 

approximately 2 moles of paramercuribenzoate (PMB) is added per mole 

of Hb-A (@). In contrast, no titratable SH groups (no inflexion point) is 
seen in Hb-Kóln (©). 


Because the 8-93 cysteines are present in Hbs-Kóln 
and Hammersmith?* their SH groups are blockaded in 
the native molecules. This contention is supported by 
the observation? that PMB causes the precipitation of 
Hb-A as Heinz bodies at 37? C only when added in excess 
of twice molar ratios; that is, after the 2 8-93 SH groups 
have been blockaded‘. In contrast, Hb-Kóln is pre- 
eipitated by the addition of as little as equimolar PMB. 
This blockade might result from the mixed S-S linkage 
of 8-93 cysteines with glutathione, as during the oxidative 
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Fig. 3. Enhanced binding of *S-GSH to Hb-Kóln. Purified Hb- 
Kölin (O) bound three to fous times gn radioactivity than purified 


denaturation of Hb-A by phenylhydrazine’; moreover, a 
large pool of GSH is present (in bound form) in red cells 
containing Heinz bodies, but not in normal cells™*. It 
was possible to demonstrate enhanced binding of “S- 
labelled GSH to purified Hb-Kóln (Fig. 3). For these 
experiments 8:1x 10-5 moles of GSH (Schwarz Bio- 
research Inc. Orangeburg, New York, about 0:6 wCi) 
in 0-1 per cent phosphate-buffered (pH 7-4) EDTA was 
added to 3-6x 10-8 moles of purified Hb-A or Hb-Kóln 
in 0-12 M phosphate buffer (pH 7-4). After incubation 
at 37? C for 90 min, protein was precipitated with ice-cold 
10 per cent trichloroacetic acid (TCA), the precipitate 
washed twice with 5 per cent TCA, once with absolute 
ethanol and once with ether and the resulting dried protein 
finally dissolved in 0-1 N NaOH. Aliquots were counted 
in triplicate in a gas-flow counter with a counting efficiency 
of about 20 per cent. As Fig. 3 shows, three to four times 
more GSH attached itself to Hb-Kóln than to Hb.A. 
Increased mixed S—S formation of Hb.Kóln with GSH 
was also shown in fresh haemolysates containing Hb-A 
and Hb-Kéln. After incubation with GSH for 60 min 
the haemoglobins were separated by electrophoresis and 
after TCA precipitation the specific activity of the Hb- 
Kóln fractions averaged seven times that of the Hb-A 
fractions. 

Diminished binding of haem to globin in Hb-Kóln has 
been demonstrated. Microscopically, the washed pre- 
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Fig. 4. Diminished avidity of Hb-Kóln for haem.  "Fe-ferrihaems from 

¥e Hb-Kóln (right) fully exchange with originally unlabelled ferri- 

haems of Hb-F in 90 min. Only about half of this number of Fe hacing 
transferred from **Fe Hb-A during the same time (left). 
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Fig. 5. Inhibition by cyanide of the precipitation of Hb-Kéln. Cyanide diminishes the precipita- 
tion of Hb-Kóln into Heinz bodies in red cells incubated for prolonged periods st 37? C (left) 
and in haemolysates heated at 50° C for 90 min (righ). 


cipitate formed by heating at 50° C haemolysates contain- 
ing Hb-Kóln appears to be a mass of typical Heinz bodies. 
The precipitate is whitish yellow, rather than red, suggest- 
ing that haems have been altered or lost in the denaturing 
process, The inclusion bodies of red cells in 8-thalassaemia 
have also been suspected to be free globin chains, deficient 
in haems??, It can be postulated that Hb-Köln and other 
unstable haemoglobins bind their haem groups less avidly 
than Hb-A and that their instability results from the 
precipitability of haem-depleted globin'*-1’, In the case 
of myoglobin, Watson?! has emphasized that the hydro- 
phobie bonds between globin and haem stabilize the 
molecule as à whole, and it has been demonstrated that 
the loss of haem results in a considerable change in 
moleeular configuration of both myoglobin and haemo- 
globin!*?9, To assess the avidity of the globin chains of 
Hb-Kóln for haem, we took advantage of the recent 
observations?! that ferrihaems are in constant flux 
between globin molecules, so that, for example, unlabelled 
methaemoglobin-F becomes labeled if incubated with 
5*Fe.labelled methaemoglobin-A. The rate of this haem 
exchange was utilized to measure the avidity of haemo- 
globins for their haem groups. Labelled Hb-A and 
Hb-Kóln were prepared by incubating reticulocytes 
containing Hb-K6ln with "FeCl, (ref. 22), after which 
the two haemoglobins were separated chromatographically. 
Following conversion of both haemoglobins to methaemo- 
globin by ferricyanide, labelled Hb-A and Hb-Kóln were 
mixed separately with unlabelled, chromatographically 
purified methaemoglobin-F (ref. 23) and incubated at 
37° C. After 90 min, haem exchange was stopped by 
conversion to cyanmethaemoglobin by the addition of 
NaCN (ref. 21). The Hb-F was then separated from 
Hb.A or Hb-Kóln by IRC column chromatography*, 
and its specific activity was determined". Labelled 
methaemoglobin-A exchanged approximately 50 per 
cent of its haem with Hb-F in 90 min at 37° C (Fig. 4), a 
result closely similar to that reported before". In 
contrast, Hb-Kéln fully exchanged its haem with HbF 
in 90 min, and may have done so even earlier (Fig. 4). 
The normal flux of haem is about four times greater 
from §-chains than from «-chains*, so that the bulk of 
haem exchange portrayed in Fig. 4 involves the B-chains; 
and this is presumably further accelerated by the substi- 
tution of methionine for valine at position 98 of the B-chains 
of Hb-Kóln. Hb-A loses its haem more rapidly if its 
8-93 sulphydryl groups are artificially blockaded". These 
groups are naturally blockaded in Hb-Kóln (Fig. 2 
and Table 1), and so a decrease of haem-binding 
in Hb-Kóln might also be anticipated on that account. 
Globin by itself is extremely unstable at 37° C (refs. 14, 15), 


and it seems reasonable to propose that the propensity 
of Hb-Kóln to lose haems is an important factor—but 
not necessarily the only factor—in its instability. Purified 
Hb-Kóln has been found to contain 30 per cent less haem 
(measured as eyanmethaemoglobin) than expected from 
its content of globin nitrogen (measured by Dr J. M. 
White). In the heat sereening test the already excessive 
flux of haems increases at 50? C to a critical point at which 
globin, depleted of haem, exists by itself for long enough 
periods to precipitate, which does not happen with Hb-A. 
Loss of haems can be lessened by reacting haemoglobin 
with cyanide”, On forming cyanhaemoglobin-Kéln, 
Heinz body formation (as measured by the turbidity of 
haemolysates*) was found to be reduced when the red 
cells were ineubated at 37? C for 3 days (Fig. 5, left). 
Similarly, cyanide reduced the amount of precipitate 
formed after heating a haemolysate containing Hb-Kóln 
for 90 min at 50? C (Fig. 5, right). 

A tentative sequence can be proposed. Certain amino- 
acid substitutions occur in the globin polypeptide chains 
in the vicinity of the haem which diminish the avidity of 
globin for its haems. If they occur in the §-chain the 
titratable SH groups ean be affected. Instability of 
haem-depleted globin at 37° C probably underlies forma- 
tion of Heinz body precipitate in vivo; this process is 
enhanced in the 50° C heat-screening test. The free 
haems are metabolized in vivo, by as yet obscure pathways, 
to the pigmented dipyrroles, which are excreted in the 
urine. (Similar dipyrroiuria has been noted in patients 
with thalassaemia?’ in which excessive unattached haems 
probably also occur as a result of the diminished avail- 
ability of globin chains.) Then follows attachment of 
denatured haemoglobin (Heinz bodies) to red cell mem- 
branes, through mixed 8—S linkages of globin and mem- 
brane SH groups? This critically alters the membrane 
of the red cells?$, producing hyperpermeability, osmotic 
damage, and ultimately their early destruction in reticulo- 
endothelial organs?’ with resultant haemolytic anaemia. 
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Stepwise Reconstruction of a Ternary Complex in 


Protein Synthesis 
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Iw protein synthesis, according to present views, the 
stepwise addition of amino-acids to the growing poly- 
peptide chain is accomplished by a nucleophilic replace- 
ment reaction. In the reaction the amino group of 
the newly selected aminoacyl-tRNA attacks the ester 
bond and displaces the preceding (RNA from the growing 
end of the ribosome-bound polypeptide chain 
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Two transfer RNA molecules participate in this reaction, 
so there must be at least two {RNA binding sites in the 
ribosome: (1) the entrance or decoding site (a) which 
selects the aminoacyl-tRNA specified by the messenger, 
and (2) the condensing site (B) which keeps the peptidyl- 
tRNA properly aligned for peptide bond formation!'-*. 
As the peptide bond is formed, the nascent peptide chain 
is transferred from the tRNA in the condensing site to 
the incoming aminoacyl-tRNA lodged in the decoding 
site. To repeat the process of chain extension, the 
decoding site wil have to be cleared in a subsequent 
translocation step. In this step, which seems to require 
hydrolysis of GTP*^, the messenger tape advances by one 
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Reconstruction of 70S particles from 30S and 50S ribosomes requires 
both messenger RNA and peptidyl-tRNA. Experiments with poly A 
and oligolysyl-tRNA show that assembly proceeds through a labile 
30S-poly A-polylysyl-tRNA complex which is stabilized by addition 
of 50S particles. 


triplet and thereby returns the peptidyl (RNA to the 
condensing site. The decoding site remains vacant until 
filled with the aminoacyl-tRNA specified by the newly 
exposed codon, thus starting a new cycle. 

During chain extension peptidyl2RNA evidently 
oscillates between the two binding sites’ ^^. The fre- 
quency with which it is encountered in either site is not 
a priori predictable, but depends on whether peptide bond 
formation and translocation are statistically independent 
or coupled reactions. If they are not linked, the distribu- 
tion of peptidyl and free tRNA with respect to the two 
sites will be determined solely by the relative rates of the 
two reactions. In a tightly coupled mechanism, on the 
other hand, translocation would immediately follow 
peptide bond formation and the presence of peptidy!- 
tRNA in the decoding site would thus correspond to a 
short-lived activated state. 

Previous work in this laboratory** and recent observa- 
tions on the dual role of GTP in binding and transloca- 
tion*-!! suggest that the two reactions are tightly coupled. 
To elucidate the topology and mechanism of transloca- 
tion, we set out to prepare by controlled reeonstruetion 
ribosomes that have all their peptidy!l-tRNA in the deeod- 
ing site. Our strategy was based on the postulate, sug- 
gested by several observations", that the decoding 
site is on the 3058 sub-unit. Thus the preparation of a 
complex between 30S particles, mRNA and peptidyl- 
tRNA, followed by the addition of 50S ribosomes in condi- 
tions that prevent translocation, should then yield 705 
particles in the desired pre-translocation state. Here we 
deseribe the stepwise reconstruetion of a specifie eom. 
plex from polylysy!4RNA, poly A and 305 particles, 





Specificity of 30$ Complex Formation 

The sedimentation diagrams in Figs. 1 and 2 establish 
that 30S particles are capable of binding p-lysyl-¢RNA 
and that this binding requires the participation of the 
cognate messenger poly A. For comparison the binding 
experiments were carried out in two series, one with 508 
(Fig. 1, A-E) and another with 305 particles (Fig. 1, a-e). 
The purity of the particles used was tested by sedimenta- 
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tion analysis. The stri 
tion patterns show the 50S particle preparation 
(Fig. LA) contains a barely visible trace of 30S particles, 
while the 30S particles (Fig. la) are contaminated with 
nearly 5 per cent of the 50S sub-units. 

It is evident from the sedimentation diagrams in Fig. 
1B-Ẹ that a small fraction of the *H-polylysyl-RNA 
sediments with the 50S particles and that this fraction is 
not increased either in the presence of poly A (Fig. 1C) 
or supernatant factor (Fig. 1D) or both (Fig. 1E). About 
the same extent of background binding is observed with 
305 particles in the absence of poly A (Fig. 15). Addition 
of poly A, however, greatly stimulates binding of poly- 
lysyl-tRNA to 305 particles (Fig. 1c). Furthermore, all 
of the 50S particles originally present as an impurity 
promptly combine with the 30S complex as is evident 

n the appearance of a 70S peak of p-lysyl--RNA 
radioactivity and a corresponding shift of the contaminat- 
ing absorbancy peak from 50S to 70S. 

: e binding of p-lysyl-tRNA to 30S particles is strik- 
ingly enhanced when the incubation is carried out in the 


. presence of a factor contained in an ammonium sulphate 
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fraction of the S-100 supernatant. This effect is not 
observed in the absence of poly A (Fig. 1d). 

Sedimentation diagrams of the 30S complex always 
show one or two additional of radioactivity that 
sediment near 25S and 205 (Fig. 2c). We do not know 
whether these peaks correspond to meaningful physical 
entities or are artefacts caused by partial dissociation in 
the centrifuge. Because such complexes could also 
be the product of interactions between p-lysine--RNA 
and poly A, we examined the sedimentation behaviour 
of poly A and of a poly A p-lysyl-^RNA mixture that had 
been incubated in standard conditions. The results 
in Fig. 2 show that there is no significant interaction 
between the two components, each sedimenting with a 
rate of about 4S regardless of whether they are incubated 
separately or together (Fig. 2a, b). Thus formation of the 
slower sedimenting peaks requires the presence of 30S 
particles (Fig. 2c). 


Dependence of 30S Complex Formation on Concentra- 
tion of Polylysyl-tRNA and 50S Particles 


The results described so far suggest that the 30S com- 
plex is short-lived in the presence of 50S particles with 
which it will immediately combine to form stable 70S 
ribosomes. We would thus expect that at a given 
input of 30S particles the concentration of p-lysyl-¢RNA 
present as 305 complex should depend on the relative 
concentrations of p-lysyl--RNA and 50S ribosomes, In- 
deed, when 305 particles are titrated with i i 
concentrations of p-lysyl-HRNA (Fig. 3B-E), the label is 
first drained off into newly formed 70S ribosomes and 
begins to accumulate on the 305 particles only after all 
the 50S particles originally present have been used up. 

In a similar titration with 505 particles, the concentra- 
tion of the 30S complex in the reaction mixture dimin- 
ishes as it is converted into 705 ribosomes by the addition 
of increasing amounts of 505 ribosomes (Fig. 35-e). At 
the highest concentration of 50S particles added, the 
formation of 70S ribosomes begins to level off because the 
supply of p-lysyl-tRNA has now become limiting. This is 
evident from the appearance of a shoulder corresponding 
to free 50S particles in the absorbancy distribution pat- 
tern of the gradient (Fig. 3e). In these conditions 60 
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per cent of the radioactive p-lysyl--RNA and about 30 
per cent of the 30S particles initially present have been 
converted into the 70S complex. Some of the remaining 
radioactivity near the top of the gradient is in lysine 
which, during the preparation of p-lysyl-tRNA, has been 
incorporated into mixed peptidylRNA under the 
direction of residual endogenous mRNA. From the 
endogenous incorporation we estimate that this fraction 
might represent as much as 20 per cent of the total radio- 
activity. 
Binding of Lysyl-tRNA to 30S Particles 

Although lysyl-tRNA interacts with 305 particles, the 
binding seems to be weaker than with p-lysyl-/RNA. 
This is evident from the tendency of the radioactive 
lysyl- tRNA to trail behind the 30S absorbancy peak 
(Fig. 4C, D). The binding requires mRNA, because no 
binding is observed in the absence of poly A (Fig. 44). 
As in the case of p-lysyl-tRNA, the 305-lysyl-HRNA 
complex can form 705 ribosomes by eombining with the 
505 particles present as an impurity (Fig. 48). But 70S 
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ribosomes formed with lysyl-tRNA are much less stable 
than those held together by p-lysyl-^RNA. Thus even at 
the relatively high lysyl--RNA input shown in Fig. 4C 
only about half of the 50S absorbaney has shifted into the 
70S position. Doubling the input of lysyl-tRNA increases 
the binding to 30S particles and the formation of 70S 
ribosomes by only about 30 per cent (Fig. 4D). 


Influence of Chain Length on Binding Affinity 

It is evident from Fig. 3 that the specific radioactivity 
of the newly formed 70S ribosomes falls with continued 
addition of 50S particles. The meaning of this observa- 
tion becomes clear if we accept the view that one peptidyl- 
tRNA molecule is required for the formation of each 70S 
particle and that no more than one can be bound. It 
follows that the absorbancy in the 70S must be 
proportional to the number of p-lysyl-(R A molecules 
bound while, on the other hand, the specific radioactivity 
would be proportional to the average chain length of the 
p-lysyl-tRNA bound. Thus the drop in specific eyed 
observed as an increasing fraction of the peptidyl-/RN. 
becomes bound implies that the p-lysyl-KRNA preparation 
is not homogeneous with regard to chain length and that 
the binding affinity of the 30S complex for 505 particles 
increases with the chain length of the peptidyl-KRNA. 

The quantitative data in Table 1 show that the i 
activity of the 70S particles formed begins to 
after more than 23 per cent of the input idyl-£RN. 
has been bound. Between the first and last increment the 
specific activity decreases by a factor of 3. The minimal 
average chain lengths corresponding to the relative 

ific activities listed in Table 1 have been computed 

on the assumption that the peptidyl-«RNA fraction of 
lowest specific activity—that is, the fraction bound last— 
consists of dilysyl{RNA. This estimate, which would 
tend to be too low, is nevertheless within the range 
reported for polylysine preparations'’*7-**. Moreover, 
the dipeptide has been found to account for an unusually 
large fraction, about 30 per cent, of the oligopeptides 
synthesized in the poly A system?. It is clearly i ible 
to deduce the true chain length distribution this 
method because we do not know how the binding con- 
stants change as a function of chain length. On the other 
hand, if we knew the chain length distribution in our 
preparation, the data in Table 1 would allow us to derive 
the binding constants. Our calculations do suggest, 
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however, that the binding affinity rapidly increases as the 
chain length grows from about three to five residues and 
then levels off. The observation that free 50S particles 
begin to appear when a significant fraction of the input 
peptidyl-/RNA is still available for 70S formation might 
indicate that the binding of dilysyl--RNA and perhaps 
trilysyl-tRNA is relatively weak and hence manifests 
itself in a shift of the equilibrium towards the free ribosome 
sub-units. As we have already mentioned, this is most 
pronounced in ease of the weak binding of lysine-tRNA. 


Dissociation of 70S Complex at Low Mg Concentration 


We examined the stability of the 305 complex and the 
newly formed 705 ribosomes by sedimentation after 
reducing the Mg** concentration. Samples were removed 
from the reaction mixture, diluted with buffer to give a 
final Mg concentration of 12-5 mM (A), 5:0 mM (B) and 
1-0 mM (C), and analysed in gradients of corresponding 
Mg concentrations (Fig. 5). The results show that while 
at 5 mM Mg about 10 per cent of the 705 particles have 
dissociated with release of peptidyl-^RNA (Fig. 1B), at 
| mM Mg all 70S ribosomes have disappeared and only a 
small fraction of p-lysyl-tRNA sediments with the 30S 
particles (Fig. 5C). 
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Fig. 5. For details 


Effect of Puromycin and Chloramphenicol 


In order to gain information about the site to which the 
p-lysine-tRNA is bound in reconstructed 70S ribosomes, 
we tested the ability of the newly formed complex to react 
with puromycin. Because puromycin is thought to com- 
pete with the incoming aminoacyl-tRNA for peptide bond 
formation, and because according to the two-site model 
this reaction requires the presence of peptidyl-tRNA in 
the second or condensing site, it has been postulated that 
peptidyl-tRNA bound to the decoding site should be unable 
to react with puromycin®*, 

We have already shown that formation of 705 ribo- 
somes from sub-units requires the participation of pep- 
tidyl-tRNA.  Scission of peptidyl--RNA by puromycin 
would therefore be expected to cause the breakdown of the 
active complex into sub-units, as has been shown for 
ribosomes that have synthesized polyphenylalanine™. 
The results shown in Fig. 6 indicate that the presence of 
10-* M puromycin in the standard incubation mixture 
caused partial dissociation into sub-units. 
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Breakdown of 705 complex on release of p-Iys-f KR NA with puro- 
mycin. Sedimentation pattern of es ribosomal sub-units plus poly A 
(A). The dashed line is a tracing of the 708 absorbancy peak shown in C, 
to mark the shift observed after incubation with p-Ivs-KNA. For 
further details see text. 


In these experiments sufficient 50S particles had been 
added to permit spectrophotometric detection of the 
expected changes in the gradient patterns. As a basis of 
comparison we show the sedimentation pattern of the 
input ribosomal sub-units and poly A (Fig. 64). Incuba- 
tion with polylysyl-^RNA in the absence of poly A pro- 
duces a small amount of 7605 particles manifest as a shoul- 
der at the leading edge of the 50S absorbancy peak (shaded 
portion in Fig. 65), possibly as the result of the residual 
endogenous mRNA. If poly A has been added, most of 
the 508 absorbaney and 65 per cent of the p-lysyl-(RNA 
radioactivity appears in the 305 complex or in the newly 
formed 70S peak (Fig. 6C). Incubation with puromycin 
reduces the radioactivity in the 70S peak by about 25 
per cent and increases the absorbaney corresponding to 
the 50S position at the expense of the 70S peak (Fig. 6D). 
These absorbaney changes are even more pronounced at 
a lower input of 50S particles as shown by the set of 
superimposed recordings in Fig. 7. 

When 505 particles and polylysyl-ZRNA were incubated 





Absorbancy at 260 my 





Effluent volume (ml.) 


Fig. 7. Puromycin-induced breakdown of newly formed 705 particles 

into sub-units as revealed by absorbancy shift of superimposed sedimen- 

tation patterns. Patterns obtained after incubation without (----) 
or with poly A(....), or with poly A plus puromycin ( —). 
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Table 1 
Radioactivity of 


pelysy tRNA TOS ribosomes pdysy -f RNA 





Fraction of input radioactivity 
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EFFICIENCY OF 705 RIBOSOME FORMATION AS A FUNCTION OF LENGTH OF POLYLYSINE CHAIN ATTACHED TO !RNA* 


Specific activity of newly Minimal average 





input formed bound bound formed 705 particles ; chain length 
+H radioactivity 70S peak area 705 peak area Per cent ; ke. p-m.’ A ag, . Xo, of lysine residues 
(ke,p.m.)} in Ages units (kc.p.m.) Cumulative Per increment Cumulative — Per increment Cumulative Per increment 
139 0-045 1 59 59 182 182 63 3 
126 0-172 5-9 22-9 17-6 168 163 T6 
128 0-540 571.0 445 216 106 76-4 28 
141 LOL B44 59-6 151 83 57.7 24 
* Data taken from Fig. 35-e. 
with puromycin, the amount of binding always observed The first reaction, which has not been examined in 


(Fig. 1B-E) remained unchanged. 

The reaction with puromycin is almost completely 
prevented by chloramphenicol. This is shown in Table 2. 
Incubation of the complete system with chloramphenicol 
has no effect on the amount of either 30S or 705 complex 
formed. This is shown in Table 2. Incubation of the 
complete system with chloramphenicol has no effect on 
the amount of either 30S or 70S complex formed. If, 
both chloramphenicol and puromycin are present, how- 
ever, the puromycin- induced reduction of radioactive 705 
particles is almost completely prevented. 


Stimulation of 30$ Complex Formation by Streptomycin 

Reports of a stimulating action of streptomycin on the 
poly A directed incorporation of lysine** and the well 
established finding that streptomycin is bound to the 
305 sub-unit?*-*" prompted us to test the effect of this 
antibiotie on the formation of the 30S and 70S complex. 
We found that streptomyein strongly stimulates the 
formation of the 305 complex. The sedimentation 
patterns after incubation with streptomycin are indis- 
tinguishable from those shown in Fig. le that have been 
obtained on ineubation with an ammonium sulphate 
fraetion. In the preparation of this fraction streptomycin 
has been used for the precipitation of RNA, so we suspect 
that residual streptomycin which has not been removed 
by dialysis may be one of the active components. As is 
evident from the results summarized in Table 3, the 308 
complex formed in the presence of streptomycin readily 
combines with 50S particles added to the incubation 
mixture to yield 70S ribosomes. 


Effect of GTP and GMP.PCP 


We have not been able to show that the formation of 
the 30S complex requires GTP. even when the sub-units 
were derived from ribosomes that had been washed with 
M NH,CI. On the other hand, we consistently observed a 
slight reduction of complex formation when the incuba- 
tions were carried out in the presence of the GTP analogue 
5'-guanylyldiphosphonate (GMP.PCP)** (Table 4). 


Results suggest Stepwise Reconstruction 

The results reported in this paper show that 
303 ribosome particles do not spontaneously combine 
at high Mg concentration. Reconstruction of the 705 
complex from sub-units requires both messenger RNA 
and aminoacyl-tRNA or peptidyl-transfer RNA. Our 
studies with E. coli 30S and 50S particles, poly A and 
polylysyl-£RNA suggest that reconstruction is a stepwise 
process involving the following series of interactions 


50S and 


poly A + 30S poly A.308 (1) 
poly A.305 + p-lys *RNA=[305S] (2) 
[308] + 505— [708] (3) 

Table 2. PREVENTION OF PUROMYCIN 


Additions to incubation mixture containing 
305 ribosomes and *H-p-lysyl tRNA 


these studies, seems to involve the binding of mRNA to 
30S ribosomes*3?-3?, This creates a specific site 2 the 
cognate aminoacyl or peptidyl-¢RNA35-2), ; 
tively weak interaction observed between polylysy 

and 308 particles in the absence of poly A implies ti that the 
specific codon-anticodon interaction à 
unspecifie binding involving complementary Y 
regions of tRNA and the 305 particle. Formation of the 
30S complex by addition of (poly)lysyl-@RNA to the 
poly A-305 particles according to equation (2) is slow, 

even at 37° C, and the 30S complex is very labile. This is 
evident from the fact that the equilibrium is much in 
favour of the free reactants. It is not surprising therefore 
that previous attempts to demonstrate the existence of a 
specific 30S complex with poly A and (poly ysy RNA 
by zone velocity sedimentation have not been successful”? 
and that tests by the filter method gave marginal 
effects??? This instability raises the question of why 
the 308 complex does not dissociate on removal of the 
free reactants during zone centrifugation. Formation 
of the complex apparently requires a fairly high activation 
energy and consequently dissociation is greatly retarded, 
as the temperature is reduced by about 35° C for centri- 
fugation. Streptomycin, w hich is known to bind to 
the 30S particles, has been found to stabilize the 305 









is 





complex. This effect might explain the reported stimu- 
lation by streptomycin of poly A-directed polylysine 
synthesis??*, 


In contrast the equilibrium of the third reaction, which 
involves addition of 50S particles to the 3605 complex, 
favours the formation of 70S ribosomes. Thus in the pre- 
sence of an excess of 308 ribosomes and polylysyl-4RNA, 
all the 50S particles added react to form 705 ribosomes. 
The stabilization achieved by adding 5055 particles to the 
30S complex increases strikingly as the nascent chain 
grows from one to several lysine residues. Beeause in the 
absence of the 308 complex only a weak interaction 
is observed between polylysyl tRNA and 505 particles, 
we conclude that interaction with the 3055 complex induces 
in the 50S particle a change of shape which creates à site 
for the binding of the peptidyl moiety of RNA, presum- 
ably in the region of the active site of peptidyl transferase. 
From published observations**?, it appears that this 
change of shape involves conversion to à more compaet 
configuration. A detailed discussion of the evidence will 
be presented elsewhere’. The stabilization of the 708 
complex by the addition of the initial few amino-acids 
has interesting implieations for our understanding of 
chain initiation: the relative instability of 705 particles 
containing monolysyl-tRNA would explain the need for a 
stabilizing factor, a role that we suggest is performed by 
one of the initiation faetors!t, 

Magnesium very critical for the configurational 
stability of the peptidyl binding site on the 505 sub-unit; 


is 


EFFECT BY CHLORAMPHENICOL 


Radioactivity distribution in gradient* 








Puro CAM Input 705 as 

Poly A Ol mM 0:4 mM ke. p.m. kc.p.m. Per cent ke.p.m. Per cent ke pm. Per cent 
- baz = 67-9 0-260 0:4 432 6:4 33 28 93-2 
+ ~ -— 62.2 711 Tid 16-8 26 H RR 616 
+ ~ + 552 6:75 12:3 14:3 8 342 6139 
+ + = 6015 781 62 18:4 393 64-0) 
- * * 63:1 Ti+ irj 173 386 6r2 
* 


From summation of radioactivity under absorbancy peaks. 
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Table 3. STIMULATION OF COMPLEX FORMATION BY STREPTOMYCIN 


Additions to incubation mixture containing 
0-6 Ass units of 303 ribosomes, poly A and 
*H-p-lysyi-tRNA 
Ammonium sul- 


Radioactivity distribution ir gradient* 





phate fraction 508 Streptomycin Input 705 308 48 
42 ug 0:25 Aze 2«10° M ke.p.m. kce.p.m. Per cent kc.p.m. Per cent ke.p.m Per cent 
s = = 43-6 2-51 548 6-84 157 4- 785 
ioe = + 43-1 2-51 58 10-4 24:2 10.0 
= = 41-0 3-50 3-5 14-8 36:2 55:3 
- * * 38-8 12-1 312 6-22 16-0 52-7 


* See legend to Table 2 


this is evident from the rapid dissociation of the complex 
into its free components which is observed when the Mg 
eoncentration is reduced by dilution. In contrast with 
the tight binding of the nascent polyphenyl-alanine chains 
(average length > 40 residues) to 50S ribosomes reported 
by Gilbert*®, no oligolysyltRNA was encountered in 
association with 305 particles during dissociation. This 
result confirms earlier reports which suggest that during 
eontrolled dissociation short chains tend to associate 
preferentially with the 30,5 sub-units before they are 
released, whereas longer chains show greater affinity for 
the larger sub-unit?:**, A model has been proposed which 
explains the effect of chain length on dissociation by 
relating the inerease in tertiary structure with growing 
chain length to the topology of the 50S ribosomet. 

Our experiments clearly show that self-assembly of the 
708 complex proceeds by way of an unstable 30S complex 
in analogy with the events oceurring during chain initia- 
tion''-9, Evidence published after this study had been 
concluded shows that in bacteria 30S and 505 particles 
exist as 70S complex only when engaged in protein syn- 
thesis??*', It follows that most 70S ribosomes isolated 
from cells must be regarded as polysome fragmentation 
products produced during cell breakage. This conclusion 
contradicts the long held view that 70S ribosomes that 
have been dissociated into sub-units at low magnesium 
concentrations reform on restoring the original magnesium 
concentration, Indeed, reassociation of previously separ- 
ated sub-units has never been convincingly demonstrated 
except in conditions of chain initiation in the presence of 
poly U (ref. 52). 

Studies of poly A-dependent binding of lysyl or polyly- 
Syl-HRNA to 708 ribosomes by the filter technique have 
been reported by several authors?? 3042, The binding 
efficiencies in these experiments were very low, being of 
the order of one {RNA molecule bound per 100 ribosome 
particles. Because the filter technique. in contrast to 
sedimentation through a gradient, cannot distinguish 
between radioactivity bound to different types of particles. 
previous reports of the binding of aminoacyl or peptidyl- 
tRNA to 30S ribosomes are not conclusive. The binding 
attributed to the 308 particles may well have been caused 
by the formation of stable 70S complexes resulting from 
contamination of the 305 ribosome preparation with 50S 
particles. A contamination of 1 per cent or less, while 
difficult to detect, would be sufficient to account for the 
reported binding efficiencies. In contrast, the sedimenta- 
tion techniques deseribed here allow the reactions to be 
followed with the two independent markers of absorbancy 
and radioactivity. The results show that all or nearly all 
ribosome sub-units used in our experiments were capable 
of partieipating in the formation of the 70S complex. 
This eliminates the ambiguities of interpretation en- 





Table 4. 
Additions to incubation mixture containing 
305 ribosomes and "H-p-Iysyl-tRNA 
Ammonium sul- 


Poly A phate fraetion GMP.PCP input 
20 ug 0-4 mM ke.p.m, kc.p.m 
-— -— — 51-0 0-657 
+ - 3 53-7 417 
+ - * 52-0 3-50 
+ + — 514 442 
+ + + 50-5 2-93 


* See legend to Table 2. 


EFFECT OF GTP ANALOGUE ON 


countered when only a small fraction of the ribosomes are 
engaged in the activities under study. 

The results reported here do not decide the question of 
whether peptidyl-£RNA attaches to the decoding or the 
condensing site. If radioactivity with puromycin is a 
valid criterion, the slow and limited reaction observed in 
our experiments in the absence of GTP and supernatant 
factors seems to argue that binding occurs at the decoding 
site. In experiments to be described elsewhere, we have 
found that addition of GTP and supernatant enzymes 
strongly stimulates the rate and extent of the puromycin 
reaction. This suggests, first, that formation of the 30S 
complex requires attachment of p-lysyl tRNA to the 
decoding site, and second, that the condensing site becomes 
accessible only by way of translocation after the 708 
particle has formed, in agreement with earlier proposals 
of a single entry site? (5.1652, Evidently this course of 
events resulting in the binding of p-lysyl-tRNA is formally 
analogous to the sequence of reactions observed with 
N-formylmethionine--RNA during chain initiation!*:53, 
except that we have not been able to show a GTP require 
ment for the formation of the 30S complex. The ability 
of diphenyl-£RNA and oligolysyl-£RNA to initiate further 
chain growth on ribosomes programmed with their 
cognate messengers has been reported?*.!, In view of 
these findings the use of special 4RNA-di or oligopeptides!* 
as natural chain initiators is a possibility that should not 
be overlooked. 

Perhaps the most important aspect of the controlled, 
stepwise reconstruction experiments reported here is the 
new light they cast on the topology of the active complex. 
The specifie order that must be followed to fit the com- 
ponents together suggests that ^ RNA and peptidyl-tRNA 
track through a groove or tunnel bounded by the adjoining 
surfaces of the two sub-units. This view is strengthened 
by earlier reports that the stretches of mRNA and nascent. 
polypeptide linked by transfer RNA are protected from 
attack by nucleases and proteases***'. Such a construc- 
tion, while ensuring great stability during the read-out 
process. also explains why dissociation of the sub-units 
on chain termination and reassociation to initiate new 
chains are obligatory steps in the ribosorne life cycle. 
The question of why ribosomes consist of two sub-units 
may best be answered by pointing to the unexcelled 
structural stability, biosynthetic economy and functional 
efficieney of the bi-partite design. 








Preparation of Components 


All components were prepared by standard methods. Cells: RNase I- 
deficient E. coli D 10% were grown in trypticase soy broth (Baltimore Biol. 
Lab.) to a density of 2 x 10* cells/ml. The concentrated cells were washed 
with buffer 1 (0-3 M NH,UI, 0-01 M MgCL, 0-01 M iris-HC! pH 7-5, 0-006 M 
mercaptoethanol). Ribosomes: d 








Ribosomes were isolated by centrifugation 
after breaking the cells with alumina (Alcoa 305) and treating the extract 
with DNase (2 ug/g of cells). Dissociation into 505/305 particles was accom- 






COMPLEX FORMATION 


Radioactivity distribution in gradient* 


70S 305 48 
Per cent kc.p.ni. Per cent Per cent 
Ps 19 903 
DR B3 84:0 
6 47 88-6 
86 17:9 73:5 
5-8 i67 775 
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plished by dialysis for 10 h against at least two changes of 200 volumes of 
dialysing solution (100 mM NH,Ci, 0-2 mM Mg acetate, 20 mM tris-HCl, 
6 mM mercaptoethanol). The sub-ribosomal particles were separated from 
each other by two consecutive centrifugations through sucrose density 
gradients and stored in Mg-Hepes buffer (Calbiochem) (1-0 mM magnesium 
acetate, 10 mM Hepes-KOH, pH 6-8) at a concentration of 60 Ase. units and 
a temperature of —60° C.  Lysine-LRN A: For lysine-tRNA, 1 ml. of the 
changing mixture contained, in zmoles, ATP, 2-5; magnesium acetate, 15; tris- 
HCl pH 7-8, 10; ammonium acetate, 40; Dr-lysine-4,5-H ; 0-13 ml. of 
dialysed post-ribosomal supernatant containing 10 mg of protein. /ml.!*, and 
2-5 mg stripped (RNA (General Biochemicals). The mixture was incubated 
for 30 min at 30° C. The {RNA was then extracted with phenol and precipi- 
tated from the aqueous phase according to Wettstein and Noll’. The precipi- 
tate was rinsed with cold 70 per cent ethanol, dissolved in 0-3 M. NaCl and the 
precipitation with ethanol repeated. The 3'-OH terminal ribose of uncharged 
tRNA was oxidized with periodate according to Yegian et al’. The reaction 
mixture was brought to 100 mM potassium acetate pH 5:0 and the RNA 
precipitated with two volumes of 95 per cent ethanol at — 20° C, rinsed with 
cold 70 per cent ethanol and dried in a vacuum. The precipitate was dissolved 
in distilled water, distributed into small vials and lyophilized. The vials were 
sealed off under vacuum and stored at —20* C. In this form the lysyl-(RNA 
is stable and no significant deacylation could be detected over períods of up 
to several months. 

Polylysyl-tRN A. Because both uncharged {RNA and aminoacyl-tRNA 
have been reported to compete with peptidyl-KRNA for ribosomal binding 
sites, we took pains to prepare polylysyl-£RNA that was free of detectable 
contamination with lysyl-tRNA or lysyl acceptor activity. Preparation of 
plysyl-tRNA was essentially according to Smith et al. An amino-acid 
incorporation system consisting of ribosomes, an ATP generating system, 
GTP and a dialysed 5-100 fraction was incubated for 30 min at 37° C; 
D,L-lysine-4,5-*H, poly A and tRNA were then added and the incubation 
continued for another 30 min. The ribosomes were disrupted with urea and 
the solubilized proteins and ribosomal RNA removed by adsorption to 
cellulose phosphate (Whatman P 11) which does not bind tRNA. 

_Lysyl-tRNA (accounting for about 20 per cent of the total counts) was 
discharged enzymatically according to Berg et al... Because at high con- 
centrations of the ammonium sulphate fraction containing the activating 
enzymes, p-lysyl-tRNA is degraded, presumably by proteolytic enzymes, we 
routinely assayed the activity of the enzyme with “C-lysine-tRNA and selec- 
ted that concentration which was just sufficient to deacylate 90 per cent of 
lysine-tRNA in 10 min. Following deacylation, the tRNA waa extracted with 
phenol and the discharged (RNA oxidized with periodate!*. The final product 
was examined for residual lysyl-tRN A by electrophoretic analysis of a sample 
that had been hydrolysed at pH 10. No radioactivity was detected in the 
position corresponding to lysine released from lysine-{RNA under the con- 
ditions of the assay.  Polyadenylic acid: The poly A preparation (Miles 
Laboratories) consisted mostly of 4S material (Fig. 24). Preparation of 
enzyme fraction: The 100,0009 supernatant was fractionated according to 
Wood and Berg", as modified by Kaji et al.?°, except that all the proteins 
precipitating at 46 per cent saturation with ammonium sulphate were collec- 
ted. The precipitate was dissolved in dialysing buffer and dialysed against 
a 100-fold volume of the same buffer for 10-12 h with at least two changes of 
the outside buffer. 


Analytical Methods 


Filter binding assay for aminoacyl-tRNA: To determine the optimal pH 
values and ion concentrations the filter binding test was used?'. Binding 
mixtures were assayed on ‘Millipore’ filters HAWP 0-455 pore size. The 
flow rate during the filtration must be kept below 5 em/min to obtain repro- 
ducible results. The transmission of shock waves from the aspirator to the 
filter was prevented by means of a Pitot-tube connected between the aspirator 
and suction flask. The filters were washed twice with 5 ml. of 10 mM Hepes- 
KOH buffer pH 6:8 and 10 mM magnesium acetate. Filters were dried under 
an infrared lamp and counted in a toluene-based scintillation mixture’. 
Sedimentation and radioassay: Convex exponential gradients were prepared 
by the gradient maker described by Noll??. The burette was filled with 1-3 M 
sucrose, the mixing vessel with 2-9 ml. of 0-3 M sucrose. The gradient volume 
was 3:5 ml, Sucrose solutions were made up in 10 mM Hepes-KOH, pH 6:8, 
100 mM ammonium acetate and 10 mM magnesium acetate. Ribonuclease- 
free sucrose from Mann was crucial for obtaining reproducible binding. Only 
fresh solutions were used, because lysine as well as p-lysine reacts with sucrose? 
and particularly with reducing sugars formed on standing*. The incubation 
mixtures (0-4 ml.) were layered on the gradient and spun for 2 h at approxi- 
mately 4^ C in an LEC SB 405 rotor at 60 kr.p.m. The gradients were scanned 
at 260 my in the TEC-Gilford high resolution gradient analysing system 
described by Nolit, The gradient, pumped out at 0-600 ml./min with a pre- 
cision pump, was cut into 30 fractions of 0:150 ml. From each fraction 0-100 
ml. was pipetted into a scintillation vial containing 2 ml. of water, The vials 
were filled with the dioxane-based scintillation mixture described by Peckham 
and Knobil®*, except that the concentration of the stabilizing gel (‘Cabosil 
M 5') was reduced to 3 per cent. In Figs. 1-6 the absorbancy is shown as the 
original recorder tracings (solid line). Full scale or 100 chart divisions = 
2-5 Aa units. Breaks in the absorbancy curves indicate a reduction of the 
scale by a factor of two. The radioactivity has been plotted as a dotted line. 
Stability of lysyl-LRN A: Hydrolysis of lysyl-tRNA in 10 mM Hepes pH 6:8, 
30 mM ammonium acetate and 10 mM magnesium acetate followed first 
order kinetics with a rate corresponding to a half-life of about 1-5 h at 37° € 
and of 27 h at 0° C, In the same conditions, poly A-dependent binding of 
lysyl-tRNA to 308 particles stabilizes the ester bond of Iysyl-fRNA, as is 
evident from the reduced rate of hydrolysis. This was shown in the following 
way. The components were incubated at 37° € for 20 min to allow complex 
formation. Further incubation was carried out with one portion at 37^ C 
and with another at 0^ C. Samples were withdrawn at intervals and assayed 
by the filter technique. The rate of hydrolysis of lysy] {RNA bound to 308 
ribosomes was determined from the radioactivity of the unhydrolysed com- 
plex retained on the membrane. The half-life of bound lysy tRNA at 0° € 
was 85h. At 37° C, hydrolysis of free and bound lysyl-tRNA was about the 
same. This suggests that at this temperature bound lysyl-£RNA rapidly 
exchanges with the free form. Conditions of complex formation (standard 
assay): In preliminary experiments we explored the optimal conditions for 
complex formation by systematically changing the concentration of one of 
the variables at a time, and measuring the binding of lysyl-*RNA by the 
‘Millipore’ filter technique. We assumed that in a first approximation 
conditions favouring the poly A-dependent binding of lysyl¢RNA would 
also apply to p-lysyl-(RNA, In the absence of supernatant factors, binding 
of lysyl-tRNA to 305 particles is a slow process and requires incubation at 
37? C for about 20 min to reach saturation levels. Saturation curves for 
various Mg concentrations were determined as a function of the lysyl-tRNA 
input at an incubation time of 20 min and a constant input of poly A and 
S05 particles. This procedure was repeated at saturating concentrations of 
Iysy -ERNA, varying successively poly A, NH,^, K^, and Mg**. Thestandard 
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incubation mixture contained in 0-4 ml. the following components: poly A 
(40 ug); 30S particles (50 ug RNA equivalent; based on the relation 1 mg 
RNA/ml.=20 As), lysyl-tRNA, p-lysyl-(RNA, and supernatant proteins 
as specified; Hepes-KOH pH 6:8 (50 mM): Mg-acetate (12-5 mM); ammon- 
ium-acetate (150 mM); potassium-acetate (40 mM, pH 6-8), Because above 
15 mM Mg the poly A began to precipitate, the level was kept at 12-5 mM 
even though the filter assay indicated that binding of lysyl{RNA was optimal 
at 20 mM Mg. The standard mixture was incubated for 20 min at 37° C and 
then layered over the gradient for analysis by sedimentation. 
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inactive. 


WE report here the existence of a new enzyme in swine 
kidney, human urine and possibly elsewhere in the body. 
While studying the hydrolysis of bradykinin by homo- 
genized kidney, we noticed that, after enzymatic removal 
of the C-terminal arginine (Arg?), the newly revealed 
C-terminal phenylalanine was cleaved by what seemed to 
be an additional enzyme!. Because prolylphenylalanine 
(Pro?.Phe*) forms the C-terminal end of angiotensin II, 
we investigated the inactivation of this peptide. Follow- 
ing the terminology suggested by other authors?, we shall 
refer here to the enzyme we partially purified as angio- 
tensinase C. The specificity of this enzyme on the hydro- 
lysis of shorter substrates was also studied. 


Extraction of the Enzyme 

Angiotensinase C was extracted from homogenized 
swine kidney cortex. The homogenate (250 g/300 ml.) 
was heated at 62° for 10 min, and the insoluble portion 
was disearded. The enzyme was preeipitated from a 
solution of 0-02 M. phosphate buffer, pH. 7-0, containing 
2 per cent NaCl between 35 and 70 per cent saturation 
with ammonium sulphate. The angiotensinase in the 
precipitate was dialysed overnight in the cold against 
0-02 M phosphate buffer, pH. 7-0. Further purification 
was achieved by gel filtration on a column of ‘Sephadex 
G-200' in the phosphate buffer. 


Action of Angiotensinase 

The peptide bond cleaved in angiotensin by angio- 
tensinase C was characterized by means of thin-layer 
chromatography on silica gel G using the solvent mixtures 
n-butanol : acetic acid: water (4:1:5), methylacetate : 
isopropanol : acetie acid (19 : 7 : 4) or isopropanol : formic 
acid: water (20:1:5). Experiments done in various 
buffers at pH. values ranging from 3:3 to 8:0 indicated that 
the enzyrne was most active at pH 5:6—5-7; therefore an 
0:1 M phosphate buffer. pH 5-7, was used in the routine 
studies. An aliquot containing 0-4 umole of angiotensin 
was incubated with 100 ug of enzyme protein for 60 min 
at 37°. The release of the free C-terminal phenylalanine 
was detected with ninhydrin reagent after the thin-layer 
chromatography. Angiotensinase C hydrolysed [a-L-Asp!- 
(NH.,)-Val*]-angiotensin II (angiotensinamide; hyperten- 
sin, Ciba) to the products Phe* and a heptapeptide. 

Additional experiments using short peptide substrates 
and inhibitors helped to characterize angiotensinase C 
and to differentiate it from several known enzymes such 
as carboxypeptidase A, cathepsins and others. 

The hydrolysis of shorter peptide substrates was shown 
in descending paper chromatography using Whatman 
3.MM paper and a solvent of n-butanol: acetic acid: 
water (4: 1:5). The conditions of the ineubation were 
the same as with angiotensin except that 1 umole of 
substrate was used with 250 ug of enzyme protein. The 
release of dansylproline (1-dimethylaminonaphthalene-5- 
sulphonyl proline) from dansylprolylphenylalanine was 
observed on a thin-layer chromatography plate developed 
with the solvent mixture of isopropanol : methylacetate : 
28 per cent ammonia (9:7:4) under the ultraviolet 
light. 

Because paper chromatography showed that angio- 
tensinase C hydrolyses peptide bonds of C-terminal amino- 
acids when proline is in the penultimate position, quantita- 


Experiments show that swine kidney and human urine contain a 
new angiotensinase that breaks the prolylphenylalanine bond in 
various peptides. The product of this enzymatic hydrolysis—the 
N-terminal heptapeptide sequence of angiotensin—is biologically 


tive assays were done with a modified ninhydrin spectro- 
photometric method?! using Cbo-Pro-Phe (earbobenz- 
oxyprolylphenylalanine), Cbo-Pro-Val and Cbo-Pro-Tyr 
as substrates. Inhibition studies were carried out using 
Cbo-Pro-Phe as substrate, because this protected peptide 
represents the C-terminal end of angiotensin. One mg of 
enzyme protein prepared by ‘Sephadex G-200' gel filtra- 


tion, hydrolysed 6 umole of Cbo-Pro-Phe/h at 37°. The 
initial concentration of the substrate was 10-? M. Cbo- 


Pro-Val and Cbo-Pro-Tyr were split at a similar rate. 


Enzyme Specificity 

Table 1 shows the specificity of the enzyme "towards 
various substrates. The data clearly show that angio- 
tensinase C cleaves peptide bonds at the carboxyl side of 
proline provided that the imino group is protected and 
the carboxyl group of the terminal amino-acid is free. 
The suggested structure for the substrate of angiotensin- 
ase C is R,-Pro-R,-OH. R, can be a blocking group 
such as Cbo or dansyl or another protected amino-acid 
or a peptide. R, is an amino-acid with a free carboxyl 
group. 


Table 1. HYDROLYSIS OF VARIOUS PEPTIDES BY ANGIOTENSINASE ( AT 
pH 57 
Substrate Hydrolysis 
Angiotensinamide $ 
Cbo-Pro-Phe $ 
Cbo-Pro-Val + 
Cbo-Pro-Tyr + 
4-Phenylazobenzyloxy- + 


carbonyl-Pro-Leu 
Cbo-Gly-Pro-Phe * 
Dansyl-Pro-Phe + 
Cbo-Pro-Phe-OMe - 
Cbo-Pro-Phe-NH, ~= 
Bz-Gly-Phe ~ 
Cho-Phe 
Cbo-Gly-Phe 
Cbo-Gly-Tyr 
Cbo-Glu-Tyr* ~ 
Cbo-Glu-Phe t ~ 
Pro-Phet ~ 
* In presence of 1 x 107? M p-chioromercuriphenylauiphonic acid. 
+ In presence of 1 x 107? M o-phenanthroline. 
+, Hydrolysed; —, not hydrolysed. Only substrates with L-amino-acids 
were used. Hydrolysis was observed in thin-layer or paper chromatography. 


Table 2 shows the effect of various known inhibitors on 
the activity of angiotensinase C. The hydrolysis of Cbo- 
Pro-Phe was completely inhibited by 10-* M DFP in the 
ninhydrin colorimetric reaction, but much less (18 per 
cent) by 10- M PMSF. Inhibitors of carboxypeptidases 


Table 2. 
Substrate 
Cbo-Pro-Phe 


INHIBITION GF ANGIOTENSINASE € 
Inhibitor (1 x 10-* M) 
DFP * 
o-Phenanthroline -— 
PCMS 
TPCK -— 
8-Mercaptoethyla mine 
PMSF 
BDTA ~ 
Angiotensinamide DEP + 
o-Phenanthroline = 
PCMS ~ 
EDTA =- 
DEP + 
4-Phenylazobenzyloxy- DFP + 
carbonyl-Pro-Leu o-Phenanthroline — 


The inhibitors were pre-incubated for 30 min with the enzyme. —— 

PCMS, p-Chloromercuriphenylsulphonie acid; TPCK, L-1-tosylamido-2- 
phenyiethylchloromethy! ketone; PMSF, phenyimethyl sulphonylfluoride. 

+, Complete inhibition; —, no inhibition: *, no activation, Results 
obtained in thin-layer or paper chromatography. 


Cbo-Pro-Tyr 
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and cathepsins, such as o-phenanthroline and p-chloro- 
mercuriphenylsulphonic acid, were inactive. 

In addition to swine kidney, angiotensinase C was 
found in human urine. It was precipitated from fresh 
urine between 25-60 per cent saturation with ammonium 
sulphate. The enzyme cleaved Cbo-Pro-Phe at pH 5-7 
and was inhibited by DFP but not by o-phenanthroline. 


Inactivation of Angiotensin 

Angiotensinase C rapidly destroyed the activity of 
angiotensin, This was established by means of bio-assay 
in vitro and in vivo. The in vitro action of angiotensin was 
assayed on the isolated rat uterus. Angiotensin was 
incubated at pH 5-7 with the enzyme. Samples were 
withdrawn from the incubation mixture at intervals of 
5 min and added to the isolated tissue bath. DFP (10-3 M) 
blocked the inactivation of the peptide, but o-phenan- 
throline did not. 

The inactivation of angiotensin was also followed by 
measuring the decrease in the effect of intravenous injec- 
tion of angiotensin on the systemic arterial blood pressure 
of the pithed rat after incubating the peptide with kidney 
angiotensinase C at pH 57. In most biological experi- 
ments [«-L-Asp'-(NH;)]-angiotensin II was used. The 
pressor activity decreased rapidly during incubation (Fig. 
1). [«-L-Asp']-angiotensin II and [8-r-Asp!]-angiotensin 
II were employed in control studies with qualitatively 
similar results. The rate of hydrolysis for the two latter 
peptides was about the same. In four experiments 18 ug 
angiotensinase protein/ml. inaetivated 50 per cent of 
100 ng/ml. [8-L-Asp!]-angiotensin II in 18 min (4,;,). The 
corresponding ta for the [a-L-Asp!]-peptide is 16 min. 
The optimum pH of the enzyme was 5-7; its activity 
dropped sharply below pH 5 or over 7. Here again DFP 
inhibited the enzyme at this pH, but o-phenanthroline 
or EDTA did not (Fig. 1). Based on the optimum pH 
and the pattern of inhibition of the inactivation of 
angiotensin, we believe that most of the angiotensinase 
activity in our preparations can be attributed to angioten- 
sinase C which splits a prolylphenylalanine bond in the 
various peptide substrates used. 


Other Angiotensinases 

Injeeted angiotensin disappears rapidly from the circu- 
lating blood*. It is inactivated in the body by various 
enzymes present. in blood and in tissues*. 

Angiotensinases À, and A, that cleave off the N- 
terminal aspartic acid or asparagine of angiotensin were 
found in blood plasma*:7-*, The same enzymes are present 
in the kidney!*!! and are aspartyl or asparaginyl amino- 
peptidases that require calcium as cofactor. They are 
inhibited by chelating agents. The heptapeptide product 
of hydrolysis of angiotensin, (Des-L-Asp!)-angiotensin II, 
maintains about half the biological activity of the parent 
peptide’. In addition, plasma contains an angiotensinase 
active at pH 5 (refs. 2 and 13) that is inhibited by DFP. 
The enzyme, called angiotensinase B, was assumed to be 
an endopeptidase identical with a kidney endopeptidase? 
that attacks a tyrosylvaline bond in angiotensin. The 
existence of this kidney enzyme was first reported by 
Regoli et al", who found an endopeptidase that hydrolyses 
angiotensin at pH 7-4. With [B-r-Asp!]-angiotensin II as 
substrate an N-terminal tetrapeptide plus four free amino- 
acids were shown to be the products of hydrolysis after 
chromatography. When, however, [a-L-Asp!]-angiotensin 
TI was used as a substrate, neither one of the tetrapeptide 
products were detected presumably owing to further 
enzymatic degradation". The enzyme in kidney and 
human blood plasma that is inhibited by DFP has con- 
siderable activity; about a third to a half of angiotensinase 
action can be attributed to this factor?-15. 


Features distinguishing Angiotensinase from Carboxy- 
peptidases 
Although angiotensinase C inactivates angiotensin by 
removing the C-terminal phenylalanine, it is not identieal 
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Percentage of pressor activity 





0 5 10 15 20 
Time (min) 
Fig. 1. Inactivation of [5-L-Asp'-Val*-angiotensin II by angiotensin- 
ase C. 100 ng angiotensin was incubated at 37^ with 18 yg proteim/tml, 
in 0-05 M phosphate buffer of pH 57. Samples were withdrawn at regular 
intervals and the reaction was stopped by short boiling. The residual 
angiotensin activity was determined on the systemic arterial blood 
pressure of the pithed rat. Response at 0 time, 100 per cent. ©, Control; 
@,3x 10° M EDTA added; /7, 1x 107* M DFP added, 


with carboxypeptidase A (3.4.2.1), earboxypeptidase C 
from peel of citrus fruit!!, catheptie carboxypeptidases'®* 
or cathepsin A''-!*. Among other properties, acidic pH opti- 
mum and inhibition by DFP but not by chelating agents 
distinguish angiotensinase C from carboxypeptidases'® 
(3.4.2.1 and 2). Pancreatic carboxypeptidase A has been 
reported to split R-Pro-Phe-OH bonds relatively slowly", 
but angiotensinase C did not cleave hippuryl-r-phenyl- 
alanine, a typical carboxypeptidase A substrate. Inhibi- 
tion by DFP is shared with serine proteinases?!, but these 
enzymes have a different type of bond specificity. Cathep- 
sins and catheptie carboxypeptidases are mostly activated 
by thiol reagents and inhibited by mercaptide-forming 
agents!5!*:2, These compounds were inactive in our 
hands. The enzyme preparation obtained after gel filtra- 
tion had an impurity that hydrolysed Cbo-Glu-Tyr. The 
contaminant, possibly cathepsin A or catheptic carboxy- 
peptidase, was inhibited by PCMS but not by DFP. 

The substrate specificity and response to inhibiters of 
angiotensinase indicate that it is not identical with kinin- 
ase II (peptidase P)'.29-** of plasma and kidney. This 
enzyme inactivates bradykinin by liberating the C- 
terminal Phe*-Arg? dipeptide. 

Our experiments showed that swine kidney and human 
urine contain a new angiotensinase that breaks the prolyl- 
phenylalanine bond of the peptide. The product of 
this enzymatie hydrolysis, the N-terminal heptapeptide 
sequence of angiotensin, is biologically inactive!?36, Tt 
remains to be seen how much this angiotensinase C 
contributes to the total angiotensinase activity of plasma, 
kidney and crude renin preparations. 

We thank Dr R. Jaques of Ciba, Ltd, Basle, for angio- 
tensin and its derivatives, and Dr J. A. Gladner of the 
US National Institutes of Health for Cbo-Gly-Pro-Phe. 
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Puririep mitochondria of single celled eucaryotes such 
as Neurospora crassa or Saccharomyces cerevisiae contain 
not only a distinctive species of DNA'’ that can qualify 
as a possible cytoplasmic genetic determinant’: *-'°, but 
diserete species of ribosomal and transfer RNA as well! t7, 
These two organisms are therefore suitable for correlating 
biochemical and genetic studies on the extent of the 
autonomy and the mechanism of biogenesis of the mito- 
chondrion. 

Some of the most critical questions within this context 
concern the functional limitations of this mitochondrial 
DNA: the kind of RNA into which it is transcribed, and 
the characteristics not only of the transcription process 
proper but also of those features that might regulate the 
latter. One experimental approach to these problems is 
to study the incorporation of labelled ribonucleoside tri- 
phosphates into the RNA of the isolated particle in 
vitro* 1139-21, This approach has been hampered by the 
existence of a formidable permeability barrier, constituted 
by the complex membrane system of intact mitochondria. 
This barrier maintains the pools of unlabelled ribo- 
nucleoside triphosphates inside and restricts the entry of 
certain molecules, especially if they are highly charged or 
of large size, such as the labelled ribonucleoside triphos- 
phates and various potential inhibitors. As a result, the 
activities reported have usually been low and it has been 
difficult to establish the requirements and the inhibition 
pattern of the intramitochondrial polymerase system. 

We have now been able to overcome some of these 
limitations by means of a preliminary treatment of highly 
purified yeast mitochondria (isolated either by mechanical 
or enzyme disruption of the cell wall, followed by sedi- 
mentation in a density gradient) by means of dilute 
digitonin (0-04-0-05 mg/ml.). These particles are capable 
of incorporating any one of the four ribonucleoside tri- 
phosphates in the presence of the other three in a reaction 
with the characteristics of that catalysed by DNA de- 
pendent RNA polymerases (nucleoside triphosphate: RNA 
nucleotidyl transferase, E.C.2.7.7.6). Incorporation seems 
to be principally into the interior of a polyribonucleotide 
with sedimentation properties that resemble those of 
mitochondrial RNA, pulse labelled for brief periods in 
vivo. Finally, the activity behaves like a typical mito- 
chondrial enzyme in being repressible by glucose!**?. In 
fact its inerease on release from glucose repression precedes 


RNA polymerase activity has been observed in isolated mito- 
chondria of Saccharomyces cerevisiae. Increase in this activity pre- 
cedes that of other respiratory enzymes, and may be of functional 
significance in mitochondriogenesis. 


that of other respiratory enzymes; it reaches a peak at a 
time when mitochondriogenesis is maximal and declines 
rapidly thereafter. 


Isolation and Purification of Mitochondria and Digi- 

tonin-treated Particles 

Mitochondria were isolated and purified!?.**, either from 
spheroplast lysates or after cell disruption by means of 
glass beads, from diploid cells (strain Fleischmann) grown, 
usually for 14-15 h, in a semi-synthetie medium on 1 per 
cent glucose. In both instances the suspension medium 
during initial breakage consisted of 1 M sorbitol--0-001 M 
EDTA-0-1 M tris pH 8:0, containing 2 mg of bovine serum 
albumin (‘Pentex’)/ml. The medium for the isolation of 
mitochondria was similar to this except that the buffer 
was 0:04 M tris, pH. 7-5. The particles were washed 
by repeated resuspension in 1 M sorbitol containing 2 mg 
of albumin and purified by equilibrium sedimentation in 
a discontinuous sorbitol gradient consisting of 8 ml. of 
70 per cent and 3 ml. each of 65, 62-5, 60, 57.5, 55, 52-5 
and 50 per cent sorbitol. After 60 min at 24,000 r.p.m. 
(Spinco L-2, SW-25 rotor) bands were isolated, diluted 
with an equal volume of H,O and centrifuged for 60 min 
at 100,000g (ref. 21). Occasionally they were treated with 
spleen phosphodiesterase for removal of adhering cyto- 
plasmic RNA. For treatment with digitonin, particles 
(5-10 mg) suspended in 10 ml. of 1 M sorbitol-10-* M 
EDTA-0-02 M tris pH 7-4 were exposed for 30 min at 0^ C 
at a digitonin concentration of 0-04 to 0-05 mg/ml. 
(freshly prepared solution of three times recrystallized 
digitonin). 





Requirements and Inhibitors for Incorporation Reaction 


Most of the characteristics of the reaction are sum- 
marized in Table 1. The effect of digitonin in stimulating 
both the extent of incorporation and its inhibition by 
characteristic inhibitors is evident. The detergent was 
either added directly to the incubation mixture or was 
present only during pre-treatment of the particles, but 
we usually preferred the second course. Occasionally, 
mitochondria did not exhibit these enhancement effects 
of digitonin, possibly because their (outer ?) membrane 
has already been damaged during the isolation procedure. 
If isolated from partially repressed cells, particles are 
known to exhibit very low respiratory control ratios, 
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evidence of extensive alterations in their membrane 
system. The incorporation reaction is proportional to 
particle concentration in the range of 0:5-3-0 mg of 
protein/ml. and to time usually for a period of 10 min with 
mechanically prepared mitochondria (Mm) and for twice 
that period with those obtained from spheroplast lysates 
(Mx), provided their concentration is kept at ..1 mg 
protein/ml. Pre-incubation of Mg in LO M sorbitol 0-2 
per cent BSA-0-025 M succinate, pH 6-5 for 90 min at 
23° C, even in the presence of spleen phosphodiesterase, is 
without effect on activity. Any of the four ribonucleoside 
triphosphates (N'TPs) can be used as the labelled preeursor, 
provided the other three unlabelled NTPs are also present. 
Half saturation for any of the NTPs is reached at approxi- 
mately 4x10- M, as measured either by the effect of 
supplementing the tritiated precursor with unlabelled 
carrier or altering the concentration of any of the un- 
labelled NTPs. Except with CTP there is no evidence for 
any extensive homopolymer formation or end addition 
(incorporation in the absence of unlabelled NTPs). The 
latter reaction, especially to form the amino-acid acceptor 
terminus of (RNA, a known enzyme activity in mito- 
chondria 1, is unlikely for there is no stimulation of 
adenylate incorporation by CTP. The pH range for best 
activity is broad in the region between 7-0 and 8-0. Bicine 
(N,N -bis-(2-hydroxyethyl) glycine] buffer was found to 
be preferable to tris. Optimal activity, as with some of 
the purified polymerases of bacterial origin, is observed 
when Mg** (10 mM) and Mn+? (0-5 mM) are present simul- 
taneously% Mgt? alone produces maximal activity at a 
concentration of 10 mM (66 per cent of optimal), while 
the analogous value for Mn*? alone is 2 mM (30 per cent 
of optimal). K* ions are stimulatory at concentrations of 
0.025-0-05 M, inhibitory above; this is counter to the 
effect reported for the isolated bacterial enzyme**; NH, 
ion at 0-5 M is strongly inhibitory, in eontrast to its 
reported effect on the enzyme activity in mammalian 
nuclei?*, 

The reaction is inhibited if pancreatic RNase (E.C. 
2.7.7.16) or DNase (E.C.3.1.4.5) is added to the reaction 
mixture. It is sensitive to the inhibitors frequently em- 
ployed for this class of enzymes such as actinomycin D, 


Table 1. REQUIREMENTS AND INHIBITORS OF NUCLEOTIDE INCORPORATION 


INTO MITOCHONDRIA 
(specific activity as pmoles incorporated x 10 min- x mg" protein) 


Precursor 
SH-GTP ?*H.UTP  ?H.ATP 


*H-CTP 

System My Mx M, My 
pe 5-08 6:21 22-1 33-7 
-AT 0-19 076 es 9-87 
-CTP 0-94 2-69 2-82 — 
-UTP 0-23 — 0:16 20-4 
-GTP = 0-55 2:17 14-2 
~GTP, UTP 0-22 9-74 
~three NTPs 0:14 011 0:111 10-8 
-Mg**, -Mn** 0:19 0-07 

+50 ug DNase 0:34 0-28 

+50 ug RNase 0-05 0-05 

+ 2 ug actinomycin D 0:26 3:86 

?H-GTP ^H-UTP 

System i MS M, Mi M, 
Complete 5-50 22.5 3:34 20-4 
+27 ug DNase 4-56 2-62 

+27 ug RNase 2-24 2-33 

+67 ug actinomycin D 3-06 717 712 
- 26-7 ug actinomycin D 15 3-33 

+133 ug acriflavine 0:15 0:31 0-84 
+53 mg glucose-6-P 4-93 3-48 

+0-1 ml. "Triton X-100* 14 

+1 mg deoxycholate 0-47 


MZ. My without ‘pre-treatment by digitonin; mitochondria from spherc- 
piast lysates. 
My. Mechanically prepared mitochondria. 
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various acridines and ethidium bromide??:*4. Actinomyein 
is believed to interfere principally with the elongation of 
polynucleotide chains, the others both with this process 
as well as chain initiation”, all by virtue of strong inter- 
actions with template DNA?*5* The concentration 
dependence of some of these effects is shown in Fig. L 
The inhibition by “Triton X-100° is of interest for two 
reasons: (a) this agent, like deoxycholate, is frequently 
used to produce lysis of mitochondria and both are power- 
ful inhibitors; thus some degree of structural int 5 
may be essential for the reaction; (b) treatment with 
this detergent does not induce the lysis of contaminating 
bacteria, so incorporation cannot have been caused 
by their presence, 





Nature of the Product 


The product isolated after phenol extraction of particles, 
lysed by exposure to 0-10 M Na, EDTA-2.7 per cent 
sodium dodecylsarcosinate, in the presence of ‘Bentonite’, 
shows the following characteristics: it is sensitive to 
digestion by pancreatic and T 1 RNase (E.C.2.7.7 .26), as 
well as by dilute alkali and hot trichloroacetic acid, and is 
inert towards pancreatic DNase. A combination?! of 
snake venom phosphodiesterase (E.C.3.1.4.1), 0-12 unit/ 
ml., and E. coli alkaline phosphatase (E.C.3.1.3.1), 67 ug 
ml., leads to a simultaneous decrease in acid insoluble 
radioactivity remaining, and increase in acid soluble 
absorbance (Azs), released. Either enzyme alone is in- 
effective. This observation indicates that at least some of 
the isolated mitochondrial RNA must contain 3^-P end 
groups. When an alkaline hydrolysate of either guanylate 
or uridylate-marked product (the latter because of its 
higher activity was used more extensively) is examined 
chromatographically in two different solvent systems (iso- 
butyric acid : NH,OH : H,O = 66:1: 33 and ter-butanol : 
HCl: H,O= 70: 13-2: 16-8), «10 per cent of the total 
radioactivity applied to the paper is present in the 
nucleoside region, while > 90 per cent is found associated 
with the spot corresponding to the appropriate ribo- 
nucleotide. 





Table 2, DIGESTION OF PRODUCT WITH PHOSPHODIESTERASE PLUS PHOS- 


PHATASE 


*"H-GTP product *H-UTP product 
€.p.m. 


Treatment .p. tao e.p.m. $n 
remaining released remaining released 
Both enzymes, 5 min 0-56 0-30 0-49 0095 
10 min 0-58 0-49 0-21 O40 
20 min 0-25 0-80 0-07 0-60 
30 min 0-14 0-92 0-02 taz 
50 min 0-05 0-08 0-02 085 
140 min 0-00 1:00 0-00 1-00 
Diesterase alone, 1-05 0-00 9-68 0-30 
50 min 


Product isolated as described in the legend to Fig. 2 to the stage of alcohol 
precipitation was suspended in 3 ml. of triz acetate buffer pH 8-6; a combina- 
tion of purified snake venom phosphodiesterase (Worthington, 0-35 unita) 
plus crystalline E. coli alkaline phosphatase (Worthington, 20 HE) was added 
and the mixture incubated for the times shown when 0-30 mi. aliquots were 
withdrawn. Stripped mue transfer RNA (100 xg, General Biochemicals) 
and 1-0 ml. of 0-4 M HCIO, were added, the mixtures chilled, the precipitate 
formed collected after 20 min and the absorbance of the supernatant solit- 
tion determined. The precipitate was washed twice with cold 4 per vent 
HCIO,, once with 80 per cent ethanol, and digested overnight at 87° € with 
1 ml, of hyamine hydroxide. Scintillation fluid was added and the radio- 
activity determined. The As. values are corrected for zero-time blanks and 
are normalized to 1:00 for the values after 140 min of digestion---0:254. for 
the UTP and 0:325 for the GTP nne The c.p.m. remaining were cor 
tected for activity not released after 140 min. The total decrease n radio- 
activity per aliquot after that time was 728 c.p.m. for the UTP and 227 e pam. 
for the GTP product, 


These observations indieate that the product is poly- 
meric with an average chain length >40. The products 
isolated from two separate mitochondrial preparations, 
one without (a), and another with earlier treatment with 
phosphodiesterase (b), and incubated for 10 and 15 min, 
respectively, have been examined in sucrose density 
gradients. This analysis is shown in Fig. 2, where it is also 
compared with (c), mitochondrial RNA isolated from cells 
that had been exposed to a 10 min pulse of “C-uracil at 
about the same stage of derepression!?. There is evidence 
for eytoplasmie contamination in (a) and for eonsiderable 
degradation of the mitochondrial RNA in the course of 


ur 
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Fig. 1. 


Inhibition of mitochondrial polymerase by intercalating agents. 
conditions are outlined in the legend to Table 1. 


Reaction 
All values are for extrapolated initial 


velocities (10 min) iu the presence of proflavine and ethidium bromide (Boots Pure Drugs) 
at the concentrations shown with 100 per cent activity equal to 370 c, p.m./aliquot for 


GTP and 1,170 c.p.m./aliquot for UTP. 


In the presence of ethidium only the pellet 


showed the pink colour of the dye after re-isolation from the reaction mixture. 


the in vitro incubation of the particles and its subsequent 
isolation in both (a) and (b). Nevertheless, the qualitative 
correspondence of the radioactivity profiles is good. Par- 
tieularly striking is the presence of a peak in the region 
corresponding to a sedimentation value of ~ 115, and the 
fact that more prolonged ineubation appears to lead to 
the appearance of label in the "ribosomal" RNA com- 
ponents at 16 and 235. 


Release from Glucose Repression 


We are interested in mitochondriogenesis and the 
activity of various respiratory enzymes in the course of 
release of the yeast cell from repression by glucose!".20.?!, 
Experiments bearing on this problem as it concerns the 
polymerase are shown in Figs. 3 and 4 for My and Mg, 
respectively, where this mitochondrial activity is compared 
with that of two typical mitochondrial enzymes, cyto- 
chrome oxidase (cytochrome e: O, oxidoreductase E.C. 
1.9.3.1) and L-malate dehydrogenase (L-malate : NAD 
oxidoreductase E.C.1.1.1.37), frequently employed as 
marker enzymes for the inner membrane and the system 
eonstituted by the intramitochondrial matrix plus the 
outer membrane, respectively??-?». A reason for using 
L-malate dehydrogenase is that it is one of the earliest 
enzymes to be derepressed (Figs. 3 and 4, and unpublished 
observations of Henson, Weber and Mahler). The results 
indicate that the polymerase— especially when measured 
by the incorporation of GTP (polyg)—exhibits a rapid 
rise in activity, preceding that of L-malate dehydrogenase 
and cytochrome oxidase. It reaches a maximum earlier 
than either of these two enzymes, or of the respiratory 
capacity of the cell (as measured by its oxygen uptake 
with glucose), or of the total mitochondrial protein, and 
then declines. These changes in activity can be seen 
regardless of the method of cell breakage used, or whether 
specific activity is caleulated on the basis of mitochondrial 
or total cellular protein. Mitochondria can be further 
purified by banding in discontinuous sorbitol gradients. 
In the case of Mg one principal band is found in the 
centre of the gradient: it eontains the bulk of the malate 
dehydrogenase, eytochrome oxidase and polymerase 
activity of the preparation with an appropriate increase 
in specific activity. In the case of Mm, particles with 
recognizable morphological structure (as shown by electron 
micrography) and high respiratory activity (as shown by 


( - 


various mitochondrial marker enzymes) are concentrated 
in two bands in the centre of the gradient. The lower part 
of Fig. 3 shows the distribution of the various activities 
tested, including the polymerase, between these two bands. 
The bulk of the polymerase appears to be associated with 
the upper band throughout derepression and in this 
distribution resembles cytochrome oxidase more closely 
than it does malate dehydrogenase or mitochondrial 
protein. 

Uridylate incorporation (polyy) behaves qualitatively 
in an analogous manner. The extent of its derepression, 
however, seems to be somewhat less and that of its 
inactivation somewhat greater than does that for guanyl- 
ate. Three possible explanations come to mind: the 
occurrence of a specifie polyp synthesizing enzyme?* 
presents to arelatively greater extent in early than in mid- 
derepression (when it is absent---Table 1); changes in 
intramitochondrial pool sizes for the two precursors as a 
function of mitochondrial development (Meg not pre- 
treated with digitonin were used for these experiments in 
order to have available sufficient material for the early 
times); a change in the template, and thus in the 
produet, in the course of derepression. 





Three Aspects of the Overall Problem 


These are: (a) the extent to which bacterial contamina- 
tion might account for the results, and the significance of 
the incorporation levels observed; (b) possible implica- 
tions concerning mitochondriogenesis of the requirements, 
inhibitors and products of the reaction; (e) similar con- 
siderations with regard to the derepression of the enzyme. 

Bacterial contamination, a cause of considerable un- 
certainty regarding macromolecular synthesis by isolated 
mitochondria*’, can probably be ruled out as a meaningful 
source of the observed activity. The cells used are grown 
in sterile eonditions, but some contamination could be 
introduced during the isolation procedure. Yet require- 
ments (for example, nucleoside triphosphates), inhibitors 
(for example, "Triton'), effect of digitonin treatment and 
regulation (that is, derepression) are not those expeeted 
with intact bacteria (bacteria would be more likely in 
Mg rather than My preparations). Furthermore, in à 
control experiment, bacteria contaminating a mito- 
chondrial preparation (Mg) were streaked out and cul- 
tured on nutrient agar-glueose plates. They were then 
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Fig. 2. Sucrose gradient analysis of products after appropriate times of incubation [10 min in (a), 15 min in (6)] 
ai approximately ten times the scale indicated in Table 1, Me [in (b) pre-treated with spleen phosphodiesterase 
in 0-025 M tris succinate buffer pH 6-5 at a level of 1 unit of enzyme/40 g (wet weight) of yeast cells torrespond- 
ing to 6 mg purified mitochondrial protein] were re-isolated by centrifugation and suspended in 1 M sorbitol. 
Particles were lysed in the presence of ‘Bentonite’ (1 mg/ml.) by exposure to two vol. of 0-15 M NaCl, 0-1 M EDTA 
and 4 per cent sodium dodecylsarcosinate, all at pH 7-5, for 5 min at0* C. The suspension was extracted by shaking 
for 10 min with twice the volume of freshly distilled phenol containing 1 mg/ml. of 8-hydroxyquinoline, saturated 
with 0-2 M tris buffer pH 9-0. The layers were separated by centrifuging, the aqueous layer plus interface removed 
and re-extracted five-six times or until the protein at the interface had disappeared. 0-1 vol. of potassium acetate 
(200 g/L, pH 5-0) was added and the RNA precipitated by adding two vol. of cold ethanol and left at —20^ € 
for »18h. The precipitate was isolated by centrifugation, dissolved in 1 mi. of 10 M KCI-0-05 M tris pH 7-0, resi- 
dual phenol extracted repeatedly with diethylether, and the latter removed by bubbling the solution with nitrogen. 
The solution was then made 6 mM in MgCl, electrophoretically purified DNase (Worthington) added to 20 ng/ml. 
and ineubated for 60 min at 0° C, After adding 0-10 ml. of 0-25 M EDTA (pH 7-5) and 0-2 ml. of sodium dodecyl- 
sarcosinate (100 mg/mi.), the solution was layered on top of a linear 5-20 per cent sucrose gradient and centrifuged 
in the SW25 rotor of a Spinco Model L ultracentrifuge at 24,000 r.p.m. for 16 h. The gradients were then analysed 
by passage through a Gilford model 2000 recording spectrophotometer, equipped with flow through cells, and 
eluted fractions collected every minute by means of an ISCO fraction collector. This design allows the con- 
tinuous monitoring of the gradient columns at 260 mz (shown as the continuous line) and the collection of various 
RNA fractions which are precipitated!? in the presence of carrier, dissolved in 1 ml. of hyamine hydroxide and 
counted in the scintillation spectrometer after addition of 10 ml. of scintillation fluid (bar graph) The counts 
er min (c.p.m.) are those actually obtained per aliquot while the absorbances have been normalized to 1-0 at 

` the highest peak. Bis the bottom and M the meniscus. The roman numerals identify the positions in the gradient: 
of five fractions, commonly seen in preparations of mitochondrial RNA isolated expeditiously and not subjected 
to -pre-Incubation of the particles under conditions of the polymerase assay". Such a preparation, isolated from 
cells exposed for 10 min to '*C-uracil before breakage, is shown in diagram (e) Their observed sedimentation 

coefficients normalized to 4-08 for the lightest material are 4-0, 11, 16. 23 and 208 respectively. 
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isolated and incubated in standard conditions with 
GTP as substrate at a cell concentration of 107/ml. No 
incorporation above background level was found. 

The activity reported is low. On a DNA basis', however, 
mitochondrial polymerase catalyses the incorporation of 
some 20-30 pmoles of nucleotide/ug in 10 min at 30° C. 
Comparable values for some of the highest activities in 
mammalian nuclei in optimal conditions are** around 
1-2 for the same period at 37° C. 

The findings that various polyeyclie aromatie dyes 
(acridines, ethidium bromide) as well as actinomycin D 
inhibit the mitochondrial activity at levels similar to 
those found with polymerases from bacterial sources** 
extend and confirm earlier studies'-*°.**, Tt is particularly 
interesting in this context because acridines at the con- 
centrations used are potent inhibitors of the respiratory 
adaptation observed on exposing anaerobic cells to oxy- 
gen? as well as highly effective mutagens for the con- 
version of the cytoplasmic factor from the p* (respiratory 
sufficient) to the p- (respiratory deficient) state’. We 


Speciflc (upper band) 


Percentage of maximum 


Total (units/g wet weight) 


10 11 12 13 l4 


and purified by means of discontinuous sorbitol gradients. Polymerase activity, with * 


mala 
again normalized by setting the highest activity equal to 100. 
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have previously shown that mitochondrial DNA is par- 
ticularly effective in binding acridines'. The present 
observations might indicate one of the functional con- 
sequences of this interaction. It is also known that g- 
cells, eultured on glueose, are resistant to acridine con- 
centrations an order of magnitude or so higher than that 
used heret!, This raises the intriguing possibility that, 
provided that a component of the polymerase system 
(that is, DNA plus enzyme) has not itself been altered to 
resistance as a result, of the mutation, the reaction itself 
cannot be functionally important in these conditions. 
Thus mitochondrial RNA and therefore autonomous 
synthesis of mitochondrial proteins may be absent. These 
predictions are susceptible to experimental test. Another 
interesting inhibition is that exerted by deoxyglucose-6- 
phosphate. 2-Deoxy-D-glucose—which in yeast is readily 
converted to its 6-phosphate, but cannot serve as a carbon 
or energy source**:*—ijs known to serve as a gratuitous 
repressor, in the place of glucose, for the synthesis of a 
variety of enzymes", including those of the respiratory 


15 16 17 18 19 20 
Time of growth (h) 


Fig. 3. Derepression of mitochondrial enzyme activities, includin the polymerase. Cells were collected from large- 


ndria were isolated by the mechanical method, 


-GTP as substrate, cyto- 


16 umoles/min; for cytochrome oxidase 1:6 nmole/min, for fe pagar 2-5 pmoles/min, for L-malate dehydro- 


genase 2-2 umoles/min, and for mitochondrial protein 0-76 mg, 


/g wet weight of cells. 
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S: 





Percentage of maximum 


Total (per g wet weight) 





10 11 12 13 14 








15 16 17 18 19 20 


Time of growth (h) 


Fig. 4. Derepression of mitochondrial activities, including the polymerase in Me. Similar to the experiment in 
Fig. 3 except that mitochondria were isolated by the milder and more selective method of cell breakage by means 
of spheroplast lysis. Such particles show a single band in sorbitol gradients. Top part of the figure shows specific 
activities as a function of time of cell collection, again normalized to 100 for the highest activity. These were: 4:40 


xmoles/min/mg for cytochrome oxidase (eyt ox), 7-46 


umoles/min/mg for L-malate dehydrogenase (MDH), 


25 pmoles/10 min/mg for the polymerase assayed with *H-UTP (2 Ci/mmole, 11-2 uCi/tube) (polyo) and 18 amoles/ 


10 min/mg for the latter assayed with GTP (1 Ci/mmole; 5:6 4Ci/tube) (polyo). 


The lower part of the figure expres- 


ses activities in terms of units/g wet weight of cells, again normalized to 100 as before. The actual values at this 
point were 6-00 «moles/min for cyt ox, 8-68 umoles/min for MDH, 26 pmoles/10 min for polye, 20 pmoles/10 min 
for polyo, 22-4 umoles/min for O; uptake, and 1-38 mg of mitochondrial protein, all/g wet weight of cells. 


chain (unpublished work of Mahler and Henson). Further- 
more, deoxyglucose is reported to produce 65 per cent 
inhibition of incorporation of leucine into protein by 
yeast cells within 5 min of administration“, 

As far as derepression is concerned, all we have shown so 
far is that polymerase activity in mitochondria increases, 
preferentially to other mitochondrial proteins, reaches a 
peak, and then declines in the course of this alteration of 
functional state of the cell. We have not shown that these 
changes find their explanation in enzyme content. Still, 
the fact that the inerease in activity (be it a result of 
enzyme level, activation or pool size) precedes that of 
other respiratory enzymes and reaches its peak just before 
their own rate of increase itself becomes maximal (Figs. 3 
and 4 and unpublished observations), raises the distinct 
possibility that this phenomenon is of functional signi- 
ficance in mitochondriogenesis. This hypothesis is to 
some extent confirmed by the fact that incorporation by 
intact cells of uracil into mitochondrial RNA is also more 
rapid early than mid-way through derepression. The 
decline in activity late during derepression, when presum- 
ably this function. is no longer required, is reminiscent of 
the behaviour of other yeast enzymes that apparently are 
actually destroyed or inactivated in repressive con- 





ditions!'-*5 rather than being regulated simply by a 
cessation of synthesis as occurs in bacteria, 

The product distribution suggests that an in vitro 
system retains some of the capabilities of the intact cell. 
There is some indication in both instances that the first 
products formed are molecules of somewhat heterogeneous 
size distribution centring around 118 and that on more 
prolonged exposure to labelled precursor the remainder 
of the population of mitochondrial RNA becomes labelled, 
as well. Wintersberger™ has already shown this to be true 
with mechanically prepared mitochondria 4m vitro, and 
Fukuhara has presented evidence** that most of the label 
rapidly incorporated into cells actively adapting to oxygen 
finds its way into membrane-bound RNA with S values 
of the order of 128; RNA species with similar charac- 
teristics appear to be metabolically stable and to hybridize 
effectively with mitochondrial DNA”. 
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WHEN a murine leukaemogenie virus infects a susceptible 
individual, profound changes occur in the spleen and 
other lymphoid tissue!-. These include erythropoietic 
and lymphopoietic changes. Morphological disturbances, 
however, usually do not become apparent. until several 
days after infection’. Several investigations have revealed 
that mice infected with a leukaemogenie virus such as 
Friend or Rauscher disease virus undergo marked sup- 
pression in immunological capacity to form antibody, 
both cellular and humoral*-?. The number of antibody- 
forming cells, as detected by localized haemolytic plaque 
techniques in agar gel. is markedly reduced in infected 
micer, The mechanism by which infection results in 
marked immunodepression is not clear. Studies con- 
cerning immunologieal unresponsiveness in rodents in- 
jected at birth with leukaemia viruses suggest that the 
immunological impairment may be related to an effect 
on the thymus, an organ neeessary for development of 
immune competence: S Hs [t seems unlikely. however, 
that the thymus is directly involved in experiments with 
adult mice infected with a tumour virus*-5:9,. In neither 


f a 


The pool of leucocytes in spleens of mice infected with Friend 
disease virus seems to be deficient in cells which can respond to 
antigen when transferred to recipients. 


of these cases is there direct evidence for or against involve- 
ment of the thymus in immunological impairment. 

Immunosuppression by leukaemogenie viruses could be 
related to direct involvement of the virus with: (1) cells 
which "process" antigen, such as macrophages; (2) 
undifferentiated stem cells; (3) precursor antibody- 
forming cells, or (4) antibody-producing cells. Cell transfer 
techniques recently developed for demonstration of 
presence or absence of specific "antigen sensitive" or 
antibody-forming cells or both should be applicable to the 
question of whether or not a leukaemia virus interferes 
with the funetion of stem cells or of antibody synthesizing 
cells. The experiments described here were performed to 
determine whether the immunodepression induced in 
mice by Friend disease virus (FDV) was a consequence, 
in part or entirely, of the absence of immunologically 
competent cells, or the presence or absence of qualitative 
differences in existing cells in the immunologically 
depressed animals. 

For these purposes, the number of cells in pools of spleen 
lymphocytes. capable. of responding to sheep red blood 
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cells (SRBC) by the production of antibody-forming 
progeny was determined. The assay method was based 
on the observation that haemolysin-forming cells arise in 
the spleens of immunologically incompetent recipient 
mice when lymphoid cells from normal syngeneic donors 
are injected together with sheep erythrocytes?-!*. These 
antibody-forming cells usually appear in clusters (foci), 
and usually one focus of haemolytic activity is considered 
to be produced by antibody secreted by the progeny of 
one antigen-sensitive precursor cell in the transferred 
cells!?-15, 

In these experiments, donor BALB/c mice were infected 
with FDV when 5 to 8 weeks old and challenged with 
sheep erythrocytes at varying times thereafter to demon- 
strate immunological competence. Spleen cell suspensions, 
and, in some cases, other lymphoid cells were assayed for 
the number of antibody-plaque-forming cells (PFC) at 
various times by the haemolytic plaque technique!*:!*, 
As Table 1 shows, mice immunized with SRBC on the 
day of infection had a reduced splenic antibody plaque 
response compared with normal immunized mice. Control 
mice usually had 40,000 to 80,000 PFCs per spleen on the 
fourth day after immunization, whereas infected mice 
had many fewer PFCs. There was also less serum antibody 
in the,sera of infected mice. When virus was injected 
3, 7, 10, 17 or 20 days before immunization, there was an 
even greater decrease in the antibody response, with the 
greatest suppression occurring in animals immunized 
7 to 20 days after infection. Usually there were fewer 
than 1,000 PFCs per spleen 4 days after immunization. 


Table 1, NUMBER OF ANTIBODY-PLAQUE-FORMING CELLS (PFO) IN SPLEENS 
OF NORMAL DALBjc MICE AND MICE INFECTED WITH FRIEND DISEASE VIRUS 
(FDV) AT VARIOUS TIMES BEFORE IMMUNIZATION WITH SHEEP ERYTHROCYTES 


Mean peak 

Mouse group* Day after immunization t haemolysin 

0 2 4 T 10 17 titre (log) 
Non-infected 85 2,550 62,950 19,500 1,495 6565 8:4 

Infected t 

Same day 89 2,050 29,500 5,386 1,865 480 T8 
3 days before 1,051 7,940 985 15 395 6:9 
7 days before 82 378 1,255 650 520 360 58 
10 days before 7 257 465 285 185 — 3-9 
17 days before 75 152 245 170 -— — 2:9 
20 days before — 7: 180 197 143 — — 2-1 


* At least four to six mice per group per day were tested. 

+ Each mouse injected intraperitoneally with SRBC "0" day. 

t Mice infected py intraperitoneal inoculation of 0:5 ml. of stock FDV 
homogenate (5-10 LDye). 


A cell transfer technique was used to determine the 
number of precursor antibody-forming cells in spleens of 
normal and infected mice. Recipient BALB/c mice, 
usually 7-9 weeks old, were treated with an immuno- 
suppressive concentration of cyclophosphamide ('Cyt- 
oxan’), usually 5 mg to each animabP?/9, This treatment 
had no demonstrable effect on donor cells transferred 4 h 
or more later!*9, Groups of ten or more recipients were 
injected intravenously 24 h later with spleen cell suspen- 
sions from either normal or FDV-infected donor mice, 
followed by an intraperitoneal inoculum of 0-5 ml. of 
10 per cent freshly washed sheep erythrocytes. The 
recipients were killed 7-9 days later, and spleens were 
assayed for cellular antibody activity. Each spleen was 
cut into two halves and one half used for "pour plates" 
to determine the number of individual PFCs (refs. 17 and 
18). The other half of each spleen was rapidly frozen at 
— 20? € and sectioned longitudinally. Sections 400-800. 
thick and sometimes 6p thick were placed directly on the 
surface of agar plates containing SRBC and comple- 
ment!1$212, Following incubation at 37° C, appearance 
of foci of haemolytic activity coinciding with discrete 
areas in the spleen sections was taken as evidence for 
the presence of clusters of PFCs which could be the 
progeny of transferred antigen sensitive cells!??. Alter- 
nately, each recipient spleen was cut sequentially into 
pieces of approximately equal size. The pieces were 
“teased” individually into 1-0 ml. of Hanks solution and 
the number of PFCs per piece was determined by the usual 
plaque procedure?*:15, 
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As Table 2 shows, mice receiving 10? donor spleen ¢eils 
from non-infected control mice had approximately 5,000 
plaque-forming cells per spleen on the day of assay. Mice 
receiving the same number of spleen cells from donors 
infected 2 days previously with FDV usually had 20-30 
per cent fewer PFCs. When donor mice were infected 
with FDV 7 days before they were killed, usually fewer 
than 400 PFCs appeared in a recipient spleen. Infection 
of donor mice 17 and 20 days before death resulted in 
even fewer PFCs (Table 2). The serum titres of recipients 
injected with spleen cells from infected donors were lower 
than in mice receiving cells from normal donors. 

The depressed ability of spleen cells from FDV-infected 
mice to result in PFC progeny in recipients treated with 
‘Cytoxan’ appeared to be directly related to both the 
time of infection and the degree of splenomegaly. Because 
the size and total number of nucleated spleen cells in- 
creased rapidly in infected mice, the ratio of spleen cells 
transferred to the total donor spleen cell population varied 
considerably between control and infected mice. Spleens 
of normal control mice averaged about 2 x 108 leucocytes. 
Transfer of 10? normal cells resulted in approximately 
5,000 PFCs in a recipient spleen, and so it could be 
calculated that the original donor spleen cell pool should 
contain sufficient cells to result in a total of at least 
100,000 PFCs in recipients (5,000x 20). Spleens from 
7 day infected mice contained an average of 8x 10° 
nucleated cells. Transfer of 10° of these cells resulted in 
about 350 PFCs in recipient spleens, indicating thatthe: 
total spleen population should contain enough cells to 
result in about 28,000 recipient PFCs (350 x 80). Spleens 
from mice infected for longer periods were calculated to © 
contain even fewer cells capable of inducing a PFC | 
response in recipients (Table 2). SG DE 





Table 2, NUMBER OF PFCS APPEARING IN SPLEENS OF 'CYTOXAN' TREATED = 
MICE AFTER TRANSFER OF 10’ NUCLEATED SPLEEN CELLS FROM NORMAL OK 
FDV INFECTED DONOR MICE 


Recipient immune response 


No. of Calentated . 
. donor No. of PFCs 
Donor Timeofinfection viable No. of which showd: 
mouse relative to day spleen PEC Per- Serum <resultafter 
group of immunization  leuco- per centage titre iransferof 
cytes spleen of (loga entire donor 
(x10) (x10?) control spleen (x 104% 
A None (control) 1926 511 = 5-8 i03 
B 2 days before 2541-1 2322 72:6 41 oi 
C 7 days before 51x03 31 68 abo 27 
D 17-20 days before 0:2: 0-6 12 2:3 <i) bt 


* Recipients injected intravenously with donor spleen. cells and. intra- 
peritoneally with SRBC; five to ten mice per group killed 8 days later, 


When recipient spleens were tested for anatomical 
distribution of PFCs 8 days after transfer of cells from 
either control or infected animals, a random localization. 
was observed (Table 3). The total number of PFCs. 
per whole spleen and per section was markedly reduced _ 
in mice treated with ‘Cytoxan’ and receiving cells from - 


Table 3. DISTRIBUTION OF PFC TO SRBC IN SEQUENTIAL SECTIONS OF SPLEENB. 
OF ‘CYTOXAN’ TREATED MICE 8 DAYS AFTER TRANSFER OF 10' VIABLE. 
NUCLEATED SPLEEN CELLS FROM NORMAL OR FDY INFECTED PONOR HIVE 


Spleen PFC per section 

section Normal  EDV injected donors 
No. donors = —7 days — 17 days 

1 416 — 2 3 

2 668 0 3 

3 TT 10 10 

4 96 10 9 

5 212 10 8 

6 200 13 20 

T 850 2 22 

8 380 4 10 

9 250 23 Ü 

10 64 19 3 

li 478 18 4 
12 300 15 16 4 

13 S48 13 20 

14 800 23 7 

15 440 23 5 

16 108 2 3 

17 73 14 4 

is 284 32 13 

18 172 36 20 

20 476 20 & 

21 400 15 — 

Totals 7,592 232 196 
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FDV-infected mice. Similarly, when the number of 
haemolytic foci in recipient spleens was assayed, there 
were many fewer foci in spleens of mice receiving cells 
from infected donors than from controls (Fig. 1). Also. 
most foci were smaller. In general, 1 or 2 x 105 nucleated 
cells from control animals resulted in the same number of 
foci as transfer of 8 to 10 x 105 or more spleen leucocytes 
from infected animals. 


ig 


Number of haemolytic foci per recipient spleen 





Number of nucleated spleen cells transferred ( x 105) 


Relationship between the number of nucleated spleen cells 
transferred and the mean number of haemolytic foci appearing in the 
spleens of immunologically incompetent ‘Cytoxan’ treated recipient 
mice 8 days after intravenous transfer of spleen cells and intraperitoneal 


Fig. 1. 


immunization with SRBC. @, Foci resulting from transfer of spleen 
cells from normal BALB/e mice; ©, foci resulting from transfer of spleen 
cellsfrom BALB/c mice infected 3 days previously with FDV; A, foci 
resulting from transfer of spleen cells from BALB/c mice infected with 
FDY 7 days previously. Limits indicate ranges between different 
recipient mice. Each point represents the mean value obtained from at 
least ten recipient mice, minus the average number of “background” foci 
detected in spleen sections of control 'Cytoxan' treated mice which had 
not received celt transplants, 


In previous studies it had been observed that only about 
5-10 per cent of the cells lodge in a recipient spleen 
(refs. 13 and 20 and Friedman’s unpublished work). 
Although many of the transferred cells are probably 
localized in organs other than the spleen, it seems unlikely 
that there should be a significantly different distribution 
or loealization pattern of lymphoid cells from infected 
donors as compared with normal mice. It is possible, 
however, that spleen celis from leukaemie mice may not 
"home" to other lymphoid organs, as probably occurs 
with normal lymphoid cells. It should be noted, how- 
ever. that serum antibody titres were lower in recipients 
of "infeeted" cells, indicating that for this parameter 
also spleen cells from FDV infected mice were less com- 
petent than those from control mice. 

These results indicate that two features associated with 
FDV infection of mice are: (1) à marked reduction in the 
number of active antibody-forming cells and (2) a decrease 
in the number of cells which can respond to antigen on 
transfer to an indifferent or immunologically incompetent 
*ecipient. Because it is assumed in this type of experi- 
ment that approximately 100 antibody-forming cells 
detected in spleens of a recipient animal at the height 
of the adoptive immune response correspond to the 
progeny of one transferred antigen-sensitive cell (refs. 
13 and 20, and Friedman's unpublished work). there 
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should be a pool of about 5,000 or more such active cells 
in spleens of normal, non-infected mice. Spleens of 
donor mice infected with virus one week or more before 
death had about one-fifth to one-tenth of this number of 
detectable PFC progenator cells. 

In a normal mouse between 40,000 and 80,000 antibody- 
forming cells appear 4 days after immunization with 
sheep cells. Thus each antigen-sensitive cell should result 
in about ten progeny antibody-forming cells if every cell 
were recruited into antibody formation after immuniza- 
tion. If, however, one antigen-sensitive cell can result in 
100 progeny PFCs, only 10 per cent, or about 500 of the 
calculated 5,000 antigen-sensitive cells, would have to be " 
recruited following a single injection of RBC into a normal - 
mouse to result in the observed PFC response. Similarly, 
if only 10 per cent of the antigen-sensitive cells in spleens 
of 7-17 day infected mice were also recruited after active 
immunization with sheep erythrocytes, there should be at 
least 5,000 to 10,000 PFCs in their spleens 4 days later. 
In most cases, however, fewer than 2,000 PFCs were 
detected in mice immunized between one week and seven- 
teen days after injection of FDV. Thus if each active 
progenator cell in an infected mouse can result in 100 
PFCs, as in a control, it seems that much fewer than 10 
per cent of these cells were recruited. A slower wate of 
multiplieation or differentiation of antibody-forming cella 
in infeeted mice, however, could account for this apparent 
discrepaney. Also, interference of conversion of antigen- 
sensitive cells into PFCs by virus throughout tbe period 
of infection could also account for this finding. 

Regardless of the actual mechanism of immunodepres- 
sion by FDV virus, the results presented here indicate 
that the pool of leucocytes in spleens of infeeted mice is 
deficient in cells which can respond to antigen on transfer 
to recipients. Such results indicate an important quanti- 
tative deficieney in these cells in the spleens of leukaemic 
mice and also reveal that there is a dilution of these anti- 
gen-responsive cells by other cell types which may be 
insensitive to sheep erytnrocytes, possibly because of 
previous commitment to other functions after infection 
with virus. 

This work was supported by grants from the US 
National Science Foundation, the American Cancer 
Society, Inc., and the US Public Health Service. We 
thank Mrs Vivian Simmons, Miss Carol Merriam and 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Pulsar Condition in White 
Dwarf Stars 


ACCORDING to the recently proposed “astronomical sand- 
glass model" of the pulsed radio sources! a pulsar is a 
neutron star at the critical mass limit for gravitational 
instability. Any loss of stability resulting in incipient 
collapse is quickly restored by the remaining nuclear 
resources, which, it was assumed, can still generate 
thermal pulses of about 10?! ergs. Because the radius of a 
eriticaPneutron star is 10* em, the resulting energy density 
is of order 10!* erg cm, corresponding to X-ray phonons. 
The degenerate interior of the star has a very high thermal 
conductivity and the X-ray pulse passes rapidly to the 
surface, where it blows off the thin (~ 10" g) non- 
degenerate outer layer with less than escape velocity. 
After about a second this ejected material has all trickled 
back to the surface, triggering off the next instability. 

It was conjectured that neutron star pulsars could 
have evolved from Type II supernova remnants, the masses 
of which remain somewhat above critical mass, by violent 
gravitational oscillations with emission of gas and rela- 
tivistic baryons. In these cases, the critical mass limit is 
approached from above. The process of accretion offers 
a mechanism by which an underluminous white dwarf 
star might approach the critical mass from below. In 
this communication I consider the possibility that the 
pulsar condition might be characteristic of a sizable propor- 
tion of those Population II stars the evolution of which 
can be significantly affected by accretion. This hypothesis 
is not unreasonable for certain classes of stars, for the rate 
of aceretion for a star of mass M passing with speed v 
through a medium of density c is 








d y Et (v/1 km s7) 
M (0-3 gem) ^ e 


In close binaries, where o may exceed the normal inter- 
stellar density by several orders of magnitude, and in 
the cores of galaxies where stars move slowly with respect 
to the mediurn, accretion can bring a weakly radiating 
star up to the critical mass in a time small compared with 
the age of the universe. 

Consider now a white dwarf star which has reached the 
verge of gravitational instability in this manner. For the 
critical mass and radius of the degenerate core we can 
adopt the round numbers M =3 x 10%? g, R=2 x108 cm. 
From the analysis of stellar envelopes given by Chandra- 
sekhar? we deduce that the core is surrounded by a non- 
degenerate shell of mass ~ 10?* [L(1— X)]* g and having 
an effective temperature 105 LZ! °K, where L is the 
luminosity in terms of the luminosity of the Sun taken 
as unity, and X the proportion by weight of hydrogen in 
the envelope. In normal conditions in the interior of 
a white dwarf, the remaining nuclear resources will 
suffice to maintain & continuous emission of up to 
10—10- Lo. If the radiation pressure thus produced 
can limit the inflow of material to ~ 10° to 10" g s+, 
the star can exist in a steady “smouldering” condition at 
the critical mass, radiating away exactly as much mass as 
it aceretes. 
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If, on the other hand, the rate of accretion cannot be 
kept under control by the available radiation pressure, à 
stationary state cannot be maintained. It then seems 
plausible that the star will pass over into a pulsar condi- 
tion, gaining temporary reprieves from instability by lifting 
off its non-degenerate outer shell (now highly distended) 
with a small velocity by a series of pulses, which also sweep 
away much of the accreting material. The pulses are gener- 
ated in the deeper layers by momentary instabilities caused 
by descent of the shell onto the surface. If we assume a 
pulse energy of 10% ergs, the initial pulse (before passage 
through the envelope) will be in the form of soft X-rays. 

There are now two alternatives. First, if the shell is 
opaque to X-rays, the pulses, in diffusing through it, wil 
be degraded to near optical frequencies and the pulsed 
character of the emission will be visible as a smoothed-out 
light variation. The period is then simply the time 
required for a pulse to traverse the envelope (after which 
the full weight of the shell again bears down on the 
surface). A detailed analysis is difficult because of the 
sensitive temperature-dependence of the coefficient of 
opacity, but rough estimates suggest that it might be 
possible to account for the observed 71 s variation of 
Nova DQ Herculis? in this way. Other explanations for 
this variation are, of course, possible, but they would 
probably not aecount for the rapid flickering, whieh can. 
here be aseribed to relaxation oscillations of a star close 
to neutral equilibrium. The second alternative-—an 
envelope transparent to X-rays—may arise in the case 
of very close binaries, where tidal and rotational effects 
may concentrate the shell into an equatorial disk, X-ray 
emission should be directly observable in this case. How 
this relates to observed X-ray sources is & question 
which need not be pursued further, for Shklovsky! has 
inferred a model of the general type I have described 
directly from the observed properties of Sco X-L 
The chief new aspect raised here is the possibility of a 
pulsed character for the X-ray emission. 

We can now easily imagine circumstances (for example, 
a hydrodynamical instability) under which the shock 
mechanism envisaged for controlling the accretion breaks 
down. A sudden increase in the rate of accretion, say to 
1017-101! g s, would appreciably affect the mass of the 
envelope in the space of a day. The strength of the pulses 
and the internal temperatures generated would progres- 
sively increase until the envelope is blown off with escape 
velocity. The relief thus afforded the star would last only 
until a new envelope is formed--a matter of hours. The 
end result must be an ignition of powerful nuclear reac- 
tions in the deeper interior, with expulsion of perhaps 
1078-10" g of material. 

This picture of the initial stages of a nova outburst 
reproduces many of the observed features. In particular, 
it explains why several shells are ejected, and why 
the first shell is often overtaken by subsequent shella*$. 
It also aecounts for the concentration of novae to- 
wards the galactie plane, and for the fact that recurrent 
novae seem always to occur in close binary pairs? with an 
inverse correlation between strength of outburst and 
period of recurrence (compare with ref, 7). Tt has been 
estimated? that a recurrent nova loses about 1075 g in an 
outburst; if we take 10!? g s~! as a reasonable figure for 
the aecretion while the mass remains suberitical, then the 
time required to return to critical mass is 30 yr, which is 
about the observed period. (After many such outbursts, 
during which the supply of *He and heavy elements in the 
interior becomes steadily depleted, the star may terminate 
this phase of its career with a Type I supernova explosion, 
ending as a neutron star with subcritical mass.) 

In these respects the model is very satisfactory. At the 
same time, it could be instantly disproved by a single 
well established instance of a recurrent nova which is 
not a member of a close binary pair, or of à nova mass 
which differs appreciably from the critical mass. Here, 
the recurrent nova T Coronae Borealis, which forms a 
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spectroscopic binary, would seem to be the most clear-cut 
test case. Kraft* has obtained a minimum mass of 2:1 M o 
for the blue component, but Schatzman® has conjectured 
that this component may itself be a close binary, so the 
question seems to be still open. 

Finally, consider briefly the implications of the hypo- 
thesis for the large-scale dynamics of galaxies. It is 
known from infrared observations? that there are ~ 108 
Stars within 20 pc of the centre of our galaxy which are 
invisible to us at optical and X-ray wavelengths. If the 
present ideas are correct many of these will be at the edge 
of gravitational instability, in a smouldering or a pulsar 
condition, with effective temperatures between 105 and 
10'*K. Their radiated output will peak in the soft X-ray 
range and may amount to as much as 10-? of the optical 
output of a centrally condensed galaxy. The integrated 
X-ray output of all galaxies should therefore be easily 
detectable, and it may be conjectured that this is the 
origin of the observed diffuse X-ray background. Accord- 
ing to this picture, the core of a galaxy is periodically in 
a highly inflammable condition. The spark that ignites 
it could be (as suggested by Burbidge?) a single supernova 
explosion. The resulting shock will set off 10? or 10° novae 
(perhaps 0-1 per cent of these will explode as Type I 
supernovae). After ~ 105 yr of accretion, the stage will be 
set for the next explosion. 

Energies obtainable in this way (<10* ergs) are still 
well short of those required to explain the quasi-stellar 
sources. Here it must be remembered that the very first 
generation of stars in the core of a galaxy were probably 
Population I objects which ended their lives as Type II 
supernovae, conceivably in a chain reaction’. In these 
conditions, a large fraction of the angular momentum of 
the innermost central stars would have been transferred 
to the radiation and to relativistic electrons, resulting in 
large magnetic fields, and an oscillatory collapse of the 
central portions of the galaxy. Magnetic forces will create 
a strong flow of electrons towards the centre, resulting in 
a charge excess and ejection of relativistic plasma along 
the axis, in accordance with the observed jetlike appear- 
ance. 

WERNER ÍsRAEL 
Dublin Institute for Advanced Studies, 
Dublin. 
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The Galactic Novae (North-Holland Pub. Co., 


Colour Centres in Interstellar Grains 


One of us has shown'? that the interstellar extinction 
curve in the visible spectral region may be represented to 
a high degree of accuracy by two straight lines intersecting 
at 4=4300 A. Although graphite flakes or graphite cores 
with dielectric mantles come close to fitting the observa- 
etional curve’, it is clearly not possible to explain a very 
sharp knee on the basis of Mie scattering by solid particles. 
The role of impurity induced absorption bands has been 
discussed recently? in connexion with the 4430 A absorp- 
tion band. The most widely studied impurity bands are 
the so-called F centres®? in alkali halides which occur in 
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Fig.1. The profile of an F centre in KBr measured at 28° K. (Adapted 
from Fig. 3.3 of ref. 7.) 


the visible and near ultraviolet. Fig. 1 shows a typical 
absorption profile due to an F centre in KBr (ref. 7). 
Such a band, which could occur in any crystalline solid 
at a wavelength defined by the lattice, is caused by 
electrons trapped at vacancies. Features common to all 
such bands are: (a) f values close to unity; (6) sym- 
metrical profiles; (c) widths of the order 1000 A. We 
have already suggested’ that such a broad diffuse absorp- 
tion band may be present, but escape resolution in stellar 
spectra. We consider here the possibility that the knee 
in the interstellar extinction at 4= 4300 A may be caused 
by such a band superposed on the extinction curve derived 
from Mie scattering. 

A considerable amount of data is available? on the 
extinction curves in various galactic regions. Because the 
effective resolution is 50 A and the photometric errors 
are small (+ 0-5 per cent), an attempt at deriving a profile 
of the postulated “colour centre’? would be worthwhile. 
The first requirement is a reliable Mie curve fitted to the 
observational points excluding the points in the im- 
mediate vicinity of the knee at 4300 A. Two methods are 
available for deriving this curve. We may postulate likely 
models of the grains and cornpute the Mie curve which 
fits best the mean observational data. The differences 
between the best fitting Mie curve and the observational 
points near 4300 A may be attributed to the colour centres. 
Alternatively, we may fit a polynomial to the observa- 
tional points excluding those in the neighbourhood of 
4300 A—it being assumed that the best fitting Mie curve 
may always be replaced by a polynomial. Again the 
difference between the polynomial curve and the observa- 
tional points may be interpreted as the residual profile 
of the colour centre. 

Following the second procedure we fitted a polynomial 
to the mean extinction data of some 130 pairs of reddened 
and unreddened stars in regions ranging from Cygnus to 
Monoceros (Fig. 2). The difference between the observa- 
tional curve and the fitted curve is plotted in the inset to 
Fig. 2. The width (700 A) and the symmetry of the band 
is remarkably consistent with the general properties of 
an F centre band (comparing with Fig. 1). It is seen 
from the inset to Fig. 2 that the absorption at the band 
centre is about 0-02 magnitude. The number of active 
centres per grain which are required may be estimated. 
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Fig. 2. The points (in the main figure) represent mean normalized 
extinction for 130 pairs of reddened and unreddened stars in various 
parts of the galaxy. The abscissa is inverse wavelength (u), and the 
ordinate is the extinction in magnitudes. The smooth curve is the best 
fitting polynomial through all the points excluding those in the vicinity 
of the knee. The points in the inset represent extinction in excess of the 
fitted polynomial curve in the main figure. The solid curve in the inset 
is a Gaussian curve fitted to the residual extinction near the knee. 


With an oscillator strength f~1 (appropriate to F 
centres) the cross-section near the band centre is 


6, ^ 10-15 em? (1) 


The extinction cross-section of the grains is og — Q(X) zr’, 
where r is the radius of the grain and Q is the efficiency 
factor. For graphite grains, r^ 5 x 10-5 cm, and Q~2 at 
x= 4300 A (see ref. 8). Therefore 


Sg ~ 1-6 x 10719? em? (2) 
If N is the number of colour centres per grain, 


No, = 0-02 og (3) 


that is, N ~ 3x 108. 


It seems entirely reasonable to postulate that, in con- 
ditions of thermodynamic equilibrium, a concentration 
of 10%-10* colour centres exists in a grain consisting of 
^10? atoms. According to this view the central wave- 
length of the colour centre is to be defined by the nature 
of the crystal lattice which is involved. It has been 
observed that the knee in the extinction curve occurs at 
the same wavelength from region to region in the galaxy?. 
This suggests that, if the knee is produced by the mechan- 
ism suggested here, the nature of the crystal lattice 
involved is the same in all galactic regions. 
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Electron Collision Frequency in the 
F-region of the lonosphere 


EXPERIMENTAL measurements of the collision frequeney of 
electrons in the lower ionosphere have been made by a 
variety of ground-based and rocket techniques. In general 
there is good agreement up to about 100 km between these 
and values calculated from atmospheric properties and 
laboratory measurements of electron collision cross- 
sections (see, for example, ref. 1), Above 100 km, as 
Thrane and Piggott have pointed out, however, there are 
significant diffieulties in providing reliable estimates of the 
collisional frequency and, in particular, there seems to be 
some considerable discrepancy between calculated values 
based on the variation of atmospheric pressure with height 
and experimental values based on ground-based radio 
wave propagation studies. We have recently re-examined 
the problem of determining the collision frequency at 
levels above the E-layer and in this report we outline an 
approach based on simultaneous absorption and (f) 
measurements. 

For the analysis to be described, the essential experi- 
mental data are simply the values of the ionospheric 
absorption at two frequencies, one reflected from the 
E-region and the other from the F-region, together with 
the ionogram recorded coneurrently with the absorption 
measurements. 

The computation of the ionospherie absorption of a 
signal incident vertically on the ionosphere requires. à 
knowledge of both the electron density and collision 
frequency profiles up to the level of reflexion. In these 
calculations, for levels up to 105 km we have used collision 
frequency profiles computed from rocket measurements of 
atmospheric pressure and temperature (Smith ef al.*, Cole, 
Courtand Kantor) in conjunction with laboratory measure- 
ments of the collision cross-section of electrons in nitrogen 
and molecular oxygen‘. These curves (Fig. 1) are con- 
sidered applicable at mid-latitude stations (~45° N.) 
and are consistent with those given by Thrane and 
Piggott. Below 88 km the data are sufficient to establish 
the existence of a clear seasonal variation with larger values 
of v in summer than in winter. Between 88 km and 105 km 
any seasonal variation which may exist is substantially 
smaller than in the lower ionosphere and in the present 
analysis, in the absence of reliable data, it is ignored. 
In these calculations we first use this (vh) profile to 105 
km, the measured value of the vertical incidence equivalent 
height h’, and the ionospheric absorption on a frequency 
near 2 MHz, to deduce an appropriate model electron 
density/height (N,h) profile for the same height range. 
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The model used was N,- Noo m {ky(h-60)} where Na is 
the electron density at height h, N I that at 60 km, and ky 
the logarithmic slc ype constant. It is to be noted that 
60 km is not here chosen as the arbitrary base of the 
ionosphere but simply as a height below which the 
electron density profile has little effect on the ionospheric 
&bsorption at the frequencies considered. "The absorption 
is computed using the generalized magneto- -ionic formula* 
and the vertical height h’ computed using the relation 


h 
i= f j u^ 
ao 


refractive index is given by w = 0(uf)/ 9f and is evaluated 
numerieally. 

A computer iterates successively for values of N,, and 
ky until the computed values agree with observed values 
of absorption and virtual height to the required precision. 

Fig. 2 shows exponential models of the lower ionosphere 
determined in this way for two sample pairs of observa- 
tions of the absorption and virtual height. For compara- 
tive purposes some profiles determined by cross-modula- 
tion and partial reflexion techniques® are also included. 

The exponential model of the electron density profile 
so obtained is then dovetailed to the profile (obtained by 
a true height analysis of the ionogram taken at the time 
of the absorption measurements) to provide the complete 
N(h) profile up to the level required. To determine the 
collision frequency profile at levels above 105 km we then 
assume a model and derive its slope from the observed 
absorption data for the higher frequency. One criterion 
for the seleetion of the model is that it should show a 
reasonable measure of agreement in the region 90 to 105 
km with the profile (Fig. 1) computed from pressure 
variations. In the present case the model 


88)!/2} 


. dh where h, is the level of reflexion. The group 








Va = Vag exp — {k,(h— 


was used, where v, is the effective collision frequency at 
height A, vss the collision frequency at 88 km taken from 
Fig. 1 and k, is the logarithmic slope constant. A com- 
puter program iterates for the value of k, until the 
absorption computed from the Sen-Wyller formula agrees 
with d observed absorption. 

Fig. 3 shows the effective collision frequency profiles so 
obtained. The effective collision frequency derived by 
using the Sen-Wyller formula for the F-region ean be 
taken to be 9.5 times «vg» where «v,» is the effective 
collision frequency introduced by Shkarofsky? and given 
by 

X Ng > = “Veni > + << Vm > 


where «w.;» and «v4» are respectively the effective 
electron-ion and eleetron-neutral particle collision fre- 
quencies. An expression for elecetron-ion collisions has 
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been given by Banks, namely. «vw.» = (54 5)N. 
s, Fora frequeney of 3-5 MHz (electron density ~ 1-5 x 
105 el. em) and electron (and ion) temperature of 600° C 
we then obtain 550 collisions/s. The effective electron- 
neutral particle collision frequency «v» at 150 km 
computed from the COSPAR International Reference 
Atmosphere (CIRA-1965) for sunspot minimum conditions 
at noon is ~ 550. The estimated total collision frequency 
at 150 km is thus about 1.100 which is to be compared 
with the values of 950 and 1,300 given by 2-5 va for the 
two sample days shown in Fig. 3. 

In this communication we have outlined an analysis 
which ean be applied to absorption measurements on just 
two. frequencies. With experimental data for only two 
frequencies the approach necessarily involves the approxi- 
mation of the collision frequency profile for a large height 
range by a model, the choice of which is arbitrary. This 
objection does not arise w hen absorption data for a 
series of relatively closely spaced frequencies spanning 
both the E and F-regions are available, for the techniques 
described here can readily be extended to cover such 
multi-frequeney measurements and so provide a detailed 
F-region collision frequency profile. 
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Intensity and Rotational Temperature 
Variations of Hydroxyl Emission 
in the Night-glow 


AT the Zvenigorod Station of the Institute of Physics of 
the Atmosphere of the USSR Academy of Sciences, 
regular observations on hydroxyl emission have heen 
conducted for more than a decade!*, Irregular observa- 
tions on hydroxyl emission have also been conducted at 
some other stations during the IGY and the IQSY'. 
Fig. 1 shows average seasonal and average variations from 
year to year of the rotational temperature and the inten- 
sity of hydroxyl emission obtained at Zvenigorod. Only 
data not distorted by geomagnetie activity exceeding 
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Kp25 were used in the averaging. It has already been 
noted that there are some indications of variations of 
the intensity and the rotational temperature of hydroxyl 
emission with increasing geomagnetic activity*. In the 
analysis of some geomagnetie storms, however, this 
effect has been strongly masked by ordinary variations of 
hydroxyl emission with time. The interest in variations 
of hydroxyl emission was stimulated by the possibility of 
using these data to estimate planetary energy releases 
during auroral displays and substorms*. This is based 
on the fact that during these phenomena there is an 
additional dissociation of atmospherie molecules into 
atoms. Additional hydroxyl emission appears as a result 
of the recombination into molecules. To avoid masking 
the effect, caused by ordinary variations of the intensity 
and the rotational temperature of the hydroxyl emission 
with time, seasonal and solar cycle variations in the 
intensity and rotational temperatures were excluded, 
on the basis of the data in Fig. 1. The data were grouped 
according to magnetic storms into intervals defined by 
the Kp indices: (5.,59,5,), (6.,64,6.), (7.,7,,7.), (8.,8,,8..) 
and (9.,9,). During the averaging, data on the intensity 
and the rotational temperature of hydroxyl emission were 
combined during the same intervals prior to and after 
the moment when magnetic perturbation had the maxi- 
mum Kp index within one of the aforementioned groups. 
Fig. 2 shows by way of illustration a result for group Kp= 
(8.,8,,8,). It is evident that variations of the increments 
of the intensity AI and the rotational temperature AT 
continue for a few days after the commencement of a 
geomagnetie storm, that is, for a much longer period than 
variations of the average Kp indices. This effect also 
occurs for the other Kp intervals. As a result of integra- 
tion AJ over the variations after a magnetic disturbance, 
values for the additional energy release AE of the hydroxyl 
emission appearing after the commencement of a geo- 
magnetie storm have been obtained for the five ranges of 
geomagnetic activity. Table 1 lists these results. To 
caleulate the total energy release of hydroxyl emission 
for all bands, relative intensities already published* may 
be used. Similar variations of hydroxyl emission have been 
detected in data from other stations! lying within the 
latitude range 60°-0°. The amplitude of the first maximum 
of AI decreases towards equatorial regions, while the 
additional energy release AE becomes zero at latitudes 
less than about 30°-40°. At the same time the average 
hydroxyl emission intensity at latitudes near 60? N. is 
approximately three times that at latitudes near 307-40? N. 
It should be noted that at more southern stations the 
effect of geomagnetic storms exhibits itself a few days 


Table 1. ADDITIONAL ENERGY RELEASE OF HYDROXYL EMISSION 
Kp ranges 555,5. 6.,6,,6. T. Ts S.RSS. 9..9, 
AE [OH(4-1)] 
(105 erg em?) 0-7 0-9 12 1 0-7 
250 
= 
~ 200 
Pa 
15 
1 
ri 
~ 065 
0 
JEMAMJJASOND 1957 59 61 63 65 
Months Years 
Fig. 1l. Average seasonal and year-to-year variations of the rotational 


temperature and intensity of the hydroxyl emission. Monthly and yearly 

average rotational temperatures (4 and b) and intensities (c and d) were 

obtained from. OH bands (4:1), (5-2), (6-2) and (7-3). In c, the unit is the 

average of the intensity taken over the seasonal variation; these varia- 

tions have been obtained from the data for all the years. In d, intensities 
are given in terms of the value for 1960 (Zon(,.,) 5-5 KR). 
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later than in high-latitude regions. The lag increases 
monotonically towards the equator. Near the equator 
the lag is about 10 days from the beginning of the storm. 

Weill et al.§ have already made some attempts to 
determine the influence of geornagnetic storms on hydroxyl 
emission. They considered the variations of hydroxyl 
emission for a period not exceeding two days (for p < 45") 
from the commencement of a geomagnetic storm, however, 
and therefore did not discover any considerable changes, 
It should also be mentioned that sometimes individual 
variations in hydroxyl emission associated with A# 
indices? are detected which reflect the intensity of auroras 
and eleetrojets in the auroral zone. A similar type of 
variation is also observed for some other night-glow 
emissions, for example, for the atmospheric system of Oy 
molecules. 

I thank Professor V. I. Krassovsky for helpful discussions. 
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Significance of Microchondrules of 
Olivine in Type | Carbonaceous 
Chondrites 


THe identification of olivine? in type T carbonaceous 
chondrites indicates their close genetical connexion with 
the rest of chondritic matter, which contains a high 
percentage of olivine. The discovery of interrelations 
between the ignition loss (TL) at 1,000^ C in a nitrogen 
atmosphere and the statistical petrography of ehondrules 
(ref. 4 and unpublished results) provides additional ciues 
for the reconstruction of the cosmological history of 
chondrites. 

The type I carbonaceous chondrites, with IL-24-30 
per cent, contain the maximum percentage of ground mass 
of hydrated silicates and carbonaceous matter, in which 
the olivine and other high temperature minerals are 
dispersed as small globules (microchondrules) which often 
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have exsolution cores (Fig. 1). In the type II carbonaceous 
chondrites (IL —12-24 per cent) the loosely compacted 
aggregates of microchondrules, termed "grape bunch 
chondrules", reach a maximum (Fig. 2). The type III 
carbonaceous and the type I enstatite chondrites (IL — 
2-12 per cent) contain the maximum of "partly coalesced 
chondrules", in which microchondrules of the most re- 
fraetory olivine and nickel-iron are embedded in a single 
erystal or interlocking aggregate of lower melting minerals 
(Fix. 3). The fully coalesced chondrules (Fig. 4) are 
characteristic of the rest of chondrites of TL below 2 per 
cent., 

that the evolution of chondrules with the 
decrease of volatile material in chondrites can be divided 
into the following stages: (a) primary condensation of 
spray particles into microchondrules with diameters of 
the order of 0-01 mm; (b) secondary aceretion of the 
microchondrules into chondrules of diameter about 1 mm. 
A similar two-stage process is known to take place in 
warm clouds*-7, explaining the detailed similarity between 
histograms of microchondrules and fog droplets and 
between chondrules and raindrops. 

The observations may be explained by the hypothesis 
that, at the highest temperature stage, the parent body 
of asteroid size was an incandescent cloud covered with 
clouds of cosmie dust. The type I carbonaceous chondrites 
originate from the marginal zones between the incean- 
descent fog and cooler dust. Chondrites with progressively 
lower volatile percentages originate from correspondingly 
deeper zones of the incandescent cloud mantle, towards 
which the grape bunch chondrules gravitate, coalescing 


It seems 


with inereasing depth through the gradual inerease of 


temperature. 
The original spray structure of the asteroid-sized parent 





Fig. 1. Mierochondrule of olivine with NiFe core, and (right) twinned 
and single microchondrules of magnetite from a thin section of Orgueil 
( x 500). 





bunch chondrule" of olivine, niekel-iron and troilite 
mierochondrules from a thin section of the type III, Grosnaya car- 
bonaceous chondrite ( x 66) 


Fig. 2 “Grape 
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3. "Partly coalesced chondrule" with microchondrules of olivine 

'kel-iron of melting point about 1,500° C, embedded in several 
interlocking pyroxen crystals with melting point about 1,300* C, from 
a thin section of Murray, type II carbonaceous chondrite ( x 66) 








Fig. 4. Part of fully coalesced, grating type chondrule of a thin section 


of Baratta chondrite ( x 125) 


body of meteorites is preserved by the solidification of 
chondrules at an early stage of degassing, when the 
chondrules are still suspended in the cloud. The enigma 
of the virtual absence of typieal chondritie rocks on the 
Earth may be explained by the slower cooling rate of this 
celestial body with its relatively greater mass. As a result 
of this, the liquid sprays coalesce into lavas at a more 
advanced stage of degassing. It therefore seems likely 
that the assemblage of igneous rocks would change from 
predominantly chondrites to lavas with the increase of 
mass of the celestial bodies. This prediction can be tested 
by exploration of the solar system in the foreseeable 
future. 
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Phosphatic Rocks from the North-west 
African Continental Shelf 


We have recently carried out a reconnaissance survey of 
the continental shelf off north-west Africa in the RRS 
John Murray. Seven combined sparker and sampling 
traverses, approximately 60 miles long, were effected at 
irregular intervals along an 800 mile stretch of coastline 
from Rabat, Morocco, in the north to the Mauritanian 
border in the south (Fig. 1). Dredge samples were collected 
from depths of between 28 and 1,300 m in areas where 
previously obtained seismic profile records indicated 
probable outerops of bedrock. In addition uncon- 
solidated sediment samples were collected at intervals 
along the traverses across the whole width of the shelf and 
parts of the upper continental slope. A total of twenty 
rock and 103 sediment samples were obtained from the 
seven traverses. 

Limestones, phosphatic limestones and phosphorites 
are the most prominent lithologies (Table 1). Colorimetric 
phosphate analyses of rocks carried out on board the ship 
using the method of Ward, Lakin and Canney? enabled the 
preliminary detection of highly phosphatie material. 
Samples were subsequently re-analysed using the volu- 
metric fnethod of Bennett and Hawley*; using five 
replicate determinations on standards containing similar 
amounts of P,O, the precision of the method at the 
95 per cent confidence level was found to be 11 per cent, 
and judged by comparison with the standards the accuracy 
was within 0-2 per cent after blank corrections had been 
made. Table 1 gives averages and ranges of duplicate 
analyses for each sample; duplicate samples were obtained 
using an automatic sample splitter from material previ- 
ously ground to 125 mesh size. Ten samples contain 
between 5 and 25 per cent P,O, (Table 1); if all the 
P,O; is present in the form of calcium fluorapatite, 
Ca,(PO,),F—the most common sedimentary phosphate 
mineral—then these rocks contain between about 10 
and 60 per cent apatite. Those containing more than 
50 per cent apatite (20 per cent P,O,) are phosphorites; 
those with 5 to 20 per cent P,O, are probably incompletely 
phosphatized limestones or conglomerates in which 
phosphorite pebbles are cemented by a non-phosphatic 
matrix. Further detailed mineralogical and chemical 
analyses are being carried out to determine precisely the 
geological character of all the samples. 

These rocks were derived from outcrops of strata which 
dip tly seaward and are truncated by the continental 
shelf. Thus they are probably pre-Pleistocene and may 
be offshore extensions of the upper Cretaceous and 
Tertiary phosphate-bearing strata widespread in Morocco 
and the Spanish Sahara*-*, The presence of non-phos- 
phatic limestones militates against phosphatization at the 
sea floor of previously existing rocks in recent times as a 
possible origin for the phosphatic material. 


f MOROCCO 
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Fig. 1. Traverse locations; depths in metres. 


Colorimetric phosphate analyses of fifty-two of the sedi- 
ment samples carried out on board the ship indicate a 
P,O, range of 0-02-2-5 per cent. Excluding the four 
samples (129, 133, 134, 256) with P,O, values greater than 
l per cent, the remaining forty-nine samples average 
0-13 per cent—a low value of the same order of magnitude 
as the average crustal abundance of 0-24 per cent (ref. 6). 
A few volumetric analyses since carried out as checks 
on the shipboard analyses have proved the colorimetric 
method to be reasonably accurate. 

Lack of any significant difference in the phosphate 
contents of calcareous and detrital sediments implies 
that recent phosphatization of calcareous materials is 
not occurring. The closeness of phosphate values to 
crustal abundance similarly argues against recent forma- 
tion of authigenic phosphates. Furthermore, there is a 
very close relation between sediment high in phosphate 
and the outcrops of phosphatic rocks, which suggests 
that some of the sediment phosphate is detrital in origin. 


Table 1, LITHOLOGY, P,O, CONTENT, LOCALITY AND DEPTH OF ROCK SAMPLES 
Average 
Traverse Sample No, POs Range Lithology Depth Latitude °N. Longitude *W. 
(percent) (+ per cent) (m) 
A 120 0-37 0-13 Soft, well compacted limestone 1,300 34^ 16-5" 07^ 42-5 
B 135 18:84 0-02 Masivo C1) phosphorite; no internal struc- 113 33° 11-8 058* 525 
ure 
B 136(1) 19-84 0-04 Massive ( *) phosphorite; no internal struc- 113 33° 11-5’ 08" 52" 
ture 
136(2) 0:25 0:04 Shell fragmental limestone 113 
B 139(1) 25.26 0-06 Massive and conglomeratic phosphorites 80 33° 00-7 OB” 445 
139(2) 24:66 0-08 As above 80 
c 148 20-14 0-07 Massive and conglomeratic phosphorites 260 31" 17° 10° 24 
c 151 0:16 0:02 Soft, well compacted limestone 126 31” 21-7 10° 02' 
c 152 13-56 0 Conglomerate of phosphorite pebbles 132 31° 21:5 10° 05° 
c 154 15:33 0-03 As above 400 31* 205 10° 16:5 
Cc 155 13-42 0-08 Massive limestone 480 31° 20-3 10° 19° 
c 156 16-59 0:16 Massive and conglomeratic phosphatic lime- 500 31* 20' 10° 23:5" 
stones 
c 157 11:16 0:05 As above 390 31° 19:8" 10° 25° 
G 227 0:35 0:15 Calcareous sandstone 49 20° 50-5" 17° 19 
rF 234 7-90 0-06 Massive limestone 500 23° 37° 16° 555 
E 252 0-78 0:14 Fine-grained limestone 620 26° 2l 14* 515 
E 257 0:79 ü Shelly limes 100 26° 12-5 14* 41° 
E 259 044 0:10 Shelly limestone 85 26° 11' 14* 39° 
E 204 0:21 0-02 Fine-grained limestone 28 26° O8-5’ 14° 33° 
D 273 0-56 0-03 Shelly limestone 79 28* 09' 13° 02-5 
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MeKelvey*. predicted that the recent formation of 
sedimentary phosphate deposits in this region was likely, 
particularly in view of the local occurrence of upwelling 
phosphate-rich water and the slowness of recent sedi- 
mentation indicated by local occurrences of glauconite 
(compare ref. 9). Our results argue against either pre- 
cipitation of sedimentary phosphates or phosphatization 
of previously existing calcareous rock and sediment. 
Our reconnaissance samples are thinly scattered, how- 
ever, and do not disprove MeKelvey's suggestion that 
sedimentary phosphate may be forming somewhere in 
this region. 

It is as yet too early to make a realistic assessment of 
the possible economie potential of the continental shelf 
off north-west Africa. P,O, values recorded during this 
very broad reconnaissance are lower than those from 
worked terrestrial deposits. The widespread occurrence 
of phosphorite and phosphatic rocks and the local incid- 
enee of phosphatie sediments merit further investigation, 
however, and a second cruise to this region is planned 
by Imperial College in 1969. 

This work forms part of the marine research programme 
of the Applied Geochemistry Research Group of Imperial 
College whieh is supported by a Natural Environment 
Research Council grant. NERC also made available 
ship time on the RRS John Murray for this project. 


J. S. Tooms 
C. P. SUMMERHAYES 


Applied Geochemistry Researeh Group, 
Imperial College, London. 
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Melting Point Behaviour of Glacier Ice 


We have recently completed an experimental study of 
the behaviour of frozen soils with regard to mechanisms 
of frost heave in clays and soils and in permafrost areas}. 
During pressure-time studies of ice growth and fusion in 
frozen soils, we obtained the data shown in Fig. 1. which 
can be projected to glacier ice 8,000—10,000 ft thick. 
This curve shows the fusion behaviour of various con- 
fined ice and unconfined water systems as derived from 
our experimental time-pressure-temperature researches. 
Briefly, the data show that the melting point of the ice 
is a linear funetion of pressure, as may be expected from 
the modified Clapeyron-type derivation shown, wherein 
the ice is under pressure but the contact water is un- 
confined. 


Vig d P — Sie dT = — Swater dT 
dP L Sice — Swater | — AStusion 
dT Vice Vice 
dT _ = TWiee) op — TV sona 
dP AF fusion ~ AHffasion 
dT | Eu -~l ^K 





dP 1l atmos 


Our data for experimental frozen soils eonfirm and 
extend the early work of Poynting and Hudson's thermo- 
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Fig. 1. Effects of pressure on depression of freezing point of ice with 


unconfined water. 


dynamic studies of ice behaviour?. These data suggest 
that the melting points at the base, along the sides and 
on the length of a glacier are variable and depetid on the 
local pressures exerted at any given point. In other words, 
there cannot be an equilibrium melting point specified 
for à point in the base of a glacier where the water is 
unconfined unless the pressure is also given for that point. 

During this work a curious, upside-down diffusion was 
noted on time-lapse films of the growth-fusion behaviour 
of pressurized ice; namely, at higher pressures clay 
particles moved vertically through the ice formed at 
lower pressures, perhaps assisted by related vacancy or 
void and dislocation flows. Because no solute diffusion is 
involved, this is distinctly different from the well known 
example of Kirkendall metallurgical solid diffusion. This 
diffusion-structure change effect in combination with the 
pressure melting effect is a reasonable explanation foe 
the boulder transport properties of glaciers. It may be 
possible to use this diffusion transport phenomenon in 
other systems for purifications of synthetic or natural 
crystals or for the storage and transport of dispersoid 
phases’, Our derivative X-ray (Laue) evidence showed 
that pressurized ice—ice grown under pressure in our 
experiments—contains severe residual stresses and little 
preferred orientation. 

Thermodynamically, it will be noted that the basie 
pressure- fusion equation we have given might well be 
applied to precise measurements of heat fusion. The 
theory should also apply to sintering phenomena in glass, 
ceramies and metals (as cemented carbides or high melting 
point metals). 

F. J. Rapp 
D. H. OERTLE 

Continental Oil Company, 
Ponea City. Oklahoma. 
Received April 16, 1968. 
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Current Action in a Submarine Canyon 


MEASUREMENTS of currents in submarine canyons were 
made as early as 1937 (ref. 1), and more recently the use 
of Scuba and submersibles has allowed direct observa- 
tions of the processes active in submarine canyons. Dill? 
and Shepard ef al. have observed evidence of strong 
bottom currents in the upper parts of La Jolla and Scripps 
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Canyon. Moore‘, also in La Jolla Canyon, saw a channel 
at about 900 m which he believed to be the result of 
erosion by turbidity currents. Trumbull and MeCamis* 
observed evidence of mass transport down the axis of 
Oceanographer Canyon. The observations here are from 
Corsair Canyon where there is evidence of strong bottom 
eurrents at depths of 1,600 m in the axis of this canyon. 

Corsair Canyon, 320 km east of Cape Cod. Massa- 
chusetts, is the north-easternmost member of a series of 
eanyons on the seaward side of Georges Bank (Fig. 1). 
The canyon is first noticeable at a depth of 120 m (ref. 6), 
and it extends seaward approximately 80 km to a depth 
of about 3,600 m (ref. 7). Above 2,000 m the canyon flanks 
have a slope of about 15° and a relief of 300-400 m. More 
seaward, the slope and relief become more gentle. 

Rock, chiefly undated or of Pleistocene age, has been 
dredged from the canyon flanks by Stetson* and by 
members of the Woods Hole Oceanographie Institution 
US Geological Survey continental margin projeet*. Stetson 
obtained a talus fragment of Miocene sandstone from a 
dredging between 493 and 237 m. 

On August 31. 1967, I made a dive with the research 
submersible Alvin into the axis of Corsair Canyon (41° 17 
N.. 66° 01^ W.). The object of the dive was to: (1) survey 
the canyon wall, and (2) locate, photograph and sample 
outcrops. The objectives were successful except for the 
unfortunate loss of the samples when the submarine was 
ascending. 

Before the dive a pinger was dropped into the canyon 
axis. Alvin then dived to the bottom using the pinger as 
a sonic target. During its descent, the submarine was set 
to the north-east by currents; with manoeuvring, Alvin 
landed in the canyon axis at a depth of 1.604 m. From the 
canyon axis the submarine proceeded in a northerly 
direction up the canyon flank (Fig. 2) to a depth of 
1.216 m where the dive terminated, 

The visibility in the canyon axis was excellent (about 
20 m) and no currents were observed greater than 5 em/s 
(about 0-1 knot). There was abundant nekton life, such 
as fish and squid, in the axis, but sessile organisms were 
not as abundant as on the canyon flank. 

The canyon floor at 1.604 m was about 50 m wide. 
relatively flat and covered with fine-grained ripple- 


DIVE 216 


CORSAIR 
CANYON 





Fig. 1. General bathymetry and location of dive made into Corsair 
Canyon. Contour interval 20 m from 100 to 200 m, then a 100 m contour 
interval. Data from Uchupi*. 
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Fig. 2. Diagrammatic stratigraphic section of area covered during the 


dive. Slopes are not drawn to scale, 


marked sediments (Figs. 3a and b). The ripples generally 
trended east-west perpendicular to the axis of the canyon. 
Also on the canyon floor were several large boulders (aver- 
aging about 50 em in diameter, with a maximum of 
about 250 em) that were partially covered with sediment 
and were surrounded by scour marks (Figs. 35 and c). 
Several large angular talus blocks were observed (Fig. 3d) 
at the base of the canyon wall; some of these blocks 
resemble roeks that crop out farther up the slope. 

Outerops were observed at 1,593, 1.577, 1,441 and 1,390 
m (Fig. 2). The second outcrop at 1,577 m was especially 
interesting because it formed an overhang (Figs. 4a and b). 
Talus blocks of this outcrop were found at the base of the 
flank. The upper part of this outerop formed a terrace 
(Figs. 4c and d) about 10 m wide, covered with ripple- 
marked sediment. Above this terrace, slopes of 10°—40° 
(with a maximum of 70^) occurred; these slopes were 
covered with unconsolidated sediment which was stable 
unless disturbed by the submarine. 

The observations in and near the canyon floor indicate 
that bottom currents, considerably stronger than the 0-1 
knot current observed, have existed at a depth of at least 
1,600 m. This conclusion is based on ripple marks, scour 
marks and exposed boulders that are only partially covered 
with sediment in the canyon axis. The currents may have 
reached to a height of 30 m above the bottom, for there is 
evidence of ripple-marking on the terrace. "The under- 
eutting of the relatively resistant rock at 1,577 m and the 
formation of the terrace may also be a result of strong 
currents. The currents probably are intermittent, because 
some of the boulders have sediment cover. Current direc- 
tion, as indicated by the scour and ripple marks, is down 
the canyon axis to the south. 

A possible effect of such currents is shown by the 
distribution of organisms. Abundant fish and invertebrate 
life were observed in all parts of the canyon. Sessile 
organisms were rare in the canyon bottom and generally 
less abundant on the flanks of the canyon than observed 
from seafloor photographs and dives made on the con- 
tinental slope. The relative absence of the sessile forms 
may be related to the strong bottom currents and the 
resulting sediment movement. 
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Fig. 3. a, East-west orientated ripple marks observed on the canyon floor at a depth of about 1,000 m. The ripples are about 2-3 cm 

high with a wavelength of about 10 cm and they trend perpendicular to the axis of the canyon. Black object in the centre of the photograph 

is a shadow from Alvin's mechanical arm. Scale line approximately 20 cm long. b, Boulder (about 50 cm in diameter) resting on the fine- 

grained sediments in the canyon axis. Note the scour mark around the boulder, Current direction is to the upper right, to the south or down 

the canyon axis. Depth about 1,600 m. c, Large, angular boulders that are partially covered with sediment in the canyon axis. Note large 

scour mark in the upper right. Depth about 1,600 m. d, Angular talus blocks at the intersection of the canyon flank and canyon axis. 
Arrows point to rocks believed to crop out at 1,577 m (Fig. 4e and d). Depth about 1,600 m. 





Fig.4. a, Outerop of 1.577 m, which is a resistant, thickly bedded, brownish siltstone, This outcrop extended at least 20 m along the canyon 
wall and had a slight (0° to 5°) canyon-ward (south) dip. Note the undercutting indicated by the arrow. Scale line approximately 20 em 
b, Close-up view of outcrop at 1,577 m. Note the overhanging appearance of the outcrop. The white patches may be the hok 
y the suspected strong currents in this ¢ Ihe hole pointed to by the mechanica 
ginning of terrace on top of second outcrop. Ripple marks trend about east-west and are 
570m, The paint can seen in 
22 kg, was observed to slide 





long 

of silicious sponges that have been removed b 

indicates where a sample has been removed. e, 

3 em high and have a wavelength of about 12 em. Depth about 1,570 m, d, Another view of terrace at about 1, 

upper part of picture was attached to the pinger dropped by the support ship. This can, which weighed about 

down in small increments from a 30° to 40° slope above the terrace and come to rest on the terrace while the submarine was sampling 
the outcrop. 
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I thank the people associated with the Alvin Group for 
their cooperation. Alvin is financed by the US Office of 
Naval Researeh and operated by Woods Hole Oceano- 
graphie Institution. 
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Reaction of Oxygen Atoms (?P) 
with Acetaldehyde 


THERE is some disagreement about the nature of the 
reaction of oxygen atoms with acetaldehyde. Cvetano- 
viéó^?, using oxygen atoms from the mercury sensitized 
photolysis of nitrous oxide and from the photolysis of 
nitrogen dioxide, finds products consistent with the initial 
reaetion (1) 


0+CH,CHO — OH -CH,CO (1) 


On the other hand, Avramenko and his co-workers, who 
have used oxygen atoms from the mercury sensitized 
photolysis and from an electrical discharge through mole- 
cular oxygen, maintain? that several other reactions are 
important including the insertion reaction (2) 


0+CH,CHO — CH,COOH (2) 


Avery and Cvetanovié? have criticized the findings of 
Avramenko on both theoretical and experimental grounds. 

Measurement of the quantum yield of nitrogen dioxide 
consumed in the photolysis of nitrogen dioxide in the 
presenee of acetaldehyde could provide evidence for the 
relative importance of reactions (1) and (2). In the 
absence of acetaldehyde the quantum yield, at 3660 À, 
of nitrogen dioxide consumed approaches 2, consistent 
with the reactions (3) and (4). 


NO, +hv — NO +0 (*P) (3) 
O-- NO, — NO 4-0, (4) 


Tf reaction (2) is the chief route for the reaction of oxygen 
atoms with acetaldehyde, the quantum yield of nitrogen 
dioxide. consumed should. decrease on the addition of 
acetaldehyde to a limit of one. If reaction (1) is the chief 
reaetion the addition of acetaldehyde should result in an 
inerease in quantum yield because of the following 
subsequent reactions? 











OH + CH,CHO — > H,O + CH,CO (5) 
CH,CO + NO, — —— CH, + CO, + NO (6) 
CH; + NO, + CH,O + NO, 

. l—« (7) 


—— — CHNO, 
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CH,O + NO, — ——. CH,0NO, (8) 
2 NO, + H,O — e HNO, + HNO, (9) 


Quantum yields of nitrogen dioxide consumed, @yo,, 
were measured for mixtures of nitrogen dioxide (3-6 mm 
Hg) in the presence of acetaldehyde (0-200 mm Hg), 
determining the nitrogen dioxide by means of its light 
absorption in the region of 3100 A to 3900 A. The duration 
of irradiation was 15-30 min, the wavelength used was 
3660 A and the temperature was 20° C. The limiting 
value‘ of @yop,=2 ,— 1-84, in absence of acetaldehyde, 
was taken as standard, for the extent of the recom- 
bination of nitric oxide with oxygen was negligible for the 
conditions used. Quantum yields in the range 2-6, 
increasing with the ratio of acetaldehyde to nitrogen 
dioxide, were found, qualitatively consistent with reaction 
(1) followed by reactions (5) to (9), Quantitatively it can 
be shown that, if each acetyl radical accounts for < 
molecules of nitrogen dioxide 





F 9xo, 171 
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is a linear function of (NO,)/(CH,CHO) (Fig. 1). The 
intercept corresponds to x=3-3+0-3, consistent with 
the minimum z-—2-F«, where «x has been found’ to be 
0:66, required for reactions (5) to (8), and the maximum 
x=3-+«% which would obtain if reaction. (9) went to com- 
pletion in the time of the experiment. From the ratio 
of slope to intercept k,/k, is estimated to be 2845 at 
20? C, which can be compared with Cvetanovié's* estimate 
of 18 at 25? C. This ratio, combined with a value’ for 
ky, indicates that k, is about 10* 1 mole-! s-!, consistent 
with a recent determination’, but much higher than the 
value found by Avramenko and Kolesnikova? for the reac- 
tion of oxygen atoms with acetaldehyde. Gas ehromato- 
graphie analysis of the products eonfirmed Avery and 
Cvetanovié’s results; no acetic acid was detected. All 
the results support Cvetanovié's contention that reaction 
(1) is the only significant reaction of oxygen atoms with 
acetaldehyde at room temperature. 

On this reaction scheme the limiting quantum yield of 
nitrogen dioxide consumed in the photolysis of nitrogen 
dioxide in presence of acetaldehyde is 7-6, which must 





N 
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1 G 
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Fig. 1. Plotof[éx0,/6,—2]- against (NO)/CH CHO). 
—9—,»NOjJ-3mm; —CO—,p(NO, —8 mm. 
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be one of the highest predicted for a photochemical 
reaction not involving a chain sequence. 
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Habit Changes in Mixed Crystals 
of Phenazine and N-Oxyphenazine 


We recently measured and plotted against composition! 
the refractive indices of à complete mixed crystal series 
of phenazine and N-oxyphenazine, crystallized from 
methyl ethyl ketone. We originally thought that the 
erystals, which were tabular, showed the same habit, 
the best-developed faces being (201), but we have since 
found this to be a mistake. A more careful study of the 
morphology, using X-ray oscillation photographs, has 
shown that the {hol} habit does actually change across the 
series (Fig. 1). Although the relative sizes of the crystal 
faces vary in the series, the tabular appearance is obtained 
at all concentrations, except in a region of poor develop- 
ment. 

Crystals of pure phenazine (0 per cent N-oxyphenazine) 
nearly always have large (100) faces, though occasionally 
some with large (201) faces are found. Crystals containing 
about 28 mole per cent N-oxyphenazine are badly de- 
veloped, and tend to be fibrous. X-ray photographs of 
two of these crystals that were sufficiently well developed 
showed that in one case the largest face was (201), in the 
other it was (001). This may indicate that there is a 
eutectic at or near this composition. 

These results make it clear that the refractive index 
versus composition eurve previously given for measure- 
ments made perpendieular to the b axis, is not a real 
measure of that quantity. Instead, it reflects the change 
in morphology as the composition varies. From the 
large apparent peak at about 8 mole per cent N-oxy- 
phenazine, it is evident that only a small amount of 
N-oxyphenazine is sufficient to bring about a considerable 
change in the habit of the phenazine erystals. In this 
ease, the crystal habit is a function of composition, as 
has been found with some other mixed crystal systems*-*, 
although in the solid-solution series of tetraphenylporphin 
and silver tetraphenylporphin the erystal habit was not 
found to be a function of composition*. 

The measurements made parallel to the b axis do, 
however, refer to genuine refractive index changes, with 





Fig.1. {hol} Habit changes of mixed crystals of phenazine and N-oxyphenazine. Composi- 
a, Oper cent; b, occasionally 
more generally up to about 28 per cent: c, found from about 28 to 100 


tions are given in terms of mole per cent N-oxyphenazine. 
at 0 per cent; 
per cent. 
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respect to the particular erystal direction [010], and show 
a discontinuity between about 8 and 30 mole per cent 
N-oxyphenazine. This lends support to the view that 
there is a eutectic region in this mixed crystal system. 

Some erystals in this region of composition were exam- 
ined microscopically at low temperature (about 80^ K), 
but no apparent onset of inhomogeneity was observed. It 
would be interesting to see whether the change in mor- 
phology across the series is independent of the solvent 
used. 
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Correlation between the Nitrogen 
Impurity Content and the Crystal 
Habit of Synthetic Diamond 


THE presence of nitrogen in diamond has provided an 
explanation for some of the variations which are observed 
in the physical properties of this material, The nitrogen 
impurity can exist either as dispersed substitutional 
donors, in which case electron spin resonance is observed?, 
or as non-paramagnetie aggregates of atoms’. Absorption 
peaks in the infrared can be obtained from nitrogen in 
either form’. Peaks at 1,129 cm~ and 1,345 cm~, coupled 
by a broad saddle which is peaked at 1,290 em-', are 
characteristie of the paramagnetic centres. In contrast, 
aggregates of nitrogen give a single peak at 1,280 em”. 
Dyer et al.* have shown that the two forms of nitrogen can 
be distinguished even if they co-exist in a particular speci- 
men. In most cases, however, the nitrogen exists pre- 
dominantly in one form and the diamond is classified either 
as type la or as type I5. In type la diamond, the aggregates 
of nitrogen are in a majority and in type 15 diamond the 
concentration of dispersed nitrogen is the larger. 

In a recent survey of MBS 35/40 synthetic diamond 
(mean size 480.) (manufactured by the General Electric 
Company) by electron spin resonance, we? found that, 
unlike most stones which exhibited the electron resonance 
associated with dispersed substitutional nitrogen (type 1b), 
a small number of stones gave no detectable resonance. 
Diamonds of this tvpe were invariably almost perfect 
octahedra whereas the usual habit for M BS 35/40 diamond 
is cubo-octahedral. The octahedra have now been exam- 
ined both by electron spin resonance and by infrared 
spectroscopy. 

Of the small number of octahedra which were available, 
only two were sufficiently free from inclusions to be 
investigated. The stones gave no observ- 
able electron resonance signal character- 
istie of dispersed nitrogen, while the 


(col) E infrared peaks associated with either the 
(201) dispersed or aggregated nitrogen were 
(100) scarcely detectable. 

(con Cubo-oetahedral diamonds which had 


previously been examined by electron 
spin resonance and were known to con- 
c tain approximately 10'* nitrogen donors/ 
cm? gave infrared peaks at 1,129 em~! and 
1,345 cm~, the amplitudes of which were 
several times greater than the noise level. 
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For MBS 35/40 diamond at least, there seems to be a 
correlation between the nitrogen impurity content and the 
crystal habit. The correlation suggests that the presence of 
nitrogen probably encourages the growth of cube faces. 
One of us (J. J. C.) thanks Messrs Industrial Distributors 
(1946), Johannesburg, for financial support. 
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Trapping of Free Radicals formed by 
y-Irradiation of Organic Compounds 


Nirroso compounds (I) possess scavenger properties for 
free radicals, and react to form unsymmetric nitroxide 
radicals (IT) stable enough to be detected by electron spin 
resonance (ESR) spectroscopy (refs. 1-3, and unpublished 
work of Forshult, Lagercrantz and Torssell). 


R'NOTRB—R-—N—R 
| a) 
O- 
I II 
We have applied this technique to the trapping of 
short-lived free radicals produced in a variety of reactions 


T 





Fig. 1, ESR spectrum of the nitroxide radicals formed on dissolving a y-irradiated solid 
sample of glycine in a water solution of ¢-nitrosobutane. The secondary triplet splitting 


(0:2: 1) indicates trapping of the radical CH,COO( H). 
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(ref. 3 and unpublished work of Forshult, Lagercrantz 
and Torssell). In these experiments 2-methyl.2-nitroso- 
butanone-3 or t-nitrosobutane was used as the nitroso 
scavenger (I). As well as the main triplet splitting caused 
by the “N nucleus of the nitroxide group, the ESR 
spectra showed secondary splittings which originated 
exclusively from magnetic nuclei of the part of the 
nitroxide radical derived from the radical R. From 
these splittings it was in many cases possible to settle the 
structure of the trapped radicals. 

This report describes the trapping (as nitroxide radicals) 
of the radicals formed by y-irradiation of some organic 
compounds. Numerous studies** have been carried out 
using ESR on the free radicals produced by high-energy 
irradiation of organic substances in the solid state. It is 
well known that these radicals disappear immediately on 
dissolution of the irradiated samples, in a series of more 
or less complicated reactions. 

The substances were irradiated at room temperature in 
the polycrystalline state by y-rays from a Co source, and 
were given about 5 Mrad each. The samples were then 
dissolved in an aqueous solution of the nitroso scavenger 
t-nitrosobutane (0-01 M), and the ESR spectra recorded 
at room temperature. For some of the substances, the 
nitroso scavenger was dissolved in 0:25 N NaOH to avoid 
too high an acidity of the resulting reaction mixture, which 
hampered the formation of the nitroxide radicals. 

In this way, y-induced radicals were trapped from 
sodium acetate, glycine, DL-x-alanine, B-alanine, dipotas- 
sium malonate, succinic acid and L-glutamic acid hydro- 
chloride. The coupling constants of the nitroxide radicals 
and the structure of the trapped radicals, as derived from 
the secondary splittings, are collected in Table 1, together 
with the structure of the radicals known to be present in 
solid state samples after y-irradiation at room tempera- 
ture*-*. The spectra obtained with glycine and pt-«- 
alanine are shown in Figs. 1 and 2. No radicals were 
obtained with non-irradiated samples. l 

The results indicate that radicals trapped by the 
nitroxide method have a structure very similar to that of 
the corresponding species present in the y-irradiated solid 
samples. We therefore conclude that apart from a pos- 
sible difference in added protons, the trapped radicals are 
the primary species of the solid samples. Obviously, 

the reaction leading to nitroxide radicals, 
equation (1), competes effectively with 
other reactions in which the radicals take 
part and then disappear on dissolution of 

the crystalline matrix. . 
Of the two radieal species, CH,COOH 
j (or CH,COO-) and H,N*—CH—COO-, 
known to be formed in solid glycine on 
Y-irradiation at room temperature’, only 
the former could be trapped as a nitroxide 
radical. A transient species present im- 
mediately after dissolving the irradiated 
sample of glycine could not be identified. 
No nitroxide radicals have been detected 
so far with y-irradiated samples of 


Table 1, COUPLING CONSTANTS OF NITROXIDE RADICALS AND STRUCTURE OF TRAPPED RADICALS DERIVED FROM SECONDARY &PLITTINGSR 
Nitroxide radical, guo formed upon dissolving the irradiated samples 


Substance Oo 


Radicals present in solid state samples after 


T-irradiated in in an aqueous solution of t-BuNO y-irradiation at room temperature 
solid state as ay ay (according to refs.) 
(gauss) Trapped radical R- 

Na-acetate 161 842 (t) CH,—COO(H) 
Glycine 16-1 842 (t) CH,—COO(H) CH,—COO(H), H,N*—CH—COO- (ref, 5) 
DL-c-Alanine 16.2 5-2 (d) 0-4 (q) CH,—CH—COO(H) CH,—CH-—COO(H) (ref, 6) 
f-Alanine 15-6 5-1 (a) 07(0  (H;N)CH,—CH—COO(H) . 
Dipotassium malonate 15-5 4:36 (d) (COOH)—CH—COO(H) (COOH)—CH—COO(H) (ref. 7) 
Suecinic acid 15-6 1:16 (d) 0-6 (t) (COOH)CH,—CH—COO(H) (COOH)CH,—CH —COO(H) (ref. 8) 
L-Glutamic acid 157 4-37 (d) 0-5 (t) (COOH)CH(H,N)CH,—CH-—COO(H) (COOH)CH(H,N*)CH,—CH--COQ(H) (ref, 9) 


hydrochloride 
d= Doublet, t= triplet, q = cuartet, 


or (COOH)CH,—CH,—CH—COO(H) 
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Fig. 2. ESR spectrum of the nitroxide radicals formed on dissolving a 

y-irradiated solid sample of DL-a-alanine in a water solution of f-nitroso- 

butane. The secondary splitting is a doublet further split into 

a quartet (1 : 3 : 3 : 1) indicating trapping of the radical 
CH;,—CH-—COO(HB). 


cysteine, cystine and methionine, which very probably 
contain radicals with the odd electron localized chiefly 
on the sulphur atom. These findings seem to conform 
with the fact that in our experience the most stable 
nitroxide radicals are those formed by the trapping of 
radicals in which the odd electron is localized on a carbon 
atom, and which have structures such as CH,, R—CH,, 
R,CH and R,C (R=alkyl, aryl or COOH). 

We thank Dr K. Torssell for supplying t-nitrosobutane, 
Professor E. von Sydow for providing y-irradiation 
facilities and Mr G. Gater for helpful assistance. This 
work was in part supported by grants from the Swedish 
Natural Science Research Council and Wilhelm och 
Martina Lundgrens Vetenskapsfond. 
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Photodecomposition of Trimethylsilyl 
Azide in Solid Argon 


WHEN some group IV azide derivatives have been sub- 
jected to photodecomposition in argon matrices at eryo- 
genic temperatures, isocyanides have been produced. In 
the case of methyl azide H,CNNN, hydrogen isocyanide 
HN=C was proved to result from a secondary photolysis 
of methylenimine H,C=NH (ref. 1). From silyl azide, 
H,SiNNN, iminosilicon HNSi has been detected’, but the 
mechanism of formation was uncertain; the vibrational 
absorptions of other products were not then assigned. 
From germyl azide H,GeNNN, HNGe has been tentatively 
identified (unpublished work with S. Cradock). The 
force constants of the heavy-atom valence-stretching 
vibrations of HNSi and HNGe are probably appropriate 
to what might effectively constitute "double bonds" 
rather than to a "triple bond" as in the case of HNC. 
Because n-type bonds of atoms beyond the first row are 
decreasingly stable because of the reduced overlap of the 
p-orbitals of the larger atoms, it is interesting to know the 
results of a situation in which there might be unsaturation 
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either in à chemieal bond between only first row atoms or 
alternatively, in a bond involving a second row atom. 
Such a ease has been discovered following the photolysis 
of trimethylsilyl azide isolated in solid argon at 17^ K. 

Deposition of less than 30 umoles of (H,C),SiNNN in 
argon at matrix ratios of 195 or 2300 during 6 h was 
followed by spectroscopic scanning from 370 to 4,200 cm~ 
using a modified ‘Unicam’ SP100 speetrophotometer?*. 
The temperature of 17^ K was maintained by an Air 
Products Cryotip refrigerator’, model AC-3L-110, by 
pumping on hydrogen gas from the second Joule-Thomson 
expansion nozzle with a mechanical pump (450 1. min). 
After the recording of the vibrational absorption, irradia- 
tion was effected by focusing the emission from an HPK 
125 W (Philips) mereury lamp onto the sample. No 
temperature increase (« 0:2?) was noticed during either 
photolysis or scanning operations. The repeated scanning 
of the irradiated sample indicated the extent of de- 
composition of the (H,C),SiNNN and the formation of 
products. The figures illustrate the spectra recorded 
before and after 1-5 h of photolysis. The bands due to 
hexamethyldisiloxane impurity (~2 per cent of the 
sample before deposition) are unchanged, but bands of 
HNNN are greatly reduced although remaining extremely 
narrow. Bands tentatively assigned (vide infsa) to a 
specified product are labelled A in Fig. 1. 

The complicated overlapped nature of the spectrum 
after photolysis almost precludes complete analysis, even 
if many isotopically substituted trimethylsilyl azides had 
been available to provide further data. A tentative assign- 
ment is therefore now being attempted. It is pre- 
sumed that photolysis leads in the primary process to 
formation of molecular nitrogen which plays no further 
part in the chemical processes. Neither molecular nitrogen 
nor hydrogen could be detected spectrometrically in these 
experiments, but ethane, analogous to hydrogen from the 
secondary photolysis of H,C= NH, could have been and 
was not. The intense absorption at 1,671 em-', the most 
notable spectral feature appearing after photolysis, pro- 
vides a valuable clue to the nature of the products. The 
following bands have similar intensity behaviour relative 
to 1,671 cm- in different experiments, and might be 
assigned to a species (H,C),SiH—N=CH, as follows: 
2.815 and 2,860 cm~ to the methylene valence-stretching 
vibrations, 1,489 and 916 cm~ to CH, deformation and 
wag, 2,087 and 794 cm~ to the SiH stretching and bend- 
ing vibrations, 613 cm- to the Si—N stretching mode, 
and 1,671 em-! to the CN double bond stretehing vibra- 
tion. The latter frequency is most appropriate to a 
double bond of first row atoms. The comparatively small 
frequency and intensity of the 2,087 cm~ feature are 
unusual for a SiH mode, but no overtone nor combination 
can be found to describe this value. The structure appear- 
ing in the 2,150 em-! band after photolysis in Fig. 2 is 
absent before photolysis only because of complete absorp- 
Other characteristic 


in which the opportunity for a “triple bon 
NSi vibration frequency is only 1,198 em-* (ref. 2). The 
proposed N-(dimethylsilyl)methylenimine product might 
therefore be envisaged to result from what would effectively 
be a methyl migration and a hydrogen atom back-migra- 
tion, all presumably oceurring in the interval between 
the absorption by a (H,C),SiINNN molecule of an energetic 
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Fig. 2. 


Same as Fig. 1, but different spectral range. 


photon (wavenumber greater than 40,000 cm- in the 
region of significant electronic absorption of this molecule) 
and the degradation of excess energy to the argon lattice. 
Notwithstanding the speculative nature of the proposed 
assignment of the specified absorptions to (H,C),SiH—N = 
CH,* the conclusion is that these frequencies are not 
appropriate for the species (H,C),Si=NCH;, the most 
simply rearranged isomer of the (H;C),SiN product of 


ovided by Dre P. ee a vapour-phase spectrum of (H,C)8IH -CH=CH,, 
iis Drs P. W. Owen and P. Skell of the Pennsylvania State 
DE 


ney similarities in the 700 to 1,300 cm~ region 
emp ie intense SiH vibration at 2,130 cm~; however, the 
latter might be hidden under the azide band. 
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1,100 


1,700 


Infrared transmittance of (H,C),SINNN and decomposition products in an argon matrix at 17° K., matrix ratio 195, Upper curve, 
before, and lower curve, after 1-5 h of photolysis. Note change of scale at 650 cm- ty. 


; curves have been displaced for clari 


the presumed primary photochemical num Whether 
the 1,671 cm~ band belongs to the C=N vibration of 
either the proposed structure or to a C=C or C — N bond 
of a different structure, the rearrangement necessary to 
accomplish this structure would seem to be more complex. 
Thus the final structure would almost certainly represent 
greater thermodynamic stability than that of (H,C),Si= 
NCH;. The essential difference between the latter struc- 
ture and any other reasonable one is the position of the 
m-bond. These experiments have therefore provided 
some evidence for the comparative weakness of the 
z-bonding effect for atoms beyond the first row. 

A Royal Society grant provided the Cryotip refrigerator; 
experiments were performed in the University of Cam- 
bridge Department of Physical Chemistry. 
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BIOLOGICAL SCIENCES 


Altered Gene Expression during 
Differentiation : Population Changes 
in Hybridizable RNA after Stimulation 
of the Chick Oviduct with Oestrogen 


. 
Tue molecular control mechanisms regulating embryo- 
genesis are not fully defined. The appearance of morpho- 
logical differentiation must reflect prior biochemical 


differentiation and changes in patterns of protein synthe- 
sis. In spite of the well documented evidence that mRNA 
is present before the eggs are fertilized, it seems plausible 
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Fig.1. Speciticity of the competition reaction between various unlabelled 
heterologous nuclear RNAs and labelled oviduct nuclear RNA. Chick 
oviduct DNA (40 ug) was incubated with 80 ug of tritiated oviduct RNA 
for 14 h at 67° C. Increasing amounts of unlabelled RNA from various 
heterologous species (bacteria, human, rat, rabbit) or homologous 
unlabelled oviduct RNA (same stage of development) were added to the 
initial reaction mixture to hybridize competitively to the DNA. The 
total *H-RNA hybridizing to DNA in the absence of unlabelled com- 
petitor equals 100 per cent control hybridization. 


that new mRNA also appears during embryonic differentia- 
tion. Adult tissue-specific proteins may then be synthe- 
sized in response to the appearance of these new chemical 
signals. Using hybridization techniques, the emergence 
of new mRNA species has been reported during amphi- 
bian? and sea urchin? development. 

Recent work in this laboratory has shown the effects 
of diethylstilboestrol (DES) on immature chick oviduct 
nuclear RNA polymerase and the synthesis of oviduct 
tissue-specific protein, such as ovalbumin and lysozyme’. 
We have also studied the effect of DES on morpho- 
logical differentiation in the immature chick oviduct. 
After stimulation with oestrogen, three distinet types 
of epithelial cells differentiate from the primitive cells of 
the mucosa which appear to be homogeneous*. Two of 
these cell types synthesize cell-specific proteins which 
can be measured and used as markers for differentiation*. 
This model system seemed to be particularly suited for 
the study of mRNA. populations during different stages 
of hormone-induced biochemical and cytological differ- 
entiation in higher animals. It is not yet possible to 
isolate and test biological specificity of mRNAs from 
vertebrates in a chemically defined system, and so we 
chose to utilize the techniques of DNA-RNA hybridiza- 
tion to assess indirectly gene expression. mRNA can form 
specific complexes with homologous single stranded DNA 
at a reasonably high ratio of RNA : DNA because of the 
extensive complementary sequences present in the two 
nucleic acids. Although all mRNA should theoretically 
hybridize with its DNA template, all hybridizable 
RNA need not be informational. We have examined 
similarities in nuclear RNA populations from various 
stages of hormone-induced oviduct differentiation by 
measuring the ability of unlabelled RNA from an earlier 
stage to compete in the binding of labelled nuclear RNA 
from differentiated tissue. 

Three day old female Rhode Island Red chicks were 
injected subeutaneously with twenty daily doses of 5 mg 
DES in sesame oil. After twenty days their oviducts 
were removed and ineubated in medium 199 with 
25 pCi/ml. of *H-uridine (specific activity, 20 Ci/mmole) 
and 12 uCi/ml. of *H-adenine (specific activity 8 Ci/mmole) 
for 30 min. The incubations were terminated by freezing. 
All nuclei were isolated as described earlier’. The nuclei 
were suspended in a bentonite buffer (0-01 M sodium 
acetate, 0-01 M EDTA, 0-05 per cent bentonite, pH 5:1) 
and sodium dodecyl sulphate (SDS) was added to 0-1 per 
cent. The mixture was extracted with hot 90 per cent 
phenol for 5 min at 23? C and for 4 min at 75° C. Sodium 
chloride was added to the aqueous residue to a concen- 
tration of 3 per cent and precipitated twice with two 
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volumes of 95 per cent ethanol. The precipitate was 
washed twice with 3 M sodium acetate, once with 95 per 
cent ethanol, digested with DNase, subtilisin and pronase, 
re-extracted with hot phenol, precipitated from 95 per 
cent ethanol and stored in 2x88C (1xS8C-015 M 
NaCl, 0-015 M Na, citrate, pH 7) at —30? C. DNA was 
prepared according to the method of Marmur’ and stored 
in €1x88C. Hybridization was carried out using a 
modification of a liquid-liquid annealing system using 
membrane filter separation techniques*'". All hybrids 
were digested with RNase to improve specificity. 

A relative saturation plateau was obtained in our 
system at a ratio of RNA to DNA of 2:1 to 3:1. All 
competition studies were done at a ratio of RNA to DNA 
of 2 : 1 or less. The specificity of the competition reaction 
in this system 1s demonstrated in Fig. 1. Bacterial cell 
RNA does not compete with chick oviduct RNA for sites 
in chick DNA. Rabbit liver and rat liver nuclear RNA 
appear to share certain sequences with the chick DNA, but 
human lymphocyte RNA competes less well. In each of 
the heterologous species, the nuclear RNA reaches a 
plateau where further competition is not possible. 

Fig. 2 demonstrates the results of a competition experi- 
ment using unlabelled RNA from various stages of differ- 
entiation induced by diethylstilboestrol. The RNA from 
nuclei of immature chick oviduct competes poorly with 
labelled RNA of differentiated oviducts from animals 
treated with DES for 20 days. This suggests that the 
populations of hybridizable RNA from unstimulated and 
DES-stimulated animals differ markedly. These differ- 
ences are qualitative and do not imply that there is a 
quantitative deficiency in oviduct mRNA in the un- 
differentiated oviduct. On the fifth day of treatment 
with DES, morphological specialization of the surface 
epithelium of the immature oviduct has progressed to 
the point of maximum mitotic activity and the development 
of albumin secreting glands, which originate as budlike 
invaginations of the surface epithelium, is definite. A 
more “adult” population of nuclear RNA has developed. 
for competition is now more apparent (Fig. 2). Synthesis 
of ovalbumin begins on about the sixth day and reaches 
a maximum on the fifteenth day of administration of 
DES. This period of biochemical differentiation is accom- 
panied by the further appearance of new species of RNA 
until the twentieth day when DES is given. At this 


point, the competition of homologous unlabelled nuclear 


RNA (20 days of treatment with DES) reaches that which 
would be predicted on theoretical calculations—10 per 
cent hybridization of control at a ratio of unlabelled 
RNA to *H-RNA of 9 (Fig. 2). Similarly, no further 
new histologieal changes are seen with further adminis- 
tration of oestrogen. 
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Fig. 2. Population changes in hybridizable oviduct nuclear RNA at 


various stages of diethylstilboestrol (DES) mediated differentiation. 

'fritiated RNA (70 ug) from oviducts treated with DES for 20 days was 

incubated with increasing amounts of unlabelled RNA from immature 

oviducts, and from oviducts treated for 5 days and 20 days with DES 
in thesame conditions asin Fig. 1. 
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These results show that different regions of the oviduct 
genome are expressed during different stages of differ- 
entiation in a model system undergoing both morpho- 
logical and biochemical specialization in response to 
oestrogens. Because many new proteins must be syn- 
thesized sequentially at each developmental stage, it is 
reasonable that new species of mRNA appear to direct 
these processes. Caution must be exercised in equating 
hybridizable RNA with mRNA, for there is no evidence 
that these same RNA species are subsequently translated. 
This work, however, indicates that specific nuclear tran- 
scriptions are induced during the differentiation of the 
oviduct which is mediated by oestrogen. 
Note added in proof. We have recently learned that 
W. E. Hahn, R. B. Church, A. Gorbman and L. Wilmot 
(personal communication) have administered oestrone to 
the immature chick and induced the appearance of new 
species of oviduct RNA, using similar hybridization- 
competition methods. 
Bert W. O'MALLEY 
WirLiaĪm L. MCGUIRE 
P. A. MIDDLETON 
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National Cancer Institute, 
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Mixed Leucocyte Interaction involving 
Mouse Strains of Strong and Weak 
Allogeneic Specificities 


Tue mixed leucocyte interaction (MLI) occurs in an in 
vitro culture system in which immunological recognition 
between blood lymphocytes from genetically different 
donors can be detected and measured by blastoid trans- 
formation of these cells, increased mitotic rate or increased 
DNA synthesis. The phenomenon is usually considered 
to involve differences in transplantation antigens between 
the reacting cell populations. Although an immunological 
basis for the MLI has been shown with lymphocytes of 
human, ratë- and dog? origin, it would be advan- 
tageous to adapt this test to a model system such as the 
inbred mouse in which the genetic and antigenic basis of 
tissue graft rejection has been carefully investigated 
ind the past 60 years. Such adaptation is reported 
ere. 

Male C57Bl/6, DBA/2 and LAF, (F, hybrid of C579/ 
Ag) mice were used at aee 14-18 weeks. Under ether 
anaesthesia, mice were exsanguinated asepticallv with 
heparin as anticoagulant. In certain experiments, 3 days 
before bleeding, each animal was injected intravenously 
with 0-3 ml. of commercially available pertussis vaccine, 
in order to mobilize lymphoeytes into peripheral blood 
from tissue pools!-15, 

Leucocytes were isolated by the ‘Hypaque’ method. 
Blood was overlayed on a solution of methylcellulose 
containing a commercially available erythrocyte agglutin- 
ating agent, "Hypaque' (sodium diatrizoate, 50 per cent 
sterile solution; Winthrop Laboratories, New York, NY). 
Separation occurred by clumping of the erythrocytes at 
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the interface followed by rapid sedimentation. The 
method was modified from that of Hulliger and Blaz- 
kovee®, who used ‘Isopaque’, a similar substance, at 
present commercially unavailable in the USA. A L5 per 
cent solution of methylcellulose ("Methocel', Dow Chemical 
Company, Midland, Michigan; Grade U.S.P., Type MC 
Premium, Vise. 15 ¢.p.s., Lot No. 071553) in distilled 
water was sterilized by autoclaving, This solution and 
50 per cent ‘Hypaque’ were mixed in a ratio of 16 : 10 to 
produce the separation mixture of specific density 1-080. 
A column, 2-5 em high, of the separation mixture was over- 
layed by a column of blood 2-5 em high and incubated aè 
37° C for 60-90 min. The overlay of leucocyte-rich plasma 
was recovered. The leucocyte yield was found to be 63 per 
cent and the ratio of erythrocytes to leucocytes in the 
plasma was 40. This agrees with the results obtained 
with ‘Isopaque’®, the erythrocyte agglutinating agent used 
by Hulliger and Blazkovec. In addition, by eithe method, 
recovered leucocytes never contact the respec 
throcyte agglutinating agent. Thus ‘Hypaque’ is func- 
tionally identical with ‘Isopaque’ for this purpose. 

Suspensions of mouse mixed leucocytes, 50 per cent 
from strain (1)--50 per cent from strain (2), and control 
suspensions, 100 per cent from strain (1) or 100 per cent 
from strain (2), were cultured at 37° C (2.0 x 10* total 
nucleated cells/4-0 ml. of culture medium) without 
refeeding, in tightly capped upright 12x 75 nun poly- 
styrene tubes. Eagle’s minimum essential (MEM.S) sus- 
pension medium??? was used, augmented with Eagle's 
non-essential amino-acids, 2 mmoles glutamine, 1:0 
mmole sodium pyruvate, 0-1 g penicillin, 0-005 g dihydro- 
streptomycin??, 10 mmole tris (hydroxymethyl) amino- 
methane buffer at pH 7-40/l., and 2-0 per cent unfiltered 
(containing fetuin) sterile foetal bovine serum (‘Rehatuin’, 
Reheis Chemical Company, Chicago) and fresh syngeneic 
mouse plasma as indicated. . 

DNA synthetic activities in cell cultures were determined 
by radiochemical measurement of the uptake of H- 
thymidine. At selected tirnes, cell populations were pulse 
labelled (3 h) with *H-thymidine (4 uCi/4 ml. culture; 
6-7 Ci/mmole) followed by liquid scintillation counting 
of radioactivity incorporated into the acid-insoluble 
DNA cell fraction. After collection in the cold the cells 
were washed (twice in 1 per cent sodium citrate solution, 
twice in 5 per cent trichloroacetic acid and twice in 
methanol, all at 0-2? C). Cell residues were dissolved (2 h 
at 70? C) in 0-25 ml. of NCS solubilizer solution (Nuclear 
Chicago Corporation, Des Plaines, Illinois) to provide a 
clear colourless solution completely miscible in a standard 
toluene-base liquid scintillator solution for radioactivity 
counting by standard techniques. The results reported 
represent the mean values from three or four replicate 
cultures. The standard deviation from the mean of 
replicate cultures did not exceed +10 per cent. 

In preliminary experiments, contrary to expectations, 
no detectable interaction occurred in mixed cell cultures 
between buffy coat peripheral leucocytes derived from 
normal allogeneic (C57B1/6 and DBA/2) mice in experi- 
mental conditions which previously had proved success- 
ful when applied to genetically dissimilar humans (per- 
sonal communication from B. Bain) or dogs*. 

Later experimental evidence revealed the cause of our 
initial failures with mice to be (a) mouse erythrocytes in 
sufficient numbers in our mouse buffy coat leucocyte sus- 
pensions to cause complete suppression of the mixed 
leucocyte reaction, and (b) the inhibiting effect of syn- 
geneic mouse plasma as a culture medium supplement at 
coneentrations of either 13 or 5 per cent. The initial 
difficulty specifically relates to the extremely low erythro-* 
cyte sedimentation rates encountered in mouse blood. By 
the Wintrobe method", we found the erythrocyte sedi- 
mentation rates (ESR) from eight 12-week-old male 
C57Bl/6 mice to average 1:1 mm/24 h (range 1-0-1-5) 
and from eight 12-week-old male DBA/2 mice to average 
1-7 mm/24 h (range 1:0-2-5). 
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Optimal results (Fig. 1) were obtained when leucocytes 
gathered by the ‘Hypaque’ method were cultured in 
medium supplemented with 2 per cent 'Rehatuin' plus 
1-6 per cent mouse plasma. Leucocytes had been mobilized 
into the peripheral blood following earlier intravenous 
injection of the mice with pertussis vaccine. On the fifth 
day the response in the mixed leucocyte cultures (1/2 C+ 
1/2 D) was 15,700 e.p.m., while in the corresponding 
controls (100 per cent C or 100 per cent D) these values 
were 458 and 34 c.p.m., respectively. The response ratio 
(50 per cent C-- 50 per cent D)/(100 per cent C+ 100 per 
cent D)/2 was sixty-four-fold. In the presence of 2-0 per 
cent "Rehatuin', 0-08 per cent fresh mouse plasma medium 
supplement led to complete suppression of the MLI; with 
5 per cent of plasma supplement, response was 8 per cent 
of optimum (Fig. 1). 

The data in Fig. 2 suggest that pertussis vaccine treat- 
ment of blood donor mice in the manner described per se 
does not influence appreciably the MLI between cells 
gathered therefrom. ^ Leucocytes were collected from 
peripheral blood of normal mice which had received no 
previous intravenous treatment with pertussis vaccine. 
The response of such leucocytes in mixed culture was of 
the same order of magnitude as from those derived from 
mice which had received a previous single intravenous 
injection of pertussis vaccine. By the fifth day the response 
in mixed culture was 13,500 c.p.m., compared with the 
controls (for 100 per cent C and 100 per cent D) of 550 
c.p.m. and 155 c.p.m., respectively. The response ratio, 
as defined previously, was thirty-eight-fold. This per- 
tussis vaccine treatment permitted a reduction to one 
quarter of the number of animals previously required in 
its absence for a specific experiment. 

In all of the foregoing experiments, the difference in 
histocompatibility between the C57 Bl/6 and DBA/2 mice 
as measured by the MLI is an expression of this difference 
at the "strong" H.2 locus. The maximum response for 
the MLI between leucocytes from C57B1/6 and LAF, mice 
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Fig. 1. Induction of DNA synthesis in a mixed culture of mouse 


peripheral leucocytes in vitro, Leucocyte cultures from C57 Blj6 and/or 
DBA/2 mice containing 2-0 x 10* nucleated celis/4-0 ml, medium supple- 
~ mented with 1-6 per cent mouse plasma and 2-0 per cent "Rehatuin'. 
From C57Bl/j6 (C) only (QO): from 50 per cent C57Bi/6+ 50 per cent 
. DBA/2 in 50 : 50 mixture (50 per cent C +50 per cent D: and from 
DBAj2 (D) only (A). For all other experimental conditions, see text. 
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Fig. 2. Time course of DNA synthesis in a mixed culture of mouse 

peripheral leucocytes in vitro. Legend and experimental conditions are 

the same as in Fig. 1. except that the leucocytes were obtained from 

peripheral blood of mouse donors which had received no prior pertussis 
vaccine treatment. 


was 4,500 ec.p.m., the lower response being consistent 
with the differences in allogeneic specificities. 

Our further studies with other inbred (parental, F, 
hybrid, tolerant, thymeetomized and immunized) mouse 
strain combinations indicating that the MLI is an in vitro 
immune response will appear elsewhere. 

We thank Mr W. A. O'Neill and Mr Harvey Brock of 
the Winthrop Laboratories for a gift of the "Hypaque' 
used in these studies. This work was supported by funds 
provided by the US Bureau of Medicine and Surgery. 
Department of the Navy. 
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Lymphocyte Cytotoxicity in vitro: 
Activation and Release of a 
Cytotoxic Factor 


WE have reported that cell contact per se is not sufficient 
to explain the rapid and dramatic in vitro destruction of 
target LL cells observed when they are treated with 
immune lymphocytes or non-immune phytohaemaggluti- 
nin (PHA)-stimulated lymphocytes derived from various 
inbred mice!. Instead, cell contact is apparently involved 
in the induetion of additional steps. which result in the 
release of a soluble toxie factor(s). The presence of the 
factor(s) is related to the ability of the aggressor cell to 
promote the destruction of target L cells. Once released, 
the factor has a non-specifie toxie effect when tested on 
mammalian cells of many genotypes". Lymphocyte- 
induced destruction of target cells seems to be related to 
the capacity of the aggressor lymphocyte to undergo 
enlargement and form blast cells. With these observa- 
tions in mind we decided to treat lymphocytes in vitro 
by various techniques known to induce blast cells, and 
to test the eulture medium for the presence of cytotoxic 
material. 

Suspensions of small lymphocytes from the spleen and 
thymus of non-immune C57Bl/6 and S/W mice were 
prepared by suspending the tissues in Eagle's minimal 
essential medium (MEM) plus 10 per cent foetal calf 
serum, cutting it into small pieces and dispersing the cells 
by repeated pipetting. The resulting suspensions were 
placed in individual tubes and centrifuged for 1 min at 
75g. Supernatant fluids were transferred to fresh tubes 
and centrifuged for 1 min at 135g. "The cells remaining 
in the final supernatants were sedimented by centrifuga- 
tion at 400g for 3 min. The final cell pellets were resus- 
pended in MEM. Cell suspensions routinely consisted of 
95-100 per cent small lymphocytes. 95 per cent of which 
were viable. 

Lymphocytes were established in separate tube cultures 
containing 10 x 108 cells in 2-0 ml. of MEM and one of the 
following materials: (1) 30 ug of PHA-P (Difco); (2) 
5-0 ug of poly-L-lysine (K and K Chemicals, California). 
or (3) 0-1 ml. of rabbit anti-mouse serum. This antiserum 
was produced in rabbits by the following method: serum 
was collected from three rabbits, 5 days after the last of 
five weekly injections of A/Jax and C3H mouse tissue, 
pooled and heat-inactivated by treatment at 56° C for 
lh. The serum pool had a haemagglutinin titre of 2*, 
determined by the saline double dilution method 
against mouse red blood cells. Treated and untreated 
control lymphocyte cultures were incubated for 48 h at 
37" C. 

After incubation, cells and cell debris were removed 
from the eultures by centrifugation at 1,000g for 20 min 
and passage through a 0-45u ‘Millipore’ filter or both. The 
cell pellets were examined under the light microscope for 
the presence of enlarged lymphocytes and discarded. 
'The resulting. supernatant fluid was placed on fresh 
individual L cell cultures (250,000 cells/tube) and ineu- 
bated at 37? C. These cultures were removed after 48 h, 
examined microscopically and their capacity to incorpor- 
nte MC-amino-acids into cell protein was measured by 
the following method. Pre-warmed labelling MEM (2 ml.) 
containing 0-30 uCi/ml. of “C protein hydrolysate was 
added to each tube. After 5 min at 37° C the tubes were 
chilled to 0° C in an ice bath, centrifuged at 400g for ! 
min and the MEM was discarded. Cell protein was 
extracted by disrupting the cells in 0-1 M KOH and pre- 
cipitating the protein at 95° C with one and a half volumes 
of 10 per cent trichloroacetic acid. The protein was made 
soluble with alkali, precipitated in TCA. and pelleted by 
centrifugation three times. The final protein precipitates 
were collected on individual ‘Millipore’ filters, air dried, 
plaeed in 10 ml. of toluene seintillation fluid eontaining 
A gof PPO/l. and 50 mg of POPOP/I. and counted for 
10 min in a scintillation counter. 
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Table 1. RELEASE OF CYTOTOXIC FACTOR (LCF) BY “ACTIVATED? LYMPHO- 


CYTES IN THE ABSENCE OF TARGET CELLS 
è 





“pan. af amigo- 
acids incorporated 
into L cell protein 
Phytohaemagglutinin (PHA) J 
Xenogeneie antibody 

PHA 

Xenogeneic antibody 
Poly-L-lysine 


PHA control 7,997 


Cells Activating agent 


"Thy moeytes C57 Blj6 
TBUG 
C57 BUG 
es C57 BUG 
Lymphovytes C57 Bl/6 
L ymphocy tes C57 BUG 
(heat-killed) 






Lymphocytes C57 BUG Non-treated control 7.878 
L cells PHA control 8,159 
L celis Xenogeneic antibody control 7973 


Cell free medium was obtained from 48 h cultures of non-imunune Ig ipho: 
cytes or thymocytes treated with various activating agents and 
placed on fresh L cell tube cultures (250,000 c^ ube), After 48 ho 
pation, the L cells were labelled with 20 mi. o amino-acid hydrolysate 

0-30 uCi/ml., for 5 min, the protein was extracted and the amount of rac iv 
activity was "determined in a Beckman LS-100 liquid scintillation counter as 
described in the text. 





The results obtained with the lymphocytes derived from 
C57 Bl[6 mice are shown in Table 1 and are representative 
of many experiments. PHA and xenogeneic antibody 
evidently induced C57Bl/6 lymphocytes to release a 
substance which is toxic for L cells. This material was not 
present in the medium derived from unstimulated lympho- 
cytes, non-viable lymphocytes treated with PHA or 
lymphocytes treated with poly-L-lysine. The latter has 
been reported to promote in vitro aggressor-target cell 
aggregation but not cell destruction?. fn addition, 
cytotoxic material was not present in the culture medium 
derived from thymocytes or L cells treated with PHA or 
Ab. We have demonstrated that non-immune mouse 
thymocytes are unable to destroy target L cells in the 
presence of PHA or xenogeneic Ab*. Microscopy of 
these tubes revealed that blast cells were only present 
in the cultures the medium of which was toxie for L cells. 
The amount of C-amino-acids incorporated into cell 
protein in this experiment is a direct reflexion of the 
number of viable cells in the cultures}, 

It is well known that enlarged blast cells appear when 
genetically dissimilar non-immune lymphocytes are mixed 
and cultured together in vitro’. This reaction has been 
related to the degree of antigenic disparity between the 
cell donors in studies of both man* and experimental 
animals’. This seemed to be an ideal system to ascertain 
the relationship between the appearance of enlarged blast 
cells and medium cytotoxicity in the presumed absence 
of cell associated antibody and non-specific exogenous 
indueing agents. 

Small lymphocytes were obtained from the spleens of 
non-immune A /Jaz and C57 BI/6 mice as deseribed earlier, 
and established in syngeneic or mixed allogeneie eultures 
at varying cell ratios. Each tube culture contained a total 
of 10 x 105 lymphocytes in 2-0 ml. of MEM. After 48 h of 
incubation at 37? C the cells and cell debris were removed 
from the cultures as previously described. The super- 
natant fluids were then placed on fresh L cell tube eul- 
tures (250,000 cells/tube) and the tubes were incubated at 

° C. After 48 h, each culture was subjected to miero- 
scopic examination and the capacity of the cells to incor- 
porate 4C-amino-acids into cell protein was measured, as 
previously deseribed. Table 2 shows that a toxie sub- 
stance was present in the medium obtained from mixed 
eultures but not in medium obtained from unmixed or 


Table 2. RELEASE OF CYTOTOXIC FACTOR (LCF) BY 
IN MIXED CULTURE 


Ratio C57RU6 to Al Jax 


“ACTIVATED LYMPHOCYTES 


C.p.m. of C-amino-acida incor- 


lymphocytes porated into JL, cell protein 
1:0 $9,477 
3:1 448 * 
1:1 2,601 
1:3 1.0360 
0:1 3,487 





9.038 


0:0 Non-treated con- 
trol medium 


Cell free medium was obtained from 48 h mixed or unmised cultures of 
non-immune C57 Bl/6 and A/ Jac mouse lymphocytes and 2-0 ml. placed on 
fresh L cell tube eultures (250,000 cells/tube). After 48 h of incubation the 
L celis were labelled for 15 min as deseribed in Table 1. 
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syngeneic cultures. Similar results have been obtained 
employing lymphocyte combinations obtained from other 
mouse strains. 

L cells exposed to medium derived from PHA or xeno- 
geneic Ab stimulated lymphocytes or mixed lymphocyte 
cultures exhibit the same histopathological changes. 
The cells develop bipolar, perinuclear vacuoles, round up 
and undergo cytolysis. 

This in vitro study provides two lines of evidence to 
support the hypothesis that "activated" lymphocytes 
release a eytotoxie material(s) and the release is related 
to the appearance of blast cells. 

This work was supported by grants from the US 
National Institutes of Health and the Cancer Research 
Coordinating Committee of the University of California. 
T. W. was supported by a training grant from the US 
National Institutes of Health. 
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Immunogenicity of L 1210 Murine 
Leukaemia Cells after Treatment 
with Neuraminidase 


Tue privileged position of trophoblast and tumour cells 
may depend on a barrier which interferes with antigenic 
expression. As a working hypothesis it was suggested 
that cell surface sialomucins could act as a barrier to 
intimate contact between such privileged cells and 
lymphoid cells. Subsequent studies have indicated that 
histocompatibility antigens on mouse trophoblast can be 
detected after treatment with neuraminidase?. The 
increased immunogenicity of Landschutz ascites tumour 
cells after treatment by the same enzyme has also been 
reported from this laboratory’. This communication 
reports studies with another murine tumour. Z 1210 (v) 
leukaemic cells were passaged every 5 days by 0-05 ml. of 
ascitic fluid in C57Bl/DBA2F, mice. All passage animals 
which were not killed died within 8 days of injection, with 
haemorrhagic ascites and wasting. 

For each experiment, contamination of the ascitic fluid 
by red cells was reduced by exposure to 0-1 N saline for 
10-20 s followed by rapid restoration to isotonicity with 
10 N saline. The cells were then washed four times in 
tissue culture medium 199 (Glaxo). Some of the washed 
cells were incubated in neuraminidase (500 v/ml., 2 x 10° 
cells/ml.) for 30 min at 37? C and pH 5-5 in 0-05 M sodium 
acetate buffer with calcium chloride. The undiluted 
enzyme solution had a quoted strength of 500 v/ml. 
(Behringwerke, bateh No. 966B, source Vibrio cholerae 
eulture; one unit is the equivalent of the number of ug of 
N-acetylneuraminic acid split off from an acid glycopro- 
tein in this buffer in 15 min at 37? C). Control cells were 

esimilarly incubated in the acetate buffer alone and subse- 
quently referred to as untreated cells. After incubation 
the cells were washed three times in 199 solution. Cell 
viability was assessed by exclusion of lissamine green 
and was always better than 90 per cent in the cell suspen- 
sions used; loss of viability was not observed after 
incubation in neuraminidase. 
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Table 1. ENGCELATION OF L 1210 CELLS Into CÓ7BljDBA? MICE 


4 In vitro treatment Treatment of 
Group of L 1210 cells recipient mice 


Inoculation experiments 


Outcome 







1 Acetate buffer Ni 9/9 dead by day 20 
2  Neuraminidase Nil 9/9 alive at day 100 
3 Acetate buffer 800 rads 6/6 dead at day 23 
4 Neuraminidase 600 rads 6/6 dead at day 25 
5 Neuraminidase 300 rads 1 dead at d: 
E MA 2 alive at d 
6  Neuraminidase 150 rads 1 dead at day 21 
g 2 alive at day 60 
Rechallenge experiments 
7 Nil 40,000 neuraminidase treated 
L 1210 celis 30 days pre- 
ut viously 6/6 alive at day 60 
8 Nil Nil 3/3 dead at day 21 


In the inoculation experiments each mouse received 
intraperitoneally 40,000 L 1210 cells in 0-5 ml. of medium 
199. In the rechallenge experiments each mouse received 
untreated L 1210 cells 30 days after primary inoculation. 
Total body irradiation was from a source of cobalt-60 
placed 65 cm from the skin; “build-up” was provided by 
a 'Perspex' sheet 4 mm thick placed immediately above 
the mice, and was completed 2 h before inoculation. 

Results are shown in Table 1. All mice which received 
40,000 untreated tumour cells died within 20 days, but 
mice which received tumour cells which had been*treated 
with neuraminidase have remained in apparent normal 
health for more than 100 days. The viability of the treated 
cells was demonstrated in vivo by their growth in irradiated 
recipients. Such recipients of both treated and untreated 
cells died with haemorrhagic ascites and splenomegaly; 
ascitie fluid removed before death contained large numbers 
of cells with the morphological characteristics of L 1210 
cells and which caused fatal haemorrhagic ascites on 
passage into new recipients. 

The growth of the neuraminidase-treated L 1210 cells 
in irradiated recipients but not in intact recipients strongly 
suggests that an intact immune system is necessary to 
prevent their growth. Evidence that untreated mice 
which had received treated cells were immune was provided 
by their survival after challenge with untreated tumour 
cells. Susceptible mice are known to die after inoculation 
with one L 1210 cell‘ and an estimated dose of 100 cells, 
the smallest used in this laboratory, has always proved 
fatal in the strain of mice used in these experiments. 
Animals which received a challenge dose of 8,000 un- 
treated tumour cells have survived more than 60 days; 
recipients of 40,000, 200,000 and 1,000,000 Z 1210 cells 
died within 30 days. The detection of immunity in these 
mice was therefore dose dependent. Sera from tumour- 
bearing mice did not agglutinate L 1210 cells in slide 
agglutination tests when diluted more than 1/8. Sera 
from two immune mice agglutinated L 1210 cells at a 
maximum dilution of 1/1,024. 

The action of neuraminidase is to liberate sialie (N- 
acetylneuraminic) acid moieties by cleaving their O-glyco- 
side links with underlying amino-sugars*. The develop- 
ment of immunity after exposure to neuraminidase- 
treated tumour cells is therefore consistent with the 
concept that sialie acid groups in the cell periphery can 
mask cell surface antigens from detection by the immune 
system. It remains to be determined whether the masking 
is effected by electrostatic effects, by steric hindrance or 
by some other mechanism. These results are also con- 
sistent with findings reported from this laboratory on 
murine trophoblast and the Landschutz ascites tumour, 
the observations of Lindenmann and Klein® with Ehrlich’s 
ascites tumour cells injected along with neuraminidase 
and those of Sanford’ with neuraminidase-treated TA3 
cells. The masking of antigens may be a significant factor 
in oncogenesis and tumour host interaction. 

This work was supported by the British Empire Cancer 
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Effect of the Removal of Cell Surface 
Sialic Acids on Cell Aggregation in vitro 


(Tug extensive investigations of Gottschalk! and Warren? 
have established that sialic acids (9-carbon sugars) occur 
widely in all orders of the Vertebrata. In many species 
histochemical studies using both the light and the electron 
microscope have shown that these acids constitute part 
of a earbohydrate-rieh substance found at the surfaces 
of both normal? and tumour cells*?, The utilization of 
the specific enzyme WN-acetylneuraminate glycohydro- 
lase!* has enabled investigators to demonstrate by miero- 
chemieal tests that sialic acids occur at the surfaces of 
Ehrlich ascites tumour cells*:?, of red blood cells*:!* and 
of normal and malignant rat liver cells". Studies employ- 
ing cell eleetrophoresis have resulted in the detection of 
sialic acids in many other cell types’, and have demon- 
strated that the increased negative mobilities of some 
transformed cell lines!? and of RPMI No. 41 cells (derived 
from human osteogenic sarcoma) in mitotic peak phase 
are caused by an increased amount of cell surface sialic 
acids. 

In view of the abundant quantitative information, it 
is surprising that the functions of sialic acids at cell 
surfaces are little known. It is realized that sialic acids 
usually form an integral component of the carbohydrate 
prosthetic groups of glycoproteins'!9;!" and of acid 
mucins', and it may well be that the primary function of 
the sialic acid molecule is to confer structural ngidity on 
glycoproteins'*. Weiss!* has shown, however, that removal 
of sialic acid residues from the surfaces of sarcoma 37 
cells increased the overall cellular deformability, and he 
rightly pointed out that deformability was an important 
parameter in cell adhesion. It seems likely that, because 
cell aggregation is a manifestation of cell adhesion, a 
sensitive turbidimetrie technique?! for quantitatively 
estimating the aggregation of dissociated cells would 
clearly demonstrate whether or not cellular adhesiveness 
was altered by the selective removal of sialic acids. 

Embryonic chick muscle cells were chosen as the cell 
system. These cells are not adversely affected by the 
conditions of the turbidimetric system of aggregation 
analysis?. Sialic acids are widely distributed in birds??? 
and are known to occur in the hen®*, Weiss?* has produced 
evidence which indicates that sialic acids are present at 
the cell surfaces of rat fibroblasts, and I have shown the 
existence of N-acetylneuraminic acid in the surface 
structure of chick fibroblasts by a histochemical and 
microchemical study (anpublished results). 

The muscle tissue from chick embryos at the thirty- 
fifth stage of development?* (equivalent to the ninth day 
of ineubation) was dissociated into separate cells using 
O-l.per cent crystalline trypsin (Worthington) according 
to the standardized procedure adopted in this laboratory?*. 
After thorough washing, the cells were resuspended at a 
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concentration of 7-0 109 cells/ml." in Hanks BSS and 
placed in 2 ml. test tubes in the absorptiometers. The 
cells in one test tube were rotated in the presence of 
25 u/ml. of N-acetylneuraminate glycohydrolase (NA Nase) 
which was considered to remove both the sialic acid still 
present at surfaces after trypsin dissociation and those 
regenerated by cells after depletion. Progress in aggrega- 
tion was estimated by taking optical density measure- 
ments?’ at regular intervals during the 4 h of the experi- 
ment. The degree of aggregation is directly proportional 
to the angle of slope of the optieal density curve. Aggrega- 
tion has been recorded as being complete in a control 
preparation in 4-5 h (refs. 21, 27). Lissamine green was 
used to test the viability of the cells before and after 
the experiments. 

It ean be seen from the angle of slope of the two optical 
density curves shown in Fig. 1 that dissociated cells rotated 
in the presence of 25 u/ml. of NANase did not aggregate 
to the same degree as the controls. It can also be observed 
that the enzyme did not completely inhibit aggregation 
until the cells had been rotating for 2 h. It may well 
be that this delayed onset of total inhibition is à measure 
of the time taken by the enzyme to remove all the surface 
sialie acids. 

Examination of the aggregates after the cells had been 
rotated for 4 h eonfirmed that aggregation was inhibited 
by NANase (Fig. 2). The aggregates formed in the 
presence of the enzyme were relatively smaller in size 
than those found in the control preparation and the 
number of separate cells that remained was relatively 
greater. Cellular viability, however, as judged from the 
lack of staining by lissamine green was not impaired 
by the prolonged exposure to NANase. These results 
were quantitatively reproducible. 

A similarly marked inhibition of aggregation by 
NANase, but not by heat-inactivated NANase, has been 
found (my unpublished results) using the gyratory 
shaker?®, While realizing that further studies must be 
undertaken to ensure that NANase does not cause any 
side effects which are themselves deleterious to aggrega- 
tion, I feel that these results provide a reliable indication 
that sialic acid residues may have a role in cell adhesion. 

I thank Professor Bryn M. Jones for his advice and 
encouragement, and Miss I. Cunningham for suggesting 
suitable tissue dissociation techniques. I also thank 
Mrs Alise Howse and Mrs Barbara Jones for technical 
assistance and Mr R. Moore for the photomicrography. 
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Fig. 1. The effect of 25 v/ml. of neuraminidase (NA Nase), introduced at 

0 h, on the optical density of a rotated suspension of trypsin-dissociated 

cellsin Hanks BSS at 37? C. Note that after 2 h the optical density curve 
for the treated preparation levelled out, 
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Fig. 2. 


Effect of 25 v/ml. 
embryo-chick fibroblasts rotated in Hanks BSS at 37°C. A, 
sion of single cells at the beginning of the 
aggregates produced after rotation for 4 h in the presence of NANase, 
and C, relatively large aggregates x sells rotated for 4 hin Hanks BSS 
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Integration and Replication of DNA ' 
of M. lysodeikticus in DNA of 
Germinating Barley 


We have shown! that in germinating barley seeds (1 day 
old), sectioned perpendicularly to the axis and placed on 
a drop of bacterial DNA labelled with tritium or carbon- 
14, the foreign macromolecules are absorbed by the 
endosperm and migrate to the root, where they are im- 
mediately taken up into the cell nuclei, apparently with- 
out. noticeable degradation or immediate re-utilization in 
endogenous synthesis. Experiments in CsCl gradients 
have shown that most of the radioactive molecules found 
in the DNA of the root cells, up to 2 h after application 
of the foreign labelled DNA, have the buoyant density 
of this labelled DNA*”. Other experiments have followed 
the fate of these molecules for long times’:*. 

Groups of thirty barley seeds were incubated for 1 h in 
water. peeled with forceps and sterilized with 3-5 per cent 
NaOCl for 30 min’, After being washed several times 
with sterile distilled water, the seeds were grown in water 
for 11 h. Each seed was then partially sectioned’ and 
placed on a glass cover slip in 30 ul. of DNA solution 
(900 ug/ml.) or of a control solution. 

The seeds were incubated for 12 h in the dark at 20° C 
in a humid atmosphere. They were then collected or 
transferred to water for further incubation. The roots 
were dissected, homogenized in an Ultra-Turrax homo- 
genizer, in cold 0-14 M NaCl--0-1 M sodium ethylenedi- 
amine-tetraacetic acid (EDTA) solution, pH 8. Sodium 
dodeeylsulphate (SDS) was added to a final concentration 
of 1 per cent. Pronase (Calbiochem grade B) was added 
to a concentration of 2 mg/ml. and allowed to react at 
37° € for 2 h. 

After precipitation with aleohol (concentration, 66 per 
cent final), the sediment was dissolved in the NaCI-EDTA- 
SDS solution and treated with 50 ug/ml. of RNase for 
l hat 37°C, Pronase was added (2 mg/ml.) and digestion 
was allowed to proceed for 3h at 37^ C. The final alcohol 
precipitation (60 per cent) removed the pronase and the 
digestion products. The DNA was then washed several 
times with alcohol and dissolved in 0-14 M NaCl-0-014 M, 
Na citrate. 

To each | ml. of this solution, 1-25 g of CsCl was added* 
and 3 ml. was centrifuged in a tube of cellulose nitrate in a 
Spinco SW39 rotor. To determine the gradient, a reference 
DNA was added. We usually employed denatured 
(d — 1-742 g/cm?) or native (d — 1-731 g/em?) DNA of M. 
lysodeikticus; the densities of these DNAs have been 


* For alkaline (CsCl gradients, the conditions used were: 1:340 x of CstCTIiml 
* 85 ul. of NaOH N/ml. 
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measured in a Spinco analytical ultracentrifuge by the 
technique of Meselson et al.12. The tubes were removed 
after 63 h at 27,000 r.p.m., in an SW39 rotor. Their bases 
were pierced and their contents were eluted under a con- 
stant. pressure of silicone oil. About 100 fractions of two 
drops each were collected. To every second fraction was 
added 1 ml. of water and the ultraviolet absorption was 
recorded in a Cary spectrophotometer, model 14. The 
radioactivity of the fractions was measured in a suitable 
phosphor*-* after hydrolysis for 20 min with 0-01 M HCI 
at 70° C. 

Bacterial DNA was prepared from M. lysodeikticus 
according to Marmur!', About 12-15 successive deprotein- 
izations (by gentle shaking with chloroform and removal 
of the proteins liberated) are necessary to remove all 
protein contaminants. The DNA obtained has a high 
molecular weight (15S—17S). 

DNA was labelled with phosphorus-32 by growing 
M. lysodeikticus in 5 mCi/ml. of the isotope. The specific 
radioactivity of the DNA obtained was about 50,000 
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c.p.m./ug. In some experiments, *H-thymidine (6 Ci/ 
mmole) was used. The densities of the barley and of the 
labelled preparative DNAs were determined by CsCl 
centrifugation in an ultracentrifuge? (Spinco or Martin 
Christ); densities indicated were + 0-002 gjem?. 

The results presented in Fig. l are taken from an 
extensive study (lasting from 0 to 144 h) of the kineties of 
uptake and retention of the labelled M. /ysodeikticus 
DNA. 

Fig. la shows results obtained with seeds treated with 
*P-DNA for 12 h. Two populations of labelled DNA 
molecules are shown; one contains molecules of density 
about 1-731 g/em?, which is that of the M. /ysodeikticus 
DNA used; the other contains molecules of a density of 
1-712 g/em?*, which is different from that of the barley 
DNA (1-702 g/em?). 

Seventy-two hours after the initial 12 h of incubation, 
the only radioactive molecules found have a buoyant 
density of 1:712+0-002 g/em?, which is intermediate 
between that of the DNAs of barley and M. lysodeikticus. 
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DNA for 12 h, and then with water for 72 h. c, Molecules of density 1-712 g/cm? found in 


a, ultrasonicated. 


d, Same DNA as in b but ultrasonicated 
DNA (density 1:742 g/cm?) was used as a density marker. 
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of barley seedlings. a, Treated with M. lysodeikticus DNA for 12 h, and 

then with *H-thymidine for 3h. 6, Treated with M. lysodeikticus 

DNA for 12 h, then with water for 72 h and finally with *H-thymidine 

for 3h. Denatured M. lysodeikticus DNA has been used as a density 

marker. 6—- 6, Radioactivity; O--©, ultraviolet absorption. Ab- 
scissa, fraction No. 


Similar results were obtained at longer incubation times. 
(Molecules of other "intermediate densities" have also 
been found when using other heteropyenie labelled 
DNAs?*.)) To determine whether these molecules are 
homogenous, they were treated with ultrasounds (MSE 
instrument, 50 kHz, 60 s at optimum frequency) and 
again analysed in a CsCl gradient. Fig. lc and d shows 
that the radioactivity was found at a density (+1731 
g/cm’) similar to that of the labelled DNA used. This 
suggests that the DNA of density 1-712 g/em? results 
from the formation of a complex structure containing the 
foreign macromolecules and, most probably, the un- 
labelled endogenous DNA. The existence of recombinant 
molecules can now be proposed. Such recombinants have 
already been observed and analysed by similar techniques 
in many bacterial systems, for example, with bacterio- 
phage lambda'*-4, and during the recombination events 
which follow conjugation in E. coli. 

The study of such molecules, however, is difficult in this 
case, for it involves the use of large amounts of radioactive 
DNAs. It would be more economical to study the eventual 
replicants of these molecules. In this case the use of non- 
radioactive exogenous DNA and of radioactive thymidine 
would be sufficient to yield radioactive molecules in 
reasonable amounts. 

We have carried out a kinetic study with barley treated 
with M. lysodeikticus DNA for 12 h, then transferred in 
water for different times and finally incubated with 
?H-thymidine for 3 h. Results in Fig. 2 refer to barleys 
incubated with *H-thymidine immediately after incuba- 
tion with DNA, or 72 h afterwards. 

Fig. 2a shows that at the end of the incubation with 
DNA, the barley DNA only appeared to be labelled. 
Fig. 2b shows that 72 h after incubation with DNA the 
barley roots incorporated ?H.-thymidine mostly into 
molecules with a density of 1-712 g/em*. Similar values 
have been obtained in twenty-seven different experiments 
in which different preparations of M. lysodeikticus DNA 
were used (extremes of density: 1-709 g/em?-1-717 g/em?). 
Different reference DNAs were used (native M. lysodeikti- 
cus DNA, E. coli and *P-DNA) to verify the observed 
density. The existence of molecules heavier than the 
barley DNA was also checked in the absence of a density 
marker. 

When denatured or ultrasonicated M. lysodetkticus 
DNA was used instead of high molecular weight, double 
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stranded M. lysodeikticus DNA, only the normal 
endogenous material appeared to be labelled 
(1-702 g/cm?) after 72 h. This was also the case 
when barley seeds were incubated with water 
or with barley DNA*. 

After the fractions corresponding to the ?*H-DNA 
of density 1.712 g/em? had been pooled and dia- 
lysed, they were denatured by heat treatment at 
100° C for 10 min and then cooled rapidly". In a 
CsCl gradient they showed an average buoyant 
density of +1727 gjem? (Fig. 3a) Similar 
results were obtained when the molecules were 
analysed in alkaline CsCl gradients (Fig. 35). When. 
the fractions were ultrasonicated (MSE 50 kHz 
instrument, 60 s at optimum frequency) and then 
placed in a CsCl gradient, two radioactive peaks 
were obtained with densities corresponding to 
those of barley DNA and M. lysodeikticus DNA, 
respectively (Fig. 4a). Fig 4b shows that after 
denaturation, these ultrasonicated molecules now 
show densities corresponding to the single stranded 
barley and M. lysodeikticus DNAs. 

The results presented here summarize a total of 
forty experiments showing a very good reproduci- 
bility. It does not seem likely that these results 
are due to artefacts similar to those already de- 
scribed for CsCl ultracentrifugation"'; indeed, the 
heavy labelled molecules seem to be sensitive to 
DNase and ultrasonication and.can be denatured 
by heat or by alkali. They never appear when denatured 
M. lysodeikticus DNA, water or barley DNAs are used 
for incubation instead of double-stranded high molecular 
weight M. lysodeikticus DNA (Fig. 5). 

The molecules which appeared after the barley seed 
had been treated with M. lysodeikticus **P-DNA or with 
M. lysodeikticus DNA and *H-thymidine have the same 
buoyant densities. When these molecules are ultra- 
sonicated, other molecules appear with the density of 
the M. lysodeikticus DNA used (labelled or not). It 
therefore seems that the tritiated molecules of density 
1-712 g/cm? correspond to replicative forms of the mole- 
cules of density 1-712 g/em?*, observed when foreign DNA 
labelled with phosphorus-32 is used. These molecules 
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Fig. 3. CsCl density gradient centrifugation of DNA isolated from 
roots of barley seedlings incubated with M. lysodeikticus DNA for 12 h, 
with water for 72 h and with *H-thymidine for 3 h. a, Mclecules of 
density 1-712 g/em® (compare Fig. 2b) were denatured by heat (10 min 
100° C, rapid cooling at —30^ C), or (b) by alkali, by using an alkaline 
CsCl gradient. Barley DNA (density 1-702 g/cm*) and M. lysodeikticus 
DNA (density 1-781 g/em?) were used as density markers, In alkaline 
CsCl, these markers were denatured and their corresponding densities 
were 1717 gíeom? and 1-742 g/em*, @—-@, Radioactivity; O— O. 
ultraviolet absorption. Abscissa, fraction No. 
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Fig. 4. CsCl density gradient centrifugation of DNA isolated from roots 
of barley seedlings incubated with M. /ysodeiktieus DNA for 12 h, with 
water for 72 h and with *H-thymidine for 3 h. Molecules of density 1-712 
giem’ (compare Fig. 26) were ultrasonicated and analysed in neutral 
<a) or in alkaline (b) CsCl gradient. Barley DNA and double stranded 
M. lysodeikticus DNA were used as density markers. — €, Radio- 
activity; O— ©, ultraviolet absorption, Abscissa, fraction No. 
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Fig, 5. CaCl density gradient centrifugation of DNA isolated from roots 

of barley seedlings incubated with ultrasonicated (a) or denatured (b) 

M. lysodeikticus DNA for 12 h, with water for 12 h and with *H-thymi- 

dine for 3 b. Denatured M. lysodeikticus DNA was used as a density 

marker, @--@, Radioactivity; | O —C, ultraviolet absorption. 
Abscissa, fraction No. 


presumably result from the binding or integration of the 
foreign macromolecule to (or in) the endogenous one. 
No replication of this type of molecule (labelling with 
tritium at a density of 1-712 g/cm?) can be observed until 
some time after the initial “binding” of the **P-DNA. 
This finding is very surprising. Among other possible 
hypotheses, it is tempting to suggest that the newly 
labelled molecules correspond to the stimulation of pre- 
existing autoduplicating structures (for example, virus, 
PPLO, bacteria and subcellular organites) activated in an 
unknown way by the foreign DNA. The crucial argument 
against this hypothesis lies, however, in the observation 
that, after ultrasonication, two distinct peaks of radio- 
activity are obtained. In the case of an autoduplicating 
particle, only one broad peak, corresponding to the density 
of the intermediary DNA", should be observed. 
Because the genetic approach to this problem is a very 
difficult one, we have to rely for our interpretation on 
biochemical data. We can get no help from pre-existing 
genetic considerations, which was possible in the case of 
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bacteriophage lambda?? 419, On the other hand, the pos- 
sibility of a foreign bacterial DNA attaching to the DNA 
of a higher organism raises many questions which are 
difficult to answer in the light of our present knowledge of 
plant chromosomes, We cannot, for example, suggest any 
precise mechanism for such an attachment. We can 
postulate, however, that such a mechanism should involve 
the pairing of small homologous regions of both DNAs 
(Volkin has recently discussed the biochemical grounds 
of the recombination phenomenon”). 

It should, however, be emphasized that the results of 
the ultrasonication experiments suggest the attachment 
of a large piece of the foreign DNA to the endogenous 
DNA, for it is unlikely that, after ultrasonication, two 
clear-cut DNA species would be obtained if small parts of 
M. lysodeikticus DNA were integrated into the endogenous 
double strands. 

We thank Professors M. Errera, J. Brachet and H. 
Chantrenne for help and advice. This work was supported 
by a Euratom-CEN contract and by grants from the 
Fonds de la Recherche Scientifique Fondamentale Collec- 
tive. 
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Effects of Anti-spleen Serum on Skin 
Allograft Survival and Blood Lymphocyte 
Reactivity in the Chicken 


Ir has long been known'? that immunizing an animal 
with heterologous lymphoid tissue produces a serum 
which has a marked anti-Iymphocytie effect in the species 
donating the lymphoid tissue. The wider significance of 
this finding was realized only recently, after injection of 
such anti-lymphocytic serum (ALS) had been shown to 
prolong greatly the survival of allografts. Although the 
potent immunosuppressive effect of ALS is now well 
established, elucidation of its mode of action is proving 
more difficult*-". 

It seemed that an investigation of the actions of anti- 
ehieken ALS in skin-grafted chicks could be particularly 
useful, for there was an opportunity to alter selectively the 
immunological capacity of the chick recipients by tech. 
niques such as bursectomy*-'?. A further consideration 
was the fact that the immunological reactivity of circu- 
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competence of chiek blood to produce GVH reaction (splenomegaly) in 
chick embryos. Solid columns represent pooled spleen weights from 
embryos injected. with blood from three serum-treated chieks bearing 
healthy skin allografts. Cross-hatched columns represent pooled spleen 
weights from embryos injected with blood from three saline-treated con- 
trols which had rapidly rejected skin allografts. Blood samples were taken 
at 4 weeks old after twenty serum injections; 0-1 ml. was injected into 
13 day old host embryos and spleen weight was determined 6 days later. 


lating cells can be tested directly in the graft versus host 
(GVH) reaction which chicken blood produces in the 
chick embryo!!. 

Anti-chicken ALS was prepared by immunizing pairs 
of Porton coloured rabbits by repeated intraperitoneal 
injection of White Leghorn (WL) hen spleen cells. In 
the first experiment. serum from one pair of rabbits was 
injected shortly after | week old chicks had been grafted” 
with allogeneie WL hen skin removed from the leg. The 
injections were continued daily until graft rejection 
occurred or until the experiment terminated. A daily 
intraperitoneal dose of 0-25 ml. of serum was used so 
that the group of nine chicks could be treated for up to 
3 weeks. The chicks did not appear to suffer any ill- 
effeets with repeated injections. 

After a series of twenty daily injections. all the grafts 
macroscopically appeared healthy. One day after cessation 
of the injections, bood was withdrawn from the wing vein 
of some chicks and injected into chick embryos to see if 
it contained cells competent to produce GVH reaction. 
The three samples of blood from serum-treated chicks 
produced splenomegaly in recipient WL embryos equal 
to or greater than that observed with blood from three 
of the ten controls, which had already rejected their 
allografts (Fig. 1). The degree and pattern of the spleno- 
megaly were essentially similar when blood from the same 
animals was re-tested 6 days after the injections had 
been stopped. 

The first test injection of blood from serum-treated 
chicks produced changes in the recipient spleens similar 
to those observed with blood from control chicks. Macro- 
scopically, the spleen surfaces were irregular and studded 
with many superficial and discrete nodules. Histologically, 
these nodules were large focal patches of reticulum cells 
and such reticulum cell foci have been described!?* as 
being characteristic of the splenomegaly in the GVH 
reaction in the chick embryo. Many of the reticulum cell 
foci had necrotic centres surrounded by giant cells typical 
of the splenic changes in GVH reactions in donor host 
eombinations with differences at the B locus which largely 
controls histoeompatibility in the chicken. Blood taken 
from chicks treated with serum therefore remained 
capable of producing splenomegaly indistinguishable from 
that in the GVH reaction, although there was no visible 
homograft reaction against the skin allograft. 

These results suggest that a population of circulating 
lymphocytes was present after serum treatment, and that 
these lymphocytes, though able to respond to WL anti- 
gens in the chick embryo, did not respond or were unable 
to respond in vive to similar foreign WL antigens in the 
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allograft. This is not in accord with results in mice?-15:18 
where only a few injections of ALS were needed to inhibit 
the GVH activity of lymph node and spleen cells. 

The lack of inhibition of chicken peripheral lympho- 
cytes may well be a consequence of a species difference 
in the cellular mechanisms involved in the GVH reaction. 
A similar difference between monkeys and mice has also 
been deseribed!5. Treatment of monkeys with ALS for 
up to 5 weeks, using doses known to suppress effectively 
skin allograft rejection, failed to modify the acute 
secondary disease in the irradiated recipients of the bone 
marrow from ALS-treated animals. 

It could be concluded therefore that multiple injection 
of ALS in chicks did not result in inactivation or “blind- 
folding" of peripheral lymphocytes by coating of receptor 
sites with xenogeneic antibody**. On the other hand, 
experiments’ with ALS in mice suggest the alternative 
explanation that no inhibition was observed because 
chicken blood was tested too late after injection of ALS 
to detect cells still retaining a coating of antibody. 

In the second experiment, in which twelve chicks were 
bursectomized when 1 day old before allografting and 
treatment with ALS, blood was tested for immunological 
competence after only five injections. Four blood samples 
were tested and there were apparently sufficient reactive 
lymphocytes present to produce a detectable GVH. re- 
action; fourteen out of thirty-five spleens were in the 
20-35 mg weight range while the rest fell within normal 
limits (15-20 mg). Blood samples from the same four 
chieks tested after a further week of ALS injections, and 
again at 7 weeks of age, seemed, however, to be no more 
effective, only six out of twenty-two and thirteen out of 
thirty-five spleens, respectively, weighed 20-35 mg. 

Bursectomized chicks were much less tolerant of 
repeated injections of serum from the second pair of 
immunized rabbits; four out of twelve chicks died after 
receiving nine to eleven injections. Varying degrees of 
graft survival were observed in the bursectomized chicks 
which survived. Two showed no prolongation and two 
slight prolongation (17-18 days). In another two chicks, 
parts of the graft survived for 5 weeks, while in the 
remaining two chieks the whole graft remained healthy 
while injections were continued, as was the case with four 
sham-operated controls with intact bursa. After injec- 
tions had been stopped. gradual shrinkage of the graft 
with apparent replacement by host sear tissue occurred 
over 9 days in both burseetomized and control chicks. 
Bursectomy therefore did not influence to any extent 
the pattern of graft survival during ALS treatment nor 
graft deterioration subsequently. 

These few results do not suggest that antibody produe- 
tion by the host against ALS, or processes such as sterile 
activation play important parts in the mechanism of 
ALS action in the chicken. 

In conclusion, the observation that immunologically 
active cells persist in the peripheral circulation during 
ALS treatment and that such cells are also detectable 
after bursectomy suggest that ALS might prevent allo- 
graft rejection by effects on the graft". If, however, 
there are two or more populations of lymphocytes in the 
fowl! then ALS could have conceivably inactivated a 
population of cells responsible for allograft rejection, but 
left intact a sub-population concerned with the GVH 
reaction. 

I thank Dr J. J. T. Owen for a useful discussion and 
assistance in interpreting the histological findings. 
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Effect of Serum from Tolerant Mice 
on Immunity and Tolerance to a 
Bactetial Antigen 


THE mechanism of immunological tolerance is still poorly 
understood. Numerous model systems have been used in 
attempts to resolve some of the important questions con- 
cerning the fundamental role of both antigen and antibody 
in the establishment and maintenance of immunological 
tolerance to various antigens, in a variety of conditions 
in mammalian or avian species!-?, It has been observed 
recently that establishment of immunological tolerance to 
certain antigens, such as serum proteins, foreign erythro- 
cytes or bacterial extracts, can be prevented by specific 
antiserum?-*. The suppressive effect of antibody on the 
induetion of tolerance seems to be similar in many respects 
to the effect of specific antiserum on antibody formation. 

À number of investigators have found that serum 
antibody is important in the regulation of antibody at 
the cellular as well as the humoral level!?-??, A relation- 
ship between serum antibody and induction, maintenance 
or termination of immunological tolerance is not yet 
clear. 

Previous studies in our laboratory have shown that 
passive administration of antiserum to Shigella antigens 
suppresses induction of specific tolerance in newborn 
mice*, The time of serum inoculation in relation to 
antigen injection was important because tolerance could 
be blocked only when antibody was administered simul- 
taneously or within 2 days after antigen had been given. 
Further studies indieated that injection of antiserum 
later in life, when tolerance was already established, 
had little or no demonstrable effect on maintenance of 
unresponsiveness. Several other investigators have 
observed that tolerance to protein antigens can be blocked 
either in neonatal or adult mice by simultaneous adminis- 
tration of antiserum to the specific antigen. Passive 
transfer of hyperimmune homologous or heterologous 
serum following establishment of tolerance has usually 
had little effect on unresponsiveness! 5:15, 

The biological effect of de novo antibody synthesis in 
animals “escaping” from tolerance, especially as related 
to maintenance of tolerance after additional injections of 
antigen, is not known. The relation of antibody activity 
in partially tolerant animals, as well as in immune animals, 
to establishment or maintenance of tolerance is also not 
clear. The experiments described here are concerned 
with effects of serum antibody obtained from mice 
“escaping” from immunological tolerance to Shigella 
antigen on induction of either immunity or tolerance in 
other recipient animals. The results obtained suggest 
that, despite similar titres, there may be both quantita- 
tive and qualitative differences in antibody activity to 
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Shigella antigen in sera of mice recovering from tolerance, 
as compared with antibody in sera of actively immunized 
animals. 

For these experiments newborn NIH albino A mice 
were inoculated with 20 ug of Shigella soluble antigen 
(SSA), as deseribed previously, to induce specific immuno- 
logical tolerance*®, Such mice were unresponsive to 
challenge immunization with a concentration of Shigella 
antigen capable of inducing relatively high agglutinin 
titres in control mice. As Table 1 shows, mice injected 
with SSA as neonates rarely had titres greater than 





Table 1. EFFECT OF SERA FROM TOLERANT, IMMUNE OR NORMAL MICE ON 
ESTABLISHMENT OF TOLERANCE OR INDUCTION OF AGGLUTININ FORMATION 
IN EITHER NEONATAL OR ADULT MICE 


Peak agglutinin titres after challenge immunization* 
Tolerant mice (age in weeks) * Normal adult 





Mouse serum 








injected 3 5 8 10 mice? 
None (saline) 1:25 1:29 i 1:43 ie 
Normal 1:18 1:32 1 1:48 i 
Early tolerant$ 1:30 1:33 l: 1:40 1 
Late tolerantil 1:14 1 i 1 Lot 
Early immune{ 1:138 1 1:302 1:318 t: 
Hyperimmune** 1:248 1 1:33 1:410 i 





* Mean titres of five or more mice per group per day were tested. 

...1 Mice injected at birth with SSA and serum indicated; challenged with 
SSA at age indicated and serum titres determined 7-15 days later, 

i Groups of 7-10 week old untreated adult mice injeeted with serum 
indicated, followed by challenge immunization with SSA; serum titres 
determined 7-15 days later. 

§ Sera obtained 5—7 days after challenge immunization of 2 
"early" tolerant mice; agglutinin titre —1 : 32. 

i Sera obtained 5-7 days after challenge immunization of 5-8 month old 
"late" tolerant mice; agglutinin titre = 1 : 256. 

f| Sera obtained 1 week after primary injection of 5-7 week old mice with 
20 ug of SSA; agglutinin titre -: 1 : 384. 

** Sera obtained 5-7 days after last of four monthly injections of mice 
with 20 ug of SSA; agglutinin titre = 1 : 5,120. 





3 month old 





1:40 when subsequently challenged with the same 
antigen. Control, non-tolerant animals responded with 
much higher agglutinin titres when challenged with 
Shigella antigen. Both groups of animals formed relatively 
similar amounts of cireulating antibody to unrelated 
antigens such as sheep erythrocytes or bovine serum 
albumin (Table 2). 


Table 2. ANTIBODY TITRES OF TOLERANT AND CONTROL MICE TREATED WITH 
SERA FROM TOLERANT OR IMMUNE MICE AND INJECTED WITH EITHER SHIGELLA 
DR CONTROL ANTIGENS 


Antibody titres after immunization 








Mouse group Serum with:& 
injeeted SRA S-RBC 
Tolerant* None 1:31 1:712 
Late tolerant t 1:23 Ae: 
Hyperimmune f 1:480 1; 
Normal control None 1:415 dee 
Late tolerant t 1:392 1: 
Hyperimmune 1 1:12 1:8 





* Mice injected at birth with SSA; treated when 4-6 weeks old, 

t Sera obtained 5-7 days after challenge immunization of 5-A month old 
tolerant mice; agglutinin titre-- 1 : 256. 

1 Sera obtained 5-7 days after fourth monthly injection of normal adult 
mice with 20 ug of SSA; agglutinin titre = 1 : 10,240. 

§ Groups of five to eight mice each immunized with either 20 pg of SBA, 
2 x 10* sheep erythrocytes, or 5 mg of bovine serum albumin (BSA}in complete 
Freund's adjuvant; antibody titres determined 8-15 days later. 





: after neo- 
transfer into 
than 3 months 


Sera were pooled from mice of various ag 
natal establishment of tolerance for passive 
other mice. Sera from tolerant mice less 
old rarely had significant agglutinin titres. Also, there 
was no detectable Shigella antigen in these sera, as shown 
by several serological inhibition procedures. Serum 
specimens were also obtained from older mice, usually 
5 to 8 months old, emerging spontaneously from the 
tolerant state. Such mice often had specifie agglutinins 
to Shigella, usually with titres of 1: 100-1 : 200 or more, 
within 1-2 weeks after challenge immunization with SSA, 
Control negative sera were prepared from normal, non- 
injeeted mice, while control positive sera were obtained 
from mice which had received three or more monthly 
injections of SSA. Such sera usually had titres of 1 : 5,120 
or more. For some experiments, gamma globulin frac- 
tions derived from these pooled sera were prepared by 
precipitation with 30 per cent ammonium sulphate. 
Results obtained either with the gamma globulin or the 
whole sera were equivalent. 
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Small quantities of these serum preparations were 
injected into recipient mice. either adult or neonates. 
Injection of 0-1 ml. of normal mouse serum into adult 
mice had no effect on their immune response to a simul- 
taneous injection of SSA (Table 1). On the other hand, 
injeetion of the same quantity of hyperimmune anti- 
Shigella mouse serum, with an agglutinin titre of 1 : 5.120, 
markedly suppressed the appearance of expected antibody 
to Shigella (Table 1). A 1:106 and 1: 200 dilution of 
this serum also markedly suppressed immunization to 
SSA. There was no effect on the response of these mice 
to other antigens such as sheep erythroeytes or bovine 
serum albumin. 

Injection of 0-1 ml. of serum pool from young tolerant 
mice had no detectable effect on the appearance of agglu- 
tinins to SSA in normal adult animals (Table 2). Such 
"early" tolerant sera usually had titres about 1: 30 or 
1:40. Injection of 0-1 ml. of undiluted serum from older 
partially tolerant mice into other adult animals, together 
with SSA, also had no effect on the expected agglutinin 
response (Table 1). Such “late” tolerant sera had agglu- 
tinin titres of 1: 256, similar to the antibody content of 
& 1:200 dilution of hyperimmune serum which could 
effectively block induction of agglutinin formation. 

Injection of these sera into neonatal mice receiving a 
tolerance-inducing inoculum of SSA had various effects 
(Tables 1 and 2). Hyperimmune anti-Shigella serum, 
either undiluted or diluted up to 1 : 200, markedly in- 
hibited the establishment of tolerance. A 1:400 or 
greater dilution had no effect. Mice receiving this serum 
at birth, plus SSA, produced relatively normal concen- 
trations of agglutinins when challenged with SSA 3 months 
later. On the other hand, animals injected at birth with 
SSA and either saline or normal serum were tolerant to 
SSA when subjected to challenge immunization (Tables 1 
and 2). Similarly, mice injected at birth with SSA and 
sera from either "early" or “late” tolerant mice were 
unresponsive to challenge immunization when 3 months 
old. In other experiments, neonatal mice injected once 
with SSA at birth and several times during 1 week with 
0-1 ml. of “late” tolerant serum were also unresponsive 
at challenge immunization. All mice, regardless of whether 
injeeted with SSA or antiserum at birth, responded 
similarly to challenge immunization with unrelated anti- 
gens sueh as sheep erythrocytes or bovine serum albumin 
later in life (Table 2). 

These results indicate that antibody to Shigella in sera 
from partially tolerant mice may be markedly different 
from antibody in sera of normal immune animals. It 
seems plausible that the antibody specifieity may be 
directed towards “minor” antigens of Shigella unrelated 
to immunogenesis and tolerogenesis. Also, it is probable 
that the affinity of antibodies in sera of “late” tolerant 
mice is also different from that in sera from hyperimmune 
mice. Antiserum obtained from normal mice shortly 
after a single injection of SSA can readily block establish- 
ment of either tolerance in neonates or immunity in adults, 
despite low titres ranging from 1: 200 to 1: 400. "Thus 
differences in the biological effects of sera with low titres 
from tolerant and from immune mice do not seem to be & 
consequence merely of different agglutinin titres or even 
of possible differences in molecular form. 

These observations also suggest that specific antibody 
in sera of mice "escaping" from tolerance may have little 
or no effect on continuation or maintenance of tolerance 
in the donors. Such antibody has little or no effect on 
induction of antibody-formation or immunological toler- 
ance in other animals, either adults or neonates, injected 
with SSA. It seems probable that mice escaping from 
tolerance may respond to minor antigens in the obviously 
complex Shigella extracts, which contain several somatic 
lipopolysaecharide antigens. The mice are probably still 
unresponsive to major antigens of SSA, while they form 
small amounts of agglutinins to minor antigens. Such 
findings may be directly related to the phenomenon of 
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"split tolerance" and to immunological tolerance to 
strongly immunogenie antigens associated with allografts”. 
Although in many cases it may seem that tolerance is 
abrogated to a tissue graft, as detected by a variety of 
immunological and serological parameters, it is possible 
that an individual may respond immunologically to 

“minor” antigenic determinants without loss of tolerance 

to major transplantation antigens. 

This work was supported in part by grants from the 
US National Science Foundation and the American 
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Mechanism of Exchange of Inorganic 
Phosphate with Bone Mineral and 
its relation to the Mechanism 

of Calcification 


Inorcanic phosphate exchange with bone mineral and 
with synthetie hydroxyapatites has been studied by the 
same methods as calcium exchange'?. The two types of 
exchange differ, however. At a pH of about 7-4, the inor- 
ganic phosphate solutions contain HPO,” as the pre- 
dominant ion, the concentration of PO,'- being less than 
l per cent of the total phosphate?*, while the caleium 
solutions contain almost all the calcium as Ca*+. Inereas- 
ing the relative concentration of PO;?- by increasing the 
pH might be expeeted to inerease the rate of phosphate 
exchange. Experiments on the uptake of “P-labelled 
inorganie phosphate by defatted bone powder and 
anorganie bone were carried out as described for caleium 
and other elementst. The results are shown in Table 1. 

Uptake did not inerease at the higher pH. In the 
absence of added carrier, the results differed little at 
the two pHs. In the presence of phosphate carrier, the 
amount of exchange was greater at pH 7-45 than at pH 
11-0. 


Table 1. THE UPTAKE OF ?pP BY BONE POWDER AND ANORGANIC BONE AT 
DIFFERENT pHs 
pH 7:45 PH 11-0 
Percentage uptake in 2h Bone Anorganic Bone Anorganic 
Added carrier powder bone powder bone 
None 37.2 758 39-7 66:5 
2-5 mmole/l. of phosphate 10-1 20-8 52 11:0 
Percentage uptake in 24 h 
Added carrier i 
None 38-9 724 58:6 79.2 
2-5 mmole/l. of phosphate 21-1 24-8 14-0 17-7 


All experiments in triplicate, except for loss of 1 vialat pH 11. Standard 
deviation estimated (by grouping these and other experiments) to be 1-08. 
Standard error of groups of 3, 0-62. 
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From formulae of Levinskas, given by Neuman and 
Neuman’, the relative amounts of singly, doubly and 
triply charged phosphate ions were calculated to be 
16-9 per cent. 83-1 per eent and 0-0086 per cent, respec- 
tively, at pH 7-45, and 0-033 per cent, 72-5 per cent and 
27-5 per cent, respectively, at pH 11-0. Neither the 
decrease in H,PO,- from 16-9 per cent to 0-033 per cent 
nor the rise in PO,?- from 0-0086 per cent to 27-5 per cent 
appears to be responsible for the nature of the results in 
Table 1. At either pH, the exchange of **P appears to 
take place as H?*?PO,?-. 

Franeis* has given chemical evidence to show that 
when bone and enamel are treated with acids from pH 
3-5 to 6, up to 1 or 2 per cent of the surface is transformed 
into HPO,?*—. The HPO,?- pattern on the mineral surface 
probably lacks the perfection of a crystal, corresponding 
to irregular patches of surface in which some Ca?+ has 
been replaced by H*. Whatever their exaet size and 
shape, these areas must be virtually eliminated at pH 
11-0. We postulate that HPO,- becomes part of the 
mechanism of phosphate exchange by: (1) the addition 
of H**PO,*- to the mineral surface; (2) the transfer of a 
proton to the PO,- ion: HPO,- + PO,—— **PO,?- 4- 
HPO,; (3) the expulsion of the newly formed HPO,- 
from tlfe crystal surface, and (4) the stabilization of the 
*PO4?- at a lower energy level. 

The addition of one organic ion, radical or molecule 
to another is a commonplace mechanism in organic 
chemistry, and so is the shift of a proton from one molecule 
to another or from one region of a complex to another. 
For many acids and bases, association reactions with 
protons and hydroxyl ions occur every time the two 
reaction partners collide’. 

Some of these ideas are applicable to the theory of 
calcification. Calcification has been frequently regarded 
as dependent on a template, the organic matrix furnishing 
a pattern on which a caleium phosphate (usually con- 
sidered to be a more or less modified hydroxyapatite) is 
laid down. This simple picture, however, faces difficulties 
when the details of calcification are considered, and again 
because of the HPO,*- ion. It has been known for more 
than four decades that calcification of rachitic cartilage, 
both in vivo and in vitro, depends on the product Ca x P, 
where each symbol stands for the concentration of the 
element*?, This product corresponds to a solubility 
product of caleium monohydrogen orthophosphate 
(CaHPO,), and not to hydroxyapatite (Cayo(PO,),(OH),). 
Early investigators of calcification considered that CaHPO, 
was laid down first, and then converted into hydroxy- 
apatite*-12, 

But formation of CaHPO! has no need of the hydroxy- 
apatite template. The rapid titration of phosphoric 
acid with a saturated solution of Ca(OH), leads to the direct 
formation of a precipitate of CaHPO, (ref. 13), which, on 
continued addition of Ca(OH),, undergoes a disproportion- 
ation to mono and tricalcium phosphates, the solution 
actually becoming more acid as the basic hydroxide is 
added. This seems to be an example of spinodal decom- 
position, which “involves the spontaneous non-activated 
unmixing of homogeneous multicomponent phases into 
zones of slightly differing composition without well 
defined phase boundaries", Spinodal decomposition can 
be considered an alternative to the more familiar pheno- 
mena of nucleation and growth of a heterogeneous phase}, 
and seems to be involved in the formation of an amorphous 
phase of ealeium phosphate and the transformation of the 
latter into synthetic hydroxyapatite erystals!e-15, 

If the initial precipitate is a result of nucleation. the 
best estimates show that the homogeneous nucleus of ionic 
materials consists of between 10 and 100 ions and the 
heterogeneous nucleus, ten or fewer ions!*. 

One function of a template for hydroxyapatite may be 
to decrease the rumber of nucleating centres which might 
give rise to amorphous products. Urist regards the uptake 
of calcium as the first step, Two of the more cogent 
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reasons are: the inhibition of calcification of rachitie rat 
cartilage produced by various metal ions, and the reversal 
of inhibition produced by shaking with solutions of caleium 
salts!?.21; and the effectiveness of preliminary treatment 
of rachitic rat cartilage with caleium salts in promoting 
mineralization at lower Ca x P products, compared with the 
relative ineffectiveness of treatment with phosphate salts??. 

The mechanism of calcification can be regarded there- 
fore as consisting of the following steps: (1) the addition 
of Ca?* jon to the organie template; (2) addition of the 
HPO,*- ion in close proximity to the Ca?* ion; (3) removal 
of the H+ ion, so that the PO,?- ion may fit into its place 
on the template; (4) addition of another Ca** ion or of an 
OH- ion, ete. Crystal growth ends when the surface is 
poisoned by inhibitors, and/or when an imbalance of 
Ca*+ and HPO,- ions results in the formation of an 
amorphous precipitate. 

The removal of a hydrogen ion is crucial to the process 
of calcification, and may take place in various ways. 
The ion may be added to an amino group whieh protrudes 
from a basie amino-acid of the template; it may be 
neutralized by a hydroxyl group of the solution, if the 
latter, like blood and plasma, is slightly alkaline; or it 
may be included in the amorphous material the formation 
of which accompanies the formation of hydroxyapatite 
crystals. 

Despite the uncertainty in many details, the hypothesis 
that both the formation of bone mineral and the exchange 
of inorganic phosphate in bone mineral with the inorganic 
phosphate of a solution in which the bone is immersed are 
mediated by the addition to the reacting surface of HPO,?-, 
followed by the removal of a proton, explains a number of 
features of each phenomenon, and provides a link between 
them. 
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Distribution of Ethanol between Plasma 
and Erythrocytes in Whole Blood 


THE confirmation by Payne, Hil and Wood? of the 
observation? that the alcohol content of plasma is sub- 
stantially higher than that of the red cells is useful, but 
their figures do not suggest that the phenomenon is of 
much practical importance. 

For example, taking a round figure of 1-5 for plasma/red 
cells alcohol concentration ratio, a simple calculation shows 
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that a fall of haematocrit from 50 to 30 produces an 
increase of blood alcohol, for a given plasma alcohol, of 
only 8 per cent. 

Such a large change of haematocrit would only be 
produced by gross carelessness in taking and handling a 
blood sample, so that in general the effect of the phen- 
omenon on the accuracy of blood analysis is likely to be 
only of the order of 1-2 per cent. 

The effect of in vivo changes of haematocrit is a more 
difficult question. 

On the face of it, it would seem reasonable to correct 
the blood alcohol for anaemia, but although there is a 
slight tendency for the more anaemic subjects to have 
lower plasma/whole blood ratios, the figures of Payne, 
Hill and Wood show that the actual correlation between 
the haematocrit and this ratio is so low (y= 0-3), and the 
correlation between plasma and blood aleohol is already 
so high (y —0-9953), that such a correction is likely to do 
more harm than good. 

The low correlation between haematocrit and plasma/ 
whole blood ratio may partly be accounted for by tech- 
nique, for Payne, Hill and Wood centrifuged at only 
2,000 r.p.m. for 20 min. Chaplin and Mollison?, from 
whom they obtained their trapped plasma correction 
factor, specify 3,000 r.p.m. for 55 min, and mention that 
shorter periods lead to irregular results. It is doubtful, 
however, whether it would be worth repeating their 
observations with a better technique, because the cor- 
relation between the plasma and whole blood alcohols is 
so high that the plasma alcohol can be predicted from the 
blood alcohol, by the use of a constant factor, at least as 
accurately as it can be determined by analysis. 

For this reason, also, there would be no point in making 
the change that the authors suggest from urine/blood and 
breath/blood to urine/plasma and breath/plasma ratios. 
Although this would alter the ratios, it would, according 
to their figures, make no perceptible difference to their vari- 
ability. Apart from this, however, the suggestion of Payne, 
Hill and Wood is open to question on theoretical grounds. 

Although it is true that breath, for example, reflects 
the alcohol tension in the plasma, it also reflects its tension 
in the red cells, and so in the whole blood, because the 
whole system is in equilibrium. The effect of changes in 
haematocrit is to alter the relationship between tension 
and w/v concentration, as usually measured. 

For the reasons given already, this effect is likely to be 
small, but in any case, it is not the only effect. Changes 
in haematocrit, during short periods, may well be accom- 
panied by changes in the composition of the plasma, and 
these will also change the alcohol w/v concentration at a 
given tension. The two effects must certainly contribute 
to the observed variations in the blood/breath ratio*}, 
but it seems unlikely that either can account for more 
than a small fraction of them. 

The really interesting question, however, is whether it 
is appropriate to measure blood alcohol w/v concentration 
at all. Because the object is to determine brain exposure, 
aleohol tension is what should be measured. Although 
this is quite a simple laboratory procedure in vitro’, it is 
even simpler to do it in vivo, by means of breath analysis, 
and the available evidence’ suggests that the results would 
be at least equally precise and reliable. 

I thank Miss Laura Tackett for caleulating the cor- 
relation coefficients. 

B. M. WRIGHT 
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Mill Hill, London. 


Received April 5, 1968. 

! Payne, J. P., Hill, D. W., and Wood, D. G. L., Nature, 217, 963 (1968). 

! Miles, W. R., J. Pharmacol., 20, 265 (1923). 

5 Chaplin, jan., H., and Mollison, P. L., Blood, 7, 1227 (1952). 

* Liljestrand, G., and Linde, P., Skand. Arch. Physiol., 60, 273 (1930). 

? Enticknap, J. B., and Wright. B. M., Alcohol and Trafic Safety, 161 
(Indiana University, Bloomington. Indiana, 1965). 

* Lester, D., Alcohol and Road Traffic. 231 (Brit. Med. Assoc., London,1962). 

7 Wright, B. M., Brit. Med. J., ii. 1430 (1965). 


NATURE, VOL. 218. JUNE 29. 1968 


Localization of !4C-4-Corticosterone 
in the 2 Day Old Rat and a Considera- 
tion of the Mechanism involved in 
Early Handling 


Ir has been known for several years that stimulation in 
infancy has important effects on à variety of behavioural 
and physiological processes in adulthood! ^. The most 
common procedure for stimulating infant animals is a 
technique called “handling”, although other forms of 
stimulation including electrie shock, heat, cold and 
shaking have also been used?. When rats are handled in 
infancy it has been well known that, as adults, they will 
(a) be less emotionally reactive than non-stimulated 
controls, and (b) have an adrenocortical response pattern 
very different from that of controls*-*. 

When they discussed this topic, Levine and Mullins’ 
suggest that handling causes variation in the concen- 
tration of adrenal steroids in the infant animal, and they 
further suggest that this variation in steroids could be 
important in determining the sensitivity of the areas of 
the brain which control adrenal functioning in the adult. 
The concept of hormones affecting the sensitivity of the 
brain is already well known for the sex steroids. For 
example, reproductive cyclicity in the rat—specifically, 
the oestrous eycle—has been shown to be dependent on 
the exposure or lack of exposure of the neonatal rat to 
testosterone; the androgen aets at the level of the hypo- 
thalamus to prevent cyelicity in the adult animal*-!*. 
In view of this finding it is certainly feasible that corti- 
costerone also acts on the hypothalamus and thereby 
influences the ultimate development of an area or areas in 
this strueture responsible for the release of CRF and the 
regulation of the pituitary-adrenal cortical axis. 

This concept requires that three conditions be met: (a) 
corticosterone is secreted by the adrenal gland of the 
neonatal rat in amounts sufficient to induce an effect; 
(b) the handling procedure is sufficient to induce à 
significant adrenocortical response in the neonate, and 
(c) corticosterone acts on the hypothalamus. The first 
condition has been established; it has been shown that 
ACTH and stressors such as histamine, heat and electric 
shock are capable of releasing corticosterone in the rat 
between the first and twenty-first days of lifel!-4. We 
have also recently established the validity of the second 
condition by showing that our standard handling proce- 
dure will cause a significant increase in plasma corti- 
eosterone in the 2 day old rat within 30 min after the 
pups are returned to their home cage’. 

'The third condition has not been proved experimentally 
so far, for certain technical problems exist with regard to 
the treatment of neonatal rats. For example, how can we 
treat these animals without introducing the handling 
stimulus and thus aetivating the endogenous release of 
corticosterone ? Preliminary work is now in progress and 
we hope to be able to perform such an experiment. We 
can also approach this problem by taking an intermediate, 
but necessary, preliminary step: if corticosterone is acting 
on the hypothalamus, then the hormone should localize 
in this area. The purpose of this study was to examine the 
distribution of corticosterone-4-"C in the 2 day old rat 
with respeet to concentration and duration of binding in 
the hypothalamus. 

140.4.Cortieosterone (0-4 uCi) with a specifie activity 
of 55-9 mCi/mM was injected intraperitoneally into 
2 day old rats which were maintained at 37° C for the 
duration of the experiment. Animals were killed at 10, 
30, 60 and 120 min after injection (N — 7 or 8 per group) 
and the tissues to be studied were removed and counted 
using a liquid scintillation system. 

The specifie activities of the tissues studied are pre- 
sented in Table 1. The concentration ig striated muscle 
reached a peak, after 30 min, of 39-35 - 5-45 c.p.m., and 
showed a significant overall decrease with time (F = 5:245, 
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Fig.1. Specific activity of the hypothalamus ( A) and the brain (minus 


the hypothalamus) (O) plotted as a function of time after the intra- 
peritoneal injection of 0-4 uCi of “C-4-corticosterone in the 2 day old rat. 


df=3/25, P«0-01). Liver (F — 17-220), brain (F = 36-202) 
and hypothalamus (F = 22-965) all showed decreases with 
time significant at the 0-001 level. The brain and hypo- 
thalamus both showed the largest values at 10 min (36-05 + 
2-00 and 40-49+ 3-21 c.p.m., respectively) in contrast to 
liver and muscle which had peaks at 30 min. 

Over all four intervals of time the hypothalamus showed 
a greater uptake of radioactivity than the rest of the brain 
(FP =19-15, df=1/25, P<0-001). Both Table 1 and Fig. 1 
show that this difference is quite small after 30 min, 
however. Individual ¢ tests at each of the four periods 
of time showed significant differences at 10 min and 30 
min (P«0-01 in both instances), but after 60 and 120 
min the differences between the brain and hypothalamus 
were not significant. In comparing the amount of cortico- 
sterone in the hypothalamus and the rest of the brain each 
animal served as its own control because both values were 
obtained from each rat. The appropriate error term to 
use in evaluating the difference is therefore the error 
variance within an animal. The standard errors given 
in Table 1 are based on variability between animals and 
are not appropriate for comparing the amount of activity 
in the hypothalamus and the rest of the brain. 

The amount of binding of the “C-4-corticosterone by 
the brain of the 2 day old rat is much less than that 
reported for cortisol in the brain of the adult dog!*. 
Nevertheless the faet that measurable concentrations of 
corticosterone localize in the brain of the rat (and especially 
the hypothalamus) makes possible the concept that 
corticosterone is available to modify or direct the develop- 
ment of certain parts of the hypothalamus. 

It remains to be shown that the radioactivity in the 
brain and hypothalamus is corticosterone. In view 
of the fact that the enzyme necessary for the conversion 
of the 118—OH group to a ketone is greatly reduced in 
the brain of the neonatal rat’? and that corticoids can be 
acetylated by the brain of the neonatal rat but not the 
adult, it seems likely that the radioactivity represents 
an active corticoid. 

It was previously shown that corticosterone is produced 
by the adrenal gland of the neonatal rat!'-!4* and that 


Table 1. MEAN COUNTS/MIN -STANDARD ERROR/MG OF FRESH TISSUE AFTER 
INJECTION OF !^0-4-CORTICOSTERONE 


Tissue 10 min 30 min 60 min 120 min 
Musele 29-0443:48 39°3545-45 3320+325 17-714 3:25 
Liver 283-6+10-6 303-048-7 231.0*17-6 122-89417-4 
Brain* 36-05 2-00 3283+260 20319229 7-22+ 129 
Hypothalamus 40-49-3:21 38-8143-22 2158+384 882+ 248 


Tissues were dissolved at room temperature in 3-0 ml. of a 3 : 1 mixture of 
hydroxide of hyamine 10-X (Packard Instrument Co.), and 30 per cent 

iueous sodium hydgoxide. Dissolved samples were bleached with five drops 
of hydrogen peroxide and acidified with 1-0 ml. of glacial acetic acid. Ten 
ml. of XDO scintillation fluid? was added and samples were counted at 
optimized gain in a Packard Tri-Carb scintillation spectrometer. 

* Other than hypothalamus. 
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handling will cause a significant increase in plasma corti- 
costerone in the 2 day old animal’. These findings that 
corticosterone enters the brain and, in particular, the 
hypothalamus are consistent with the hypothesis that 
the early handling phenomenon may be mediated by 
release of corticosterone which influences the development 
of the hypothalamus. 

This work was supported in part by a grant from the 
National Institute of Child Health and Human Develop- 
ment, US Public Health Service. 
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Acetylcholinesterase Transport in the 
Central and Peripheral Nervous Tissue: 
the Role of Tubules in the Enzyme 
Transport 


THE movement of substances from the nerve cell body to 
the nerve fibre ending was first hypothesized by Seott/. 
Many workers?*-5 have recently investigated the pheno- 
menon using radioactive tracers and have observed that 
the labelled material is incorporated into the cell body 
and transported along the axon. 

In 1959 Fukuda and Koelle* proposed, on the basis of 
histochemical investigations with the optical microscope, 
that cholinesterases are synthesized in the cell body and 
transported to the nerve endings. From electron micro- 
scope histochemistry it is known that some enzymes (for 
example, acetyleholinesterase, AChE; adenosinetriphos- 
phatase, ATPase) appear on the outer surface of the unit 
membrane'-?? (Fig. 1). The question is how do the enzymes 
get from the inside of the cell body to the outside of the 
processes? In an attempt to solve this problem, three 
different kinds of experiments have been done. (1) Ultra- 
structural localization of AChE in the cerebellar cortex 
of the developing cat and in the spinal cord and sciatic 
nerves of adult rats. (2) Sciatic nerves of rats and rabbits 
were ligated and after 24 or 48 h were examined electron- 
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Fig. 1. AChE reaction end-product appears on the outer surface of the axolemma unit membrane and between the axolemma and Schwann 
cell membrane ( x 200,000), This and all other photographs were taken from sections of the sciatic nerve which had been stained for AChE, 





Fig. 2. In the axoplasm there are several filaments and some tubules. Some of the tubules (black arrows) show enzyme activity, while others 
are completely Inactive. Here the axolemma does not have any AChE activity ( x 50,400). 





Fig. 3. The axolemma is inactive but an AChE positive tubule is joined to it (white arrow). In the axoplasm there are some inactive and 
some active vesicles and tubules ( x 46,800), 


Fig. 4. An AChE active vesicle (black arrow) is joined to the axolemma surface (white arrows) where the reaction end-product is present 
( x 48,000). 


Fig. 5. In the axoplasm there are two enzyme active tubules; one is joined to the axolemma (white arrow) and the enzyme is extruded from 
the tubule; the other is in close proximity to the axolemma membrane (black arrow) ( * 72,000), 


Fig. 6. Partly inactive tubule is in communication with the active axolemma membrane (black arrows) ( x 56,000). 
. 
Fig. 7. AChE active tubules and vesicles are accumulated inside the axon, after ligature for 24 h (x 29,440). 


Fig.8. Unmyelinated and myelinated (My) axons in the selatic nerve, Ferritin particles are present in the tubule inside the unmyelinated 
axon (enlargement area, x 84,000) and free in the axoplasm (blaek arrow) ( x 19,260). 
. 
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histochemically for accumulation of AChE proximal and 
distal to the ligature. (3) 25-50 ul. of ferritin solution 
(Koch Ltd) was applied locally to the sciatic nerves of 
rats and rabbits for 10, 60 or 120 min, and the ultra- 
structure of the nerves and the distribution of ferritin 
molecules examined. 

The animals were perfused with 4 per cent formaldehyde 
and 2 per cent glutaraldehyde in 0-1 N sodium cacodylate 
buffer (pH 7-4) containing 10 per cent sucrose. After 
fixation some of the tissues were pretreated at room 
temperature for 30 min in 10 per cent sucrose, containing 
either 10-* M BW 284 C 51 (Burroughs Wellcome) to 
inhibit AChE or 10-* M ethopropazine hydrochloride to 
inhibit pseudocholinesterase. The samples were then 
incubated for 40-60 min at room temperature in a copper- 
lead-thiocholine medium’. After incubation the samples 
were rinsed in 10 per cent sucrose solution and then 
immersed for 5 min in sucrose solution saturated with 
gaseous H,S to convert the end-produets of the reaction 
to the corresponding sulphides. The samples were post- 
fixed and embedded in the usual way. Thin sections 
were then cut with a Huxley ultramicrotome and photo- 
graphed on a Siemens Elmiskop (provided by the Wellcome 
Trust). Some of the sections were counterstained with 
lead-citszate. 

In the Golgi cells of the cerebellar cortex AChE activity 
appeared first (5 days after birth) in the nuclear envelope, 
rough surface endoplasmie reticulum and in the Golgi 
apparatus. Later it appeared in tubules of Golgi cell 
dendrites. The dendrites and axons at this stage possess 
a unit membrane but it lacks AChE activity. Eight days 
after birth the enzyme activity has disappeared from some 
of the tubules in the dendrites and appears in a diffuse 
form in the cytoplasm. At this stage the enzyme activity 
is also on the inner surface of the unit membrane, but by 
2 weeks after birth it is on the outer surface of the unit 
membrane and the reaction end-product also appears 
between the apposing (dendrite and axon) membrane 
surfaces. 

The ventral horn cells of the rat spinal cord showed 
enzyme activity in the endoplasmic reticulum and Golgi 
lamellae. The activity in the sciatic nerves occurred dis- 
continuously on the surface of the axolemma; reaction 
end-product was also deposited between the axolemma 
and Schwann cell membrane. Inside the axon, activity 
was found in tubules (Fig. 2) and vesicles. It is interesting 
that a continuous tubule showed enzyme activity only in 
some places while other areas were completely inactive. 
The discontinuity of enzyme activity on the surface of 
the axolemma, too, is unlikely to be caused by lack of 
penetration of incubation solution, because tubules inside 
the axon exhibit AChE activity. 

In the sciatic nerve three different combinations of 
axolemma-tubule staining were recognized: (1) Fig. 3 
shows an enzyme-active tubule in continuity with the 
enzyme-inactive axolemma; (2) the reaction end-product 
in the tubules or vesicles appears to be continuous with 
that between the axolemma and Schwann cell membrane 
(Figs. 4 and 5); (3) an inactive tubule (Fig. 6) is joined to 
the active axolemma surface. 

When the sciatic nerves were ligatured for 24 or 48 h, 
AChE accumulated in tubules and vesicles on both sides 
of the crush, but the concentration was much higher 
proximally than distally. It must be emphasized that, 
although many mitochondria, tubules and filaments 
accumulate at theso sites, AChE activity appears only in 
some of the tubules (Fig. 7). There is no change in the 
axolemma activity. 

After the injection of ferritin under the perineurium 
the particles appeared in three places: (1) inside the 
pinocytotie vesicles of the Schwann cell of myelinated 
axons; (2) between the Schwann cells and axon mem- 
branes at the,node of Ranvier; (3) inside myelinated 
axons either free or contained in the tubules. In un- 
myelinated axons, particles could be found between the 
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Schwann cell and axolemma membranes and in tubules 
or vesicles inside the axon and some free in the axoplasm 
(Fig. 8). 

These electron microscopical investigations furnish 
further evidence that AChE and possibly other proteins 
are manufactured, at least partly, in the cell body and 
transported to the nerve processes where they are possibly 
functional. In the bi-directional transport!^!*, from the 
cell body to the nerve endings and vice versa, the Golgi- 
system and tubules as well as the soluble axoplasmie 
material may play an important part. The tubule system 
might also be responsible for the rapid movement of 
substances?:!4 in nerve cells, while other substances in- 
corporated into the soluble axoplasm are being transported 
at & slower rate. "These experiments also suggest that 
when the AChE in developing or adult nerves is trans- 
ported through the tubules it is not in a bound form; it 
1s, however, possible that i& becomes structurally fixed on 
the outer surface of the nerve unit membrane. 
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Lipids of the Infective and 
Parasitic Stages of some Nematodes 


WHEN the free-living infective larva of a parasitic nema- 
tode penetrates its host, there is a fundamental change in 
the environment of the larva. There is, for example, a 
rise in the ambient temperature (from room temperature 
to 37° C) and changes in the relative amounts of oxygen 
and carbon dioxide. During infection, changes must there- 
fore take place in the physiology of the infective larvae 
to enable them to survive in the new conditions. These 
changes are of fundamental importance in the study of 
parasite physiology. 

As part of a study of the biochemical and physiological 
changes which take place during infection, the neutral 
lipids of the free-living infective larvae and the parasitic 
adults of two species of nematode Strongyloides ratti and 
Nippostrongylus brasiliensis were investigated. 

The lipids were extracted by the method of Folch et al. 
and the total lipid was determined gravimetrically. The 
lipid extracts were analysed on thin-layer plates (7-5 x 
2-5 em) coated with silica gel. The solvent system for 
neutral lipids was: petroleum ether 90 mil., diethyl ether 
5 ml., ethyl acetate 3 ml, and acetic acid 2 ml. The 
lipids were developed by charring at 200° C after treat- 
ment for 5 min with sulphuryl chloride vapour followed 
by steam. This vapour phase method was found to give 
very even charring. 'The position and optical density of 
the spots were measured with a Joyce Loebl *Chromosean', 

There were no significant differences between the 
percentage of phospholipid in the different stages. There 
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were significant differences, however, in the relative per- 
centage composition of the neutral lipids (Table 1). 

In the infective larvae, free fatty acids were the prin- 
cipal component of the neutral lipid fraction and the 
amounts of triglyceride were relatively small, while in the 
parasitic adult triglycerides formed a much larger per- 
centage of the total neutral lipids. 

The difference in the lipid composition between the 
free-living larvae and the parasitic adult can be related 
to their different modes of life. 

Respiratory studies have shown that the free-living 
infective larvae of N. brasiliensis and S. ratti do not 
metabolize exogenous substrates, and they therefore must 
rely entirely on their endogenous food stores (ref. 2 and 
my unpublished results). These infective larvae con- 
tain negligible amounts of glycogen, but they do have 
large stores of lipid which decrease with age (ref. 3 and 
my unpublished results). Thus if the larval lipids 
are being extensively catabolized this could well be 
associated with high levels of free fatty acids. High levels 
of free fatty acid are found in tissues which are very 
active metabolically such as insect fat bodies and mollusc 
digestive glands (my unpublished results). 


Table 1, LIPID COMPOSITION OF THE FREE-LIVING INFECTIVE LARVAE AND 
PARASITIC ADULTS OF Strongyloides ratti AND Nippostrongylus brasiliensis 
Strongyloides Nippostrongylus 
ratti brasiliensis 
Larvae Adults Larvae Adults 
Total lipid as % of dry weight 25 10 15-20* 11-9ł 
Lipid components as %, of 
total lipid 
Triglycerides 12 32 19:5 55 
Tree fatty acids 67 40 59 20 
Cholesterol 12 3 3 2:2 
Mono and diglycerides «1 «1 <1 «1 
Phospholipids 18 20 16 20 
Each reading is the average of five replicates, mean coefficient of variation 


7 per cent. 
* Data from Wilson’. 
+ Data from Roberts and Fairbairn‘. 


In the adults, on the other hand, lipid catabolism may 
be much less important* and the chief function of lipid 
at this stage may be as a food reserve for the gametes. 

The change from free fatty acids to triglycerides could 
also be related to the change from the free-living to a 
parasitic mode of life. When the larvae become parasitic 
there is a big increase in the ambient temperature. In 
general, it is found that animals which live at higher 
temperatures have lipids with a higher melting point 
than animals which live at lower temperatures*. Thus, 
if the same considerations apply, when the infective larvae 
become parasitic a change must take place in the com- 
position of their lipids. The melting point of the lipids 
could be raised by increasing the degree of satura- 
tion and/or increasing the chain length of the fatty acids. 
Also the lipids synthesized after infeetion are probably 
different in composition from those synthesized before 
infection. The presence in the free-living larvae of 
relatively large amounts of free fatty acids might in some 
way be related to this change, in that free fatty acids 
may be more readily altered when in the free form than 
when esterified as triglycerides. 
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Removal of Plasminogen and Factor 
XIII from Fibrinogen 


ALLINGTON! described a method in which a fibrin gel is 
ultimately formed by dilution of a urea solution of 
fibrin monomer. Some investigators may prefer to have 
the original gel structure formed consequent to the action 
of thrombin on fibrinogen, so it should be noted that a 
simple charcoal adsorption procedure is highly effective 
in the removal of plasminogen from & variety of human 
and animal fibrinogens, including commercially available 
ones?-$, 

Although the matter was not emphasized in previous 
publieations, it is also known that the adsorption removes 
Factor XIII along with the plasminogen. For example, 
clots were made containing 3 mg/ml. human fibrinogen 
(AB Kabi, Grade L), 2 units of thrombin, 5x10 M 
cysteine, and 5 x 10-* M CaCl,. After 1 h, an equal volume 
of 60 per cent urea was added. Clots made with the 
original fibrinogen gave no sign of dissolution in over 
24 h, while those formed from charcoal-adsorbed fibrinogen 
dissolved completely in about 2 h. 

RICHARD E. MAXWELL 
Department of Chemistry, 
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Ann Arbor, Michigan. 
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Single Unit Activity evoked by Thermal 
Stimulation of the Cervical Spinal Cord 
in the Guinea-pig 


ÉvipENCE has been accumulating for the existence 
in warm-blooded animals of temperature sensors in the 
spinal cord'-3, as well as the well known cutaneous 
thermal receptors and the thermosensitive structures in 
the anterior hypothalamus. In the guinea-pig these 
thermosensitive structures seem to be confined to the 
cervical and upper thoracic part of the spinal cord’, 
Heating this restricted area, using radio-frequency, 
results in the complete suppression of shivering induced 
by external cooling. The thermosensitive area receives, 
through a vascular connexion‘, heat generated in the 
brown interscapular adipose tissue. This tissue is found 
in most mammals during the neonatal period and after 
cold adaptation. Shivering is suppressed in these animals 
when they are exposed to a cool environment as long as 
the brown adipose tissue produces heat sufficient to main- 
tain the cervical spinal cord at a constant temperature? 5, 
More recently radio-frequency heating has been carried 
out after partial or total sectioning of the spinal cord 
segment at C, and it was shown that suppression of 
shivering is possible in muscle groups supplied from 
segments above the lesion, as long as a small medio- 
ventral area of white matter is still intact. On the other 
hand, to impede the suppression of shivering in the rostral 
muscle groups only this medio-ventral area needs to be 
destroyed at C,. These results suggest that this medio- 
ventral area of the spinal cord contains afferent fibres 
which serve to connect the spinal thermosensors with 
some intracranial centres. To further elucidate the func- 
tion of these postulated thermal sensors, we have carried 
out electrophysiological studies in young guinea-pigs 
(4-10 weeks old), anaesthetized with ‘Nembutal’ (40 


mg/kg). 
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Activity changes of a unit in the pons evoked by local temperature changes in 


the spinal cord at C, to T,. The artefacts mark onset and end of the heating period. 


The temperature of the lower cervical and upper 
thoracie part of the spinal cord was locally increased by 
radio-frequency current between fine wires inserted into 
the vertebral canal, as described earlier*. The changes in 
temperature were measured in the centre of the heated 
area by a thermocouple. A second one placed beneath the 
skin of the interscapular region showed that there was no 
concomitant heating of the overlying skin. Glass-platinum 
electrodes were used for recording the electrical activity. 
Discharges were recorded extracellularly from a medio- 
ventral area in the pons and on two occasions from the 
medio-ventral area of the spinal cord at segment C,; in 
the latter cases the spinal cord was severed at C;. 

Nine out of about 1,000 spontaneously firing units in 
the pons were found which responded with increasing 
activity after an increase in the temperature of the spinal 
cord (Fig. 1). When the spinal cord was at a temperature 
of 37-5° C these units showed firing rates of 1-7 impulses/s 
which remained constant during an observation period of 
10 to 20 min. With an increase in the temperature of the 
cervical spinal cord the impulse frequency increased with 
an avi increment of seven impulses per °C. The 
two units which were recorded from the spinal cord 
showed the same characteristic as the seven units recorded 
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Fig. 2. Discharge frequency as a function of the local spinal cord tem- 
perature (C,-7,) in nine single ven units Were record m 


from the pons. We did not find any unit with a negative 
temperature coeffieient; that is to say, there was no 
evidence for the existence of structures that were activated 
by cooling. 
According to the histological examination (performed 
by Dr v. d. Zypen) the units recorded from the pons 
were located within a region including the tractus 
spinoreticularis, spinothalamicus and spinotectalis. Be- 
cause efferent pathways are not known in this region, we 
assume that the discharges which we have recorded are 
to be attributed to the activity of the afferent fibres of 
spinal cord neurones which serve as thermal sensors. — 
The temperature-impulse characteristic of our units is 
very similar to that of the hypothalamie temperature 
receptors described by Nakayama et al.’ in the dog and 
eat. The finding that the impulse frequency increases 
with increasing temperature fits very well in the pre- 
liminary concept that we have developed for the control 
of shivering in the guinea-pig*. i : 
We thank Dr v. d. Zypen for carrying out histological 
examinations. This work was supported by the Deutsche 
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In vitro and in vivo Properties of 
Autoantibodies eluted from Kidneys 

of Sheep with Autoimmune 
Glomerulonephritis 

SHEEP injected with heterologous glomerular basement 
membrane (GBM) and Freund’s adjuvant (FA) develop 
progressive glomerulonephritis which is characterized by 
a linear, continuous deposit of immunoglobulin G (IgG) 
and f,c-globulin (C’3) along the GBM!-. We have 
found that IgG eluted from the GBM of nephritic sheep 
consists largely, if not entirely, of antibodies against the 
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GBM. When these antibodies are injected intravenously 
into lambs, they seem to react with lamb GBM, fix com- 
plement (C’3) and induce glomerular injury. 

Antibodies were eluted from the kidneys of eight adult 
sheep with fulminating nephritis induced by injections 
of human GBM and FA every 2 weeks!. GBM, prepared 
as described! from each individual kidney, was washed 
repeatedly with phosphate buffered saline, pH 7-1, then 
agitated for 4 h with 50 ml. of citric acid buffer, pH 3-2 
(approximately 10 ml. of 0-2 M citric acid added to 100 ml. 
of PBS), at room temperature. The eluates were dialysed 
against cold running water for 18 h and lyophilized. The 

wder was made up to a 1 per cent solution in PBS. 
Te was identified in the eluates by immunodiffusion. 
It migrated in the fast y, G region on immunoelectro- 
phoresis. Absorption of eluates with sheep GBM removed 
all evidence of IgG on immunodiffusion, suggesting that 
most, if not all, of the eluted IgG consisted of antibodies 
against sheep GBM. 

The specificity of auto-antibodies in the nephritic 
eluates was determined by indirect immunofluorescence 
methods as described'. The eluted antibodies were found 
to react with Bowman's capsule, GBM and tubular base- 
ment membranes of the kidney and lung basement mem- 
branes of man and sheep. These antibodies are neither 
organ nor species specific. 

Lyophilized eluates from eight nephritic kidneys were 
combined. A sample of powder (315 mg) was dispersed 
in 60 ml. of normal saline. The 60 ml. volume was divided 
into portions of 40 and 20 ml.; the 40 ml. portion was 
added to 40 ml. of saline and centrifuged at 28,000g for 
20 min to remove sediment. One-half of the clear super- 
natant was injected intravenously into lamb No. 60 and 
one-half into lamb No. 70 (Table 1). The remaining 
20 ml. of nephritic eluate in saline was absorbed with 
688 mg (wet weight) of sheep GBM for 3 h at room 
temperature, then at 4^ C for 18 h. After centrifugation, 
the supernatant was absorbed again, as here, with 600 mg 
(wet weight) of sheep GBM. The absorbed eluate was 
centrifuged to remove sediment. The supernatant was 
found to be free of sheep IgG or antibodies against sheep 
GBM and was injected intravenously into lamb No. 71 
(Table 1). 

'The kidneys of eight control sheep were eluted exaetly 
as here, but the lyophilized eluates were made up to a 
2 per cent solution in PBS. No IgG or antibodies against 
sheep GBM were found in any of the control kidney 
eluates. Lyophilized eluates from each control kidney were 
pooled. An aliquot of powder (206 mg) was added to 120 
ml. of normal saline. Sediment was removed by centri- 
fugation. One-half of the clear supernatant was injected 
into lamb No. 67 and one-half into lamb No. 69 (Table 1). 

Healthy 80 day old lambs were used as recipients. 
Renal biopsies were obtained in all lambs 6 days before 
infusion and 4, 24 and 72 h after infusion. Fluorescent- 
conjugated rabbit antisera against sheep IgG or comple- 
ment (C’3) were prepared as described‘, 

Both lambs injected with nephritic eluates developed 
glomerular injury. Lamb No. 60 died from anaesthesia 
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Fig. 1. Kidney of lamb No. 80 obtained at death 4 h after infusion of 

nephritic eluate, The cortex and cut surface were covered with petechiae. 

Blood was present in Bowman's s and the lumen of tubules, The 

glomerular tufts were infiltrated with puni cells, Haema- 
n, 


toxylin and eos x c. 355. 


4 h after infusion of eluate; the kidneys were covered 
with petechiae. Microscopically, about 8 per cent of the 
nephrons had erythrocytes in Bowman's space and/or the 
Iumen of tubules (Fig. 1). Most glomeruli were infiltrated 
with polymorphonuclear cells. By 24 h, the number of 
polymorphonuclear cells in the glomeruli was returning 
to normal (Table 1). By direct immunofluorescence it was 
seen that both lambs injected with nephritie eluates had 
a characteristic, smooth, linear and continuous deposit of 
IgG and C'3 along the GBM. Bowman's capsule or tubular 
basement membranes did not stain (Fig. 2). By contrast, 
the control lambs, injected with eluates from normal 
kidneys, or nephritie eluate absorbed with sheep GBM, 
had no evidence of glomerular injury. Moreover, fluores- 
cent staining for IgG or C'3 along the GBM was not seen 
in any of the five pre-injection biopsies or in any post- 
injection biopsy of the three control lambs. 

These results indicate that auto-antibodies, eluted from 
GBM of nephritie sheep, react in vitro with sheep and 
human GBM and lung. These antibodies are remarkable 
because they are neither species nor organ specific. 
Moreover, they seem to react with lamb GBM in 
vivo, fix C'3 and induce immediate glomerular injury. 


Table 1. CORRELATION OF HISTOLOGICAL CHANGES AND IMMUNO-HISTOCHEMISTRY IN KIDNEYS OF LAMBS INJECTED WITH VARIOUS BLUATES 
Average No, of polymorphonuclear cells/glomerular Localization of IgG and f,0-globulin along the 
No. of Type of cross-section in biopsies* glomerular basement membrane 
lamb eluate Pre-injection Post-injection Pre-injection Post-injeetion 
control h 24h 2 control 4h 24h 72h 
60 Nephritic 0:5 9?6t Dead — 01 +$ Dead — 
70 Nephritic O1 2-8 0.0 03 0 * * * 
71 Absorbed 0-2 0:5 0-5 0-3 01 ot 01 ot 
Nephritic 
67 Normal 0:1 0:2 0.2 0:4 0 0 
69 Normal 0:5 0-7 0:7 0-5 ot 0t 01 ot 


* The average number of polymorphonuclear cells per glomerular cross-section was determined by counting the polymorphonuclear cells in fifty glomeruli 


on à 3j s?ction stained with haematoxylin and eosin, 


t The kidneys of lomb No. 60 were covered with petechiae. About 8 per cent of nephrons had blood in Bowman's space and/or tubules, 


tA “vascular root pattern”, a faint but characteristic, granular fluorescent staining in the hilar area of the glomeruli of most untreated lambs, This 
pattern becomes more prominent with age. No linear fluorescence along the GBM was seen in any control biopsy. 


§ The pattern of the exp»rim^ntally induced d^posts of IgG and C’3 is linear, continuous and smooth along the GBM, The “vascular root pattern" 


could still be identifled after injection of nephritic eluates. 
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Fig. 2. 

biopsy 24 h 

fluorescent-conjugated rabbit anti-sheep IgG along the GBM. 

pattern seems diagnostic for auto-antibody reacting with antigenic 

determinants in the GBM (excluding nephrotoxic serum nephritis). 
The pattern of staining for complement (€'3) is similar, x €30. 


^rvostat section of kidney from lamb No, 70, obtained at 
after infusion ef nephritic eluate and stained with 


This 





One lamb had transient, exudative glomerular changes 
similar to those reported in lambs infused with serum 
globulins from nephritie sheep?. In addition, the second 
lamb had focal haemorrhagie glomerular lesions similar 
to those we have induced in adult sheep recipients by 
cross-circulation or infusion of plasma from nephritic 
donor sheep?*. 
This characteristic pattern of staining for IgG along 
the GBM was described in actively and passively immun- 
ized sheep*:*, rabbits® and rats’. This pattern was inter- 
preted to signify deposition of auto-antibodies which 
react with the GBM?*.?. The present studies show that 
the eluted IgG consists largely, if not entirely, of antibodies 
which can form a linear, continuous deposit along the 
GBM in vitro and presumably in vivo. 
A recent study shows that antibodies against GBM are 
present in certain human nephritides*. This finding sup- 
ports our contention that this experimental model may 
be very useful for studying and understanding the patho- 
genesis of specific human renal diseases'+*.’, 
We thank Dr R. W. Wissler for assistance. This work 
was supported by a grant from the US Public Health 
Service. 
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Non-coordinate Synthesis of 
Division-related mRNA 


AMINO-ACIDS are thought to control the rate of RNA 
synthesis in bafteria!. In a series of preliminary experi- 
ments we showed that amino-acids strongly influence the 
rate of uptake of labelled RNA precursors in synchronized 
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Tetrahymena, a eukaryotic ciliated protozoan?, It was 
especially interesting to examine the nature of the RNA 
synthesized in these conditions for two reasons (a) 
synchronized Tetrahymena can divide without net RNA 
synthesis* and (5) there is considerable evidence suggesting 
that template RNA must be synthesized between the end 
of the synchronizing treatment and the first synchronous 
division’. Because evidence been accumulating 
from both bacterial and mammalian cell systems to in 
dicate that neither isotope uptake‘ nor hybridization* tech 
niques can accurately measure the rate of mRNA synthe- 
sis, other means of assaying its rate of synthesis in various 
circumstances would be useful. The precision of timing of 
synchronous division in Tetrahymena’ therefore appeared 
to offer a unique assay for mRNA synthesis. Our results 
suggest that the complete absence of amino-acids in the 
media does not significantly affect the rate 
related mRNA synthesis in T'etrahymena. 

Tetrahymena pyriformis GL was grown and synchron 
ized in a media consisting of 1 per cent proteose-peptone 
(Difco), and 0-1 per cent sodium acetate, dibasic potassium 
phosphate and yeast extract (Difco). During the last 
cold period all cells were collected gently by centrifugation, 
washed three times in room temperature 0-45 per cent 
sodium chloride and finally re-suspended in a minimal 
salt solution (MSS) consisting of 5 x 10 M neutral sodium 
phosphate buffer containing 0-275 per cent NaCl, 0-0025 
per cent MgSO, (ref. 7) and supplemented with guanosine, 
cytidine and adenosine (25 mg/l.). These base concentra- 
tions are sufficient to support net cell growth in these 
forms over several generations. Dye dilution studies 
showed the original media to be reduced to less than 1 
per cent its original value. The synchronizing heat 
treatment was then completed, representing an additional 
45 min of starvation. Immediately after the end of the 
heat treatment (EHT) labelled uridine was added as indi 
cated in the figures and the culture was divided in two 
Half was diluted with an equal volume of base-supple- 
mented minimal salt solution as before, while the other 
half was similarly diluted with base-supplemented MSS 
containing sufficient casamino-acids (Difco) to yield a 
final concentration of 0-5 per cent (CAS). The kinetics 
of isotope uptake were then determined in each half 
using the direct filter paper disk procedure*. After 60 
min of labelling RNA was isolated* and its sedimentation 
properties were determined using a 5-20 per cent linear 
sucrose gradient. The gradients were collected using an 
‘Isco’ density gradient analyser. Samples (500 ul.) were 
precipitated on ‘Millipore’ filters and counted as described 
earlier’. To examine the effect of starvation on the dura- 
tion of the recovery period preceding synchronous division, 
mass eultures were treated similarly. Beginning at the 
end of heat treatment, samples were removed from each 
culture for cell counting. Quadruplicate counts were made 
using fixed samples (removed at the times indicated in 
Fig. 2) counted in an automatic cell counter with coinci- 
dence levels of less than 1 per cent. 

The stimulation by amino-acids of the uptake of 
exogenous uridine during the 
period is seen in Fig. 1. A definite increase in uptake 
occurs in a manner similar to that reported for bacteria 
The sedimentation properties of the labelled RNA species 
are also compared in Fig. 1. It can be seen that after 60 
min of labelling in CAS the labelled material sediments 
largely as the two principal ribosomal species. On the 
other hand, the label present in the cells ineubated in 
MSS shows a quite different pattern consisting largely of 
high molecular weight species. Its speetrum is polydis 
perse and appears to include small quantities of mature 
ribosomal RNA, plus several rapidly sedimenting species 
which may include ribosomal precursor material" 

The effect of these differences in the growth medium 
on the kinetics of synchronous cell division is seen in 
Fig. 2. Both starved and enriched cultures 
synchronous division with kinetics that ar 
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Fig. 1. Uptake of exogenous *H-uridine and sedimentation of *H- 
uridine-labelled RNA from synchronized Tetrahymena pyriformis. Heat- 
synchronized cells were resuspended in base-supplemented inorganic 
medium and starved for approximately 45 min. At the end of the syn- 
chronizing heat treatment (time zero) *H-uridine was added and the cul- 
ture was divided. Half was diluted with an equal volume of inorganic 
medium (MSS), the other half with an equal volume of MSS supplemented 
with 1-0 per cent casamino-acids (CAS). The kinetics of uptake into 
TCA-insoluble material are shown (inset). Density gradient sedimenta- 
tion (5-20 per cent sucrose) of RNA isolated after 60 min is shown on the 
left for CAS and on the right for MSS. Optical density (OD), (— @—) 
at 260 my shows largely 185 and 285 ribosomal RNA in both cases; the 
isolation procedure used? removed most of the transfer RNA and 
glycogen. Radioactivity (—O—) follows the OD closely for CAS RNA 
but diverges in MSS, which demonstrated several discrete species of 
higher molecular weight, Small amounts of mature rRNA, however, 
have also been formed, ¢.p.m. x 107; OD x 107. 


indistinguishable. These results confirm those previously 
reported by others’. Stimulation of the uptake of RNA 
precursor does not therefore seem to have any effect 
on the timing of cell division; nor have the variations 
found in the types of newly labelled RNA significantly 
influenced this part of the life cycle. 

These results demonstrate that the presence of amino- 
acids in the medium stimulates the accumulation of 
exogenous label in ribosomal RNA in Tetrahymena. They 
are also consistent with the suggestion that the rate of 
synthesis of mRNA is largely independent of this amino- 
acid effect. The evidence that template RNA must be 
synthesized in the period of the cellular life cycle being 
studied here has been reviewed in detail elsewhere?. 
The principal facts suggesting this conclusion include the 
following: (a) all cells can be inhibited from dividing 
by actinomycin D (ref. 10) and by cycloheximide’ in a 
sequence consistent with messenger synthesis and transla- 
tion?; (b) temperature shifts also inhibit cell division 
with kinetics intermediate between actinomycin D and 
cycloheximide?; (e) the same temperature shifts cause 
rapid hydrolysis of mRNA in these cells!? with simul- 
taneous degradation of polysomes (our unpublished data) 
and loss of the capacity for protein synthesis although the 
remaining components of the protein synthesizing system 
are intact^!*; (d) all these effects are seen in cells which 
contain three to four times the stable RNA content 
(RNA and rRNA) found in log cells?. There is no 
evidence that is contrary to these assumptions. In 
addition, it has been shown that different manipulations 
which reduce the accumulation of intact messengers are 
quantitatively additive in inhibiting synchronous cell 
divisionM, One might reasonably expect that stimulation 
of template synthesis, if it did occur by amino-acid 
supplementation, would accelerate synchronous cell 
division. As seen in Fig. 2, this is evidently not the case. 
More importantly, its timing is not delayed, which strongly 
supports the contention that messenger has been syn- 
thesized. 

These results are therefore consistent with the proposal 
that the synthesis of mRNA is largely independent of 
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amino-acid control. Somewhat different conclusions have 
been drawn from experiments performed on bacteria 
using DNA-RNA  hydridization techniques. These 
experiments implied that while mRNA synthesis persists 
at a low level in E. coli starved of amino-acids the relative 
amount synthesized is regulated co-ordinately with stable 
RNA", Conversely, limited synthesis of specific messenger 
has been demonstrated during starvation of E. coli 
using a genetic procedure**, The problems generated by 
the effects of starvation on intracellular nucleotide pools, 
however, cloud the interpretation of these experiments 
on bacterial systems’. Furthermore, if, as seems to be 
the case, ribosomal precursor RNA can be as unstable as 
template RNA”, the site of amino-acid "control" over 
the rate of RNA synthesis may be at the level of precursor 
stabilization rather than actual synthesis. Experiments 
have been performed which indicate that the “relaxed 
particles" which aceumulate in bacterial strains lacking 
amino-acid control of RNA synthesis may have a different 
tertiary structure from mature RNA, This could result 
in a relative stability of such particles. In addition, 
it has been shown that both “streptomycin particles” 
and “chloramphenicol particles" are probably more 
highly hydrogen bonded than normal rRNA!*j*, again 
possibly conferring RNase stability. All three of these 
conditions could therefore lead to the net accumulation of 
RNA during periods of limited protein synthesis and 
consequently to an increased rate of uptake of extra- 
cellular precursor. From our own experiments it seems 
plausible that rRNA precursors are synthesized in starva- 
tion conditions (Fig. 1) but cannot be stabilized and may 
therefore be degraded in a manner similar to template 
RNA. In this respect it is interesting that while the 
absolute amount of label taken up was shown to be 
greater in CAS? the percentage of unstable material 
(after the addition of actinomycin D) was approximately 
equal when MSS and CAS were compared at various times 
during the first 60 min of labelling. Also, it can be seen 
that the rate of uptake of label is approximately equal for 
the first 15 min (Fig. 1), again consistent with the pro- 
posal that the subsequent divergence is a result of the 
accumulation of stable forms rather than any difference 
in absolute rate. We therefore suggest that (a) at least 
some template fractions are independent of amino-acid 
control and are synthesized non-coordinately in compari- 
son with stable RNA, and (b) experiments rigorously 
excluding amino-acid stabilization of otherwise unstable 
rRNA precursors as the mechanism of classical amino- 
acid control of RNA synthesis are needed. 

This work was supported by grants from the US 
National Science Foundation and the US Public Health 
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Fig. 2. Synchronous cell division in starvation conditions (— O—) and 

in growth conditions (— @—). The kinetics of synchronous cell division 

are virtually indistinguishable. Zero time represents the end of the 
synchronizing heat treatment. 
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Separation of Trypanosomes from the 
Blood of Infected Rats and Mice by 
Anion-exchangers 


SEPARATION of the bloodstream forms of trypanosomes 
from the blood of infected animals has so far been dif- 
ficult, especially in the case of Trypanosoma congolense. 
Even the most satisfactory method—defibrination of the 
blood followed by centrifugation on a sucrose gradient!— 
has the disadvantage of usually being applicable only to 
small volumes of blood, because of the high gradient 
volume to blood ratio (at least 6 to 1). 

A new method of separation has been devised which 
depends on the surface charge of many species of trypano- 
somes being less negative than that of the blood cells of 
rats and mice in the pH range 6 to 9. On passing infected 
blood through a column of an anion-exchanger, the blood 
cells and platelets were completely adsorbed, and motile 
infective trypanosomes were eluted with the plasma. A 
standard technique was established which successfully 
separated the following species (in most, several strains 
were examined) from infected rats and mice: T. brucei, 
T. rhodesiense, T. gambiense, T. evansi (strains with and 
without kinetoplast), T. congolense, T. vivax (rat-adapted?) 
and T. lewisi. It was not possible to separate the Bur- 
roughs Wellcome T. cruzi Y strain. 

The strains were maintained in rats and mice by intra- 
peritoneal inoculation of infected blood. For fractiona- 
tion, the animals were exsanguinated under ether anaes- 
thesia with heparin (10 ru/ml. of blood) as an anti- 
coagulant. With most infections, the animals were bled 
2-5 days after inoculation. The blood was kept in ice, 
dilüted 1:3 with cold buffer and filtered through gauze 
to remove any small clots or debris. Fractionation was 
started as soon as possible. 

Buffers were prepared from ‘AnalaR’ grade reagents 
except for tris which was reagent grade. Phosphate- 
saline-glucose buffer (PSG), pH. 8-0, 1— 0-22, consisted of 
285 ml. of 0-2 M Na,HPO, 15 ml. of 0-2 M NaH,PO, 
300 ml. of 0-85 per cent (w/v) NaCl and 400 ml. of 2-5 per 
cent (w/v) glucose. Tris-saline-glucose buffer (TSG), 
pH 7-8, 1— 0-135, consisted of 58 ml. of 1-0 M tris, 40 ml. 
of 1:0 N HCl, 922 ml. of H,O, 200 ml. of 0-95 per cent 
(w/v) NaCl and 6-5 g of glucose. The anion-exchanger 
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DEAE-cellulose (Type DE 52, Whatman Chromedia) in 
conjunction with PSG gave the best yields of all the 
trypanosomes, except T. cruzi; the use of TSG was 
satisfactory for all species except T, lewisi and T. cruzi. 

The DEAE-cellulose was equilibrated with batches of 
buffer in the ratio of 100 g of pre-swollen adsorbent 
(DE 52 as marketed) to 1-5 1. The adsorbent was allowed 
to settle for about 20 min and the supernatant, containing 
the fines, was sucked off. This was repeated five or six 
times until the pH of the supernatant was within 0-05 
units of the buffer pH. Heparin (10 10) from a solution of 
500 ru /ml. in 0-95 per cent (w/v) NaCl was added to each 
ml. of slurry after the final wash. The equilibrated slurry 
could be stored at — 10? C; when required it was thawed, 
resuspended in 5 volumes of fresh buffer and any further 
fines removed. For sterile fractionation, the adsorbent 
was autoclaved at 121? C for 15 min, either in the initial 
pre-swollen form or in aqueous suspension, and then 
equilibrated with buffer sterilized by Seitz filtration. 

The preparation of the column and the fractionation of 
the blood were both carried out at room temperature, 
although the unprocessed blood and the eluate were kept 
in ice baths. One g of dry DEAE-cellulose (4 g of pre- 
swollen DE 52) equilibrated with PSG adsorbed 1-0—1-6 ml. 
of blood, but when equilibrated with TSG only 0-8-1-0 ml. 
of blood was adsorbed. A 20 per cent excess of adsorbent 
above either calculated value allowed for irregularities in 
the descending erythrocyte front. Autoclaved adsorbent 
was found to be about 10 per cent less efficient. Columns 
ranging from 0-4 to 2-5 em in diameter by 4-8 em in 
height were satisfactory for fractionating up to 5 ml. of 
blood. With large volumes, the diameter of the column 
was increased relative to the height to maintain a fast rate 
of flow, by using glass Buchner funnels with either a slit 
sieve plate or a flat sintered disk of porosity 0 or 1 (Ander- 
man and Co., Ltd, London). For example, 175 ml. of 
blood was fractionated on 600 g of adsorbent in a funnel 
12 em in diameter and 8:5 cm in height. Flow rates were 
controlled by a clip on rubber tubing fitted to the outlet. 

'To pack the column, a Whatman No. 41 filter paper was 
placed on the plate, moistened with buffer and the slurry 
run in. The excess liquid was run out and eluting buffer 
then run through the column to bed down the adsorbent 
with a firm horizontal surface. The outlet was closed and 
cold diluted blood carefully layered on to the surface. A 
rate of flow was maintained, using gentle suction when 
necessary, which gave a sharp descending front of erythro- 
cytes. When all the blood had entered the adsorbent, 
buffer was run through the column until microscopic 
examination showed that few or no trypanosomes were still 
being eluted. The trypanosomes were separated from the 
eluate by centrifugation at --2? C for 20 min at 1,030g, 
followed by repeated washing with buffer to remove the 
plasma proteins. They were highly motile and in stained 
films their morphology was normal. The infectivity? of 
the organisms was not decreased by passage through the 
column. 

Tests of infected blood and washed trypanosomes with 
a range of ionic strengths of buffer, DEAE-cellulose and 
the strongly adsorbing anion-exchangers DEAE--Sephadex 
A-50 (Pharmacia, London) and TEAE-cellulose (Serva. 
Heidelberg) showed that the bloodstream forms of the 
trypanosomes could be arranged in the following order of 
negative surface charge: T. cruzi> T. lewisi » T. vivaz > 
T. congolense > T. rhodesiense, T. gambiense, T. brucei and 
T. evansi. 

There was no great difference in adsorptive behaviour 
between strains, not even between the normal and dys-, 
kinetoplastic strains of T. evansi. The culture forms of 
T. rhodesiense and T. brucei, from a diphasie blood agar 
medium, were more negatively charged than their blood- 
stream counterparts, and slightly more than the blood- 
stream forms of T. lewisi. The electrophoretic studies of 
Hollingshead, Pethica and Ryley* have also shown that 
the culture form of T. rhodesiense is more negatively 
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charged than bloodstream T. lewisi which is, in turn, 
more negatively charged than bloodstream T. rhodesiense. 

Differences in charge were observed in successive 
samples of trypanosomes taken from rats infected with 
T. lewisi. Up to the third day after inoculation the 
organisms in the blood were adsorbed by TEAE-cellulose. 
They were progressively less adsorbed until approximately 
the ninth day, when they began to return to the initial 
condition which was reached by the twentieth day. A 
few red cells appeared in the eluate of blood taken on the 
fourth day; their numbers increased until the ninth day 
when a rapid return occurred to the normal strong adsorp- 
tion on TEAE-eellulose. The red cell effect was more 
pronounced with the weaker adsorbing DEAE-cellulose, 
whereas the trypanosomes were never adsorbed on this 
exchanger at any stage of the infection. For routine 
collection of T'. lewisi, DEAE-cellulose was used on the 
third day after inoculation. Occasionally a few red cells 
were also eluted. 

T'. cruzi was the only species of trypanosome examined 
which could not be separated from infected mouse blood. 
This was due to the small difference in surface charge 
between the trypanosomes and the blood cells. A red cell 
effect like that with T. lewisi infections was also observed. 

The study of the surface charge of trypanosomes is 
being extended, and we are working on the separation of 
the organisms from other hosts. 

The research was supported by a grant from the 
Trypanosomiasis Panel of the Ministry of Overseas 
Development. I thank Dr Angela E. R. Taylor for carry- 
ing out the infectivity test, Professor B. G. F. Weitz and 
Dr D. G. Godfrey for their advice and encouragement, 
and. Miss Christine Allen and Miss Catherine Brosnan for 
technical assistance. 
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Lister Institute of Preventive Medicine, 
London. 
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Experimental Production of Totally 
Anaemic Newts 


ADMINISTRATION of phenylhydrazine to birds and mam- 
mals causes severe haemolytic anaemia almost simul- 
taneously accompanied by a compensatory erythropoietic 
response in the bone marrow. Although this procedure 
has often been used to obtain large samples of immature 
erythroid cells, no comparison has been made between 
the erythropoietic response stimulated by phenylhydrazine 
treatment and normal red blood cell (RBC) formation. 
Our intention was to make the comparison in the newt, 
Triturus viridescens, but although phenylhydrazine pro- 
duced haemolysis and severe anaemia shortly after 
injection, there was no immediate erythropoietic response. 
Instead all erythrocytes were rapidly destroyed. The 
complete lack of erythrocytes persisted for approximately 
2 weeks before any signs of RBC formation were observed. 
During this time, anaemic animals survived without great 
difficulty. 

Antarctic icefish and related species are usually 
devoid of erythrocytes and haemoglobin!. Two cases of 
Xenopus laevis have lacked erythrocytes*?, although this 
has been attributed to some unknown pathological cause?. 
Certain fish and amphibia survive for several hours in the 
absence of oxyhaemoglobin*?. Phenylhydrazine has pro- 
duced total anaemia in Rana catesbiana*. 
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We were interested in comparing the survival and 
rate of oxygen consumption in newts with anaemia 
induced by phenylhydrazine with that in untreated newts, 
and in the pattern of blood cell regeneration in anaemic 
newts, especially of erythrocytes. 

Splenectomized newts?: were selected from laboratory 
stocks and given a single intraperitoneal injection of 
0-85 mg (that is, approximately 0-5 mg/g body weight) 
of acetylphenylhydrazine dissolved in 5-10 per cent 
ethanol. They were then kept in groups of five or six, in 
19 em x 19 em round plastic containers half filled with 
aerated spring water. The temperatures in the con- 
tainers ranged from 157-24? C. Blood was obtained by 
cutting the tail. 

Within 12-24 h of treatment with acetylphenylhydra- 
zine, extensive haemolysis of erythrocytes occurred. 
Examination of cutaneous blood vessels showed that the 
blood was light brown in colour; by 36-48 h the blood 
was clear and transparent. Clotting mechanisms appeared 
to be sharply curtailed. 

The first 48 h after treatment was the most critical 
period for survival. The mortality rate ranged from 
0-100 per cent in any given experiment, but 100 per cent 
survival was obtained frequently. Most deaths could be 
attributed either to an excessive dose of the dgug or to 
the drawing of blood. The loss of 5-304 of blood was 
often fatal to anaemic animals, which indicates that 
maintenance of plasma volume is essential for survival. 
Urodele saline solution? could not replace the plasma. 

Little difference was observed in the behaviour of 
treated and untreated newts, but anaemic animals tended 
to stay close to the surface of the water. Feeding reactions 
were normal after the first 48 h. 

Changes in blood smears of newts treated with acetyl- 
phenylhydrazine can be grouped in three phases: (1) a 
degenerative phase (0-48 h) characterized by haemolysis 
of erythrocytes and degeneration of other blood cells; 
(2) regeneration of leucocytes and thrombocytes (3-14 
days); and (3) regeneration of erythrocytes (13-32 days). 

During the first phase, erythrocytes underwent exten- 
sive fragmentation. Smears were cluttered with erythro- 
eytic cytoplasmic debris. Few normal RBCs were seen 
21 h after treatment. Many leucocytes exhibited varying 
degrees of degeneration characterized by extensive cyto- 
plasmie and nuclear vacuolation and hyalinization of 
granules. Thrombocytes were rarely seen, which explains 
the poor clotting reactions demonstrated by these animals. 
Monocytes were the only cells to withstand degeneration, 
and by 36 h many were found to contain phagocytosed 
material.  Monocytie precursor cells were frequently 
observed. 


Table 1. PERCENTAGES of WHITE BLOOD CELLS AFTER ACETYLPHENYLHYDRA- 
ZINE TREATMENT 


Time after No.ofcells Mono- Neutro- Eosino- Baso- Lym-  Throm- 
treatment counted cytes phils phils phils phocytes bocytes 
4 days 515 21.096 456% 5:29 006% 163% 85% 
14 days 900 12-90% 228% 865% 61% 248% 25-196 
Untreated y 
control 1,024 <02% 8-95% 1-2% 2-595 -17% 70-75% 


Table 1 shows the results of a differential cell count at 
the beginning and end of the second phase. The early 
part of this phase was characterized by granulocyte 
replacement. Most of the myelocytes seen were meta- 
myelocytes, an advanced stage in granulocyte formation, so 
regeneration of these cells probably occurred in the liver, 
the normal granuloevtopoietie locus in newts. Thrombo- 
cytes eontinued to increase throughout the second phase. 
The occurrence of many immature thrombocytes in the 
blood supported earlier work which showed that replace- 
ment of these cells in splenectomized animals takes 
place in the peripheral circulation’. Epagocytosis by 
monoeytes and increase in monocyte number continued. 
Granulocytes were not phagocytic. 
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During most of the first two phases no erythrocytes or 
only a few abnormal red cells were seen in stained 
smears. Attempts to count RBCs were not successful 
because even at a dilution of 1:10 a significant number 
of cells could not be obtained in the haemocytometer 
counting areas. We conclude that the number of circu- 
lating RBCs was negligible. The RBC count in untreated 
newts, determined with the Coulter counter and haemo- 
cytometer, ranged from 85,500—91,500/mm?. 

The third phase began on the thirteenth or fourteenth 
day after treatment, overlapping the previous phase. 
Cells considered to be stem cells were frequently observed 
in mitosis. Definitive erythroblasts were present on day 
14. Erythropoiesis appeared to occur in successive waves 
of cells at equivalent stages of development. On days 
14-18 all erythroid cells were classified as basophilic or 
pro-erythroblasts (charaeterized by strong cytoplasmic 
basophilia). On day 19, more than 95 per cent of the 
cells were mid or mid to late polychromatophilic erythro- 
blasts. On day 21 this synchrony was less evident: 
erythroid cells were divided between mid (43 per cent) 
and late (54 per cent) polychromatophilic erythroblasts. 
Reticulocytes were first detected on days 25-26. At this 
time, the reappearance of dividing stem cells indicated 
the establishment of another erythropoietic wave so that 
cell heterogeneity was increased. Mature RBCs were not 
observed until 29-32 days after treatment, that is, 15-18 
days after the detection of the first erythroblasts. RBC 
formation continued for the next two months. 

Blood cell regeneration will be described in detail 
elsewhere, but some points should be made. The sequence 
of blood cell replacement in anaemic newts is similar to 
that reported in ectopic myelopoiesis in mammals!?:i, 
that is, granulocytes, thrombocytes, and finally, erythro- 
cytes. In these splenectomized newts, granulocytes 
regenerate in the subcapsular region of the liver while 
both thrombocytes and erythrocytes differentiate in the 
peripheral blood’. The minimum survival time of 
haemoglobin mRNA is approximately 8-12 days. This 
estimate is based on the fact that the first erythrocytes 
appear 8-12 days after the mid-polychromatophilic 
erythroblast, the last erythroid cell capable of RNA 
synthesis*. The duration of the erythropoiesis in anaemic 
newts is probably similar to that of the normal process. 
Both occur over 2-3 months’. 

To confirm the absence of erythrocytes in treated newts, 
haemoglobin was measured with the benzidine reaction 
and Soret band absorption. The values ranged from 
3-12 per cent of the controls and probably included 
phagocytosed haemoglobin and other haem-containing 
components. Functional haemoglobin levels 
were therefore determined by analysis 
of oxyhaemoglobin spectra (Fig. 1). 
Blood of treated newts showed no peaks 
above non-specific absorption and light 
scatter even at dilutions of 1:20. Both 
morphological and spectrophotometric re- 
sults indicate that the blood of newts 
treated with acetylphenylhydrazine is 
essentially devoid of erythrocytes and 
functional haemoglobin. 

To determine the effects of total anaemia 
on. normal metabolism, measurements of 
oxygen consumption were taken on animals 
in moist air and totally immersed in water. 
Oxygen consumption of anaemic newts, in 
both conditions, was approximately two- 
thirds that of normal animals (Table 2). 
If normal newts can meet their basic 400 
oxygen needs while totally immersed and 
are not driven to anaerobic metabolism, 
their consumption rate of 2-53 ul./min/g is 
a conservativeeestimate of basic oxygen 
requirements. Newts treated with acetyl- 
phenylhydrazine can attain this level of 





Table 2. OXYGEN CONSUMPTION OF UNTREATED NEWTS AND NEWTS INJECTED 
WITH ACETYLPHENYLHYDRAZINE (APH) 


Mean oxygen O, con- 
Treat- No. consumption P value sumption 
Conditions ment of ul./miníg í test ag of control 
newts fresh weight X S.E. percentage 
In moist 
air* None 22 374 +020 -— 
APH (4-14 
days) 14 2.52 £025 «(01 67 
In wateri None 22 2-58 +010 
APH (4-14 
days) 25 1-61 £007 «001 64 
* Manometric measurements made over 20 min period in the presence of 
Ba(OH),. 


+ Polarographie measurements made over interval 95 per cent to $5 per 
cent oxygen content of spring water saturated with air, assumed to contain 
5 ul./ml. O,. 


consumption when they have access to air (Table 2). The 
treatment probably has no serious effects on aerobic 
metabolism. 

About 75 per cent of respiratory exchange in newts is 
cutaneous, while the lungs contribute 19-25 per cent!*. 
In conditions of low oxygen tension, amphibia can increase 
their pulmonary intake of oxygen™. Newts treated with 
acetylphenylhydrazine may compensate for their lack of 
haemoglobin in a similar way, because they tend to remain 
close to the water surface. Measurements of oxygen eon- 
sumption in moist air show that both untreated and 
anaemie newts can supplement their oxygen intake 
through the lungs. Increased pulmonary respiration 
probably eontributes to the abiliby of anaemic animals 
to meet their oxygen requirements. Oxygen must be 
transported by solution in the plasma. Plasma volume 
is a critical factor in survival of anaemic newts. 

Survival of Rana tadpoles treated with phenylhydrazine 
was explained on the basis of simple equilibration by 
diffusion of oxygen*. Air saturated water contains 
5-5-6-0 ul. O,/ml. (ref. 14), not 55 ul./ml. as quoted by 
these authors, so simple equilibration is inadequate and 
circulation must carry oxygen to the interior of animals 
the size of newts. For survival without erythrocytes 
aquatic amphibia have several distinct advantages over 
terrestrial forms. They have a high blood volume (about 
10 per cent) and a low tissue oxygen tension (less than 
5 mm Hg judging from their haemoglobin dissociation 
curves), They live at relatively low temperatures 
whieh favour physical solution of oxygen, and have no 
problems in CO, transport!*. Their oxygen consumption 
rate is not, however, particularly low. Lower as well as 
higher rates exist among invertebrates and mammals", 
The plasma of an aquatic amphibian can transport about 
0-5 ul. of oxygen to each g of tissue per circuit of blood. 
Five circuits per min should satisfy the needs of T'riturus. 
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Fig.1. Oxyhaemoglobin absorption spectra of blood at various dilutions in 0-05 per cent 
NH,OH. The standard dilution used for blood from controls was 54 in 0-5 mL of dilnent 
(1:100). The various peaks are still observable at 5 per cent of this concentration. Blood 
from newts treated with acetylphenylhydrazine shows no peaks at the standard dilution. 
Animal dilution: A, control, 1 : 100; Q; control, 1: 2,000; @, acetylphenylhydrazine, 
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The oxyhaemoglobin unloading characteristics of many 
animals, including terrestrial amphibians, provide oxygen 
to the tissues at higher partial pressures than does plasma. 
The most eritical factors in the survival of erythrocyte- 
less animals are likely to be the minimum oxygen tension 
(concentration) requirements of sensitive tissues, such as 
kidney or brain, and other erythrocyte functions such as 
CO, transport and acid-base balance. 
This study was supported in part by grants from the 
National Institute of Arthritis and Metabolic Diseases, 
US National Institutes of Health, and the US National 
Science Foundation. Joseph A. Grasso is the recipient of 
a development career award from the US National Heart 
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Opposite Hand Preferences in Two 
Sense-modalities 


Hanp preferences have been recorded for 137 of the 150 
monkeys used in behaviour experiments during 1958 to 
1968. Eighty-seven of the 137 monkeys, however, were 
trained to make discriminations only in one sense- 
modality, or else were insufficiently assessed for hand 
preferences in two modalities. The following conditions 
obtain for all the remaining fifty monkeys: (1) no account 
was taken of an animal’s first discrimination task (for 
which hand preferences tend to be atypical) unless the 
learning score exceeded five hundred trials; (2) treating 
the first task as described, discriminations were learnt 
at least twice in each of two sense-modalities (by thirty- 
nine monkeys through vision and touch, by eleven through 
vision and hearing); (3) hand preferences were systematic- 
ally assessed during criterion performance on at least four 
training periods, distributed as described. Of the fifty 
monkeys adequately assessed in two sense-modalities 
thirty-eight preferred the same hand in both modalities, 
and (discounting the first task) eight changed preference 
within one or both modalities. The remaining four animals 
(that is, 8 per cent) showed regular alternations of prefer- 
ences with change of modality from touch to vision. These 
alternations were to some extent transient in two, but have 
persisted unchanged in the other two monkeys. 

Table 1 contains information about these monkeys. 
All four were purchased from the same source, but only 
Nos. 133 and 136 arrived in the same batch. All four 
were first trained on a tactile task (a simple shape or 
roughness discrimination task given in the dark). Animals 
70 and 141 continued with eight and nine additional tactile 
tasks (in the dark) before visual training (in the light} 
began. Animals 133 and 136 were trained alternately 
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in the dark and light for their first five and seven tasks, 
respectively, before undergoing consecutive tactile training 
followed by consecutive visual training. Animal 70 
participated in the experiment of Ettlinger and Blake- 
more! on conditional learning in two sense-modalities; 
animals 133 and 136 in the experiment of Milner and 
Ettlinger (unpublished observations) on  cross-modal 
transfer of serial reversal learning; and animal 141 in the 
experiment of Blakemore and Ettlinger* on cross-modal 
learning set formation. (We cannot, on our evidence, be 
certain that the opposite preferences should be related to 
visual/tactile learning, as contrasted with performance 
in the light/dark, as no tactile discriminations were given 
in the light.) 


Table 1, HAND PREFERENCES OF FOUR MONKEYS TRAINED ON TACTILE TASKS 
(IN THE DARK) AND ON VISUAL TASKS (IN THE LIGHT) 


Serial No. of animal 70 133 136 
Hand used in tactile tasks R R R 
Number of tactile tasks with assessment 
of hand preferences during perfor- 
mance at criterion 8 
Hand used in visual tasks L L L L 
Number of visual tasks with assessment 
of hand preferences during perfor- 


pe 
to 
~~ 


mance at criterion 4 4 12 154 
Evidence for subsequent changein band L=R RE Nong None 
preferences 2 tactile 4 visual 
taskst tasks 


* Hand preferences represent 90 per cent use of the stated hand over thirty 
(or occasionally fewer) trials during performance at criterion. The stated hand 
was always used to push the test-object and to gain the food reward, except 
during tactile training in the case of animal 141: the right hand was used to 
palpate and push the test objects, but on most triats the left hand was used 
to gain the food reward. 

T Pubsequent testing on one tactile and one visual task showed use of the 
right hand for the former, and of the left hand for the latter, 


Gazzaniga? has reported that visual learning can take 
place exclusively in the right hemisphere of monkeys, 
even if they naturally préfer the right hand, and equal 
use of both hands was secured during training by forced 
alternation every twenty or forty trials. This finding may 
have relevance to the fact that all our four monkeys showed 
a left-hand preference in visual training. As a corollary, 
the left hemisphere may be more closely concerned than 
the right with tactile learning in some monkeys. So far 
no experiment bearing directly on this possibility has been 
performed: monkeys can be forced to use both hands 
alternately in making a tactile discrimination and then, 
after intervening transection of the cerebral commissures, 
can be tested with each hand individually. (In terms of a 
possible specialization of the left hemisphere for tactile 
and the right for visual learning in the monkey, the 
predominant incidence of a single hand preference needs 
explanation. Perhaps in most monkeys one sensory sys- 
tem is able to “capture” the preferred hand during 
infancy to an extent that it cannot thereafter become 
non-preferred even with the inflow changed to another 
sense-modality.) Whether cr not our new and unexpected 
finding of opposite preferences in two sense-modalities 
ean be interpreted in this way, it underlines: (1) the 
relative independence of the neural systems mediating 
visual and tactile learning in the monkey (or, possibly, 
performance in the light and dark); (2) the importance 
of the afferent, as distinct from the efferent, systems in 
determining hand preferences (as assessed by us) in the 
monkey. . 

This work was supported by the Medical Research 
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BOOK REVIEWS 


SCIENTIFIC REVOLUTION 


Metaphysics and Measurement 

Essays in the Scientific Revolution. By Alexandre Koyré. 
Pp. x+165. (London: Chapman and Hall, 1968.) 
428. 


Tue late Alexandre Koyré (1892-1964), born in Russia, 
educated principally in France, and active as a scholar 
both in France and the United States, ranks as one of the 
most distinguished historians of early modern science of 
our time. A truly international figure, he wrote in Ger- 
man, French and English on a wide range of topics of 
intellectual history stemming from many national tradi- 
tions. In his many publications he was able to illuminate 
significantly many developments in the physical sciences 
during the formative period of the sixteenth and seven- 
teenth centuries. Bringing to his field of research a 
thorough knowledge of the philosophical traditions from 
which early modern science sprung, Koyré could deal 
with the evolution of the key concepts of physical science 
in a way which few other historians could match. His 
training was primarily in philosophy and it was as a 
historian of philosophy that he began his scholarly career. 
Only after the late 1930s did Professor Koyré turn more 
and more to the study of the history of science. His 
first important publication in that field, however, the 
Etudes galiléennes (1939), still remains probably the most 
noteworthy single work on Galileo to come after the 
fundamental researches of Favaro and Olschki. He later 
extended his range of study to a variety of other significant 
figures who took roles in the so-called scientific revolution. 

The present volume, edited by Dr Michael Hoskin of 
the University of Cambridge, collects six of Koyré’s most 
characteristic papers, three of which appear for the first 
time in English translation. More than half of the volume 
is given over to three important articles on Galileo. Two 
of these—first published in the United States in 1943— 
essentially give an English summary of some of the results 
of the Etudes galiléennes and the third (1960)—here trans- 
lated for the first time—gives some of Koyré’s later 
thoughts on the same topics. 

Koyré's rather personal interpretation of what science 
is is, of course, well known. According to him, real 
scientific revolution is little else than a conceptual revolu- 
tion in which the mode of "seeing" the world is essentially 
altered. His view is probably best summarized by the 
following: “Good physics is made a priori. Theory 
precedes fact. Experience is useless because before any 
experience we are already in possession of the knowledge 
we are seeking. Fundamental laws of motion (and of 
rest), laws that determine the spatio-temporal behaviour 
of material bodies, are laws of a mathematical nature. 
Of the same nature as those which govern relations and 
laws of figures and of numbers. We discover them 
not in Nature, but in ourselves, in our mind, in our 
memory, as Plato long ago has taught us (page 13)". 
The reference to Plato is perhaps the key here. Koyré 
saw the real developments in science taking place within a 
platonie, mathematical framework of thought, rather 
than through experiment and observation of the physical 
world. At best, experiment can merely provide con- 
firmatory evidence for adhering to a particular scientific 
theory; at worSt, it can be positively misleading. More- 
over, experience or experiment can never be responsible 
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for the formulation of the theory itself. Koyré was able 
to cite an imposing array of evidence for his position, and 
even those who would reject his conclusions must admit 
that he has been able to uncover a substantial amount 
of primary source material, which indicates that scientific 
change and progress involve somewhat more than the 
positivistic tradition of history and philosophy of science 
would lead us to believe. 

One of the most striking things about Xoyré's essays on 
Galileo is that, even today, twenty-five years after their 
original publication, they can still be read with profit and 
still must be considered as being among the most forceful 
arguments in defence of an “idealistic” view of science, a 
view which has had few defenders in recent decades, 
especially in the English-speaking world. This is not to 
say that there are no criticisms to be brought against 
Koyré and his work. His own idealistic ideology is 
constantly in evidence and sometimes seems to give a 
somewhat contrived interpretation of scientific develop- 
ment (nearly as obtrusive as the Marxist ideology of other 
historians of science), particularly when he discusses a 
thinker such as Pierre Gassendi. To this reader at least, 
Koyré consistently appears to underestimate Gassendi's 
importance simply because he does not fit the platonic, 
mathematical conception of a scientist; Gassendi was, 
rather, empirically and probabilistically oriented, as 
Tulio Gregory's book shows so well. Moreover, Koyré 
seems to consistently underestimate—-or neglect entirely 
—the significance of social, political &nd technological 
factors which affect scientific change, being content to 
focus on the metaphysical and purely intellectual elements. 
Koyré’s failure to give more serious consideration to the 
biological and medical sciences will strike some as & serious 
shortcoming, if we are to generalize his results to a wider 
range. 

A few words should be said about Dr Hoskin's edition. 
From the tone of his preface it would seem that the 
collection has been put together for students beginning 
history of science. If this is the case, one would have 
hoped to see translations of several of Koyré's other 
papers, especially the important and influential ones on 
Giambattista Benedetti, on the problem of void and 
infinite space in fourteenth century thought, and his highly 
critical analysis of A. C. Crombie's interpretation of 
medieval science. Still, no selection will satisfy everyone. 
One might have hoped for an introduction more sub- 
stantial than Hoskin's two pages, perhaps something 
along the lines of Paola Zambelli's admirable introduction 
and critical analysis to her recent Italian translation of 
some of Koyré's essays (Turin, 1967). Finally, one is 
forced to admit that Hoskin’s collection is & far less 
comprehensive selection than René Taton’s Alexandre 
Koyré: Etudes d'histoire de la pensée. scientifique (Paris, 
1966), which contains all of the essays in Hoskin's volume 
and twelve more besides—all for only a 20 per cent higher 
price! One ean only recommend Taton’s volume over 
that of Hoskin to those who can read French, which is 
presumably not expected of students beginning a study of 
the history of science. C. B. SCHMITT 


SPECIAL RELATIVITY 


Introduction to Special Relativity 
By Robert Resnick. Pp. x 4-226. (New York and London: 
John Wiley and Sons, 1968.) 70s. cloth; 35s. paper. 


Special Relativity 

By A. Shadowitz. (Studies in Physics and Chemistry, e 
No. 6.) Pp. xiii-- 203. (Philadelphia and London: W. B. 
Saunders Co., 1968.) 55s. 

So many books are available on special relativity that a 


new one calls for some special feature to justify it. Both 
of these books have such a feature. "That by Robert 
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Resnick is distinguished above all by the clarity of 
expression and the very full verbal arguments given for 
each stage in the theory. It is written with the reader in 
mind who is not going to be taught the subject, but who 
must learn it for himself as he goes along. The treatment 
is fairly orthodox, and care is taken not to go too far in 
such a small space. It begins with the Michelson-Morley 
experiment and proceeds in the obvious way to the 
Lorentz transformation. The application to optics (aber- 
ration and the Doppler effect) leads on to dynamics, where 
the new concept of momentum is justified by considering 
collisions. Following this there is a chapter on electro- 
magnetism and a brief discussion on possible limitations 
‘of special relativity on the very small scale. Each chapter 
is completed with a set of questions. As well as the main 
chapters there are three supplementary topics at the 
back, one on space-time diagrams, one on the clock 
paradox (which is very clear, but it is no doubt too 
much to expect that it will have disposed of the argu- 
ments about this) and one of four pages showing the 
way forward to general relativity. There is an excellent 
index, 

Dr Shadowitz, on the other hand, is putting forward 
a very distinctive point of view. His actual treatment 
of the theory follows surprisingly similar lines to that of 
Resnick, beginning with the Michelson-Morley experi- 
ment and going on to consider space and time contrac- 
tions, the optical effects, mechanics and electromag- 
netism in turn. Rather oddly, his book concludes with a 
chapter on experimental evidence, after having discussed 
the elements of four-dimensional tensor analysis. His 
different approach, however, is in the reliance which he 
places on certain space-time diagrams. In particular, he 
considers in great detail the Loedel diagram, which is 
essentially that got by using inclined axes to represent 
contravariant vectors. Here space and time are real 
co-ordinates, just as they are in the diagram which is 
usually employed, but the effect of Lorentz transforma- 
tions is made explicit more easily. This is contrasted with 
the so-called Brehme diagrams which is the corresponding 
one for covariant vectors. Neither of these diagrams is 
the same as the original (real) Minkowski diagram, 
because in the Minkowski diagram one observer is treated 
as preferred over all the others, having his axes at right- 
angles, whereas in the Loedel and the Brehme diagrams 
the observers are treated symmetrically. It is a subjective 
matter whether someone learning the subject finds it 
easier to do it from a geometrical or from an algebraic 
point of view, but certainly the diagrams used in this 
book have considerable advantage over the Minkowski 
diagram, which it is customary to use. In an appendix 
the author also gives nomographs for the composition of 
velocities parallel or at right-angles, and for transforma- 
tion of momenta and kinetic energies. These are extremely 
useful in working out practical examples. Other appen- 
dices deal with somewhat more technical questions in 
electromagnetism. The index is somewhat fuller than 
Resnick’s and the whole book is produced with consider- 
able elegance. C. W. KILMISTER 


ELEMENTAL DATA 


Handbook of the Physicochemical Properties of the 
Elements 
Edited by G. V. Samsonov. "Translated from the Russian. 
Pp. xu+941. (New York: IFI/Plenum Data Corporation, 
1968.) $40. 
THe Russian edition of this book, now three years old, has 
been added to in translation to include a number of new 
tables, and it deals quite specifieally with elements; no 
compounds are referred to. 
About one quarter of the book contains information 
pertaining to atomic and nuclear structure and properties. 
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This includes spectroscopic and electronic as well as the 
more usual structural data. The remainder of the first 
half consists of tables of thermodynamic, heat, electrical, 
magnetic, optical and mechanical properties. 

The second half deals with electrochemical properties 
such as electrode potentials and oxidation reduction 
potentials, and there is a very large chapter on chemical 
properties as far as reactions with a large selection of 
reagents, some common, some very uncommon. 

The whole volume contains more than 2,500 references 
and is a quite remarkable assembly of factual information. 
It is an expensive book, but not unduly so when its size 
and detailed scope are considered. There will be few 
individuals who will be able to justify this as an addition 
to their bookshelves, but many laboratories will find this 
ready source of elemental data a valuable library addition. 

J. C. Ross 


THEORETICIANS AND DESIGNERS 


Optimization in Control Theory and Practice 
By I. Gumowski and C. Mira. Pp. viii+242. (London: 
Cambridge University Press, 1968.) 65s.; $10.50. 


IT appears that there ara now two cultures growing apart 
within the relatively narrow field of control. These might 
be called theory and practice, and the people concerned 
are the theoreticians (applied mathematicians) and the 
designers (physicists, chemists and engineers). For rapid 
advancement of the subject much communication is 
required between the two classes of specialist. The 
theoreticians should give simple and full accounts of 
their theories rather than accounts which are meant to 
impress and confound. In return the designers should 
continually indicate the areas in which theoretical advance 
is required. 

The two authors of this book are obviously theoreticians 
and they state that a prime aim in writing it was to 
stimulate the exchange of ideas between the two classes. 
In this respect, theoreticians who read the early pages 
may be moved to ask themselves whether their own 
researches have any practical significance. Here the 
authors warn against non-essential generalizations and 
“optimum” systems which may be too sensitive to plant 
variations or to the theoretical approximations which 
have been made. However, it is doubtful whether the 
main body of the book will do anything to encourage the 
dialogue between the two classes. 

Most of the book consists of what is undoubtedly a 
very learned discussion of variational methods of optim- 
ization, The approach is classical and it is based on the 
work of mathematicians such as Euler, Lagrange and 
Hamilton. Particular prominence is given to the methods 
of Carathéodory. In so doing, both Bellman and Pontry- 
agin are reflected in poor light. This is best illustrated by 
the following quotations from the book: “Except for the 
terminology, all features of dynamic programming can 
already be found in the work of Massé’’, ““Dynamie pro- 
gramming is therefore a particular case of the Cara- 
théodory formulation, and the particularity of dynamic 
programming consists only in the rather involved and 
circuitous method of deriving equation (4.18), and “Both 
dynamic programming and the maximum principle Are 
less general than the theory of the Carathéodory formu- 
lation", where here “the maximum principle" is due to 
Pontryagin. 

The final chapter of the book is devoted to approximate 
methods of computing extremal solutions. In this and 
earlier chapters there is a distinct lack of examples and 
none which appears to have immediate practical application. 
Nevertheless, the book will be useful for reference for 
anyone making a deep study of variational methods of 
optimization. There is an extensive Sibliography to 
which frequent and specific reference is made throughout 
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the text. Unfortunately, the majority of works referred 
to are published in either Russian, French or German, and 
some may not be available in English translation. 

A. P. ROBERTS 


EMULSIONS 


Emulsion Science 

Edited by Philip Sherman. Pp. x+496. (London: 
Academic Press (London); New York: Academic Press, 
1968.) 115s.; $21. 

Tars book, as the title implies, is devoted to academic 
studies of emulsions with occasional reference to practical 
applications. It is divided into a number of sections each 
written by a different author, the whole being edited by 
Dr Sherman. 

The first chapter, by E. 8. R. Gopal, is a good literature 
survey of techniques for preparing emulsions. The various 
theories concerning the formation of the dispersed phase 
are presented with some added discussion by the author. 
The factors effecting emulsion formation are listed and 
treated separately. This gives the reader an indication of 
the important factors although the separate discussions 
make the account a little disjointed. Chapter 2, by 
J. A. Kitchener and P. R. Mussellwhite, is an excellent 
and coherent account of emulsion stability. The various 
theories are discussed in a critical manner in the light of 
experimental findings and the arguments are well developed 
and easy to follow. 

P. Sherman presents a general review of emulsion pro- 
perties and includes a discussion concerning the relation- 
ships between these properties and emulsifier structures 
in the third chapter. This discussion shows the need for 
more experimental work in this particular field. The 
equations for HLB values, for example, could be con- 
founded by changes in emulsifier structure and some of 
the molecular phenomena have been oversimplified. 
There is a useful section in this chapter on experimental 
techniques for determining the physical properties of 
emulsions. The fourth chapter is also by P. Sherman. 
He starts with a good account of rheology in general; 
he then continues with a discussion of the theories which 
might cover the rheological properties of both homogene- 
ous and heterophase systems. Because it is not yet 
possible to present a general theory for the dispersed 
systems, the author simply lists the factors which affect 
the rheology of emulsions. In the subsequent discussion 
reference is made where possible to the relationships 
between these factors. In some instances this has 
inevitably resulted in some repetition, particularly in the 
section on aged emulsions. 

The fifth chapter, by Tetsuya Hanai, is mainly con- 
cerned with electrical properties of materials in general 
and heterophase systems in particular. The actual discus- 
sion of emulsions accounts for a relatively small part of 
the general treatment (because of a lack of published 
work). The theoretical treatment of dielectric properties 
absorbs much of this chapter. Where published data are 
available, comparison is made between the theories of 
the author and other workers and experimental results, 
but the discrepancies are such as to convince the reader 
that a number of factors which influence the electrical 
properties of emulsions have yet to be evaluated. 

As one of the few books dealing solely with emulsions 
which have been published in the past ten years, this is a 
fairly comprehensive survey of the literature. Apart 
from the second chapter, the authors do not go much 
beyond a survey and this is not always presented as 
critically or coherently as might have been expected 
from the writers concerned. The coverage of the literature, 
however, is very good throughout this book, which should 
be valuable to researchers in this important field and to 
libraries. B. W. BROOKS 
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FLUORINE CHEMISTRY 


Fluorine Chemistry Reviews 

Vol. 1. Edited by Paul Tarrant. Pp. vi+ 424. (London: 
Edward Arnold (Publishers); New York: Marcel Dekker, 
1967.) 168s. 

Fluorine Chemistry Reviews is an international journal- 
like series. It is intended for the publication of summar- 
izing papers on recent developments in fluorine chernistry, 
including previously unpublished studies. ` 

There are eight articles in volume 1, and there is a 
complete subject index and an author index of all whose 
work was cited in the articles. 

The first of the articles is by M. C. Henry, €. B. 
Griffs and E. C. Stump on "Synthesis, Compounding and 
Properties of Nitroso Rubbers". These rubbers are made 
from fluorine-containing nitroso-compounds and fluoro- 
olefins. They are speciality materials, resistant to many 
corrosive systems and to petroleum and having good low- 
temperature characteristics, but no great thermal stab- 
ility. A full account is given, including nitroso-monomer 
synthesis. copolymerization and properties of the poly- 
mers. “Electrochemical Fluorination" is reviewed by 
Shunji Nagase, who describes the recent developments in 
the technique of fluorination by electrolysis of a solution of 
the starting material in anhydrous hydrogen fluoride. 
The fluorinations covered include many types of organic 
and some inorganic compounds. 

The third article is by Yu. A. Cheburkov and I. L. 
Knunyants on “The Fluoroketenes". These interesting 
intermediates were only made available recently, the 
best known being bis(trifluoromethyl)ketene. Tts syn- 
thesis and great variety of reactions are deseribed, such 
as those with nitrous acid derivatives, and with olefins, 
and also its isomerization and dimerization. Other fluoro- 
ketenes are also included. The original papers in this area 
are largely in Russian and this review therefore is particu- 
larly timely. 

"Hexafluoroacetone" is reviewed by C. G. Krespan and 
W. J. Midddleton, who discuss the preparations, properties 
and reactions of this important material in detail. The 
reactions are classified under the headings of those with 
nucleophiles, heterocycle formation, free radical chemistry 
and polymers formed. i 

A review of “Fluorocarbon Toxicity and Biological 
Action” by J. Wesley Clayton, jun., is an important con- 
tribution. Compounds covered are fluoro- and fluoro- 
halogeno-alkanes and  -alkenes, including hydrogen- 
containing species, and fluoro-polvmers. “Diels-Alder 
Reactions of Organic Fluorine Compounds" are described 
by D. R. A. Perry. À detailed and comprehensive survey 
has been compiled of reactions in which fluoro-compounds 
have been used as dienophiles, and as dienes, in this 
important synthesis. 

Methods for the “Introduction of Hydrogen into 
Fluorinated Compounds” are surveyed by Francis J, 
Mettille and Donald J. Burton. The two main processes 
are catalytic hydrogenation, and reactions with complex 
metal hydrides, and each is considered for fluoro-olefins 
and -acetylenes, saturated fluoro-carbons and aromatic 
fluoro-carbons. Other relevant reductions are also 
included. 

The final review is on “Reactions Involving Fluoride 
Ion and Polyfluoroalkyl Anions”, by John A. Young. 
This survey is particularly concerned with reactions pro- 
moted by fluoride ion, and proceeding via anionic inter- 
mediates, for example, rearrangements, dimerizations, 
polymerizations, eyelizations, fluoroalkylations, and so on. 

All the individual articles are well written by author- 
ities in the various fields, and all have extensive biblio- 
graphies. The book will be a useful asset to all research 
workers interested in fluorine chemistry. The series as a 
whole is broadly similar in scope, although not identical, 
to the Advances in Fluorine Chemistry published in 
Britain. J. C. Tarnow 
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TEXTBOOK OF GEOCHEMISTRY 


Introduction to Geochemistry 
By Konrad B. Krauskopf. (International Series in the 
Earth and Planetary Sciences.) Pp. xiiit+ 721. (New 
York: MeGraw-Hill Book Co.; Maidenhead: MeGraw- 
Hill Publishing Co., 1967.) 100s. 


(Tuis is a most useful and readable book. The author's 
aim has been to provide an introduction to geochemistry 
for undergraduate students who are specializing in geo- 
logy. but the book has wider appeal. It shows how basic 
chemical concepts can be applied to the understanding of 
geological problems and brings the reader to the point 
where he ean at least read contemporary geochemieal 
literature. An American college text, its organization fol- 
lows the generally accepted plan for such volumes. Thus, 
each chapter terminates with a useful list of books and 
articles suitable for wider reading, and with a page or so of 
problems carefully chosen to exercise the student’s grasp 
of the content of the chapter. As the author puts it, 
‘ideas become part of the student’s useful mental equip- 
ment only when they are reflected on, digested and 
manipulated and problems are a necessary goad to such 
activity’. The chapters carry well presented tables and 
diagrams, but each subject is covered at a level which 
carefully avoids the excessive detail commonly found in 
research texts. Most branches of chemistry are touched 
on, including organie chemistry, which is needed for the 
discussion of organic matter in sediments and the genesis 
of petroleum and coal. Some chapters deal with pre- 
dominantly chemical subjects such as equilibria, acids 
and bases, crystal structure, free energy and oxidation 
potentials, though the discussion is always oriented 
towards geological problems. The latter are covered in 
other chapters headed, for example, carbonate sediments, 
clay minerals and soils, evaporites, crystallization of 
magmas, organic gases, and metamorphism. Chapters 
of particular interest are those devoted to the distribution 
of the elements and historical geochemistry. 

The book concludes with the collected answers to the 
problems and a useful appendix of data. There are forty 
pages of values for chemical and geological data such as, 
for example, the radii of atoms and the abundances of 
elements. G. EGLINTON 


BARE BONES OF LIQUID METALS 


Liquid Metals 

By N. H. March. (International Series of Monographs in 
Natural Philosophy. Vol. 15.) Pp. vii-- 133. (Oxford, 
London and New York: Pergamon Press, 1968.) 50s. 


A CUMBERSOME title for this book might have been “An 
Introduction to a Unified Electronic Theory of the 
Properties of Metallic Liquids”. The book could hardly 
have been written before because, apart from isolated 
papers by farsighted pioneers, the subject has grown up 
in the past few years. The underlying scientific problem 
is to find conceptual links between liquid state theory, 
which has dwelt much on the simple non-metals like argon, 
and metal theory which has been much concerned with 
crystals. Professor N. H. March has made valuable contri- 
butions at precisely this point and-has now summarized 
the position in his monograph. 

What does this book attempt and for whom is it written ? 
One of ite central arguments is that there exists, between 
ions immersed in a dense electron gas, an interaction 
which ean be represented as the sum of effective potentials 
acting between all pairs of ions. This hypothesis is 
approached through three chapters dealing, respectively, 
with equations representing liquid structure, the screening 
of charges by electron gas, and the statistical theories of 
liquids. This puts the author in a position to explain how 
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effective pair potentials can be inferred from structural 
knowledge about liquid metals derived originally from 
X-ray and neutron scattering experiments. This is all 
clearly done with help from short mathematical appen- 
dices. 

It is of the essence that the electron gas density and 
Fermi energy play a decisive part in determining the shape 
and nature of the effective potential functions. Electron 
transport properties, so characteristic of the metallic 
state, are also dominated by effective potentials felt by 
electrons at the Fermi energy in the presence of sereened 
ions. Conductivity and other electron transport proper- 
ties are therefore given a longish chapter which includes 
elementary scattering theory. 

Finally, in two chapters of greater mathematical 
difficulty, the author introduces two very complex and as 
yet not fully solved problems. One is the dynamics of 
atomic motion in liquids and the relevance to it of inelastic 
neutron scattering, and the other is that of finding a com- 
plete description of the allowed electron states in a liquid 
metal. 

Thus it is evident, first, that this book on liquid metals 
deals with theoretical physics, not with metallurgy, 
experimentation, or thermodynamics; second, that most 
of its readers will be research workers; and third, that 
to cover his subjects in 133 pages the author must omit 
much relevant matter. This is done by simplifying the 
mathematical exposition in a way that experimental 
physicists and newcomers to the field will find very agree- 
able, and by reducing to a minimum the description of 
particular substances and properties. A short introduc- 
tory monograph is bound to pay this price in omissions 
for the edvantage of going straight to important points 
without beating about the bush. The author's judgment 
has served his readers well here except that it was a pity 
not to put in another admirably concise chapter on pseudo- 
potentials—a concept so relevant to the theme. 

The book ean be regarded as a skeleton, not at all of the 
frightening kind, which will stimulate readers to cover its 
bare bones with material from the rapidly growing 
literature of the subject. Diagrams and printing are clear 
and the style of writing is straightforward and readable. 

N. E. Cusack 


IMPORTANT PROTEINS 


Gamma Globulins 

Strueture and Control of Biosynthesis. Edited by Johan 
Killander. (Proceedings of the Third Nobel Symposium 
held June 12-17, 1967, at Sódergarn, Lidingó, in the 
County of Stockholm. Nobel Symposium 3.) Pp. 643. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons; Stockholm: Almqvist 
and Wiksell, 1967.) 309s. 


More than fifty of the world's leading experts on the 
gamma globulins were brought together in Sweden to 
report and diseuss their most recent findings and theories 
on this group of proteins and glycoproteins which are of 
paramount importance in medicine. The gamma globulins 
have no peers in terms of the bewildering diversity of their 
molecular structures and the complexity of the mechanisms 
that control their biosynthesis. Despite the outstanding 
progress that has been made in this field within recent 
years, largely as a result of fruitful collaboration between 
chemists, biochemists and clinicians, many formidable 
problems remain, particularly in relation to biosynthesis 
and its genetic control. Not only was it timely to organize 
this symposium, but it was particularly appropriate that 
the meeting was in Sweden because in many respects 
this was where the pioneering work was done and where 
so many of the methodological advafices in medical 
biochemistry had their origin. The advances resulting 
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from the application of these methods to the gamma 
globulins have been as great as, if not greater than, in any 
other field. 

There are forty-eight contributions, each followed by a 
list of references and such discussion as the speakers 
wanted to include in the book. There are many excellent 
diagrams and illustrations, some in colour. There is no 
index, which is a pity because it would have enhanced 
the value of this important book. Various aspects of the 
heterogeneity of the structure of immunoglobulins, 
especially amino-acid sequence differences between homo- 
logous and heterologous immunoglobulins, are discussed in 
detail. The tantalizing question of the heterogeneity of the 
various immunoglobulins is carefully examined from both 
genetic and other points of view. The existence, however, 
of small amounts of carbohydrate in the gamma globulins 
is to a large extent ignored, despite the fact that they 
may well play an important part. Important advances 
in separation methods and antigen-antibody crossed 
electrophoresis are reported. Mechanisms for the bio- 
synthesis and arrangement of polypeptide chains are 
discussed in relation to clinical deficiency states. The 
“take home lesson” given by M. Cohn contains some 
stimulating ideas on antibody synthesis and enters the 
new realm of “the molecular biology of expectation". 
The problems of diversity, evolution and biosynthesis of 
antibodies are analysed, as are the regulation and differen- 
tiation of the immune system. 

This book will be of great value to all who are interested 
in this rapidly developing field. It will undoubtedly 
catalyse further experimentation to test the imaginative 
theories expressed and stimulate the cross-fertilization 
of ideas between chemical and clinical minds, which was 
undoubtedly at the back of the minds of the organizers 
of the symposium that preceded the publication of this 
book. L. Hover 


CELL AND TISSUE KINETICS 


Cell and Tissue Kinetics 

Edited by E. O. Field. Vol. 1, No. 1, January 1968. 
(Oxford and Edinburgh: Blackwell Scientific Publica- 
tions.) 30s. per copy. 


Tue advent of a new journal at a time when library 
shelves are bursting needs more than a little justification. 
Dr E. O. Field, editor of Cell and Tissue Kinetics, makes 
a good ease in an introductory editorial to the first 
number. An increasing number of scientists are interest- 
ing themselves from different points of view in the facts 
of cellular proliferation and population kineties and in 
the centrolling regulatory systems. The need, according 
to Dr Field, is for a journal in which the papers dealing 
with the many and varied aspects of the field can be 
brought together, so that workers in different disciplines 
ean more easily know what their fellow scientists are 
doing and writing about. 

The new journal has a large editorial board, composed 
of distinguished biologists, medical physicists, radio- 
bjologists, biochemists, immunologists, geneticists and 
others; the wide range of their research interests indicates 
the breadth and depth of the problem. From the general 
biological point of view (and from the narrower point of 
view of a medical man) one of the most fascinating and 
complex of all problems is the way in which organisms, 
from the simplest to the most highly organized, regulate 
themselves; how tissues differentiate and grow and what 
feed-back or other mechanisms control their growth. 
There can be no doubt, however, that highly effective 
mechanisms have been developed in the course of evolu- 
tion which are nicely adjusted to maintain bodily homeo- 
stasis. To take a single example, the cellular and chemical 
constituents of mammalian blood are maintained within 
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narrow limits. How this is accomplished is only partly 
understood. But if any of the mechanisms fail, the most 
serious consequences may result. Medical men and women 
are only too familiar with the consequences of the un- 
restrained growth of cells, and no one will disagree with 
Dr Field in his statement that an understanding of normal 
regulating mechanisms and feed-back systems is a pre- 
requisite of an understanding of the failures in control of 
tissue proliferation that result in neoplasia. 

If the new journal makes some contribution to the 
fuller understanding of the cancer problem, it will more 
than justify its founding. There is very much more 
involved in cell and tissue kineties than a quest for 
knowledge. J. V. Dacre 


HANDLING VIRUSES 


Methods in Virology 

Vol. 2. Edited by Karl Maramorosch and Hilary Koprow- 
ski. Pp. xvi+682. (New York: Academic Press; 
London: Academic Press (London), 1967.) 2615. 


THE best way to learn a new method of handling a virus 
is at the bench beside the person who has developed or 
improved the technique, and this approach has been, and 
still is, an important way of disseminating knowledge 
about viruses; but it is, of course, applicable to only a 
very small number of people. The next best thing is to 
ask an acknowledged expert to write down how he does 
his experiments, and to make this experience available 
to those who wish to learn. The second approach has 
been adopted to produce a four volume treatise, the 
second volume of which has now been published. The 
main theme of this volume is the use of physical methods 
for handling, separating and purifying viruses, but 
attention is also given to methods for the preparation, 
separation and titration of viral nucleic acids. The 
approach cuts through the normal division of viruses into 
bacterial, plant or animal viruses, several authors illus- 
trating the relevance of their particular technique by 
providing examples of its use with viruses derived from 
different sources. The contributions range from barely a 
page with two references to more than seventy pages 
with eight pages of references, but a more useful para- 
meter would indicate the scale at which the viruses were 
being studied, which ranges from hundreds of litres of 
material for the production of vaccines to micro-analytical 
quantities used in finger-printing the breakdown products 
of viral nucleic acids. 

This is in no sense light reading, nor does it provide 
the answers to every question a student of a new method 
might wish to put to his teachers, but it is unlikely that. 
such a mass of detailed information on analytical and 
preparative studies on viruses has ever been assembled 
before. J. S. PonTERFIELD 


THIRD BRAZIER 


The Electrical Activity of the Nervous System 

A Textbook for Students. By Mary A. B. Brazier. Third 
edition. Pp. xiv+3174+8 plates. (London: Pitman 
Medical Publishing Co., 1968.) 45s. 


THERE has been little change in the third edition of pr* 
Brazier's book, whieh comes eight years after the second 
edition. It is intended for students, and for these it may 
provide slightly unorthodox but entertaining additional 
reading matter in neurophysiology. Its strongest features 
lie in the figures and the bibliographies given at the end of 
each chapter. On the negative side, both general and 
. 
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particular faults, some minor, some more serious, can 
be found. 

It is doubtful if a book devoted solely to the electrical 
activity of the nervous system can today provide a 
balanced account of what is known about the workings 
of the brain and neuromuscular systems. The early 
chapters on the nerve impulse and synaptic mechanisms 
are frequently repetitive, and as the account given is 
largely that of earlier editions the presentation loses 
some of the clarity which more recent advances have 
brought. For example, the voltage clamp studies of 
Hodgkin and Huxley are not mentioned. 

The succeeding chapters discuss sensory systems, the 
reticular formation and the electroencephalogram, and 
the systems which are concerned with the control of muscle 
are only mentioned in passing. 

There are some misprints and misstatements which 
could be confusing for students. For example, membrane 
potentials of tens of mV in size are frequently given as 
only tens of uV, the synaptic cleft at the neuromuscular 
junction is stated to be twenty times wider than it is, 
the ommatidium of the insect eye is described as if it 
were a single cell, and some postsynaptie potentials are 
described as lasting for 100 s rather than 100 ms. 

M. C. Brown 


ROUTE FINDING IN ANIMALS 


Animal Orientation and Navigation 

Edited by Robert M. Storm. (Proceedings of the Twenty- 
seventh Annual Biology Colloquium, May 6-7, 1966.) 
(Corvallis: Oregon State University Press, 1967.) $5. 


Tue reasons for this colloquium are not clear, but it 
appears to have had the intention of informing the 
audience of the present state of knowledge about some 
aspects of orientation and. navigation. The papers given 
do not read as if they were being delivered to people 
who knew a great deal about the subject, certainly 
not to an audience of research workers in this particular 
field. So the book has to be judged with this in mind, 
and the absence in some of the chapters of hard data, 
which can be critically evaluated, has to be overlooked. 

Six papers are included, each with a short discussion 
after them. Hasler gives a readable résumé of the work 
on migrating fishes; in the discussion some interesting 
points about the Pacific salmon movements are brought 
out. This author repeats at various points in the 
book the sage advice not to hypothesize in armchairs 
but to get up out of them and put the theories to experi- 
mental test. Ferguson describes some of this work on 
the use of the sun-compass by anurans, perhaps bedevilling 
the issue by inventing a nomenclature all his own. Carr 
discusses the possible adaptive significance of the appar- 
ently unnecessary journeys made by turtles from the 
South American coast to the Ascension Islands and back. 
Hamilton puts forward his thesis that the V-formation of 
geese is taken up for navigational reasons, not for ease 
of flight; he supposes that in this formation, migratory 
information can be communicated from individual to 
individual. Bellrose proposes that nonsense orientation 
in waterbirds is symptomatic of stress conditions—a not 
at all unreasonable supposition which can be supported 
from observations on other groups including invertebrates. 
He wishes that the final blow should be given to the idea 
that a bird moving in a body of air gets no information 
from the wind; no wind is ideally smooth and the 
turbulenee will given information about the wind's 
direction. The final paper by Norris is a very good 
review of the relatively seanty information about the 
long-distance movements of marine mammals in which he 
proposes that the primary function of blubber is to act as 


a food store; heat insulation is secondary. ` 
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The tone of the papers is interesting, for the often- 
repeated plea is for more experimentation and yet the 
sun-compass in one or other of its forms seems to fail to 
explain so much that recourse is made to many of the 
onee-disearded theories of magnetism and so forth. It 


may well be that some sort of move—a backward one 


in à sense—will have to be made in their direetion but, 
again as discussants stressed, it is unlikely that one 
explanation will save to explain all the phenomena, not 
even all those shown by one animal. J. D. Carray 


TEXTBOOK ON TIMBER 


Timber: Its Structure and Properties 

By H. E. Desch. Fourth edition. Pp. xvui+ 399+ 65 
plates. (London: Macmillan and Co.; New York: 
St Martin's Press, 1968.) 1008, 


Tais book has for years been one of the standard text- 
books on wood technology in Great Britain. Before the 
first edition, there were few which covered the three year 
TRADA certificate course for which the Institute of 
Science is now the examining body. and it was obviously 
written with this in mind. 

The great increase in knowledge of wood necessitated 
new editions, and this, the fourth edition, has attempted 
to bring the data to the student of timber technology in 
a format which is readable, knowledgeable and at the 
same time technically sufficient for à general appreciation 
of the scientific approach to the use of wood. 

Read in this light, this book follows in the steps of its 
predecessors, but unfortunately it is open to criticism 
particularly in view of the opening sentence of the preface. 
Today, the symbols S1, S2 and S3 are generally used 
for describing the thickening of the secondary wall 
and these could have been included in the text if not on 
the diagrammatie representation of the cell wall structure. 
It is eurious that over the years no one has picked up 
the anomaly in plate 6, “Types of Commercial Mahogany". 
Illustrated are Central American mahogany, Swietenia 
macrophylla; African mahogany, Ahaya ivorensis; and 
Red Meranti, Shorea spp. Had this been called Philippine 
or Borneo Mahogany, a name deprecated by BSI, then 
it would have come under the plate title, but Meranti, a 
Malayan word, is sold as that and no reeord has appeared 
of *Malayan Mahogany" even in the author's authorita- 
tive book, Manual of Malayan Timbers. 

The inclusion of the chapter on the end-grain structure 
of hardwoods and general notes on the genera illustrated 
is an improvement, but while it is difficult to show a true 
comparison of ray widths by linear methods, care must 
be taken in using some of these drawings as a means of 
identification. Although the diffusion method of applying 
preservatives is mentioned. no details as to how this is 
carried out are given, and the use on page 141 of an out- 
of-date chart for the moisture content of timber for 
different purposes is somewhat surprising. 

The author refers to re-writing “those sections where 
recent developments have an immediate practical appli- 
cation", yet there is no reference to the flat-plate nailed 
connectors which are being used to an ever increasing 
extent over the toothed connector today. There is a ten- 
deney today in books of this kind to include the refer- 
ences at the end of each chapter and this would have 
been an improvement. The selected bibliography makes 
very curious reading in the light of the preface. Under 
chapter 4, “General Characters", the most up-to-date 
reference is 1937, and unfortunately there are similar 
anomalies under other chapter references. 

The production, illustrations and presentation of this 
book comply with the high standards of the publishers, 
but it is felt that the price of this edition may be beyond 
the usual run of students. R. P. Woops 





NATURE, VOL. 218, JUNE 29, 


MICRODOSIMETRY 


Proceedings of the Symposium on Microdosimetry 
Ispra, Italy, November 13-15, 1967 
Edited by H. G. Ebert. (EUR 3747.) 
(Brussels : European Atomie Energy Community- 

.EURATOM, 1968.) 750 B. francs; 60 DM; $15. 


Tux title of this volume will give little clue to its contents 
except to a small number of people interested in this 
field. In understanding the chemical and biological 
effects of ionizing radiation it is important to know as 
much as possible about the spatial distribution of the 
ionized and excited molecules which are formed along the 
tracks of the secondary ionizing particles. ‘‘Absorbed 
.dose" is a term which has been reserved for the average 
energy imparted by ionizing radiation to a material per 
unit mass and it takes no account of the discrete nature 
of the energy transfer proeesses. The term ‘‘micro- 
dosimetry" has come into use to describe investigations 
into the spatial distribution of absorbed energy on a 
“microscopic” scale. There are, however, some am- 
biguities in the use of this term and these are reflected in 
the present volume, which contains the papers given at a 
symposium with the same title, held at Ispra in November 
1967 under the auspices of Euratom. Some of the papers 
deal with the truly “microscopic” problem—that is, with 
the size distribution and spatial distribution of individual 
energy transfers from the secondary charged particles to 
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Pp. viii + 789. 


' the molecules of the medium. Other papers discuss the 


variations in absorbed dose which occur near interfaces 


. between materials of different atomic composition. The 


latter represent merely the "fine structure" of the true 
absorbed dose distribution in the material and are to be 
measured on a scale of microns rather than Angstroms. 

Experiments designed to study the distribution of 
energy transfers along a track are not, as a rule, very 
direet. Some workers have drawn deductions from bio- 
logical work, others from the pulse height distribution in 
speeially designed ionization chambers or proportional 
counters containing gas at low or very low pressures. 
The present three-day symposium at Ispra brought 
together most of those who have been active in the field 
and is an up-to-date account of measurements and 
theoretical calculations on both aspects of ‘“‘micro- 
dosimetry”. There is not, however, much connexion 
between the two interpretations of the term, and one 
gets the impression that two symposia were being held 
simultaneously with very little interaction between them. 
The weight of the contributions varies considerably. 
Some bring new information of considerable interest, 
others merely discuss terms and quantities in a rather 
formal manner. Of the thirty-six papers in the volume, 
twenty-nine are in English, four in German and three in 
French. 

It is very satisfactory that the organizers have been 
able to publish this book within some four months of the 
date of the symposium, but the speed has been achieved 
by reproducing from typescript, and it would be rather 
alarming if all conference proceedings were to be pub- 
lished in such an inconveniently large and heavy format. 

J. W. Boae 


CONSULT BEFORE HAZARD 


Handbook of Laboratory Safety 

Edited by Norman V. Steere. Pp. xii+568. (Cleveland, 
Ohio: The Chemical Rubber Co., 1967. Distributed in 
the UK by Blackwell Scientific Publications, Oxford.) 
2108. 


Tue subject of safety in laboratories is treated, not infre- 
quently, in a haphazard and piecemeal manner, and is 


; rarely made the first responsibility of any one person. 
; Some firms employ safety officers, who are invested with 
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considerable advisory and occasionally executive powers; 
in addition, technical superintendents and chief tech- 
nicians assume responsibility for many aspects of pre- 
ventive safety and first aid. Nevertheless, I think it is 
true to say that the majority of laboratory personnel 
receive very little formal training in this most important 
subject. 

This very wide-ranging book on the subject is eminently 
readable and will be read, it is hoped, from cover to cover 
by those whose professional concern it is, and consulted 
by laboratory staff whenever they embark on a new 
aspect of their work. The first section of the book deals 
with the subject in general, discussing such matters as 
responsibility, first aid, waste disposal and legal liability. 
Then, more specifically, are considered protective equip- 
ment of all sorts: eye protection, safety shields and 
showers and protection against ultraviolet radiations. 
Then we meet the subject of ventilation, hazards involving 
fire risks, toxicity, radioactivity, electrical and mechanical 
apparatus, chemical reactions, and the hazards involved 
in handling micro-organisms both in vivo and in vitro. A 
particularly interesting section is the seven pages devoted 
to the prevention of contamination of drinking water 
supplies. The penultimate chapter provides the reader 
with a number of items to be taken into account when 
considering the safety aspects of laboratory design. 

The last section of the book, section twelve, is entitled 
“Tables of Chemical Hazard Information”, and it occupies 
almost a quarter of the total number of pages. Here, 
listed in tabular form, are more than a thousand chemicals, 
with fifteen columns containing such characteristics of the 
chemicals as their health hazards, fire hazards, vapour 
pressures, water solubilities, and references to supple- 
mentary information on their toxicity, flammability and 
other hazards. This is indeed an impressive and com- 
prehensive list, and is the section of the book whieh will 
be eonsulted again and again. 

The index in a book of this type must be particularly 
complete, and as far as I could judge, by the use of spot 
checks, this one seems to be adequate. The forty con- 
tributors to the work (two English, the rest American) are 
to be congratulated on a thorough coverage of the subject. 
It is to be hoped that the priee of the book will not 
prevent a copy from appearing in every department, 
where we may hope that it will be consulted before the 
hazard is encountered, or perhaps even read as part of 
one's general laboratory education. A. C. TAYLOR 


OBITUARIES 


Professor Zdenko Stary 


PROFESSOR ZDENKO Stary, who died on May 15, was 
born in Prague in 1899. He received his MD in 1923 and 
his degree of Dr rer. nat. in 1925 from the German 
University in Prague. In 1928 he was appointed docent 
for physiological chenustry. He was promoted to associate 
professorship in 1933, and was appointed chairman of the 
department of physiological chemistry in 1939, after the 
occupation of Czechoslovakia by German troops. 

In contrast to most of his colleagues at the German 
University, and disregarding directives of the Nazi 
government, Stary maintained cordial relations with his 
colleagues from the hquidated Czech University, enab- 
ling some of them to continue their scientific activities. 
When the German forces were withdrawn from Prague, 
Stary and his family, like many other German speaking 
people, were seized by the outraged population who 
intended to expel them, but they were saved by colleagues 
from the Czech University, who made it possible for them 
to stay in Prague. In 1947 Stary became head of the 
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department of biochemistry at the University of Ankara, 
and two years later he moved to Istanbul as head of the 
department of biochemistry there. In 1956 he emigrated 
to the United States, where he became head of the bio- 
chemistry laboratory of the Pennsylvania State Hospital 
in Warren, Pennsylvania. 

Stary's work was concerned with the chemistry of 
glycoproteins and mucopolysaecharides. In addition to 
more than a hundred experimental papers, he published 
review articles on glyco and mucoproteins in handbooks 
and periodicals. Stary had a quiet and modest personality ; 
when he exposed himself to great danger by maintaining 
strictly forbidden relations with his Czech colleagues in 
occupied Prague, he did it out of feelings of humanity 
and compassion for colleagues who were offieially sup- 
pressed. Those who knew Stary in this dangerous period 
will never forget the decency and courage of this gentle 
and generous scientist. 


University News 


The Social Science Research Council has announced a 
grant of £25,765 to the University of Glasgow for the 
3 year period until September 1971 towards the cost of 
an investigation into manpower policy and redeployment, 
to be carried out in the Department of Social and 
Economic Research. 


Mr B. C. Leighton has been appointed to the Chair of 
Orthodontics tenable at King’s College Hospital 
Medical School, London. 


Professor F. R. Johnson has been appointed to the 
Chair of Anatomy tenable at the London Hospital 
Medical College. 


Professor F. Hobbiger has been appointed to the Chair 
of Pharmacology at the Middlesex Hospital Medical 
School. 


The Agricultural Research Council has awarded a grant 
of £44,200 plus professional fees to the University of 
Reading, for extensions to the Department of Engineer- 
ing at the National Institute for Research in Dairying. 
The council has also made a grant of £502 for the con- 
tinuation of research on dwarfness in wheat which is 
being carried out in the Department of Agricultural 
Botany. 


Dr T. Evans has been awarded the personal title of 
Professor of Physics at the University of Reading. 


Mr C. W. N. Miles, chief agent to the Meyrick Estates, 
has been appointed Professor and Head of the Department 
of Estate Management at the University of Reading. 


Announcements 


A grant of $750,000 has been made to the Woods 
Hole Oceanographic Institution by the Henry L. and 
Grace Doherty Charitable Foundation, to establish 
the Henry L. Doherty Chair in Oceanography. 

Dr Oleg Jardetzky, director of the Department of Bio- 
physies and Pharmacology, Merck, Sharp and Dohme 
Research Laboratories, Rahway, New Jersey, has been 
appointed Deputy Director of the MRC Molecular 
Pharmacology Research Unit at the Department of 
Pharmacology, University of Cambridge, where he will 
continue his work on the application of nuclear magnetic 
resonance to problems of interaction between drugs and 
macromolecules or organized cellular structures. 


The Wolfe Award of £500 has been made by the Ministry 
of Technology to Mr Alexander Russell of the National 
Engineering Laboratory, East Kilbride, for his develop- 
ment of an électronic system for measuring or controlling 


movements in precision mechanisms. 
e 


NATURE, VOL. 218. JUNE 29, 1968 


Dr Elsa Reiner, Institute for Medical Sciences and 
Research, Yugoslav Academy of Sciences and Art, Zagreb, 
has been awarded the 1968-69 Unilever Inter- European 
Fellowship in Biochemistry. Dr Reiner will work at 
the MRC Toxicology Research Unit, Carshalton. 


Meetings 


August 12-24, New Trends in Computer Program- 
ming, Technical University of Denmark (Hans Jorgen 
Helms, Northern Europe University Computing Center, 
Technical University of Denmark, 2800 Lyngby). 


August 18-22, 16th International Congress of Applied 
Psychology, Amsterdam (Secretariat, c/o Holland Organ- 
izing Centre, 16 Lange Voorhout, The Hague). 


August 26-28, Chemistry of Natural Products, 
Fredericton, New Brunswick (Seminar, Chemistry Depart- 
ment, University of New Brunswick, Fredericton, 
Canada). 


August 29-31, The AC Properties of Superconductors 
and their Applications, University of Warwick (Meet- 
ings Officer, The Institute of Physics and the Physical 
Society, 47 Belgrave Square, London SW1). 


August 30-September 3, Sixth General Meeting of the 
International Mineralogical Association, Technical 
University, Prague-Dejvice (The Organizing Committee, 
Ustfední Ustav Geologický, Malostranské Nám. 19, 
Prague 1). 


September 25-26, Vertebrate Palaeontology and Com- 
parative Anatomy, Reading (Dr L. B. H. Tarlo, Depart- 
ment of Geology, University of Reading). 


September 26, Nucleotide Group Meeting, University 
of Keele (Dr D. W. Hutchinson, School of Molecular 
Sciences, University of Warwick, Coventry). 


September 30-October 2, Tropospheric Wave Propaga- 
tion, Institution of Electrical Engineers (IEE Conference 
Department, Savoy Place, London WC2). 


Oetober 31-November 2, Photo-electronic Imaging, 
Washington, DC (Robert A. Jones, Papers Chairman, 
Mail Station 68, The Perkin-Elmer Corporation, Norwalk, 
Connecticut 06852). 


November 19-21, Physics in the Metal Forming 
Industries, Harrogate, Yorkshire (The Press Officer, 
Ministry of Technology, Millbank Tower, Millbank, 
London SWI). 


July 6-19, 1969, Fourth Advanced Study Institute of 
Molecular Biology, Spetsai, Greece (Dr M. 8. Bretscher, 
MRC Laboratory of Molecular Biology, Cambridge). 


Erratum. In the work reported in the communication 
"Interaction of Defect and Domain Structures of Tri- 
glycine Sulphate Crystals in Ferroelectric and Paraelectrie 
States" by G. I. Distler ef al. (Nature, 218, 762; 1968) 
TGS erystals were cooled for 12 h and not 1 h after they 
had been grown. 


Erratum. In the communication “Morphological Changes 
in a Parasitic Nematode due to Acquired Resistance of 
the Host” by J. F. Michel (Nature, 215, 520; 1967) there 
was an error in the fifth paragraph, and the last four lines ,, 
should read: “The flapless worms are slightly shorter 
but the difference is sufficiently smal] to be explained by 
the fact that the different members of the population 
completed their development over a period of about a 
month". 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Tuesday, July 2—Wednesday, July 3 


BIOCHEMICAL SOCIETY (at the University of Cambridge) 484th MEETING, 
Programme will include a Colloquium on "Storage of Biologically Active 
Substances in Cells"; an ordinary meeting for the presentation of com- 
munications, and a NEUROCHEMICAL GROUP MEETING on “Use of in vitro 
Techniques in Studies on Cerebral Metabolism". 


Wednesday, July 3—Friday, July 5 


CHALLENGER SOCIETY, and REPRESENTATIVES FROM THE MARINE 
LABORATORIES (Natural Environment Research Council Scheme) (at the 
University of Strathelyde, Glasgow -Scientific Papers. 


Thursday, July 4 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (in the Weir Lecture Hall, 10 
Upper Belgrave Street, London, SW1), at 5 p.m.— Emeritus Professor A. M. 
Robb: "An Examination of the Eecords of the Lucy Ashton Experiments 
and an Extrapolation by the 1957 ITTC Line"; Mr J. R. Scott: “On Estima- 
tion of Smooth Ship Resistance from Model Results". 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER (preferably with experience in teacher training) IN EDUCATION 
to specialize in methods of teaching mathematics (including “modern” 
aa a EN Registrar, University College of Wales, Aberystwyth 

July 1) œ 

í OBSERVATORY CURATOR in the DEPARTMENT OF PHYSICS, to assist with 
demonstrating and tutorial work associated with courses in astronomy— The 
Registrar, The University, Keele, Staffordshire (July 1). 

RESEARCH FELLOW or ASSOCIATE RESEARCH FELLOW (postdoctoral worker 
in the field of thyroid or pancreatic endocrinology) in the DEPARTMENT OF 
BIOLOGICAL SCIENCES, to carry out research either of a general or comparative 
endocrinological nature within Professor A. J. Matty’s research group, and to 
make some contribution to the teaching of general physiology or cell biology 
within the department—The Staff Officer (625/2), The University of Aston 
in Birmingham, Gosta Green, Birmingham, 4 (July 2). : 

ASSISTANT LECTURER (preferably with an interest in topology) in the 
DEPARTMENT OF PURE MaTHEMAT;CS— The Registrar, University College of 
North Wales, Bangor, North Wales (July 3). ; 

ASSISTANT (preferably with special interests in physical geography) in 
GEOGRAPHY —l'he Secretary and Bursar, University College, Dublin, Republic 
of Ireland (July 3). 

PRINCIPAL LECTURER (qualified to lecture to honours degree standard and 
with active research interests) in GEOoGRAPHY— The Secretary, Sir John Cass 
College, Jewry Street, London, EC3 (July 5). 

RESEARCH ASSISTANT (with an interest in surgery as well as a sound back- 
ground of biochemical and physioiogical knowledge) in ENDOCRINOLOGY in 
the DEPARTMENT OF APPLIED BIOCHEMISTRY AND NUTRITION, to join in a 
study of the control of thyroid hermone secretion using new techniques— 
Dr I. R. Falconer, University of Nottingham, Sehool of Agriculture, Sutton 
Bonington, Loughborough, Leics (July 5). 

SENIOR LIBRARY ASSISTANT (chartered librarian or graduate) to be in 
charge of the BorTANY/ZoOLOGY library—The University Librarian, Univer- 
sity of Bristol, Bristol 8 (July 5). 

ASSISTANT LECTURER or LECTURER (preferably with an interest in indust- 
rial acus d in SocioLogy—The Registrar, University of Nottingham, 
University Park, Nottingham (July 8). : 

CHAIR OF CHEMICAL PATHOLOGY at Charing Cross Hospital Medical 
School—The Academic Registrar (N), University of London, Senate House, 
London, WC1 (July 11). 

BIOMETRICIAN (graduate in mathematies or statisties and interested in 
probability theory, statistics, numerical analysis and eomputer science), to 
develop a new field of work at the Institute— The Secretary, A.R.C. Institute 
for Research on Animal Diseases, Compton, Newbury, Berkshire (July 12). 

EXPERIMENTAL OFFICER (experienced in the use of instrumentation used in 
medical or health physics, and qualified to HNC standard in physics or elec- 
trical engineering) in the RADIOLOGICAL PROTECTION SERVICE— The Regis- 
Ga a University of Manchester, Manchester, 13, quoting Ref. 111/68 

y 12), 

LECTURER GRADE II and a LECTURER GRADE I in BIOCHEMISTRY—The 
Principal, Waltham Forest Technical College and School of Art, Forest Road, 
Walthamstow, London, E17 (July 12). 

RESEARCH ASSISTANT IN PHARMACOLOGY in the DEPARTMENT OF THERA- 
PEUTIOS AND PHARMACOLOGY, for work on a project concerned with the mode 
of action of narcotie analgesic drugs under the direction of Professor H. W. 
Free T uM Secretary, University of Aberdeen, Aberdeen, Scotland 

uly 12). 

SENIOR LECTURER in OPHTHALMeLOGY— The Registrar, The University of 
Manchester, Manchester, quoting Eef. 109/68 (July 12). 

LECTURERS (2) IN PHYSIOLOGY —The Registrar, The University, Newcastle 
upon Tyne (July 13). 

CHAIR OF GEOGRAPHY— The Secretary, The Queen's University, Belfast, 
Northern Ireland (July 15). 

SENIOR DEMONSTRATOR (with interests in inorganic chemistry or theoretical 
chemistry) in CHEMISTRY—The Registrar and Secretary, University of East 
Anglia, Earlham Hall, Norwich, R 88C (July 15). 

ASSISTANT LECTURER in VETERINARY PHYSIOLOGY —The Registrar, The 
University, P.O. Box 147, Liverpoel, 3, quoting Ref. RV/543 (July 17). 

LECTURER IN ZOOLOGY at Fourah Bay College, University of Sierra Leone 
— The Inter-University Council, 33 Bedford Place, London, WC1 (July 18). 

TuTons (2) in the DEPARTMENT OF GEOGRAPHY to assist with tutorial 
groups involving small groups of students and to provide assistance in 
practical map celasses— The Registrar, University College of Swansea, Single- 
ton Park, Swansea, South Wales, quoting Ref. A6 (July 18). 

LECTURER in PSYCHOLOGICAL DICINE— The Secretary to the University 
Court, The University, Glasgow (Juiy 19). 

LECTURER in SOCIAL ANTHROPOLOGY at Victoria University of Wellington, 
New Zealand—The @Association ef Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (July 10). 

LECTURER (graduate) in the DEEARTMENT OF CHEMISTRY-——The Registrar, 
King's College (University of London), Strand, London, WC2 (July 20). 
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LECTURER or ASSISTANT LECTURER in the DEPARTMENT OF BIOCHEMISTRY, 
University of the West Indies, Jamaica—The Inter-University Council, 33 
Bedford Place, London, WC1 (July 24). . 

LECTURER IN ANIMAL HEALTH in the DEPARTMENT OF ANIMAL HEALTH, 
Royal (Dick) School of Veterinary Studies— The Secretary, University of 
Edinburgh, Old College, South Bridge, Edinburgh, Scotland (July 31). 

LECTURER or ASSISTANT LECTURER in PALAEOBOTANY——fhe Eegistrar, 
The University of Manchester, Manchester, 13, quoting Ref. 114/68 (July 31), 

LECTURER or SENIOR LECTURER in CHEMISTRY at the University of Otago 
Dunedin, New Zealand— The Association of Commonwealth Universitieg 
(Branch Office), Marlborough House, Pall Mall, London, SW) (New Zealand 
and London, July 31). 

LECTURER/SENIOR LECTURER IN PHARMACOLOGY at the University of 
Western Australia— The Association of Commonwealth Universities (Branch 
Ore),  mdcK dA House, Pall Mall, London, SW1 (Australia and London, 

uly 31). 

LECTURER (with an honours degree in physics, teaching and research 
experience, and preferably a higher degree or proven research experience 
which is equivalent) in PHYSICS at University College of Townsville, Uni- 
versity of Queensland, Australia— The Association of Commonwealth 
aa (Branch Office), Marlborough House, Pai Mall, London, SW1 

uly 31). 

CHAIR OF SHIP SCIENCE— The Secretary and Registrar, The University, 
Southampton, Hampshire (August 3). 

CHAIR OF PATHOLOGY in the School of Medicine, University of Auckland, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (New Zealand and 
London, August 5). 

SENIOR LECTURER in THEORETICAL Puysics in the Faculty of Science, 
Australian National University—The Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, SWi 
(Australia and London, August 12). 

PROFESSOR OF CHEMISTRY (candidature is restricted to persons whose work 
falls within the field of theoretical chemistry)— The Registrary, University 
Registry, The Old Schools, Cambridge (September 21). 

BANCROFT ANNIVERSARY FELLOW in PARASITOLOGY for work in the field of 
medical parasitology— The Registrar, University of Queensland, St Lucia, 
Brisbane 4067, Australia (September 30). 

EXPERIMENTAL OFFICER/ASSISTANT EXPERIMENTAL OFFICER (experienced 
in vacuum engineering and/or high voltage techniques, and proven ability 
to control junior staff) in the DEPARTMENT OF ELECTRICAL AND CONTROL 
ENGINEERING, to join a team responsible for the operation of two lon acceler- 
ators to be used for ion implantation studies—The Staff Officer, University of 
Surrey, Battersea Park Road, London, SW11. 

JUNIOR RESEARCH FELLOW in POLYMER Puysios— Professor K. E. Puttick, 
Department of Physics, University of Surrey, Battersea Park Road, London, 

LECTURER (with a particular interest in one or more of the following: 
sociological theory, research methods, political sociology) in SoCtOLOGY in 
the School of Humanities and Social Sciences——The Registrar (8), The Wni- 
versity, Claverton Down, Bath, Somerset, quoting Ref. 68/27. 

PRINCIPAL CLINICAL PSYCHOLOGIST to take charge of Department—The 
Hospital Secretary, Central Hospital, near Warwick. 

RESEARCH ASSISTANT (with a first- or second-class degree in some branch 
of applied mathematics, engineering or physics) in the DEPARTMENT oF 
APPLIED, MATHEMATICS— The Registrar, University College of Wales, Aberyst- 
wyth. 

RESEARCH ASSISTANT (with a good degree in physics) in ATOMIC COLLISION 
PHYSICS, to participate in crossed beam experiments involving the study of 
inelastic cross-sections for electron-ion and ion-ion collisions—'Yhe Deputy 
Secretary, The University, Southampton, Hampebie. 

RESEARCH FELLOW in the DEPARTMENT OF METALLURGY AND MATERIALS 
SCIENCE to work on the mechanical properties of UO2— The Registrar, The 
University, PO Box 147, Liverpool, 3, quoting Ref. RV/541. 

RESEARCH SCIENTIST (biochemist, experimental pathologist or virologist) 
for full-time research as a member of a team of workers from various disci- 
plines studying the congenital rubella syndrome and the pathogenesis of 
cataract formation—Dr J. D. Harley, Director, Children's Medical Research 
Foundation, PO Box 34, Camperdown, NSW, 2050, Australia, 

RESEARCH STUDENTS (with or expecting shortly to obtain a good honours 
degree of a British university in pharmacy or an acceptable equivalent 
qualification) in the POSTGRADUATE SCHOOL OF STUDIES IN PHARMACY, for 
research work in pharmaceuties— The Registrar, University of Bradford, 
Bradford 7, quoting Ref. P/RS/1/E. 

RESEARCH STUDENTS (zoologists, pharmacologists, physiologists. or bio- 
chemists with a good honours degree) in the DEPARTMENT OF DIOLOGICAL 
SCIENCES for work on thyroid or pituitary endocrinology or on the metabolism 
in obesity—The Secretary, The Department of Biological Sciences, The 
University of Aston in Birmingham, Gosta Green, Birmingham, 4. 

RESEARCH TECHNICIAN (with GCE advanced level in one of the following 
subjects: biology, chemistry or physics, or equivalent qualification, or 
previous research experience) in the DEPARTMENT OF PHYSIOLOGY—-Pro- 
fessor J. N. Mills, Department of Physiology, The University, Manchester, 13, 


REPORTS and other PUBLICATIONS 


(not included in the monthiy Books Supplement) 





Great Britain and Ireland 


University of Reading. Report of the National Institute for Research 
in Dairying, 1967. Pp. 163. (Shinfield: National Institute for Research 
in Dairying, 1968.) 10s. [275 

Annual Report of the Plant Breeding Institute, Cambridge, 1066-07. 
Pp. viii-- 125. (Cambridge: Plant Breeding Institute, 1968.) 7s. 6d. [275 
. University of Liverpool. Annual Report of the Tidal Institute and 
rU 1967. Pp. 23. (Birkenhead: Tidal Institute and Observatory 

Bulletin of the British Museum (Natural History). Entomology. Vol. 2 
No. 2: A Revision of the Genus Microgaster Latreille (Hymenoptera: 
Braconidae). By G, E. J. Nixon. Pp. 31-72. 18s. Vol. 22, No. 3$: An 
Index-Catalogue of African Phaneropterinae (Orthoptera: Tetügonildae). 
By D. E. Ragge. Pp. 73-108. 16s. (London: British Museum (Natural 
History}, 1968.) [285 

Government of Northern Ireland: Ministry of Agriculture. At Your 
Service 1968-69— An Indication of Advisory and other Services, Grants and 
Subsidies Available to Farmers and Horticulturists. Pp. 40. (Belfast: 
Ministry of Agriculture, 1968.) [285 

Quarterly Reviews of Biophysics, Vol. 1, No. 1 (May 1968) Pp, 1-126. 
Subscription: 1008.; $16.50. Single parts 35s.; $4.50. (London and New 
York: Cambridge University Press, 1968.) [285 
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Other Countries 


Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Report of the Division of Dairy Research 1967. Pp. 40--5 plates. 
(Melbourne: Commonwealth Scientific and Industrial Research Organiza- 
tion, 1968.) [145 

Deutsche Akademie der Wissenschaften zu Berlin. Veróffentlichungen 
des Geodátischen Instituts in Potsdam, Nr 31: Zur Ubertragung des Pots- 
damer Schweresystems. Von K. Reicheneder. Pp. 72. (Potsdam: Geoda- 
tisches Institut Potsdam, 1968.) [145 

Fieldiana: Anthropology. Vol. 57: Chapters in the Prehistory of Eastern 
Arizona, III. By Paul S. Martin, William A. Longacre and James N. Hill. 
Pp. 178. (Chicago: Field Museum of Natural History, 1967.) {155 

Cimbebasia, Ser. A, Vol. 1, No. 2: Calculations of Struthious Egg Sizes 
from Measurements of Shell Fragments and Their Correlation with Phylo- 
zenetie Aspects, By E. G. Franz Sauer. Pp. 27-56. (Windhoek, SWA: State 
Museum, P.O. Box 1203, 1968.) [155 

Republic of South Africa. Department of Industries: Division of Sea 
Fisheries. Fisheries Bulletin No. 5: Miscellaneous Contributions to Oceano- 
graphy and Fisheries Biology. Pp. 45. (Sea Point, Cape Town: Division of 
Sea Fisheries, 1968.) {155 

University of Miami. Annual Report of the Institute of Marine Sciences, 
1966-1967. Pp. 52, (Miami: Institute of Marine Sciences, 1968.) (155 

United States Department of the Interior: Geological Survey. Techniques 
of Water-Resources Investigations of the United States Geological Survey. 
Chapter A3: Measurement of Peak Discharge at Culverts by Indirect 
Methods. By G. L. Bodhaine. Pp. vii-- 60. (Washington, D.C.: Govern- 
ment Printing Office, 1968.) $0.40. {155 

Report of the South African Museum for the year ending 31st March, 1967. 
Pp.22. Annals of the South African Museum, Vol. 49, Part 2, (March 1968): 
Strandloper Pottery from South and South West Africa. By Jalmar Rudner. 
Pp. 441-663. (Cape Town: South African Museum, 1968.) R. 7.50. {155 

Proceedings of the United States National Museum, Smithsonian Institu- 
iion. Vol. 123, No, 3619: Studies of Neotropical Caddis Flies, V. Types of 
the Species Described by Banks and Hagen. By Oliver S. Flint, Jr. Pp. 
374-1 plate. Vol. 124, No. 3624: The Composition of the Allegan, Bur- 
Gheluai and Cynthiana Meteorites. By Brian Mason and A. D. Maynes. 
Pp. 12. Vol. 124, No. 8627: Echiniphimedia, an Amphipod Genus from the 
Antarctic Ocean. By J. Laurens Barnard. Pp. 15. Vol. 124, No. 3626: 
New Species of Culicoides from High Altitudes in the Colombian Andes 
(Diptera: Ceratopogonidae). By Willis W. Wirth and Vernon H. Lee. Pp. 22. 
Vol. 124, No. 3628: Cyclopoid Copepods of the Genus Paranthessius Associ- 
ated with Marine Pelecypods in Chile. By Arthur G. Humes. Pp. 18. Vol. 
124, No. 3629: A Recharacterization of Collocalia papuensis Rand, the Three- 
toed Swiftlet. By Soekarja Somadikarta. Pp. 8. Vol. 124, No. 3631: Status 
of Genera Branchiobdella and Stephanodrilus of North America with Descrip- 
tion of a New Genus (Clitellata: Branchobdellida). By Perry C. Holt. Pp. 10. 
Vol. 124, No. 3032: Two New Species of Cartwerightia from Central and 
South America (Coleoptera: Scarabaediae: Aphodiinae) By Oscar L. 
Cartwright. Pp. 8. Vol. 124, No 3633: Alloxenia in Three Sympatric African 
Species of Cuculus. By Herbert Friedmann. Pp. 14. Vol. 124, No. 3636: 
Four New Fishes of the Genus Parapercis with Notes on Other Species from 
the Indo-Pacific Area (Family Mugiloididae). By Leonard P. Schultz. Pp. 16. 
Vol. 124, No. 3638: North American Triclad Turbellaria, 17: Freshwater 
Planarians from Lake Tahoe. By Masaharu Kawakatsu. Pp. 21. (Washing- 
ton, D.C.: Government Printing Office, 1967 and 1968.) [155 

Republic of South Africa. Department of Industries. 33rd Annual Report 
of the Director of Sea Fisheries—a Collective Report for the years 1961-1965. 
(Reprint from Commerce and Industry). Pp. 28. (Sea Point, Cape Town: 
Division of Sea Fisheries, 1967.) . . [165 

The Year Book of the International Council of Scientific Unions 1968. 
Pp. 206. (Rome: International Council of Scientifie Unions, 1968.) [175 

Metropolitan Life Insurance Company. Statistical Bulletin, December 
1967: Nationwide Decline in Births Continues, Health Conditionsin Hawaii. 
Cancer Mortality Trends Among Women in Various Countries. Accidental 
Deaths Drop Slightly in 1907. Pp. 12. (New York: Metropolitan Life 
Insurance Company, 1967.) 3 [175 

British Honduras. Annual Report of the Forest Department for the year 
1965. Pp. 7. (Belize: Forest Department, 1968.) . [175 

United States Naval Observatory. Circular No. 118: Observations of the 
Sun, Moon, and Planets-—Six-Inch Transit Circle Results. By A. N. Adams 
and D. K. Scott. Pp. 14. Cireular No. 119: Phases of the Moon 1960-2003. 
By Bernice L. Morrison. Pp. 13. Circular No. 120: Sunlight, Moonlight, 











and Twilight for Antarctica, 1960-1971. By Louise B. Weston. Pp. 19. 
(Washington, D.C.: United States Naval Observatory, 1968.) — [275 
U.S. Department of Agriculture, Economie Research Service, ERS- 


Foreign 222 (April 19, 1968): The Western Hemisphere Agricultural Situa- 
tion-—Review of 1967 and Outlook for 1968. Pp. 30. (Washington, D.C.: 
Government Printing Office, 1968.) : . . [275 

Nederlandse Vereniging voor Weer- en Sterrenkunde. Observations of 
Variable Stars, July-December 1967— Report No. 13. Pp. 11. (Groningen: 
Kapteyn Astronomical Laboratory, 1968.) [275 

Notulae Naturae of the Academy of Natural Scienees of Philadelphia. 
No. 399 (January 27, 1967): Redescription and Synonymy of the Indo- 
Pacific Plesiopid Fish Barrosia altivelis. By James C. Tyler. Pp. 8. No. 400 
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(May 3, 1967): Venom Apparatus and Geographical Distribution of Conus 
gloriamaris. By R. Tucker Abbott. Pp. 8. No. 401 (May 3, 1967): Re- 
description, IHustration, and Type Selection for the Venezuelan Chaenopsine 
Blenny, Protemblemaria punctata Cervigon. By James E. Böhlke and 
Fernando Cervigón. Pp. 8. No. 402 (June 16, 1967); Eriocnemis mirabilis, 
a New Species of Hummingbird from Colombia. By Rodolphe Meyer de 
Schaiensee. Pp. 2. No. 403 (July 21, 1967): Pustularias (Jenneria) in the 
American Neogene. By Axel A. Olsson. Pp. 18. No. 404 (July 21, 1967): 
The Value of the Stridulatory File and Other Characters in Tettigoniid 
Taxonomy (Orthoptera) By Michael G. Emsley, David A. Nickle and W. 
Wayne Moss. Pp. 9. No. 405 (July 21, 1967): Three New Species of Fresh- 
water Ostracods (Crustacea) from Argentina. By Edward Ferguson, Jr. 
Pp. 7. No. 406 (September 6, 1967): A Description of Balanus parkeri 
(Cirriprida, Thoracica), a New Species from the Gulf of California. By 
Victor A. Zullo. Pp. 5. No. 467 (October 31, 1967): A New Sexually 
Dimorphic Jawfish (Opistognathus; Opistognathidae) from the Bahamas. 
By James E. Bóhlke. Pp. 12. No. 408 (November 22, 1967): A New Xeno- 
congrid Eel from the Western Indian and Western Atlantic Oceans. Pp. 6. 
No. 409 (November 22, 1967): A New Ostracod (Ostracoda: Entocytheridae) 
Commensal on a Wood-Boring Marine Isopod from India. By C. W. Hart, Jr., 
N, Balakrishnan and Dabney G. Hart. Pp. 11. (Philadelphia: The Academy 
of Natural Sciences of Philadelphia, 1967.) [275 
_ Annals of the New York Academy of Sciences. Vol. 149, Article 1: 
Erythropoietin. By J. W, Fisher ef al, Pp. 1-583. (New York: New York 
Academy of Sciences, 1968.) [275 

The Coconut Industry Board, Jamaica, W.L Seventh Report of the 
Research Department, June 1966-June 1967. Pp. 70. (Kingston: The 
Coconut Industry Board, 1968.) [285 

Facts on the Major Killing and Crippling Diseases in the United States 
Today. Pp. 402. (New York, N.Y.: The National Health Education Com- 
mittee, Inc., 1966.) 5.25. [285 

Bulletin of the Museum of Comparative Zoology, Harvard University. 
Vol. 136, No. 9 (April 15, 1963): The Spider Genera Gea and Argiope in 
America (Araneae: üneidae) By Herbert W. Levi. Pp. 319-352. Vol. 
136, No. 10 (April 15, 1968): Lichomolgid Copepods (Cyclopoida) Associated 
with Corals in Madagascar. By Arthur G. Humes and Ju-Shey Ho. Pp. 
353-414. Vol. 136, No. 11 (April 15, 1968): Xarifiid CopepodsCyclopoida) 
Parasitic in Corals in Madagascar, By Arthur G. Humes and Ju-Shey Ho. 
Pp. 415-460. (Cambridge. Mass. : Harvard University, 1968.) [295 

Annals of the Transvaal Museum. Vol. 25, No. 9 (31 March, 1968): Some 
New African Lepidoptera. By Elliot Pinhey. Pp. 153-176--15 plates? 
Vol. 25, No. 10 (31 March, 1968): The Tenebrionidae of Southern Africa, 
XL: Three New Drosochrini (Coleoptera) from the Transvaal. By L. 
Schulze. Pp. 177-188. (Pretoria: Transvaal Museum, 1968.) (295 

Republic of South Africa: Department of Industries. Division of Sea 
Fisheries. Hydrological Station List No. 1, for the period 1 April 1961 to 
31 March 1962. Compiled by G. A. Robinson and C, P. Duncan, assisted by 
Mrs R. M. Wiederhold, Miss M. Malan and J. H. Nell. Pp. iii +342. (Cape 
Town: Department of Industries, Division of Sea Fisheries, 1968.) [295 

University of Queensland Papers. (Great Barrier Reef Committee, Heron 
Island Research Station.) Vol. 1, No. 2: Some Serpulidae (Annelida: 
Polychaeta) from Heron Island, Queensland. By Dale Straughan. Pp. 
27-46. 60c. Vol. 1, No. 3: The Intertidal Acron Barnacle Tetraclita vitiata. 
Darwin at Heron Island. By W. Stephenson. Pp. 47-00. (St. Lucia: 
University of Queensland Press, 1967 and 1968.) {295 

The Age of Dinosaurs in Northern Arizona. ‘Text by William J. Breed. 
Drawings by Barton A. Wright. Pp. v +44. (Flagstaff: Museum of Northern 
Arizona, 1968.) $1. - « [305 

Journal Literature Covered by Physies Abstracts in 1905. By Stella 
Keenan and F., G. Brickwedde. (New York: American Institute of Physics, 
Information Division, 1963.) [305 

Museum of Comparative Zoology, Harvard University. Breviora. No. 281 
(5 April, 1968): Additional Notes on Batoid Fishes from the Western 
Atlantic. By Henry B. Bigelow and William €, Schroeder, Pp. 28. No. 282 
(5 April, 1968): The Extinct Baboon, Parapapio jonesi, in the Early Pleisto- 
cene of Northwestern Kenya. By Bryan Patterson. Pp. 4. No. 283 (5 
April, 1968): Seythian Ammonoids from Timor. By Bernhard Kummel. 
Pp. 21. No. 284 (5 April, 1968): The Relationships of Anolis of the Roguet 
Species Group (Sauria: Iguanidae)—111. Comparative Study of Display 
Behavior. By George C. Gorman. Pp. 31. No. 285 (4 April, 1968): The 
Genera of Puffbirds (Bucconidae). By G. W. Cottrell. Pp. 5. No. 286 (5 
April, 1968): The Status of Nesogalaxias neocaledonicus (Weber and de 
Beaufort) (Pisces, Galaxiidae). By R. W. McDowall. Pp. &. No. 287 (5 April, 
1968): The Sequence of Genera in the Estrildidae (Aves). By Ernst Mayr. 
Pp. 14. Annual Report, 1966-1967. Pp. 57. (Cambridge, Mass.: Museum 
of Comparative Zoology, Harvard University, 1968.) [315 

Organization for Economie Co-operation and Development. Reviews of 
National Science Policy—Japan. Pp. 231. (Paris: Organization for Economic 
Co-operation and Development; London: H.M. Stationery Office, 1967.) 
20 francs; 30s.; $5. [46 

Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 125, No. 3662: Prospects in Primate Biology. By J. R, Napier. 
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Pp. 30. (Washington, D.C.: Government Printing Office, 1968.) [46 
Annual Report of the Central Mining Research Station, 1966-1967. Pp. 
135. (Dhanbad, Bihar: Central Mining Research Station, 1968.) [56 
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APPOINTMENTS VACANT 


TWYFORD LABORATORIES LIMITED 


(A subsidiary of Arthur Guinness Son & 
Co. (Park Royal) Limited) 
require an 


ANIMAL TECHNICIAN 


An interesting and responsible post has 
arisen for an experienced animal technician 
(preferably male, and between 25 and 35 
years old) to act as second-in-command 
to the head of our animal facilities. His 
duties will comprise of the supervision of 
breeding programmes for laboratory ani- 
mals, and also care and management of 
farm animals. 


The salary scale is a generous one, and 
there will be 16/18 days annual holiday 


according to salary level; free lunches ; 
generous pension scheme and sickness 
benefit. 


Please apply to the Personnel Officer, 
Twyford Laboratories Limited, 
309 Elveden Road, 
London, N.W.10. (2605) 





AUSTRALIA 


LECTURESHIP/SENIOR LECTURESHIP IN 
PHARMACOLOGY 


Applications for appointment to a position of 
Lecturer or Senior Lecturer in the Department of 
Pharmacology are invited from persons holding a 
higher degree in Scíence or Medicine or from 
graduates in Medicine with a postgraduate quali- 
fication in Science. Experience in teaching as 
well as research is desirable but not essential. 
The salary ranges are $A5,400 to $A7,300 per 
annum for Lecturer and $A7,500 to $A8,750 per 
annum for Senior Lecturer, with superannuation 
similar to F.S.S.U. in both cases. 

The Department gives undergraduate and post- 
graduate instruction in the Fáculties of Science, 
Medicine and Dental Science. Facilities for re- 
search are available. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the conditions of 
appointment before submitting their applications. 
This information is available from the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 

Applications close in Australia and London on 
July 31, 1968. (2455) 


FIELD STUDIES COUNCIL 
FIELD ASSISTANTS as follows: 
Orielton Field Centre, Pembrokeshire (from 
October 1, 1968). 
Drapers" Field Centre, 
late August, 1968). 


Applicants should have a good honours degree 
in a biological subject preferably with a special 
interest in marine (Orielton only), freshwater or 
terrestrial ecology. Main duties on the teach- 
ing side with good opportunities for field re- 
search. Salary scale £650 by £30 to £710 by £35 
to £780, plus free board and lodging. 


Application. forms, obtainable from the Scien- 
tific Director. F.S.C., 9 Devereux Court, Strand, 
London, W.C.2. should be returned by July 20. 

(2607) 


Caernarvonshire (from 








Applied Research & Development 
AUSTRALIA 


Physicist 
Organic Chemist 


John Lysaght (Australia) Limited, an important overseas Group 
company, makes and markets sheet steel and a range of processed 
and fabricated products, with an annual turnover well into eight 
figures sterling. Its Central Technology Department, whose prime 
accountability is to maintain and improve product quality, provides 
a full applied R & D service to the John Lysaght Group of com- 
panies and also to the GKN (Australia) Group. The principal 
establishment is at Newcastle (New South Wales) with an operating 
section at Port Kembla (also N.S.W.). 


These two appointments are to be filled by suitably qualified 
scientists who are capable of working with the minimum of super- 
vision in developing new products and processes and who will 
assume responsibility for such activities from their inception to 
their completion as an operating process. For the second appoint- 
ment we would give serious consideration to candidates with less 
experience but who, nonetheless, have the required potential. In 
both cases a basic degree in the respective discipline is necessary. 
An enquiring mind and reasonable appreciation of the financial 
and practical implications of applied R & D are sought. It would 
be advantageous if candidates had some experience of product and 
process development. 


PHYSICIST: who should have sound broad experience of 
applying the fundamentals of basic physics disciplines. 


ORGANIC CHEMIST: who, desirably but not essentially, 


would have experience in the plastics or petrochemical industry. 


Commencing salary for recent graduates with some experience would 
be up to $46,000 but would be higher and open to negotiation 
for applicants whose abilities and experience would provide a 
greater contribution in the field of applied research and develop- 
ment. The company offers an excellent superannuation scheme and 
other staff benefits. Fares and transport will be arranged and some 
assistance will be given with getting suitable accommodation in 
Australia. 


Please write in strict confidence, quoting reference 
U.124, to the Director of Personnel, Guest, Keen 
& Nettlefolds Ltd., 22 Kingsway, London W.C.2. 


(2622) 
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UNIVERSITY OF NEW ENGLAND 
ARMIDALE, N.S.W. 
LECTURER IN MATHEMATICS 


Persons with research interests in any branch 
of Mathematics or with suitable experience and 
an interest in consulting work in Statistics within 
the University are invited to apply. Salary: 
Lecturer, $A5,400 by $A270 to $A7,020 to 
$A7,300 per annum. Other conditions include 
provision for travel and removal expenses, super- 
annuation, assistance jn buying or building a 
home, and study leave. Study leave travel grants 
are available and credit may be granted for exist- 
ing study leave entitlement. 

Further information is available from the Asso- 
ciation of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 
§.W.1. Applications close in Australia and 
London on July 26, 1968. (2573) 


AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA . 


DEPARTMENT OF BOTANY 


Applications are invited for LECTURESHIP IN 
DEPARTMENT OF BOTANY. Preference given 
to candidates specialising in Taxonomy or Eco- 
logy. Salary scale £N1,200 to £N2,175 per 
annum (£N1-£l 3s. 4d. sterling). Salary supple- 
mented in range £240 to £435 per annum (ster- 
ling) in appropriate cases under British Expatriates 
Supplementation Scheme. Biennial leave pas- 
sages; return family passages; various allow- 
ances ; Superannuation. 

Detailed applications (six qppies), naming three 
referees by July 29, 1968, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, from 
whom particulars are available. (2570) 





UNITED KINGDOM ATOMIC ENERGY AUTHORITY 


THE CULHAM 


LABORATORY 


COMPUTATIONAL PHYSICS and 
NUMERICAL MATHEMATICS 


Mathematicians and Physicists are invited to join 
an international team at the Culham Laboratory to 
work on a variety of projects in computational plasma 
physics and magnetohydrodynamics. This will involve 
considerable development of numerical methods and 
study of their behaviour, for example regarding 
stability and conservation properties. Most project 
teams will therefore comprise both physicists and 
pathematicians working in collaboration. 


Methods and programmes developed primarily for 
thermonuclear fusion research find direct application 
not only to problems of advanced technological interest 
but also in more purely scientific fields, such as 
astrophysics, gravitation, statistical mechanies, hydro- 
dynamic turbulence, ion physics and space physics. 
It is an essential part of the Laboratory’s work to 
maintain close contact with all these technological 
and scientific fields. 

Excellent computing facilities are available. The 
Laboratory presently has a linked KDF9-PDP8 for 
which it has developed the COTAN on-line system 
serving 20 teletypes and a graphical display ; a micro- 
film recorder is also installed. Access to an IBM 
360/65 at Harwell is possible, and the design and 


planning of both the hardware and the software of 
an advanced new system are in progress, 


There are good opportunities for vacation work at 
Culham by University staff and research students, 
and other forms of collaboration are also possible. 
Those interested in participating in the computa- 
tional physics work of the Laboratory in any way 
are asked to write informally to either Dr. K. V. 
Roberts, if their interest is mainly on the Physics 
side, or to Dr. K. W. Morton if on the Mathematics. 


Scientific Officer Class posts and Research Associate- 
ships are available in both the Applied Mathematics 
and Computational Physics groups. A First or good 
Second Class Honours Degree is essential, and some 
previous research experience would be valuable. 
Starting salaries will vary with age, qualifications 
and experience, being in the general range £995 to 
£2,310 per annum. Housing or assistance with house- 
purchase will be available. 

For application forms and further details send a 
postcard to: The Senior Personnel Officer (Ref. 
A/318/34), The Culham Laboratory, Abingdon, 
Berks, 


(2359) 














UNIVERSITY OF LIVERPOOL 


TIDAL INSTITUTE AND 
OBSERVATORY 


Applications are invited for RESEARCH 
FELLOWS.and RESEARCH ASSISTANTS 
to work on projects concerned with the 
mathematical simulation of both normal 
and abnormal long wave phenomena in 
tidal estuaries and seas. All projects are 
of considerable economic and practical im- 
portance, 

Applicants should possess a good honours 
degree "in. mathematics, physics, oceano- 
graphy or hydraulic engineering. 

Salaries will be in accordance with age 
and qualifications, with the possibility of 
F.S.S.U. benefits. 

Applications, stating age, qualifications 
and experience, together with the names of 
two referees, should be addressed to the 


Registrar, The University, P.O. Box 147, 
Liverpool, 3. Please quote Ref.: RV/552; 
N. (2574) 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 

Applications are invited for the following ap- 
pointments in the Department of Zoology: 

fa) 2 Lectureships. 

(b) Senior Technician or (c) Technician. 

Salary scales: (a) £N1,200 to £N2,175 per 
annum; (b) £N1,050 to £N1,400 per annum. 
(c) £N950 to £1,050 per annum (ENI--£1 3s. 4d. 
sterling). Salary supplementation in range £190 
to £435 per annum (sterling) in appropriate cases 
under British Expatriates Supplementation 
Scheme: Biennial leave passages: return family 
passages ; various allowances; superannuation. 

Detailed applications (six copies), naming three 
referees by. July. 25, «968, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, 
from whom. particulars are available. (2594) 














ELSEVIER PUBLISHING COMPANY 
in Amsterdam, The Netherlands 


has an immediate position open in its 
Geo-Sciences Section for a copy editor 


@ Knowledge of geology or any other earth science 


Requirements : 
at Bachelor’s level 


@ English as mother tongue e 
© Knowledge of other languages helpful but not 
essential 


@ Ability to work independently 
€ High degree of accuracy 


Responsibilities : 8 Preparation of submitted scientific manuscripts 
for typesetting 
@ Language correction of contributions written by 
non-English speaking authors 
@ Supervision over proof readers 
@ Final editing of journal issues and books 
€ Compilation of indexes 


@ Responsible work of an interesting and varied 
nature 

9 Salary according to qualifications 

€ Good social conditions. 


We offer : 


experience and indication of salary expected, should be addressed to 
the Personnel Department of Elsevier Publishing Company, P.O. Box 
211, Amsterdam, The Netherlands. G617) 








| 
! 
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SENIOR 
ELECTRONIC 
TECHNOLOGIST 


To design, develop and maintain electronic equipment for use in the bio- 
logical laboratories of our Pharmacodynamics, Biochemical, Pharmacology, 


Pathology and Toxicology departments. 


Previous experience of electronics as applied to medicine is essential, and 
formal qualifications should include an HNC in Electronics or Light Current 
Electrical Engineering. 


The successful candidate can be assured of an interesting appointment 
where he will work with the minimum of supervision. 


The fringe benefits are generous and include the payment of removal 
expenses. The starting salary will be by negotiation. 


Applications giving brief details of age, qualifications and experience should 
be addressed to:— 


D. W. Sells, 
Personnel Manager, 
Pfizer Limited, 


Sandwich, Kent. 
(2635) 


EZ MICROBIOLOGIST 


A mould strain improvement programme, which is part of an important 
microbial protein project, is to be carried out at the Research and 
Development laboratories of the Ranks Hovis McDougall Group at High 
Wycombe, 


A highly qualified microbiologist, preferably a Ph.D. is required to join 
the team working on this project. He must have had several years’ relevant 
research experience of strain selection including practical work with 
micro-fungi. 


This appointment will provide the opportunity for really interesting research 
in a new field. It also offers good financial reward, and other benefits 
include first-class pension and life assurance arrangements. 


Please write with details of age, qualifications and career, to 
















The General Manager, 


THE LORD RANK RESEARCH CENTRE 


Lincoln Road, High Wycombe, Bucks. 
(2630) 


CANADA 


UNIVERSITY OF MANITOBA requires 


RADIOCHEMISTS 
RADIOCHEMICALTECHNICIANS or TECHNOLOGISTS 
ELECTRONIC TECHNICIANS or TECHNOLOGISTS 
GLASS BLOWERS 


Salaries in the range $4,000 to $7,000 CANADIAN (Approximately £1,526 to £2,671). 
Interviews will be held in London and Brighton sometime in the first two weeks of July. 


Rd 








Write giving full details of experience and qualifications to: 

Department CPO 1440, 

Canadian Government immigration Service, 

38 Grosvenor Street, London, W.l. one 





UNIVERSITY OF READING 


and 
AHMADU BELLO UNIVERSITY, 
ZARIA 
AGRONOMY 
Under a scheme of Joint Appointments the 
Universities of Reading and Ahmadu Bello, 


Zaria, Northern Nigeria, invite applications for: 

Principal Research Felow/Senior Research 
Fellow in Agronomy. Candidates should possess 
a good honours degree in Agriculture, the Agri- 
cultural Sciences or a related subject. A higher 
degree or similar additional qualification is desir- 
able. Considerable experience in agronomic 
research is essential and it is desirable that some 
of this should have been gained ín the tropics, 
Academic experience in a University department 
desirsble but not essential. Ability to lead and 
administer staff and to direct research desirable, 

The successful candidate will be required to 
assume duties about the middle of December, 
1968. He will be guaranteed one year’s employ- 
ment in the University of Reading at the end of 
the Ahmadu Bello assignment. 

Further particulars may be obtained from the 
Registrar. (Room 39, O.R.BO, the University, 
Reading, by whom applications should be re. 
ceived not later than July 20, 1968. (25300 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
COMMONWEALTH BURRAU OF 
HELMINTHOLOGY 
ST. ALBANS, HERTS 
VACANCY FOR HELMINTHOLOGIST + 


Duties :; identification and taxonomy of the 
parasites of animals, including man. 


Qualifications: a degree in zoology and post- 
graduate experience in helminth taxonomy are 
essential. 


Salary : in the scale £926 to £3,107. Starting 
salary according to age, qualifications and experi- 
ence. Provision for superannuation (F.S.S.U.). 

Further details and application forms from the 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, nr. Slough, 
Bucks, to whom completed applications should 
be submitted, in duplicate, by September 1, 1968. 

(X2364) 


UNIVERSITY OF IFE, NIGERIA 
FACULTY OF AGRICULTURE 


Applications are invited for the following 
appointments : 


(i) Professor in Department of Animal Science. 
Preference given to candidates with interest in 
Animal Husbandry and/or Animal Breeding and 
Genetics, 

(ii) Lecturer and Assistant Lecturer/Junior Re- 
search Fellow in Department of Extension Edu- 
cation and Rural Sociology. 


(iD Senior Lecturer/Lecturer in Agricultural 
Engineering and Senior Lecturer/Lecturer in Plant 
Science in Department of Plant Science (including 
Agricuhural Engineering). (For the post in Plant 
Science applications will also be considered at 
Assistant Lectureship level) 

Gv) Lecturer/Assistant Lecturer in. Department 
of Soil Science, 

Salary scales: Professor £N3,000 per annum; 
Senior Lecturer £N2,275 to. £N2,575 per annum ; 
Lecturer £N1,200 to £N2.175 per annum; Assis- 
tant Lecurer/Junior Research Pellow £N950 to 
£N1,150 per annum (£N-£i 3s. 4d, sterling.) 
Salary supplementation in appropriate cases under 
British Expatriate Supplementation Scheme in 
range £190 to £600 per annum (sterling). Super- 
annuation scheme. Return family passages ; varii 
ous allowances ; annual U.K. leave, where applic 
able. 

Derailed applications (six copies), naming three 
referees, by July 23, 1948, to Im Iniversity 
Council, 33 Bedford Place, London, W.C.I, from 
whom particulars are available. (2366) 


















UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF CHEMICAL 
ENGINEERING 
LECTURESHIP IN CHEMICAL 
ENGINEERING 
Applications are invited for the post of Lese 
turer in Chemical Engineering. Excellent facilities 
for research are available. Salary, according to 
qualifications and experience, in scale £1,470 to 

£2,630 plus F.S.S.U. 

Further particulars and application — forms 
(quoting 28/68) may be obtained from the Regi- 
trar, University of Strafhelyde, George Street, 
Glasgow, C.1, (26241 
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GRADUATE 
MICROBIOLOGIST 


(Male 23-26) 


Due to internal promotion we wish to recruit a microbiologist with at 
least 2 years’ hospital or industrial experience. 


Our Microbiology Laboratory is concerned with the bacteriological 
testing of Ethical and Proprietary products, vitamin and antibiotic assays, 
and the assessment of preservative systems in Development products. 
The successful applicant in addition to being involved in the fields 
mentioned above will be expected to assume a trouble shooting role in 
the investigation of production problems. 





Conditions of employment, 


which 


include generous removal 


assistance, are in keeping with the best industrial practice. 


If you would like to discuss this position please contact:- 
W. J. CAMPBELL, Personne! Manager, 


WINTHROP LABORATORIES 


FAWDON, NEWCASTLE UPON TYNE NE3 3TT. 


TEL. NEWCASTLE 53931 





(2606) 











Unilever 
Research 
An Immunologist and an Electron Micro- 
scopist are invited to join an experienced, 
multidisciplined team working in the ex- 
panding field of dental research. This team 


has already published much original work. 
The Immunologist will be concerned with 





———— 


Immunologist 
Electron | 
Microscopist 


members of the team investigating the 
bacterial deposits around the.teeth. The 
electron microscopy department is well 
equipped with both a JEM 6C and a 
Cambridge Stereoscan. 

The Dental Division occupies a new, well- 


i 
i 





i 
| 

d | the role of the immune response in oral equipped laboratory, approximately ten 
| pathology. The work willinvolvethe prep- miles west of London. The sports ground, l 
| aration of antisera in animals and the social club and canteen are adjacent. | 
| detection of immune reactions in vitro Salaries will be competitive and assistance | 
" and in vivo. A permanent appointment is will be given with removal expenses. The | 
envisaged but a 2-3 year fellowship may Company operates a contributory pension | 
be considered. scheme. Write for an application form to | 
| The Electron Microscopist will co-operate | 
E with the Jamar E studying inflamma- Dr. P. C. Rea (ref. A ), | 
: tory reactions at the ultrastructural level. Unilever Research Laboratory, | 
" In addition he will collaborate with other 455 London Road, Isleworth, Middlesex | 
> T (2645) j l EX it Nae UR IM RI 
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Vacancies in the 


IRISH GEOLOGICAL SURVEY 


ELEVEN GEOLOGISTS are required to implement the proposed 
reorganisation of the Geological Survey of Ireland. These posts offer 
a rewarding career to persons interested in Geology and willing to work 
on their own initiative. 

The work will consist of (i) practical work related to the complete 
re-mapping of the country, and (ii) collaboration with mining and explora- 
tion companies as well as Government Departments and other organisations. 
When the survey is fully developed it is expected that work will be avail- 
able in the following fields: Geochemistry, geophysics, mineral explora- 


tion, petrology, hydrogeology, palaeontology, marine geology, geomorpho- 
logy and engineering geology. Applied research and publication of results 


will be encouraged. 


A First or Second Class Honours University Degree in Geology or in 
Geography with Geomorphology as a major subject, or an equivalent 
qualification, is essential, Candidates taking their degrees this year will 
be eligible to compete. The provision of post-entry training abroad will 


be considered, 


Starting salary up to £1,473 (man); maximum £1,877. Three of the 
posts are pensionable ; the remaining posts may be made pensionable 
at a later date (immediate temporary employment is available). 3} weeks’ 
holidays. Interviews will be held in Dublin, but reasonable travelling 
expenses may be refunded to candidates from Britain attending for 


interview, 


Further particulars, application form, etc., are available from Secretary, 
Civil Service Commission, 45 Upper O'Connell Street, Dublin 1. Closing 


date: August 8, 1968, 


Further competitions for similar posts may be held during the next 


year or two. 


@ PHYSICAL 


(2542) 





ORGANIC CHEMIST 


THE JOB: 


To join a team responsible for the development of a 


new range of radiopharmaceuticals. 
QUALIFICATIONS AND EXPERIENCE: A good honours degree 


or Ph.D. 
SALARY: 


In range £995-£1,685 p.a. according to age and experience. 


HOUSING: Housing or Assistance with house purchase may be 


available. 





Apply to: The Personnel Officer (Ref. $139/34) 


THE RADIOCHEMICAL CENTRE 


AMERSHAM 


UNIVERSITY OF LEICESTER 
SCHOOL OF BIOLOGY 
BOTANICAL LABORATORIES 


Applications are invited for posts on 
the TECHNICAL STAFF of the Depart- 
ment of Botany. One of these posts is as 
Technician to a research project. 

Salary scales: Junior Technician, £352 to 


£595 a year; Technician, £692 to £1,007 a 
year; Senior Technician, £957 to £1,225 a 
year. Starting salary according to age and 
experience. 

Details of the duties covered by the 
above vacancies and application forms may 
be obtained from Professor H. E. Street, 


Schoot of Biology, The University, 
Leicester. Applications must be received 
before September 15. Q614 


BUCKS 
(2558) 





NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 


TECHNICAL OFFICER 
(GLASSHOUSE CROPS) 


Applications are invited for the post of 
Technical Officers to co-ordinate variety 
trials of glasshouse vegetable crops. 

Candidates should possess a degree in 
Horticulture, Botany or Agriculture or a 
National Diploma and experience of glass- 
house crops, particularly experimental work, 
will be an advantage. 

Salary scale: £1,396 to £2,193. F.S.S.U. 

Application form and further particulars 
from G. D. Ginn, F.C.A., Acting Secretary, 
N.LA.B., Huntingdon Road, Cambridge. 

(2625) 





HAILE SELLASSIE I UNIVERSITY 
ADDIS ABABA, ETHIOPIA 
FACULTY OF MEDICINE 


Applications are invited for post of CHIEF 
TECHNICIAN in Institute of Medical Science. 
Appointment to be assumed as soon as possible. 
Candidates must have at least ten years’ experi- 
ence in an approved laboratory, department or 
institution of which at least three years must have 
been in the position of senior technician. Can- 
didates should have passed the examinations icad- 
ing to the award of the City and Guilds of 
London Institute Science Laboratory Technicians 
Advanced Certificate and they must have experi- 
ence in setting up practical classes in Physiology/ 
Pharmacology or other biological subject. Par- 
ticular skill, e.g., in electronics, glass blowing etc., 
would be advantageous. Maximum salary for 
first contract SEth14,400 per annum (SEth6=£1 
sterling), free of income tax. Housing allowance. 
Initial contract two years with return passages for 
appcintee and family. 

Detailed applications (six copies), naming three 
referees, as soon as possible to Inter-University 
Council, 33 Bedford Place, London, W.C.1, from 


whom particulars are available, Q612 
UNIVERSITY OF THE WEST 
INDIES 
TRINIDAD 


DEPARTMENT OF MATHEMATICS 


Applications are invited for post of PROFES- 
SOR OF MATHEMATICS. Applicants should 
possess high academic qualifications and consider- 
able teaching and research experience at Univer- 
sity level. Salary in range £3,500 tO £4,990 per 
annum. Child allowance. F.S.S.U. Family pas- 
sages. Triennial study leave. 

Detailed applications (six copies), naming three 
referees, should be sent as soon as possible, by 
persons living in the Americas and Caribbean 
area to Registrar, University of the West Indies, 
Mona, Kingston 7, Jamaica, and by all othets to 
Inter-University Council, 33 Bedford Place, 
London, W.C.1. Further particulars obtainable 
similarly. 2613) 


UNIVERSITY OF BELFAST 
SUPERINTENDENT OF LABORATORIES 
DEPARTMENT OF PURE AND APPLIED 

PHYSICS 


The Senate of The Queen's University of Belfast 
invites applications from graduates in Science or 
Engineering for the post of SUPERINTENDENT 
OF LABORATORIES in the Department of Pure 
and Applied Physics. The appointment carries 
responsibility for administration of the Physics 
buildings and laboratories which are occupied 
by some 70 academic, technical and secretarial 
staff, and 450 undergraduate and postgraduate 
students. Preference will be given to candidates 
with experience of administration. ín industry, in 
the government service or in universities. The 
post is tenable from October 1, 1968, or such 
later date as may be arranged. Salary range is 
£1,470 to £2,630 plus contributory pension rights 
under the F.S.S.U. Initial placing on the salary 
Scale will depend on qualifications and experience. 

Applications should be received by July 11, 
1963. Further particulars may be obtained from 
the Secretary, The Queen's University of Belfast, 
Belfast BT7 1NN, Northern Ireland. (2620) 


UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF PURE AND APPLIED 
CHEMISTRY 
POST-DOCTORAL FELLOWSHIP 


Applications are invited from chemists, physicists 
and materials scientists for a post-doctoral fellow- 
ship ín the organic crystal laboratory of the above 
department. The person appointed will carry 
out research into the growth and perfection off 
organic molecular crystals. The laboratory is well 
endowed with apparatus for the growth of organic 
crystals and for the examination of the structural, 
electrical and optical properties of these materials. 
The salary for the post will be in the range £1,100 
to £1.400 per annum plus F.S.S.U. 

Applications to Dr. J. N. Sherwood, Depart- 
ment of Pure and Applied Chemistry, University 
of Strathclyde, Glasgow, C.1 (quoting R12/68). 
(2623) 





UNIVERSITY OF READING 
DEPARTMENT OF GEOLOGY 


ASSISTANT ANALYST required for labora- 
tory engaged in analysis of rocks. Previous ex- 
perience in rock analysis desirable but not essen- 
tial. Salary in the range £722 to £1,007 depend. 
ing on age and qualifications. s. 

Further details may be obtained from E i 
Assistant Bursar (Personne. University of Read" 
ing, Reading, Berks. Q590) 














- 


so £1,810 to £2,770 per annum; 
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BEECHAM RESEARCH 
LABORATORIES 


VITAMINS RESEARCH STATION 
WALTON OAKS, TADWORTH, 
SURREY 


require an 
ASSISTANT MICROBIGLOGIST 
for the 


ANIMAL NUTRITION PRODUCT 
RESEARCH UNIT 


A young man or woman, 20 to 30 with 
"AU or “O” 


level G.C.E. passes in 
biology and chemistry, is required to assist 
in the microbiological assay of animal feed- 
ing stuffs for vitamin and essential amino- 
acid content. The work will also include 
general microbiology of anima! nutrition. 
Applicants should have had at least three 
years’ experience in a microbiological 
laboratory, preferably with some assay ex- 
perience. Facilities for further study will 
be offered. 

A five-day week is worked with three 
weeks’ annual holiday. Good starting 
salary with annual review, sick pay, profit 
participation and non-contributory pension 
schemes. 

Applications, stating age, experience and 
qualificaéjons, should be sent to: The 
Personnel Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey or telephone BETCHWORTH 3202. 


Q619) 


UNIVERSITY OF THE WEST 
INDIES 
JAMAICA 
Applications ate invited for posts of (a) Lec- 
turer or (b) Assistant Lecturer in Department of 
Physiology. Applicants should possess a medical 
qualification or degree in Physiology. Duties in- 
clude lecturing in Physiology and demonstrating 
in experimental human and animal physiology to 
students working for medical degrees of the Uni- 


versity. Salary scales (a) (medically qualified), 
inon-medical), 


“£1,550 to £2,630 per annum; (b) (medically 
_ qualified), £1,450 to £1,690 per annum; (non- 


wee 


r 


^medicaD, £1,250 to £1,410 per annum. 


Child 
allowance. F.S.S.U. Family passages. Triennial 
study leave. 

" Detailed applications (six copies), naming three 
referees, should be sent as soon as possible by 
persons living in the Americas and Caribbean 
area to Registrar, University of the West Indies, 
Kingston 7, Jamaica, and by all others to Inter- 
Universis; Council, 33 Bedford Place, London, 
W.C.1, Further particulars obtainable similarly. 





OF TECHNOLOGY 
LONGBRIDGE ROAD, DAGENHAM, ESSEX 


Constituent College of the Proposed North-east 
London Polytechnic 


Required in September or as soon after as 
possible : 
CB.1. Senior Lecturer in Molecular Biology 


CB.2. Senior Lecturer in Microbielogy, with 
interest in genetics 


CB.3. Lecturer Grade II in Pharmacology 


CB.4. Lecturer Grade H in Zoolegy with 
interest in parasitology 


- Salary: Lecturer Grade II, £1,723 to £2,280; 


Senior Lecturer, £2,280 to £2,595, plus London 
Allowance (£70). 

Further details and application forms obtain- 
able from the Principal at the College upon 
receipt of a self-addressed foolscap envelope. 
Completed forms should be returned within two 
weeks of the appearance of this advertisement. 

(2633) 


WYE COLLEGE 
(UNIVERSITY OF LONDON) 
ORGANIC CHEMIST 


ORGANIC CHEMIST required for Department 
of Hop Research to work on the biochemistry of 


¿a hops with special reference to essential oils. The 









retary, 


appointment will be in the Scientific Officer (£926 
1,574) or Senior Scientific Officer (£1,744 to 
,155) grade, according to qualifications and ex- 
rience. 

Further particulars@mre available from the Sec- 
Wye College, Nr. Ashford, Kent, to 
(whom applications should be sent by July 6, 
968. (2598) 





biochemist 


A biochemist is required to take charge of our biochemical 
pharmacology unit. This unit, a section of the biological 
research laboratory, is concerned with the application of 
biochemical techniques to pharmacological testing and the 
introduction of new methods in the search for new drugs. 

Applicants should be Ph.Ds preferably with industrial 
experience. A good salary, dependant upon experience and 


qualifications, will be offered. 


A non-contributory pension and life assurance is provided 
and a profit sharing plan operates. 

The biological laboratory is 4 miles north of Slough and will 
be moved to Slough in about 18 months time on completion 


of a new research building. 


Please write giving brief details to: 


D.J. Goddard, Personnel Manager, 


NICHOLAS RESEARCH INSTITUTE Ltd., 


225 Bath Road, Slough, Bucks. 
A MEMBER OF THE ASPRO-NICHOLAS GROUP 





(2646) 


UNIVERSITY OF EDINBURGH 
Department of Surgical Science 


A qualified veterinarian with experience in research is wanted to assist in the pro- 
duction of antilymphocyte serum and to undertake research on some aspect of trans- 


plantation immunology. 


The successful 


candidate will be appointed SENIOR 


LECTURER OR LECTURER in the Department of Surgical Science and may in 
addition be offered an honorary appointment in one of the departments of the Faculty 


of Veterinary Medicine. 


He will have no routine undergraduate teaching, but will be 


expected to contribute to the teaching and supervision of postgraduate students, Salary 
scales : Senior Lecurer, £3,050 to £4,000 per annum; Lecturer, £1,470 to £2,995 per 


annum, together with F.S.S.U. benefit. 


The successful applicant will be expected to take up duty as soon as possibie. 
Further particulars may be obtained from The Secretary to the University Old 


College, South Bridge, Edinburgh. 





DIRECTOR 


AUSTRALIAN CONSERVATION 
FOUNDATION 


The Australian Conservation Foundation 
requires a Director to succeed Dr. D. F. 
McMichael, who has been appointed Direc- 
tor of National Parks and Wildlife for 
N.S.W. The Foundation is a private org- 
anisation which has been supported by the 
Federal Government, and which aims to 
promote all aspects of conservation through- 
out Australia. 

Applications are invited from persons 
with a knowledge of conservation, prefer- 


ably with an appropriate university degree, 


and administrative experience. The posi- 
tion involves administration of the Founda- 
tion's affairs and evaluation of conserva- 
tion matters, the preparation of educational 
and publicity material, and negotiation 
with government departments and private 
organisations. 

Salary in the vicinity of $A9.000 per 
annum, subject to negotiation. A superan- 
nuation scheme will be provided. Pre- 
ferred commencing date October 1, 1968. 
Location: Canberra or Sydney. 

Applications to the Hon. Secretary, P.O. 
Box 804, Canberra City, A.C.T., 2601, 
Australia. Closing date August 1. 

(2540) 





Applications close on August 10, 1968. 


(2346) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


VACANCY FOR SCIENTIFIC INFORMATION 
OFFICER 
COMMONWEALTH BUREAU OF PLANT 
BREEDING AND GENETICS 
CAMBRIDGE 


Duties include preparation and editing of 
abstracts for the journal for Piant Breeding 
Abstracts, classification of biological literature 
and dealing with scientific enquiries. Applicants 
preferred with botanical or agricultural degree 
and some knowledge of or aptitude for foreign 
bogana: Ability to write good English essem- 
Salary in scale £926 to £2,431 with provision 
for superannuation. Starting salary according to 
age, qualifications and experience. Two extra 
increments after two years’ satisfactory service 
for applicants aged 32 or under on date of 
appointment. 

Requests for application. forms and full par- 
ticulars should be sent to the Director of the 
Bureau, School of Agriculture, Cambridge, by 
August 5, 1968. (2463) 





ENTOMOLOGIST WITH PRACTICAL BENT 
required for very rewarding mosquito control 
assignment under expert guidance in West Indies. 
Volunteer terms : board, lodging. expenses, fares, 
allowances, pocket-money.— Write CIHR/OV, 38 
King Street, London, W.C.2, ref. EjC. 





















































































Lectureship in 
Human Physiology 





THE FACULTY OF MEDICINE IN THE UNIVERS- 


ITY OF LIVERPOOL and the ELECTRICITY 
COUNCIL RESEARCH CENTRE, CAPENHURST, 
have a common interest in the problem of 
human response to environment in health 

and disease. 


A new joint post has been created which combines 
research and teaching in the University with research 
inateam at Capenhurst studying environmental 
factors determining human comfort. This team already 
includes a psychologist, architect, engineers and 
physicists and has full supporting facilities, including a 
controlled environmental chamber. The group at 
Liverpool is hospital based and is working on related 
problems of the peripheral circulation. 

The appointment will be made in a salary band within 
an overall range which rises to £3,145. 

Applications, or enquiries for further details, should be 
made to: 

Mr. D. C. Page, Head of Personnel Services, Electricity 
Council Research Centre, Capenhurst, Chester. 
quoting Ref. No. 

orto: 

Mr. D. Annis, M.D., F.R.C.S., Department of Surgery, 
The University of Liverpool, Elizabeth Street. 


NATURE. JU = 29. 1968 | 












Liverpool 3. 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


RE-ADVERTISEMENT—PREVIOUS 
APPLICANTS NEED NOT RE-APPLY 


SENIOR TECHNICIAN 


Senior Technicians are required in the Depart- 
ment of Chemistry to work with research teams 
engaged on interesting preparative organic and 
inorganic chemistry. Experimental skill and a 
working knowledge of chemical theory essential. 

AGE LIMIT: 25 to 54 years. 

The salary will be within the scale £957 to 
£1,275 per annum according to qualifications and 
experience, Five-day, 374-hours weck. Super- 
annuation scheme. Canteen facilities. 

Requests for Application Forms quoting Refer- 
ence No. CH.34 should be sent to the Bursar, 
The University of Manchester Institute of Science 
and Technology, Room M2, Velvet House, Sack- 
ville Street, Manchester 1. Completed Forms to 
be returned not later than July 4, 1968, (2557) 


UNIVERSITY OF EAST ANGLIA 


SCHOOL OF CHEMI@AL SCIENCES 

Applications are invited for the post of 

SENIOR DEMONSTRATOR 
in Chemistry from October 1, 1968. Candidates 
may have interests in Inorganic Chemistry, or 
Theoretical Chemistry. The stipend will be on 
the scale: £1,105 by £75 (1) by £80 (2) to £1,340 
plus F.S.S.U. benefits. 

Further particulars may be obtained from the 
Registrar and Secretary, University of East 
Anglia, Earlham Hall, Norwich, NOR 88C, with 
whom applications (one copy only), together with 
the names and addresses of three persons to 
whom reference may be made, should be lodged 
not later than Julv 15, 1968. (2553) 


WELLCOME INSTITUTE OF THE 
HISTORY OF MEDICINE 
SENIOR RESEARCH ASSISTANT 


Applications are invited for the post of Senior 
Research Assistant and Assistant Editor of the 
Institute's official publications. Applicants must 
have a higher degree in a subject relevant to the 
History of Medicine and some experience of 
editorial work. The salary is on the university 
lecturer's scale. 

Further details may be obtained from the 
Director, Wellcome Institute. of the History of 
Medicine. 183 Euston Road, London, N.W.1, to 
whom applications must be submitted before July 
1S, 1968. (2601) 








(2636) 


UNIVERSITY OF DUBLIN 
Trinity College 


JUNIOR LECTURER IN 
BIOCHEMISTRY 


Applications are invited for the above 
post. 


SALARY SCALE: 
£1,160 by £60 to £1,340 per annum. 


Marriage and children’s allowances are 
paid and there is a non-contributory 
F.S.S.U.-type pension fund. 


Further particulars may be obtained from 
the 
Secretary to the College, 
Trinity College, 
Dublin, 2, 


who will receive completed applications up 
to Tuesday, July 16, 1968. (2543) 





UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


ASSISTANT LECTURER IN 
PHARMACY 


Applications invited for this post from 
applicants with interests in pharmaccutical 
and medicinal chemistry and holding suit- 
able qualifications in Pharmacy or related 
subjects. The person appointed will assist 
in the teaching of pharmaceutical chemistry 
and also carry out research work. Duties 
to commence at a date to be arranged, 
Salary range per annum: £1,105 to £1,340. 
F.S.S.U. 

Further particulars and application forms 
(returnable by July 9) from the Registrar. 
Quote ref. 112/68/Na. (2549) 





RESEARCH ASSISTANT REQUIRED IN 
Department of Chemical Pathology, knowledge 
of gas chromatography useful. Salary in thc 
approximate range £1,000 to £1,500 according tc 
qualifications and experience—Apply in writing 
to Professor J, N. Cumings, Department 
Chemical Pathology, Institute of Neurology, The 
National Hospital, Queen Square, W.C.1 


(2481) 
. 


TECHNICAL ASSISTANT 


Applications are invited for the post of 
Technical Assistant to Director to take 
charge of Cereal Trials of new varieties and 
growing crops of Breeders Stocks. Appli- 
cants must have an Agricultural Degree, 


some experience of Plant Breeding and must 
be N.LA.B. Inspectors. Age 25/30. Know- 
ledge of French an advantage. Pension 
Scheme. Car provided, Good salary. 


Apply in confidence to: Managing Direc- 
tor, W. Sinclair and Son Limited, 35 
Market. Place. BOSTON, Lines. (2496) 


UNIVERSITY OF LEEDS 


RESEARCH ASSISTANT IN 
THE DEPARTMENT OF ` 
PHYSIOLOGY 


Ihe British Nutrition Foundation has provided 
a grant for a Research Assistant to Dr. W. J 
O'Connor, to study cnergy balance in dogs, be- 
ginning in October 1968. The position will bc 
suitable for a person recently graduated or gradu- 
ating this year with Hons.BSc. degree in 
Physiology, Biochemistry, or Veterinary Science, 
and will provide opportunity to work for a higher 
degree. Fhe work could also be s@itable for a 
medical graduate seeking experience in the 
laboratory study of a problem in metabolism. 

Further particulars from Dr. W, J. O'Connom Jf 
Department of Physiology, School of Medicine, ^. 
Leeds, 2. (2555) 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for two TUTORSHIPS 
to assist with tutorial groups involving smali 
groups of students and to provide assistance in 
practical map classes. The appointments are ten- 
able from October 1, 1968, and are for one year 
in the first instance. Salary in the range £920 to 
£970, together with F.S.S.U. benefits 

Further particulars, quoting reference nume 
B.6, may be obtained from the Registrar, Uni 
sity College of Swansea, Singleton Park, Swar 
by whom applications should be receivec 


Thursday, July 18, 1968. Q5... *. V 
s E " -n 
COMMONWEALTH ob 
AGRICULTURAL BUREALX 
Vacancy for 
SCIENTIFIC INFORMATION 
OFFICER 


Duties: Preparing abstracts for the abstracting 
journal SOILS AND FERTILIZERS. whita 
covers world scientific literature. on soils and 
soll/plant relationships, and dealing with scien- 
tific inquiries within these fields. Qualifications 
A degree in agricultural science or in sciences 
basic to it, and ability to write good English 
Reading knowledge of foreign languages and ex 
perience or «raining in information work, includ- 
ing subject indexing, would be an advantage 
Salary : In scale £926 to £2.43] with provision 
for superannuation. Starting salary according tc 
qualifications, experience and age. Two extra 
increments after two years’ satisfactory service 
for applicant aged 32 or under on date ot 
appointment, P 

Application forms and full particulars from, 
the Director, Commonwealth Bureau of SollsS 
Rothamsted Experimental Station, Harpenden 
Herts. Closing date for applications: July 15 
1968. (2585) 


UNIVERSITY OF HULL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from biochemists 
chemists with interests in biochemistry for a th 
year post-doctoral appointment for research o 
biosynthesis of aromatic compounds in myce 
bacteria, Salary will be on the scale £1,105 t 
£1,318 per annum, plus F.S.S.U. benefits. 

Applications are invited from biochemists wit 
interests in biochemistry for a three-year 
doctoral appointment for research on biosynthes 
of aromatic compounds in mycobacteria. 
wil be on the scale £1,105 to £1,315 per anni 
plus F.S.S.U. benefits. = > 

Applications (six copies), giving details of a 
qualifications and experiewpe, together with t 
names of three referees, should be sent as soo, 
as possible and not later than July 31, to G» 
Registrar. from. whom further. particulars may 
obtained (2632) 
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